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Sleep medicine is a medical specialty unique in that it concen-
trates on events occurring during the hours of sleep to explain 
various aspects of a patient’s health and disease. Pediatric sleep 
medicine is a field holding special significance because of its 
concern with a state that occupies over half of a child’s life 
during the important early years of development.

The normal maturation of sleep systems is clearly among 
the most important neurodevelopmental milestones. The neu-
rologic structures responsible for sleep develop rapidly during 
the early months and years of life and generate sleep patterns 
of increasing complexity and predictability. Early disruption 
of these vital processes can impose major cognitive and emo-
tional consequences. Studies have confirmed the importance 
of sleep for the acquisition and processing of new knowledge 
and for maintainence of information previously gained. Rec-
ognition of both primary and secondary sleep-related disorders 
has also been shown as essential to the understanding and 
proper treatment of many other childhood disorders.

Principles and Practice of Sleep Medicine in the Child was 
published as a volume separate from Principles and Practice of 
Sleep Medicine for the first time in 1995. The existence of this 
and other texts in pediatric sleep medicine has helped move 
the practice of pediatric sleep medicine away from the sphere 
of adult medicine practitioners to one that is overseen by 
professionals who have dedicated their careers to the health 
and well-being of the pediatric patient. The preface to that 
1995 volume states, in a sentence still true today, that “…a 
robust scientifically based body of knowledge has emerged, and the 
tools to diagnose and effectively treat children with sleep disorders 
are now available.” The subsequent edition, published in 2005 
as Principles and Practice of Pediatric Sleep Medicine, along with 
this current edition hopefully represent additional meaningful 
steps in the development of pediatric sleep medicine as a 
distinct discipline.

Both the American Academy of Pediatrics and the American 
Board of Pediatrics have formally recognized and supported 
growth of this important discipline. In 2007, the American 
Board of Pediatrics joined several other member boards of the 
American Board of Medical Specialties in providing subspeciality 
certification in the field of sleep medicine. By so doing, these 
boards acknowledged that sleep-related disorders are not only 
distinctive but are also important in the evaluation and man-
agement of many disorders affecting children.

In diagnosing and managing sleep disorders in children  
the practitioner should be aware of various possible relation-
ships between the disorders themselves and the effects on the 
child and family. Three of these very important relationships 
are:
1. A primary sleep-related pathology may directly cause 

important daytime symptoms and adverse health sequelae 
in the child, and only through treatment of the sleep dis-
order is resolution of these problems possible.

2. A sleep-related pathology may be a co-morbid condition 
contributing to the daytime symptoms seen in the child. 
In such instances, through treatment of the sleep-related 
pathology, the patient becomes more responsive to treat-
ment of the co-existing disorders.

3. A child’s sleep difficulties may have greater direct impact 
on other family members than it does on the affected child 
him- or herself. Thus a caretaker, for example, may be the 
one to become most sleep deprived and with the most 
medical and emotional compromise, but this compromise 
may include the inability to properly care for the child. 
Treating the child’s sleep problems can improve the lives 
of child and family members alike.

As we continue to gain further knowledge, obtain additional 
evidence, and develop a better understanding of the effects of 
sleep and its disorders on children, major advances will be 
made, including insights into the often unclear area of cause 
and effect. Sleep disorders in infants and children reflect an 
interplay among many factors, including the development and 
maintenance of the central nervous system, the impact of 
environmental influences, the effects of altered patterns of 
parent-child interaction, and the presence of social stress and 
other medical conditions.

Child-care professionals must possess a comprehensive 
knowledge of these interactions to deliver optimal care. This 
book hopefully provides both the sleep medicine specialist and 
the primary care practitioner with resources to enable them 
to provide the best possible care to their pediatric patients 
throughout the 24-hour day and night.

Stephen H. Sheldon, Chicago
Richard Ferber, Washington
Meir H. Kryger, New Haven
David Gozal, Chicago

Preface
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FUNCTION OF SLEEP

The first question asked of a biological function is an explana-
tion of its purpose, yet the exact function of sleep still remains 
elusive today. Historically, physicians have, seemingly wisely, 
recommended sleep for the treatment of many ailments. This 
inexpensive prescription has been based on the assumption 
that sleep must have a unique restorative purpose. However, 
no study documents that sleep does cure anything.1 Circadian 
rhythms of various biological processes, e.g., the immune 
system, appear to be modulated by sleep: lymphocyte func-
tions are dramatically altered at sleep onset and during sleep.2 
Specific pokeweek mitogen response and natural killer cell 
activity are altered with sleep in healthy young men. Interlukin-
1-like activities are followed by interlukin-2-like activities 
during sleep and interlukins-1 and -2 are disrupted with sleep 
deprivation.3 Narcoleptic patients present disordered diurnal 
patterns of immune function.4 However, what clinical effect 
these changes produce or how they may be therapeutically 
modified is unknown. The relationship between the immune 
system and sleep is obviously important, attractive, and pos-
sesses many clinical implications.

Theories of sleep function fall into several major categories 
with many overlaps. An understanding of these hypotheses 
provides a basis for comprehension of the varied effects dis-
ordered sleep may have on health and disease.

Restoration Theory
Sherington suggested in 1946 that sleep was a state required 
for enhanced tissue growth and repair.5 This theory holds that 
certain somatic and/or cerebral deficits occur as a result of 
wakefulness and sleep either allows or promotes physiological 
processes to repair or restore these deficits. This will, in turn, 
allow normal daytime functioning.6–8 Special focus has been 
placed on both restoration of somatic function and the central 
nervous system function. NREM sleep is thought to function 
in reparation of body tissue and REM sleep in restoration of 
brain tissue. Supporting evidence, however, is empirical and 
indirect. The theoretical role of NREM sleep in repair of 
somatic tissue comes from investigations that have shown the 
following:
1. Slow-wave sleep (SWS) increases following sleep 

deprivation.9
2. The percentage of SWS is increased during developmental 

years.10

3. Total sleep duration increases with body mass.11

4. Release of growth hormone occurs at sleep onset and peak 
levels occur during SWS in prepubertal children.12

5. The release of many endogenous anabolic steroids occurs 
in relation to a sleep-dependent cycle (prolactin, testoster-
one, and luteinizing hormone).13,14

6. The nadir of catabolic steroid release, such as corticoster-
oids, occurs during the first hours of sleep, coincident with 
the largest percentage of SWS.15

7. Increased mitosis of lymphocytes and increased rate of 
bone growth occur during sleep.16

8. There is a gradual increase of SWS percentage of total 
sleep time in response to a graded increase of physical 
exercise.17

However, contrary and conflicting observations exist. For 
example, while peak rates of cell division occur during sleep, 
it appears not to be due to sleep itself. Increased mitosis is 
demonstrable after a night without sleep, is positively influ-
enced by oral glucose load, and negatively influenced by cor-
tisol secretion.18 Similarly, in adolescents and adults, 
somatomedin levels are highest during waking, but not during 
sleep, as it is in prepubertal children.19

REM sleep, on the other hand, has been thought to func-
tion in restoration of central nervous system function. This 
state is characterized by intense CNS activation. REM sleep 
may have evolved in order to ‘reprogram’ innate behaviors and 
to incorporate learned behaviors and knowledge acquired 
during wakefulness.20 Synthesis of CNS proteins is increased 
during REM sleep.21 REM sleep also appears in significantly 
higher proportions in the fetus and newborn, gradually 
decreasing over the first few years of life. Increased protein 
synthesis during this sleep state may be critical in the develop-
ment of the central nervous system.

Evolutionary and Adaptive Theories
Development of many physiological functions follows an 
orderly progression which mirrors phylogenetic development. 
It has been suggested that the development of sleep in the 
human organism also follows this same phylogenetic pattern. 
Evidence for this theory is scant. Animals sleep in many dif-
ferent ways, often more influenced by the environment and 
life-style than by evolution of the species.22 SWS and REM 
sleep rebound are characteristic features seen after sleep dep-
rivation in the dog, cat, rabbit, and human.23 Definitive REM 
sleep, however, has never been documented in the dolphin. 
Dolphins do not have a pulmonary reflex to hypoxemia and 
have, therefore, complete voluntary control of breathing, and 
presumably sleep would be associated with impaired respira-
tory neural control. Actually, dolphins appear to exhibit hemi-
spheric sleep. That is to say that when dolphins appear to 
sleep, slow-wave patterns are seen over a single hemisphere at 
a time, while the other hemisphere shows waking rhythm.24 
If the evolutionary theory is true, animals with highly complex 
central nervous system function, such as the dolphin, should 
follow this pattern. It stands to reason that if the dolphin 
sleeps in the same manner as the dog, cat, and human, survival 
in its aquatic environment would be impossible. Skeletal 
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increases, there is an increase in cerebral blood flow, and there 
is intense activity of cortical and reticular neurons, indicating 
an active, functional process.

Over the past 50 years, beneficial effects of sleep on the 
retention of memories acquired during wakefulness have been 
documented.33,34 REM sleep appears to hold special signifi-
cance. Despite evidence from animal and human studies, the 
exact function of REM sleep in childhood development and 
learning remains unknown. Diverse reasons have been pro-
posed for children’s learning difficulties, but no single factor 
appears to be consistent for all individuals. Most diagnostic 
and treatment protocols have empirically focused on the 
child’s daytime capabilities.

Minor neurologic and electroencephalographic (EEG) 
abnormalities have been described in children with hyperac-
tivity syndrome.35 These abnormalities have been associated 
with specific or global learning difficulties and the syndrome 
had previously been described as ‘minimal cerebral dysfunc-
tion.’ Neurologic and EEG abnormalities associated with this 
‘hyperactivity’ syndrome, however, have been shown to be 
non-specific and variable,36 resulting in a change of the name 
of the syndrome to ‘attention deficit hyperactivity disorder.’

It is noteworthy that of 15 reading-disabled (dyslexic) chil-
dren studied by Levinson, 97% revealed evidence of cerebellar–
vestibular (CV) dysfunction. Ninety-six percent of 22 blinded 
neurological examinations and 90% of 70 completed electro-
nystagmograms indicated similar CV dysfunction.37 Otten-
bacher et al. explored the relationship between vestibular 
function as measured by duration of postrotatory nystagmus 
and human figure-drawing ability in 40 children labeled as 
learning-disabled.38 Chronological age and postrotatory nys-
tagmus durations shared significant amounts of variance with 
human figure-drawing. The variables of IQ and sex were non-
significant. DeQuiros and Schrager have also identified ves-
tibular dysfunction in some learning-disabled children39 and 
described another related syndrome termed ‘vestibular–
oculomotor split,’ which results in impaired ocular fixation, 
scanning ability, and poor eye–head coordination.

Despite the evidence that some children with learning dis-
abilities display soft or non-focal neurologic signs40 and low 
scores on tests of visual–motor integration, reading achieve-
ment, and ocular scanning,41 contrary evidence of normal 
vestibular responses to rotation in dyslexic children has been 
published. Brown et al. measured eye movements provoked by 
sinusoidal rotation of the subjects at low frequencies.42 Gain, 
phase, and asymmetry of the responses were calculated from 
the eye velocity and stimulus velocity wave forms. There were 
no differences between the groups in any of the measure-
ments. These results led to the conclusion that ‘there are no 
clinically measurable differences in this aspect of vestibular 
function’ in their carefully selected population of dyslexic and 
control children. Their conclusions, however, were based on 
evidence obtained during the waking state. Vestibular nuclei 
play a major role in the control of eye movements when awake 
and asleep. If these nuclei are destroyed, eye movements 
during REM sleep are absent. In a pilot study of four reading-
disabled children, a significant difference was found in the 
mean angular velocity of eye movements during REM sleep 
when compared with three normally reading controls.43

Correlates exist which associate the phasic events of rapid 
eye movements with CV control. Pompeiano et al. have 
shown that lesions of the medial and descending vestibular 

muscle atonia during REM sleep (as currently understood) 
would result in drowning. Therefore, the life-style and envi-
ronment of the dolphin play a much more significant role in 
the pattern of sleep development in these species than does 
phylogeny.

In some species, sleep may function to enhance survival. 
Animals that graze for food tend to sleep in bursts over a short 
period of time, a behavior which may provide time needed for 
sufficient food-seeking while protecting the animal from 
predators.25 Carnivorous animals that do not require large 
amounts of time for foraging and who are relatively safe from 
predation tend to sleep for long periods of time.

Sleep may also be an instinctive behavior, a patterned 
response to stimuli which conserves energy, prevents mal-
adaptive behaviors and promotes survival.26 According to the 
evolutionary theory of sleep, REM sleep cortical activation 
may perform additional survival functions.27

Energy Conservation Theory
Sleep may function to conserve energy. Mammal species 
exhibit a high correlation between metabolic rate and total 
sleep time.28 This view states that energy reduction is greater 
during sleep than during periods of quiet wakefulness and 
sleep provides periods of enforced rest, barring the animal 
from activity for extended periods of time. Endothermic 
animals exhibit slow-wave sleep. During NREM sleep, 
endogenous thermoregulation continues, though functioning 
at levels below that of wakefulness. Poikilothermic species, on 
the other hand, do not exhibit clear SWS patterns. It is doubt-
ful, however, that this theory explains the function of sleep in 
humans. Reduction in metabolism, which occurs during sleep, 
is minimal. Though the hypothesis is intriguing, energy con-
servation theory has been disputed and evidence exists that 
increase in sleep time does not correlate with increased meta-
bolic rate.29,30 It has been shown that there is only approxi-
mately an 8% to 10% reduction in metabolic rate during sleep 
when compared with relaxed wakefulness. This would be 
insignificant when considering an adult human’s basal meta-
bolic expenditure.

Learning Theory
A particularly interesting theory of the function of sleep 
centers on the role of sleep in the process of learning and 
memory. A significant body of knowledge exists which sug-
gests that retention of new information depends on activation 
of some brain function which occurs at a critical period after 
the registration of this information.31,32 Two pivotal phases 
appear to exist. The first is one of ‘consolidation.’ Medication 
which causes stimulation of the reticular activating system and 
cortical excitation during the first 90 seconds after acquisition 
of new information appears to enhance memory and increase 
retention. Though the consolidation phase of learning is 
important, it cannot be considered definitive for fixation of 
information since processing continues for a long period of 
time.

The second critical phase of information processing seems 
to occur during sleep, specifically REM sleep. Two theories 
have been proposed: The passive hypothesis (unlearning 
theory) and the active hypothesis which suggests that there 
are active consolidation mechanisms. An active process is 
supported by several facts. First, considerable brain activity 
occurs during this phase of sleep: brain oxygen consumption 
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narcoleptic subjects. The results for complex associative tasks 
indicated significant differences between three conditions for 
free recall. Recall was significantly better after isolated REM 
than after isolated NREM sleep or wakefulness and was sig-
nificantly better after NREM sleep than after wakefulness. It 
was concluded that the results were consistent with the pro-
posed neuronal activity correlates theory of Emmons and 
Simon52 that REM sleep actively consolidates and/or inte-
grates complex associative information and that NREM sleep 
passively prevents retroactive interference of recently acquired 
complex associative information.

Newborn animals and human infants show a greater pro-
portion of REM sleep with respect to total sleep time than 
adults,53,54 and a progressive decrease in that proportion as 
growing continues, which is paralleled by a decrease in learn-
ing ability.24 Fishbein has shown that REM sleep deprivation, 
both prior to and following learning, disrupts primarily long-
term memory processes.55 Evidence has been provided that 
learning induces a protracted augmentation of paradoxical 
sleep time, lasting for at least 24 hours.56 This work, together 
with previous works, suggest that REM sleep augmentation 
may be a neurobiological expression of the long-term process 
of memory consolidation. Fishbein was able to augment 
REM sleep using behavioral techniques of learning. There-
fore, one psychobiological function of REM sleep may be to 
process and maintain information during wakefulness.

Results obtained from non-deprivation studies of animals 
provide consistent support for the hypothesis that REM sleep 
is functionally related to learning. Results of studies that have 
employed multiple training sessions may be interpreted to 
suggest either that prior REM sleep prepares the organism 
for subsequent learning, or that REM sleep facilitates consoli-
dation and retrieval of prior learning. Given the equivocality 
of prior REM deprivation literature, the second interpretation 
seems more reasonable.57

Impaired cognitive functioning has been documented in 
studies conducted on sleep-deprived physicians. In one inves-
tigation, cognitive functioning in acutely and chronically 
sleep-deprived house officers was evaluated.58 Analysis of data 
revealed significant deficits in primary mental tasks involving 
basic rote memory, language and numeric skills, as well as in 
tasks requiring high-order cognitive functioning and intel-
lectual abilities.

Acquisition of many simple learning tasks in animals is 
followed by augmentation of REM sleep without any modi-
fication of NREM sleep.31 Augmentation of REM sleep after 
learning has also been described in human infants.59 Sleep 
may be particularly important for RNA and DNA synthesis 
linked to memory processes. There is some evidence that 
during sleep RNA is more actively synthesized, less rapidly 
degraded, or more slowly transported into the cytoplasm.60

As in infants, there is some evidence that REM sleep may 
increase following learning in older children and adults. 
Hartman has demonstrated an increase of REM sleep time 
occurring after days of increased learning, mental stress, and 
especially demanding events.61 If learning does cause an 
increase in REM sleep, brain-damaged patients who are 
improving should have a higher proportion of REM sleep 
than patients who show no improvement. Following up a 
group of nine patients with severe traumatic brain damage, 
Ron et al. found a correlation between cognition and REM 
sleep improvement in seven patients.62 Greenberg and Dewan 

nuclei in the cat eliminated all phasic inhibition of sensory 
input, spinal reflexes, and all motor output associated with 
phasic REM bursts, including eye movements themselves.44,45 
They have also demonstrated that intense spontaneous dis-
charges from neurons of the vestibular nuclei occur synchro-
nous with the ocular activity of REM sleep. Nystagmus 
evoked by rotation can be most readily induced during sleep 
at the time of phasic events of REM sleep46 and in Wernicke–
Korsakoff ’s disease, where the vestibular nuclei are often 
damaged, eye movements are absent during REM sleep.47 
These observations partially confirm the influences of vestibu-
lar mechanisms of the phasic activity of REM sleep.

An age-related development of phasic inhibition of audi-
tory evoked potentials during the ocular activity of REM 
sleep, and an age-related increase in the duration of the REM 
burst, have been described in normal subjects.48 It seems that 
central vestibular influences underlie these events, and that 
vestibular control of phasic activity follows a developmental 
maturation schedule.

Considering this evidence, there may be a relationship 
between the CV control of REM phasic events and phasic 
REM sleep’s importance in learning and memory. As yet, 
however, this relationship remains a mystery.

Significant literature exists, however, supporting a relation-
ship between REM sleep, phasic REM activity, and learning. 
Sleep patterns in hyperkinetic children and normal children 
were studied by Busby, Firestone and Pivik.49 Analysis of sleep 
pattern variables revealed a significantly longer REM onset 
latency and a greater absolute and relative amount of movement 
time for the hyperkinetic group relative to controls. No other 
sleep parameter differentiated the groups. Clinical observations 
of autistic children have suggested that fundamental symptoms 
of the syndrome of childhood autism involve disturbances of 
motility and perception. The nature of these disturbances indi-
cates a maturational delay in the development of complex 
motor patterns and the modulation of sensory input.48 Sleep 
studies have provided some evidence for a maturational delay 
in the differentiation of REM sleep patterns and the develop-
ment of phasic excitatory and inhibitory mechanisms during 
REM sleep in these children. These findings implicate a failure 
of central vestibular control over sensory transmission and 
motor output during REM sleep. The notation that there is a 
dysfunction of central vestibular mechanisms underlying the 
delayed organization and differentiation of the REM sleep state 
is supported by observations of altered vestibular nystagmus in 
the waking state in autistic children.48

Studies in animals and humans support the importance of 
REM sleep in learning. Lucero conducted experiments which 
showed a significant increase in REM sleep duration with 
respect to controls, a non-significant increase in total sleep 
time, and no changes in slow-wave sleep duration in animals 
subjected to consecutive learning experiences.50 Increase in 
REM sleep time observed after incremented learning suggests 
that REM sleep might be involved in the processing of infor-
mation acquired during wakefulness. It has been postulated 
that such processing might consist of the transformation of a 
‘labile program’ acquired in the learning session into a more 
‘stable program’ devoid of superfluous information.

Major evidence of the importance of REM sleep in facili-
tating recall of complex associative information has been 
documented by Scrima.51 The beneficial effect of isolated 
REM and isolated NREM sleep on recall was tested in 10 
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wakefulness, there is accumulation of sleep-producing 
‘toxin(s),’ the presence of which stimulates or results in sleep. 
Once the toxin(s) have been modified by sleep, awakening 
occurs. Investigation of many substances claimed to be released 
subsequent to sleep deprivation and thalamic stimulation have 
failed to produce convincing evidence of the accuracy of this 
theory.71 Studies of craniophagus and thoracophagus twins 
reveal independent sleep–wake cycles, despite the sharing of 
circulatory and/or nervous systems.72

Sleep may be required for the normal functioning of the 
motor system and/or skeletal musculature. Muscle aching and 
change in skeletal muscle enzyme activity have been reported 
following NREM sleep deprivation.73 Though the ability to 
work is not drastically affected by sleep deprivation, physical 
performance follows definite circadian rhythmicity.74 Sleep 
also has a profound effect on certain diseases which affect the 
motor system, including Parkinson’s disease75 and hereditary 
progressive dystonia.76

Though all theories of the function of sleep have had sig-
nificant support, much conflicting evidence for each theory 
exists. The function of sleep may be explained very simply, or 
may be one of the more complex biological mechanisms 
known. A unitary explanation of the function of sleep is prob-
ably unrealistic. The exact function and purpose of sleep may 
prove to be a combination or a series of integrations of all 
proposed hypotheses.

SLEEP DEPRIVATION

Experiments conducted to unravel the meaning and function 
of various physiological processes have involved abolition of 
the function followed by observations of the consequences of 
its absence. For many years, research has focused on total 
deprivation of sleep, partial deprivation, and deprivation of 
various sleep stages in an attempt to identify repercussions. 
Unfortunately, these studies have been less fruitful in deter-
mining the function of sleep than obliteration of other physi-
ological mechanisms.

Animal Studies
Total sleep deprivation studies in animals have shown signifi-
cant deleterious effects. In early experiments, in order to keep 
animals awake for prolonged periods of time, constant activity 
was necessary, confounding the results. In 1983, Rechtschaffen 
and co-workers described an ingenious experimental method 
which controlled for the stimuli used to keep the animals 
awake.77 Experimental and control rats were placed on a plat-
form which rotated and caused awakening only when the 
experimental animal fell to sleep. Activity of the experimental 
and control animals was kept constant. Experimental animals 
suffered severe pathological changes from the sleep depriva-
tion. Changes ranged from severely debilitated appearance 
(ungroomed and yellowed fur) to intense neurological abnor-
malities (ataxia and motor weakness) and death. Interestingly, 
there was a loss of EEG amplitude to less than half of normal 
waking values prior to the demise of the experimental animals. 
Necropsy findings included pulmonary edema, atelectasis, 
gastric ulcerations, gastrointestinal hemorrhage, edema of the 
limbs, testicular atrophy, scrotal damage, bladder enlargement, 
hypoplasia of the liver and spleen, and hyperplasia of the 
adrenal glands (indicating a significant stress response). Body 

compared the percentage of REM sleep in improving and 
non-improving aphasic patients and found that the latter 
groups did, in fact, have lower levels.63 In 32 patients with 
Down syndrome, phenylketonuria, and other forms of brain 
damage, Feinberg found a positive relation between the 
amount of eye movement during REM sleep and estimates of 
intellectual function,10 while in a comparison of 38 normal 
individuals and 15 brain-damaged subjects it was shown that 
mentally retarded patients had less REM sleep.64 Linkage 
between REM sleep and development of the visual system has 
been further supported by a recent study by Oksenberg and 
co-workers.65 They have reported significant anatomical 
changes in the microscopic anatomy of the visual cortex in 
REM sleep-deprived cats.

In spite of evidence from human and animal studies, the 
exact function of sleep in the process of learning, memory, and 
child development is still speculative.

Unlearning Theory
An antithetical hypothesis for the function of REM sleep in 
learning and memory involves a process of unlearning. No 
single memory center appears to exist in the brain.66 Many 
parts of the central nervous system participate in the represen-
tation of a single event. However, localization of memory of a 
single event generally involves a limited number of neural 
pathways, and those collections of neurons within which a 
memory is equivalently represented probably contains a ‘set’ of 
no more than a thousand neurons. These interconnected 
assemblies of cells could store associations.67,68 If the cells 
involved in the ‘memory’ of an event form mutual synapses, 
when part of that event is encountered again, regeneration of 
the activity of the entire neuronal set would occur. Crick and 
Mitchison proposed that the function of REM sleep, therefore, 
is to remove certain undesirable modes of interaction in net-
works of cells in the cerebral cortex.69 This would be accom-
plished during REM sleep by a ‘reverse learning’ mechanism, 
so that the trace in the brain of the unconscious dream is 
weakened, rather than strengthened, by the activity of dream-
ing. A mathematical and computer model of a network of 30 
to 1000 neurons has been developed by Hopfield, Fenistein, 
and Palmer.70 Their model network has a content-addressable 
memory or ‘associative memory’ which allows it to learn and 
store many memories. A particular memory can be evoked in 
its entirety when the network is stimulated by an adequately 
sized subpart of the information of that memory. When mem-
ories are learned, spurious information is created and can also 
be evoked. Applying an ‘unlearning’ process, similar to the 
learning process, but with a reversed sign and starting from a 
noise input, enhanced the performance of the network in 
accessing real memories and minimizing spurious ones.

Sleep (in particular REM sleep) may then function to 
reduce or prevent unwanted, unnoticed, or spurious material 
acquired during wakefulness. Isolation of the cortex from 
environmental stimuli may be a necessary feature of the 
removal of inhibiting and/or competitive stimuli, inappropri-
ate behavior patterns, and overloading of neuronal networks, 
thus permitting reprogramming and consolidation of more 
vital material.

Other Hypotheses
Presence of circulating hypnotoxin(s) has received some  
attention in the literature. This theory holds that during 
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was a reduction in REM sleep by 25%. Latency to the onset 
of stage-4 sleep and latency to the onset of REM sleep were 
also reduced. Behaviorally, only the Wilkinson Vigilance Task 
showed a decline in performance associated with continued 
sleep restriction. Initially, the subjects experienced difficulty 
in arousing in the morning and felt drowsy during the day. 
But this did not continue throughout the entire experiment. 
Mood scales showed no significant changes. It was concluded 
that the chronic loss of as much as 2.5 hours of sleep per night 
is not likely to result in major behavioral consequences. 
However, significant physiological effects were documented 
(especially in REM sleep) polysomnographically with partial 
restriction. Restricting sleep by early morning wakings gener-
ally deprives the subject of REM and stage-2 sleep, generally 
leaving NREM stage-4 intact. Recovery might, however, 
show a substantial increase in NREM stage-4 volume, sug-
gesting that high-voltage, slow-wave sleep is (to some extent) 
a function of total sleep time.84

Sleep Deprivation in Children
Though similar to the adult, children differ in their response 
to acute restriction in sleep. When sleep has been restricted 
by 4 hours or more, there is a decrease in all stages of sleep 
(except slow-wave sleep); reduction in sleep-onset latency, 
stage-4 latency, and REM latency; and reduction of wakeful-
ness during the sleep period. Carskadon et al. studied the 
effect of acute, partial restriction of sleep in children between 
the ages of 11 and 13.2 years.85 Children were permitted to 
sleep 10 hours on baseline and recovery nights, and 4 hours 
on a single restricted night. No significant differences were 
found on any performance test. Unfortunately, the tests were 
brief. This may have had a significant impact on the outcome. 
Kleitman and Wilkinson115 emphasized that task duration is 
a major factor determining a test’s sensitivity to sleep loss. On 
the other hand, significant changes did occur on objective 
sleep testing. The Multiple Sleep Latency Test (MSLT) 
showed significant increase in daytime sleepiness which per-
sisted into the morning following sleep restriction. This sug-
gested that children were more severely affected by sleep 
restriction than adults. On polysomnography, findings were 
comparable to adults, but children did not show recovery rebound 
of slow-wave sleep and REM sleep as reported for adults. Although 
children appear to be able to tolerate a single night of restricted 
sleep without a decrement in performance on brief tasks, 
perhaps more prolonged restriction and prolonged tasks 
similar to those required in school would show decrements. 
Children seem to require more time to recuperate fully from 
nocturnal sleep restriction than adults. The extent of daytime 
sleepiness that occurs is not trivial. With additional nights of 
partial sleep deprivation, cumulative sleepiness might rapidly 
become a significant problem. The importance of sleep restric-
tion, daytime sleepiness, and performance of children in 
school and on their behavior may be greater than previously 
realized.

In 1972, Dement86 powerfully described possible outcomes 
of restricted sleep on wakefulness:

After an excessively long period of wakefulness, the state of 
sleep becomes preemptive. When we enforce wakefulness, we 
are probably preventing or minimizing activity in the neural 
systems that subserve sleep induction and maintenance. As the 
potency of these systems increases during the period of their 

weight decreased in both experimental and control animals, 
but was significantly greater in the experimental, sleep-
deprived animals. It is also interesting to note that the animals 
which ate the most, lost the most weight. There was a surpris-
ingly high correlation between the amount of paradoxical 
(REM) sleep obtained by the experimental animals and the 
survival time.

Human Studies
In comparison, effects of total sleep deprivation on human sub-
jects have been remarkably few. Though brief psychotic episodes 
have been reported in some subjects, long-term psychological 
effects do not appear to result.78 The only certain and reproduc-
ible effect of total sleep deprivation has been sleepiness.

Fatigue; decline in perceptual, cognitive, and psychomotor 
capabilities; and increasing transient ego disruptive episodes 
have been reported by Kales et al. during sleep deprivation.79 
Reality testing was impaired and regressive behavior was 
noted as the experiment continued. Tests for thought disor-
ders showed shifts in thought processes to a more child-like 
level of cognition; however, there was no obvious evidence of 
schizophrenic thinking.

Performance may also be impaired by sleep deprivation. 
Vigilance and performance on reaction time tests have been 
shown to be significantly impaired by the loss of as little as 
one night’s sleep.80 In a study of 44 men participating in a 
strenuous combat course in Norway, significant impairment 
was observed in vigilance, reaction time, code testing, and 
profile of mood-state after 24 hours of sleep deprivation. 
Complaints of symptoms occurred first. Disturbances of 
senses and behavior followed. Horne et al. have reported that 
after 60 hours of continuous wakefulness, inherent capacity 
for signal detection exhibited a stepwise decline during dep-
rivation, falling sharply during the usual sleep period time and 
leveling out during the daytime.81 A clear circadian rhythm 
overlaid the decline due to deprivation. It was concluded that 
changes in inherent capacity seem to be consistent with a 
brain ‘restitutive’ role for sleep function.

Significant physiological changes after total sleep depriva-
tion have been reported. Rebound of stage-4 sleep on the first 
recovery day and REM rebound on the second and third 
recovery days were documented by Berger and Oswald in 
1962 and Williams et al. in 1964.9,82 Kales et al. reported 
significant increases in stage-4 sleep and REM sleep after 205 
hours of sleep deprivation, and significant decreases in stage-2 
sleep.79 On the first two recovery nights, alterations in REM 
sleep were noted. There was an increase in REM percentage, 
appearance of sleep-onset REM periods (SOREMPs), a 
decrease in REM latency, and a decrease in inter-REM inter-
vals. These occurred most dramatically in those subjects who 
had the greatest psychological disturbances during the depri-
vation period.

Significant changes in performance and sleep physiology 
have been documented in subjects only partially deprived of 
sleep. In 1974, Webb and Agnew reported the results of an 
experiment conducted on 15 subjects restricted to a regimen 
of 5.5 hours of sleep a night for a period of 60 days.83 The 
initial effect was an increase in the absolute volume of stage-4 
sleep. By the fifth week of the experiment, the volume of 
stage-4 sleep returned to the baseline level. Initial effect on 
REM sleep was a sharp reduction when compared to the 
baseline. During the entire course of the experiment, there 
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demonstrable slowing of the EEG and the presence of spin-
dling activity.91 Paradoxical sleep has been recorded in 
almost all mammalian species studied. Characteristics of this  
sleep state include: desynchronization (activation) of central 
nervous system electrical activity, skeletal muscle atonia, peri-
odic twitching, and physiological instability (especially of the 
cardiovascular and respiratory systems). Changes in ther-
moregulation and high arousal thresholds are present. Rhyth-
mic theta activity and pontogeniculate–occipital (PGO) 
spikes are typically seen on EEG during mammalian para-
doxical sleep.

Phylogenetic Development
Phylogenetic development of REM sleep has been studied by 
Allison and Van Twyver.95 It appears to have developed 
approximately 130 million years ago. Allison and Cicchetti 
concluded that the volume of REM sleep correlated with life-
style, risk of predation, and degree of exposure of the sleeping 
environment.25

REM sleep is the preponderant state early in life in most 
mammals (including humans). Though considered to be 
ontogenetically primitive, the role of REM sleep in the devel-
opment of the central nervous system may be significant. 
Premature newborn humans spend approximately 90% of 
their total sleep time in active sleep. This falls rapidly to about 
50% by term. A gradual decrease continues throughout the 
first few years of life to a level of about 20% to 25%. This level 
remains remarkably constant throughout the remainder of the 
life cycle.54

Jouvet-Mounier et al. have studied the ontogenetic devel-
opment of sleep of infant cats, rats, and guinea pigs.96 More 
than 70 animals underwent electrocortical, electroocular, elec-
tromyographic, and behavioral monitoring from birth to 50 
days of age. It became obvious the REM sleep was the pre-
ponderant form of sleep in these species. Each species varied 
significantly in the degree of development at birth, with rat 
pups the most immature, kittens intermediate, and guinea 
pigs the most mature. Degree of immaturity at birth highly 
correlated with the volume of paradoxical sleep recorded 
during the perinatal period. Rat pups exhibited 70% paradoxi-
cal sleep at birth, which decreased rapidly to near adult levels 
by 30 days of life. Decrease of paradoxical sleep in kittens was 
considerably slower. Guinea pigs showed the lowest volume 
of paradoxical sleep (7%); however, this was still approxi-
mately double the volume seen in the adult animal. Matura-
tion of slow-wave sleep is late in comparison to paradoxical 
sleep and the time spent in paradoxical sleep and slow-wave 
sleep varies during the first postnatal month. These variations 
are different among species. Newborn kittens have a more 
highly developed cortex than rat pups.97 Cortical neurons 
mature very rapidly and reach histological characteristics of 
adult cortical neurons by the twelfth postnatal day, concomi-
tant with the appearance of slow-wave sleep. In contrast, the 
cortex of the newborn guinea pig appears histologically the 
same as that of the adult.98

Sleeping dolphins and porpoises are fascinating and of par-
ticular ontogenetic interest because of the complexity of the 
cetacean central nervous system. Mukhametov has studied the 
neurophysiology of sleep in the bottle-nose dolphin (Tursiops 
truncatus) and the porpoise (Phocoena phocoena)99 and showed 
that the main characteristics of sleep in these marine mammals 
are unihemispheric slow-wave sleep and the apparent absence 

induced inactivity, they may begin to intrude upon 
wakefulness in an ever more aggressive manner.

The notion of total sleep deprivation could be somewhat 
illusory, and could result merely in a redistribution of activity 
in sleep and arousal systems in which NREM sleep would 
occur in the form of hundreds of microsleeps.

Microsleeps have been well documented in both human 
and animal studies.87–89 Kales et al. have described disorienta-
tion and misperceptions during sleep deprivation that seemed 
to be associated with ‘lapses’ which become more frequent  
as deprivation continues.79 Armington and Mitnick found 
that sleep deprivation eventually produced, in subjects who 
appeared to be behaviorally awake, brain wave patterns which 
were more or less continuously at the NREM stage-1 level.87 
The most consistent result of modest amounts of sleep loss in 
humans is the occurrence of these microsleep periods.88 
Microsleeps increase in frequency throughout periods of sleep 
deprivation. Since gross waking behavior is not affected, these 
lapses may have significant consequences on performance and 
its assessment, especially for the school-aged child whose 
consistent attentiveness is required for success in school. Since 
the perceptual shutdown can occur before EEG changes are 
apparent at the outset of sleep under ordinary circumstances, 
there may be many more such episodes in sleep-deprived 
subjects than EEG patterns alone would suggest.86

PHYLOGENETIC CONSIDERATIONS

Understanding sleep in humans requires reflection for a time 
on sleep in other species. Though periods of sluggish activity 
can be documented in reptiles, it does not appear that physi-
ological sleep occurs.90 Though only a relatively small number 
of mammalian species have been studied, it appears that most, 
if not all, birds and mammals sleep. Quiescent periods, inter-
vals of reduced responsiveness to environmental stimuli, rapid 
reversibility of state, specific postures, and characteristic EEG 
changes have been observed.91 All these criteria, however, 
need not be present concomitantly, and quiescence is not 
always equivalent to inactivity. Ritualistic pre-sleep activity 
and behaviors occur in many species, including humans. 
Timing of sleep varies; some species consolidate sleep into a 
single period of time and others distribute sleep throughout 
a 24-hour continuum.

Sleep in birds is remarkably similar to sleep in mammals. 
Two distinct types of sleep, with comparable electrophysio-
logic activity, have been documented. Major differences 
appear to be in the pattern of sleep and the greater number 
of sleep states observed in avian species.92

Zeplin and Rechtschaffen studied available sleep data on 
more than 50 mammalian species.93 Sleeping patterns were 
correlated with metabolic rates, gestational periods, and brain 
weights. Animals with lower metabolic rates tend to sleep less 
than those with higher metabolic rates. Species which have 
longer sleep periods tend to exhibit shorter life spans and are 
smaller in size. Meddis replicated this study on a sample of 
65 species and obtained similar results.94

NREM–REM cycling appears to be the basic organization 
of sleep in most species studied. Though the quality  
and quantity of NREM and REM sleep varies considerably, 
a regularly patterned series of state changes occurs with 
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Physiological Correlates
Physiologically, sleep onset and maintenance are not passive 
processes. Isolation of the cerebrum from the brainstem  
and spinal cord (cerveau isole) produces a state indistinguish-
able from physiological sleep.102 A series of exquisite experi-
ments identified neurons of the reticular formation which 
received collateral input from somatic, visceral, and special 
sensory pathways, and sent ascending projections dorsally and  
ventrally to the basal forebrain.103–105 These collections of 
neurons were termed the reticular activating system. Complex 
projections of neurons from the reticular formation to the 
posterior hypothalamus–subthalamus, basal forebrain, and 
then to the cortex are responsible for the maintenance of 
wakefulness.106

Though it was initially thought that sleep was the result of 
a decrease in the activity of this system, brainstem transection 
experiments resulting in diminished sleep suggested that 
sleep-inducing structures must also be present in the central 
nervous system.107 This sleep-inducing structure appeared to 
be located in the lower brainstem, specifically the dorsal med-
ullary reticular formation and nucleus of the solitary tract. 
Lesions in this area produced EEG activation in a sleeping 
animal.108,109 A sleep-facilitation center appears to be present 
in the rostral hypothalamus110 and cortical synchrony can be 
elicited by stimulation of the midline thalamus.111 Sleep-
inducing neurons are also found in the preoptic area and basal 
forebrain. GABA neurons located in the cortex, as well as 
neurons located in the hypothalamus and basal forebrain, are 
vital for slow-wave production.106

Sleep Onset
Sleep onset, therefore, results from a complex series of events 
involving changes in levels of somatic, visceral, and special 
sensory input; active inhibition of neuron networks which 
produce cortical desynchronization; and active stimulation of 
neuronal systems and pathways responsible for cortical syn-
chrony. In addition, the rhythmic organization of these activi-
ties is extremely complex and appears to be controlled by 
neurons located in the suprachiasmatic nucleus.112 Jouvet et al. 
described a separate system of neurons located in the upper 
pons which controlled the induction and manifestations of 
REM sleep.113 This system was under the influence of an 
‘oscillator’ which was separate from (though linked to) that 
which controlled the rhythmicity of the sleep–wake cycle.114 
A cholinergic, ‘REM-on’ system of neurons exists primarily 
located in the mesencephalic, medullary, and pontine gigan-
tocellular tegmental fields, but may be widespread. Discharges 
from these neurons are responsible for REM sleep epiphe-
nomena of cortical desynchronization, conjugate eye move-
ments, decrease in muscle tone by active inhibition of alpha 
motor neurons, muscular twitching, and cardio-respiratory 
irregularities. It has also been shown that a self-inhibitory, 
aminergic, ‘REM-off ’ system of neurons, located in the dorsal 
raphe nuclei, locus coeruleus, and the nucleus peribrachialis 
lateralis interacts with the opposing system, resulting in alter-
nations between NREM and REM sleep.

It is clear that the behavioral, neurochemical, and neuro-
physiological mechanisms of the sleep–wake cycle and elec-
trophysiological cycles during sleep itself are complex and 
intensely integrated. All characteristics have yet to be eluci-
dated. Further research is needed. Answers may prove to be 
simple or one of the most complex physiological processes 

of paradoxical sleep. EEG characteristics are typical for the 
mammalian brain, and three distinct stages can be identified: 
desynchronization; intermediate synchronization with sleep 
spindles, theta activity, and delta waves; and maximal synchro-
nization with slow-waves comprising more than 50% of each 
recording period. In all dolphins studied, unihemispheric 
slow-wave sleep was the main type of sleep recorded. Interest-
ingly, this type of sleep is not found in other mammals. Syn-
chronization of the EEG occurs in one hemisphere, while the 
opposite hemisphere reveals desynchronization. These cycles 
of synchrony and desynchrony appear to be independent. 
Each hemisphere exhibits different volumes of slow-wave 
sleep and deprivation of slow-wave sleep in one hemisphere 
does not result in contralateral rebound. Ipsilateral rebound is 
noted in the slow-wave sleep-deprived hemisphere only. 
Mukhametov has attempted to identify neurophysiologic and 
behavioral correlates of paradoxical sleeping over 30 animals 
of two species and concluded that paradoxical sleep does not 
appear to be present in the dolphin or porpoise. It is very 
difficult, however, to prove the complete absence of paradoxi-
cal sleep, since testing of dolphin fetuses and calves has not 
yet been possible. It is unknown whether these characteristics 
represent a phylogenetic, developmental, or adaptive phenom-
enon. Unraveling the mystery has fascinating teleological 
implications.

BEHAVIORAL AND PHYSIOLOGICAL 
CONSIDERATIONS

At first glance, sleep appears to be a simple process, a required 
part of our 24-hour life cycle. Little attention is paid to the 
sleeping state because human life-style focuses primarily on 
interactions with the environment and daily fragments of 
disengagement seem of secondary importance. Time spent in 
activities not related to goal attainment, pursuit of sustenance, 
fulfillment, happiness, or success appear to be intrusive, 
unwelcome gaps. Importance of these gaps, however, in per-
mitting the individual to function and appropriately interact 
with the environment during the waking state has only 
recently been discovered.

Any definition of sleep is complex, both from behavioral 
and physiological perspectives. In simplest terms, it is a revers-
ible disengagement with, and unresponsiveness to, the exter-
nal environment, regularly alternating in a circadian manner 
with engagement and responsiveness. It is now known that 
this definition is significantly incomplete and simplistic, since 
sleep is a highly active and complex state.

Behavioral Correlates of Sleep
It seems easy to determine when an individual is sleeping. 
Behavioral correlates include a recumbent position, closure of 
the eyelids, quiescence, and diminished responsiveness to 
external stimuli. These behaviors are fairly consistent between 
individuals. Sleep onset, however, requires complex interac-
tions of learned behaviors and physiological processes. Absence 
of sudden external stimuli; a suitable, safe, comfortable envi-
ronment; relaxation of postural muscles; and learned stereo-
typical behaviors associated with bedtime are required.100 
There is some evidence that rhythmic, monotonous sensory 
stimulation helps promote sleep.101 Whether this is behavio-
ral, physiologic, or a combination is speculative.
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Williams HL, editors. Sleep and altered states of consciousness. Balti-
more: Williams and Wilkins; 1967. p. 351.

45. Pompeiano O. Mechanisms of sensorimotor integration during sleep. 
Prog Physiol Psychol 1970;3:1.

46. Reding GR, Fernandez C. Effects of vestibular stimulation during sleep. 
Electroencephalogr Clin Neurophysiol 1968;24:75.

47. Appenzelle O, Fisher AP. Disturbances of rapid eye movements during 
sleep in patients with lesions of the nervous system. Electroencephalogr 
Clin Neurophysiol 1968;25:29.

48. Ornitz EM. Development of sleep patterns in autistic children. In: 
Clemente CD, Purpura DP, Mayer FE, et al, editors. Sleep and the 
maturing nervous system. New York: Academic Press; 1972. p. 363.

49. Busby K, Firestone P, Pivik RT. Sleep patterns in hyperkinetic and 
normal children. Sleep 1981;4:366.

50. Lucero MA. Lengthening of REM sleep duration consecutive to learn-
ing in the rat. Brain Res 1979;20:319.

51. Scrima L. Isolated REM sleep facilitates recall of complex associative 
informtion. Psychophysiology 1982;19:252.

52. Emmons W, Simon C. Response to material presented during various 
levels of sleep. J Exp Psychology 1956;51:89.

53. Parmelee HA, Schulz HR, Disbrow MA. Sleep patterns of the newborn. 
J Pediatr 1961;58:241.

54. Roffwarg HP, Dement WC, Fisher C. Preliminary observations on the 
sleep patterns in neonates, infants, children, and adults. In: Harms E, editor. 
Problems of sleep and dreams in children. London: Pergamon; 1963.

55. Fishbein W. Disruptive effects of rapid-eye-movement sleep depriva-
tion on long-term memory. Physiol Behav 1971;6:279.

56. Fishbein W, Kastaniotis C, Chattman D. Paradoxical sleep: Prolonged 
augmentation following learning. Brain Res 1974;71:61.

57. McGrath MJ, Cohen DB. REM sleep facilitation of adaptive waking 
behavior: A review of the literature. Psychol Bull 1978;85:24.

58. Hawkins MR, Vichick DA, Silsby HD, et al. Sleep and nutritional 
deprivation and performance of house officers. J Med Educ 1985;60:530.

59. Paul K, Dittrichova J. Sleep patterns following learning in infants. In: 
Levin P, Koella U, editors. Sleep: 1974. Basel: S Karger; 1975. p. 388.

known. Implications in fetal and childhood development may 
be more significant than our wildest dreams.
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OVERVIEW

Over the past quarter century, pediatric and adolescent sleep 
medicine has followed remarkable parallels with the evolution 
of health care for infants, children and young adults in the 
United States. Chronicled establishment of children’s health 
care, as well as establishment of sleep medicine as an impera-
tive and major medical discipline for adults provides insight 
into the current position of pediatric and adolescent sleep 
medicine and future directions for clinical practice and 
research. An understanding of the evolution of sleep medicine 
into a research and clinical field of study and branch of knowl-
edge will create important perspective. Juxtaposition of disci-
plines will sensitize the reader to the need for state-of-the- 
art evaluation of sleep and its pathologies seen in infants, 
children, and adolescents.

INTRODUCTION

Over the past 25 years, the development of pediatric and 
adolescent sleep medicine (PASM) as an imperative child 
health care discipline remarkably parallels evolution of pedi-
atric health care in the United States. Recorded evolution of 
health care for children as well as establishment of sleep 
medicine as a recognized, necessary, and vital medical disci-
pline for adults provides lucid insight into the current position 
within the child health care community of pediatric and ado-
lescent sleep medicine and future directions for research and 
clinical practice.

DEVELOPMENT OF PEDIATRICS AS A  
UNIQUE DISCIPLINE

Prior to the beginning of the twentieth century, health care 
for children and adolescents was virtually non-existent. Health 
care for children was principally provided by family members. 
Mortality rates for infants were high. More than one-third of 
infants died before their fifth birthday.1 Despite this signifi-
cant incidence of infant mortality, little was done to improve 
health care for children and few took particular notice of the 
lack of professional services. Health care for children by the 
medical profession was provided using adult criteria, adult 
standards of care, adult definitions of diseases/disorders, and 
utilization of therapeutic techniques developed for adult 
patients.2

Medical practitioners who limited their practice to children 
were few and considered ‘baby feeders’ since little was known 
of the cause of illness in children. Infectious diseases prevailed 
and diarrheal diseases resulting in dehydration affected many. 
It has been estimated that at the turn of the century there 
were not more than 50 medical practitioners in the United 
States who were particularly interested in the health care of 

children, and less than a dozen limited their practice exclu-
sively to children.3 Health care facilities for clinical evaluation 
and management of childhood disease, specifically designed 
for children’s needs were non-existent.2 Being considered the 
property of their parents, neither earning a living, paying 
taxes, nor voting, children then and now possess neither an 
economic nor political influence.

Childhood diseases were widespread. Prevention was the 
only underlying principle. Approaches to treatment of illness 
during childhood included tea, barley water, and protein milk. 
Floating hospitals and country sanatoria were occasionally 
utilized for management of childhood illness since sun, fresh 
air, and isolation were treatments of choice and standard of 
care. Nonetheless, because of the lack of children’s clinics for 
diagnosis and management of pediatric diseases/disorders, 
care of children remained in the home.4 Because of the lack 
of diagnostic methods, evaluation of childhood illness was 
based primarily on anecdotes, and clinical signs and symp-
toms. Even congenital malformations were thought by many 
child health care practitioners to be due to maternal influ-
ences.5 Treatment was principally based on either adult 
medical interventions or was purely empiric. Climate therapy 
was common. Exposure to sunlight was prescribed for various 
illnesses including but not limited to tuberculosis, cutaneous 
abnormalities, anemia, and rickets. Some treatments were 
effective, but most were relatively ineffective. For example, 
treatment of pneumonia often included administration of 
digitalis, camphor, strichnia, and alcohol.

With the discovery and development of pasteurization of 
milk and immunizations for a variety of diseases, child health 
care practitioners were thrust into the forefront of preventive 
medicine. Use of antibiotics to treat infections and the devel-
opment of corticosteroids were instrumental in decreasing 
high childhood mortality rates existing during the first half of 
the twentieth century.

During the second half of the twentieth century, rapid 
progress in pediatric medicine and surgery occurred. Practice 
of pediatric medicine has turned from principally treatment 
of infectious diseases to comprehensive preventive programs, 
school health, community pediatrics, developmental pediat-
rics, and comprehensive adolescent medicine. Extensive mor-
bidities have been identified resulting in extensive efforts in 
behavioral disorders, family violence, child maltreatment, 
drug misuse, learning problems, school health, and develop-
mental disabilities. Priorities have shifted and identification 
of many pediatric disorders requires a multi-disciplinary and 
inter-disciplinary approach to diagnosis and management.

DEVELOPMENT OF SLEEP MEDICINE AS A  
UNIQUE DISCIPLINE

Although there has been a fascination with sleep since antiq-
uity, the scientific investigation of sleep and its disorders can 
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a starting point for a similar process that was started by Drs. 
Rechtschaffen and Kales in 1968. Drs. Anders, Emdee, and 
Parmelee co-chaired an ad-hoc committee to provide similar 
standards and the result was the publication in 1971 of A 
Manual for Standardized Techniques and Criteria for Scoring of 
States of Sleep and Wakefulness in Newborn Infants.18 Strikingly, 
between publication of this manual and today, 42 years later, 
there has been no similar effort for infants and children older 
than 2 months of age and the beginning of puberty. Many 
problems precluded this task. Standardization in the pediatric 
age group is a formidable endeavor. First, there are rapid and 
dynamic changes that occur during the first two decades of 
life. The nervous system is constantly changing structurally 
and functionally during this period of life. Attempting to 
define cross-sectional criteria for evaluation of children both 
within same-age subjects and between subjects is extraordi-
narily difficult because of normal internal and external vari-
ability. Normal ranges can be extensive. Limitations include 
number of evaluations required for appropriate power. Exter-
nal reliability and validity can also be quite difficult to estab-
lish. Several longitudinal points are often required for 
appropriate comparison of polysomnographic variables. This 
has been suggested to be termed developmental polysomnogra-
phy.19 This would then take into account normal progression 
of maturation, rather than evaluating a single polygraphic 
study at a single point in time. Because of these immense 
difficulties, little evidence-based standardized information has 
been available to provide accurate and reproducible normative 
data, despite evidence that sleep and its normal structure and 
maturation has far-reaching implications on growth, develop-
ment, and learning.20,21

Identification of effective non-invasive treatments for many 
sleep-related disorders developed (for example, treatment  
of obstructive sleep apnea in adults with nasal CPAP) and 
resulted in rapid development of therapeutic protocols and 
widespread use. Combination of high prevalence of obstruc-
tive sleep apnea in the adult population, management of the 
obstructive sleep-disordered breathing with a relatively innoc-
uous procedure, and effective management of sequelae led to 
the rapid expansion of sleep medicine into a unique medical 
discipline. Sleep disorders medicine has become an accepted 
and distinct specialty within the medical community.

Beginning in 1978, the American Board of Sleep Medicine 
(ABSM) provided an examination in clinical polysomnogra-
phy to assure quality of practitioners practicing sleep disorders 
medicine and interpreting polysomnograms. The first exami-
nation certified 21 candidates. During the next 28 years, the 
ABSM certified more than 3400 individuals.22 This examina-
tion was not specialty-specific and was taken by internists, 
psychiatrists, psychologists, neurologists, family practitioners, 
and pediatricians. Successful applicants became diplomates of 
the ABSM. Indeed, sleep disorders medicine as a new and 
unique discipline became the focus of more clinical 
practitioners.

Pediatric and adolescent sleep medicine has become an 
outgrowth of this sleep disorders medicine practice. Inspira-
tion has come from several directions: scientific and clinical 
interest in sudden infant death syndrome (SIDS); identifica-
tion of obstructive sleep apnea and other sleep-related breath-
ing disorders occurring with significant prevalence in the 
pediatric population; identification of the importance of sleep 
in the origin of daytime behavioral difficulties; and the 

be traced back to 1930 when Berger first described spontane-
ous EEG activity in the brains of sleeping subjects;6 differen-
tiation of sleep into specific and distinct states by Harvey, 
Loomis, and Hobart in 1937.7 Eye movements in sleep 
were previously described in sleeping infants8 and the first 
description of rapid eye movement (REM) sleep by Aserinsky 
and Kleitman at the University of Chicago in 1953.9 Five 
years later, Dement and Kleitman reported the cycling of 
REM sleep and non-rapid eye movement (NREM) sleep 
throughout the sleep period, proposed a classification system 
of NREM sleep into four distinct stages, and the association 
of eye movements in REM sleep with dream mentation.10–11

It had become clear that these discoveries ushered in the 
realization that it was not enough to evaluate health and disease 
during only waking hours, but throughout the 24-hour con-
tinuum. A new era of medical and scientific research emerged 
focusing on physiology, pharmacology, pathophysiology, and 
even anatomy that are different during sleep than during the 
waking state.12 Sleep research provided the groundwork and 
basis for the realization that clinical evaluation and manage-
ment of patients might differ during sleep when compared to 
wake, resulting in the emergence of clinical sleep medicine.13

At first, clinical sleep medicine evolved from patient self-
referrals. Most sleep complaints were related to problem 
insomnia. However, it became clear that the common belief 
that the majority of etiologies of insomnia were not purely 
psychiatric in origin.13 Obstructive sleep apnea had been iden-
tified in Europe, but there had been little notice in the United 
States. In 1970, Lugaresi and colleagues published remarkable 
success of tracheostomy in the treatment of obstructive sleep 
apnea.14 Nonetheless, similar evaluation and management 
of obstructive sleep apnea was not yet accepted. In 1972, 
Guilleminault demonstrated remarkable results in managing 
uncontrollable hypertension in a 10 1

2-year-old boy with tra-
cheostomy.15 It is stunning that demonstration of the first 
successful treatment of sequelae of obstructive sleep apnea in 
the United States was in a pediatric patient.

Physiological evaluation of sleep had also progressed with 
adaptation of polygraphy used in monitoring EEG to evalu-
ation of other physiological variables during sleep. Termed 
polysomnography, Holland et al.16 changed the face of clinical 
assessment of sleep in adult patients. Now there were methods 
for both basic evaluation by history and physical examination 
as well as physiological assessment of sleep-related complaints 
in a clinical laboratory setting.

By the end of the 1970s, clinical sleep disorders medicine 
became an accepted area of medical inquiry, although practice 
of sleep disorders medicine was still couched in other disci-
plines of pulmonology, psychiatry, neurology, and internal 
medicine. In 1968, the Manual of Standardized Terminology, 
Techniques, and Scoring System for Sleep Stages of Human Sub-
jects was published.17 This was a significant step forward in 
standardizing sleep stage scoring in adults and to eliminate 
unreliability and inconsistencies in laboratory evaluation of 
sleep both between laboratories and within laboratories. It 
was clear at that time this standardization was not appropriate 
for identification of stages of sleep and evaluation of sleep in 
newborns, infants, and children. Anatomical and physiologi-
cal variables differed markedly from the adult. Similar stand-
ardization of sleep stage identification was a daunting task due 
to the rapid and constantly changing biology of the maturing 
and developing child. Therefore, the newborn infant became 
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multi-disciplinary specialty examination in sleep medicine to 
be jointly offered by the ABIM, ABPN, and the ABP, ABFM, 
and ABO.22 The first examination was administered in 2007. 
Considerations and disorders unique to childhood comprised 
2% of the first examination. Although pediatrics is a required 
portion of a sleep medicine fellowship curriculum, it is unclear 
how much pediatric medicine and sleep disorders in children 
are afforded to internists, otolaryngologists, psychiatrists, and 
neurologists studying general sleep medicine in these programs. 
It is also unclear whether training in developmental medicine 
and children’s health care can be translated into the practice of 
sleep medicine without a comprehensive underpinning of pedi-
atric medicine.

The success of incorporating a pediatric sleep medicine 
objective into undergraduate, graduate, and post-graduate 
training curricula will depend upon outcome and cost-
effectiveness. First, can the provision of comprehensive sleep 
medicine services to children by pediatricians specializing, and 
devoting full time to the practice of pediatric sleep medicine, 
have a significant impact on co-morbid medical illnesses such 
as sickle cell anemia, cystic fibrosis, neuromuscular disorders, 
cranio-facial malformations, or congenital/acquired cardiovas-
cular disease? Second, what effect does early disruption of sleep 
and/or sleep–wake cycling have on learning, memory, and 
cognitive development? Finally, can understanding sleep and 
its disorders in childhood contribute to a better understanding 
of behavioral disorders, problems of attention, and learning 
disabilities? The mystery of establishing and integrating neural 
networks required for early brain development and later execu-
tive functioning may be locked within the sleeping brain.

As was true of the development of pediatrics as a unique 
medical discipline, further appreciation of the development of 
sleep and its structure, as well as the effects of disruption of 
its normal maturation, might lead to improved diagnosis, 
treatment, and prevention of a wide variety of disorders 
unique to both children and adults. It is evident that the 
present is only the beginning of the understanding of pediatric 
sleep and pediatric sleep medicine.

SUMMARY

Pediatric and adolescent sleep medicine has followed a similar 
path in its maturation to the development of pediatrics as a 
recognized and unique medical discipline. There has been 
very significant increase in evidence-based knowledge regard-
ing sleep and its disorders in infants, children, and adolescents 
over the past decade. Nonetheless, what is known now about 
the importance of sleep in normal human development and 
sleep in health and disease is likely only the ‘tip of the iceberg.’ 
The future of pediatric and adolescent sleep medicine is truly 
before us. Many questions remain:
1. How important is the basic rest–activity cycle during gesta-

tion in growth and maturation of the central nervous system, 
neuronal migration, and neural network development?

2. What impact does disruption of normal sleep and/or its 
continuity during the first few years of life have on future 
human development and performance?

3. What effect does sleep deprivation during adolescence 
have on health and well-being as adults? How might this 
contribute to chronic illness affecting these individuals as 
adults?

influence of sleep disorders on children’s daytime performance 
and learning.

In the early 1980s the practice of pediatrics was a highly 
respected medical discipline. One of the principal textbooks 
utilized by most students and practitioners of health care for 
children was entitled Nelson’s Textbook of Pediatrics.23 Never-
theless, the fourteenth edition of this text, published in 1992, 
had a total of eleven paragraphs uniquely devoted to sleep 
disorders in children.

In 1985, two seminal works were published: one for parents 
and the other for sleep scientists. The first was publication of 
Dr. Richard Ferber’s book for parents entitled Solve Your 
Child’s Sleep Problems.24 Based on Dr. Ferber’s work at Boston 
Children’s Hospital, this book reviewed all aspects of sleep in 
childhood and provided practical information in management 
of many sleep-related difficulties that occur during infancy 
and childhood. The second publication was entitled Sleep and 
Its Disorders in Children edited by Dr. Christian Guillemin-
ault.25 This book was a compilation of ground-breaking sci-
entific papers on normative data providing a basis for future 
direction in the scientific study of sleep and sleep–wake cycles 
during infancy, childhood, and adolescence.

More changes occur in anatomy, physiology, and sleep–
wake patterns during the first 15 years of life than over the 
next four decades. Nonetheless, comparatively little evidence-
based information regarding this transformation has been 
published. Prevalence and impact of dysfunctional sleep on 
the developing child requires large population-based studies. 
It is imperative to determine how sleep and its organization 
develop in infancy and early childhood, since disruption  
of normal progression of development during these vastly 
important stages in human maturation may have lifelong 
consequences.

Clinical pediatric sleep medicine has had to rely on nosology 
developed for adults.26 Adaptations have been attempted,27 but 
it is clearly apparent that adapting adult criteria to infants and 
children can lead to many false starts and wrong turns. Most 
sleep-related problems in children might carry similar nomen-
clature, but children are different and it would be no less inap-
propriate to apply adult sleep medicine anatomical, physiological, 
and pathological criteria to veterinary medicine.

Yet, the general pediatric community has been very slow to 
grasp the significance of the entirety of pediatric sleep disor-
ders. Child health care practitioners have been resistant to 
absorb the importance of sleep physiology and sleep structure 
to human development and behavior. However, over the past 
5–10 years, pediatric pulmonologists, otolaryngologists, and 
neurologists have increasingly recognized the importance of 
sleep and its disorders and have incorporated this large portion 
of the child’s life into clinical and academic endeavors, with 
particular focus on sleep-related breathing abnormalities. 
With the ‘epidemic’ of obstructive sleep apnea in the adult 
population, this again seems to be an outgrowth of adult sleep 
medicine.

In 2002, the American Academy of Sleep Medicine (AASM)
applied to the Accreditation Council on Graduate Medical 
Education (ACGME) for establishment of sleep medicine 
training programs under the auspices of the ACGME as part 
of a comprehensive plan along with the American Board of 
Medical Specialists (ABMS) to accept sleep medicine as an 
independent medical specialty. In 2003, this was approved and 
a consensus plan was developed for establishment of a new 
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Clinical Pearls

•	 Clinical	sleep	medicine	is	a	relatively	new	discipline	that	has	
rapidly	evolved	over	the	past	60	years.

•	 Clinical	sleep	medicine	has	evolved	from	the	scientific	study	
of	sleep	in	the	laboratory	to	a	unique	discipline.

•	 Development	of	pediatric	sleep	medicine	parallels	the	
development	of	pediatrics	as	a	singular	profession	focused	
on	the	health	and	well-being	of	infants,	children,	and	
adolescents.
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SLEEP ONSET

Sleep onset is not an isolated event. Identification of an exact 
moment of transition from wakefulness to sleep is difficult 
from both a behavioral and physiological perspective. For 
practical purposes, sleep onset can be correlated with certain 
behavioral and physiological changes occurring over a period 
of time. This time is, nonetheless, somewhat short. Behaviors 
typically associated with sleep include by are not limited to 
closed eyes, postural change, and behavioral quiescence. Addi-
tionally, there is modulation of responsiveness to auditory and 
visual stimuli, decrease in the ability of performance of simple 
tasks, and alterations in memory of events occurring several 
moments prior to sleep onset. EEG activity changes com-
monly associated with transitional sleep (N1) are not always 
perceived by the individual. Conversely, individuals may 
believe they have slept without obvious documentable changes 
in the EEG from the normal waking state.1

Dominant posterior rhythm (DPR) varies depending upon 
the child’s age and level of development. According to the 
Manual of Scoring Sleep Stages and Other Physiological Variables 
of Sleep,1a DPR shows only continuous slow irregular potential 
changes in infants less than 3 months of age. Activity attenu-
ates with eye opening.

WAKE

During wakefulness, DPR frequency in children less than 3 
months of age ranged from 3.5 to 4.5 Hz. Frequency increases 
as the infant matures, reaching 5–6 Hz by 5–6 months of age, 
and 7–9 Hz by 3 years of age.

By 3–4 months post-gestational term infants, about 75% 
will have an irregular 50–100 microvolt, 3–4 Hz activity over 
the occipital region that attenuates with eye opening. Between 
5–6 months of age many infants will demonstrate 50–110 
microvolt activity over the occipital region at a frequency of 
about 5–6 Hz. This is apparent in about 70% of infants by 
1-year post-gestational term. This pattern of continued and 
insistent increase in DPR frequency and amplitude continues 
so that by 3 years of age more than 80% of children have a 
mean occipital frequency of more than 7.5–9.5 Hz, 65% of 
9-year-old children have an average frequency of 9 Hz, and 
by age 15 years this increases to about 10 Hz.

EEG amplitude is generally consistently greater than 
50–110 microvolts. Average amplitude of the DPR during 
wakefulness is 50–56 microvolts in infants and children. 
About 10% of children have more than 100-microvolt activity 
between 6 and 9 years of age. Young children rarely exhibit 
EEG activity in the alpha range with voltage less than 30 
microvolts.

Eye blinking might be seen with conjugate vertical eye 
movements that occur at a frequency of about 0.5–2 Hz. Chin 

muscle tone is high. Sucking movements may be noted and 
are characterized by extended rhythmic periods of increased 
chin muscle tone that appears to have a waxing and waning 
character. There may be conjugate irregular sharply peaked 
eye movements with an initial deflection lasting less than 500 
milliseconds.

TRANSITIONAL SLEEP (N1)

From 2 to about 8 months of age, transitional sleep (N1) is 
characterized by a gradual appearance of diffuse 75–200 
microvolts activity at a frequency of about 3–5 Hz. This 
amplitude is generally greater than that seen during wakeful-
ness, and is usually 1–2 Hz slower than the waking back-
ground rhythm.

By 8 months to 3 years of age, generalized runs or bursts 
of semi-rhythmic bisynchronous 75–200 microvolts activity 
in the range of 3–4 Hz characterize N1. This is maximal over 
the occipital region. There may also be higher amplitude 
4–6 Hz activity noted maximally over the frontocentral or 
central regions.

After 3 years of age, N1 is characterized by slowing of the 
DPR by about 1–2 Hz. The DPR can also be gradually 
replaced by relatively lower-voltage mixed-frequency activity. 
Beginning at about 5 years of age and progressing into ado-
lescence, rhythmic anterior theta activity (RAT) can be seen. 
RAT is characterized by runs of 5–7 Hz moderate-voltage 
activity seen best over the frontal regions.

Monophasic negative broad sharp waves seen maximally 
over the central regions begin to be seen during N1 (and N2) 
sleep at about 6 months of age. By about 16 months of age, 
these vertex sharp waves of about 200 milliseconds in length 
can occur in bursts or runs and are most often seen during 
transitional sleep.

A distinctive paroxysmal EEG pattern of diffuse bisyn-
chronous 75–350 microvolts, 3–4.5 Hz activity that occurs in 
bursts or runs maximum over the central, frontal, or fronto-
central regions during drowsiness and during N1 sleep. This 
activity is termed hypnogogic hypersynchrony (HH). This 
pattern occurs early during sleep and disappears during N3 
sleep. It is present in about 30% of 3-month-old infants and 
almost all children by 6–8 months of age. HH decreases in 
prevalence as development progresses and is identified in only 
about 10% of normal healthy children over 10 years of age. It 
is rare after 12 years of age.

At sleep onset, the electromyogram may reveal a gradual 
fall in muscle tone; however, this is not always present and  
a discrete fall in tone below that of wake may not be appreci-
ated. Sucking movements can be seen during wakefulness and 
can be sustained throughout transitional sleep. Spontaneous 
eye closure typically signals drowsiness and wake-to-sleep 
transition. Slow conjugate sinusoidal eye movements replace 
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waves at about 5 months of age, 4–6 Hz at 9 months of age, 
and prolonged runs or bursts of notched 5–7 Hz activity at 
1–5 years of age. After 5 years of age, low-voltage mixed-
frequency pattern of R sleep is quite similar to that of adults, 
although the amplitude may be somewhat higher.

Baseline chin muscle EMG is low and no higher than other 
stages of sleep. It is typically the nadir of activity noted 
throughout the recording. Irregular brief bursts of phasic 
muscle activity with duration less than 0.25 seconds can be 
superimposed on this low chin EMG tone. This phasic activ-
ity can occur in bursts and can be concomitant with similar 
bursts of rapid eye movements and anterior tibialis EMG 
twitches. Electrooculogram reveals irregular conjugate eye 
movements with a rapid initial deflection of signal lasting less 
than 500 milliseconds.

In small infants and young children, REM sleep is some-
times difficult to differentiate from wake or other sleep states. 
In these cases, utilization of other recorded variables to assist 
in state assignation is done. Respiration during NREM sleep 
is classically regular and monotonous with little variation. 
During REM sleep, considerable respiratory instability is 
noted. This is characterized by variation in rate, depth, minute 
ventilation, brief respiratory pauses, and brief episodes of 
increased respiratory rate.

NORMAL COURSE OF EVOLUTION OF SLEEP  
ACROSS THE NIGHT

Healthy Children, Adolescents, and Young Adults
Normal, healthy pre-school-age children, school-age children, 
adolescents and young adults, transition into sleep through 
NREM sleep. This is in clear contrast to infants who normally 
transition to sleep through REM sleep. During transition, the 
posterior dominant EEG converts to an N1 pattern; theta 
activity appears; and eye movements become slow, rolling, 
and/or pendulous. EMG muscle tone changes little from 
waking levels. Arousal thresholds are low, but vary when 
meaning is assigned to a stimulus (e.g., a subject may respond 
to her/his name, but not to another name or a pure tone 
stimulus; often regardless of the amplitude which has been 
shown to be age-dependent). N1 sleep typically lasts briefly 
and is followed by transition to N2 sleep. Arousal thresholds 
are higher in N2 than in N1 and the same stimulus that may 
cause arousal or waking from N1 may cause a K-complex to 
appear in N2. After approximately 5 to 25 minutes of N2 
sleep, there is a gradual increase in the appearance of high-
voltage waves with a frequency ranging from 0.5 to 2 Hz. This 
is characteristic of N3 sleep, when comprising greater than 
20–50% of the recording epoch. Arousal thresholds are con-
siderably higher in N3 sleep when compared to other sleep 
stages. During the first cycle of the sleep period, N3 will last 
about 20 to 40 minutes and ends with a series of body move-
ments and ascent to a lighter/higher NREM stage.

The first REM-sleep period of the night occurs about 70 
to 110 minutes after sleep onset. The initial REM sleep period 
is often brief, lasting usually less than 10 minutes and is often 
missed during a single night of recording in the laboratory. 
Arousal threshold is variable during REM sleep and is gener-
ally considered to be similar to N2.

Subsequently, NREM and REM sleep cycle throughout 
the remainder of the sleep period at intervals of approximately 

rapid conjugate movements. Blinking disappears, and sus-
tained eye closure is noted.

STAGE N2 SLEEP

Sleep spindles typically appear between 4 and 6 weeks of age. 
These rudimentary spindles are noted to be maximal over the 
central (vertex) regions and are typically of relatively lower 
amplitude and slightly lower frequency, but tend to remain 
about 12–14 Hz. Spindles in young infants can last longer than 
those typically seen in adults. More than three-quarters of 
children less than 13 years of age show two independent loca-
tions with different frequency ranges for sleep spindles. Spin-
dles located over the frontal regions tend to range from 10 to 
12.5 Hz and those over the central or centroparietal region 
range from 12.5 to 14.5 Hz. Frontal sleep spindles are more 
prominent than centroparietal spindles in young children but 
are abruptly decreased in EEG power and presence beginning 
at about age 13 years. Centroparietal spindles persist unchanged 
in presence or location as development continues.

K-complexes are well-defined waves characteristic of N2 
sleep. These transient events consist of an initial negative 
sharp wave that is immediately followed by a positive wave 
lasting greater than or equal to 0.5 seconds. These events 
begin to appear as unique identifiable waveforms at about 5–6 
months post term and are maximally located over the prefron-
tal and frontal regions.

Electrooculogram usually shows no eye movement activity. 
However, there may be frontal EEG artifact noted and slow 
sinusoidal eye movements may continue in some children. 
Chin muscle EMG is of variable amplitude, is typically lower 
than during wakefulness, and on occasion may be as low as 
during REM sleep.

STAGE N3 SLEEP

Slow-wave EEG activity during N3 sleep in the pediatric 
patient is typically very high voltage and can range from 100 
to 400 microvolts. Frequency ranged from 0.5 to 2.0 Hz activ-
ity that is maximal over the frontal region. This slow-wave 
activity appears as early as 2 months of age, but most often 
between 3 and 4.5 months of age post term. Sleep spindles 
may continue during N3 sleep.

Eye movements are typically absent and there is often slow-
wave EEG activity artifact noted in the electrooculogram. 
Chin muscle EMG is of variable amplitude and is often lower 
than in N2 sleep. Sometimes it can be as low as during REM 
sleep. In infants and younger children, sucking artifact may 
also be noted. N3 sleep is noted when 20% or more of a given 
30-second epoch consists of slow-wave activity (in otherwise 
normal children), regardless of age.

STAGE REM (R) SLEEP

EEG during REM sleep in infants and children resembles 
that of adults. Nonetheless, the dominant frequency is slower 
and of higher voltage the younger the infant/child. Dominant 
R frequency tends to increase with age with 3 Hz activity at 
7–8 weeks post term, 4–5 Hz activity with bursts of saw tooth 
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quiescence and activity can be recorded in utero by 20 weeks.13 
At 28 to 30 weeks, brief quiet periods appear, though their 
period is quite unstable.14 By 32 weeks’ gestational age, 
body movements are absent in 53% of 20-second epochs 
during 2- to 3-hour sleep recordings.7 ‘No movement epochs’ 
increase to 60% at term.

Patterns of physiological EEG activity become recognizable 
as early as 24 weeks’ gestation. Conflicting evidence exists 
concerning the independence of the maturation of sleep and 
the EEG with respect to intrauterine stage. Very young pre-
mature infants and full-term neonates have similar EEG pat-
terns when compared at the same conceptional age. On the 
other hand, it has been shown that when a premature infant 
reaches 40 weeks’ conceptional age, she or he still has not 
attained a degree of EEG and CNS organization of a compa-
rable full-term newborn.8 Premature infants show spindle 
development that is approximately 4 weeks in advance of that 
seen in full-term infants and a statistical difference between 
the length of quiet sleep in the term and premature infant 
exists, when measured at the same conceptual age.15 Some 
conflicting reports, however, may be secondary to definition 
and calculation of gestational age and conceptional age, or may 
be actual differences precipitated by development in an extra-
uterine environment significantly different from the normal 
intrauterine milieu. Extrauterine development of the prema-
ture infant occurs either in a 24-hour ‘light’ environment or a 
cycled light environment, rather than in the 24-hour ‘dark’ 
conditions of the uterus. In addition, other significant medical 
and developmental problems often exist in the significantly 
preterm newborn and continuous medical interventions are 
often required, disrupting the natural progression of sleep–
wake cycle development. The effect of constant light and 
medical treatment regimens on the development of the nervous 
system and sleep cycling has not yet been elucidated.

Term Infants: Birth to Twelve Months
By gestational term, two distinct sleep states can be identified 
in the term newborn: active sleep (REM), quiet sleep (NREM). 
Indeterminate sleep had been a state classification defined 
when criteria for neither REM nor NREM can be identi-
fied.10 However, this state has recently been abandoned in the 
new visual classification criteria.1a Sucking movements are 
common during active sleep.16 During this state fine twitches 
are almost continuous, and grimaces, smiles, vocalizations and 
tremors also occur. Intermittent large athetoid limb move-
ments, stretching, can be seen. Bursts of muscle movements 
and irregular respiration occur concomitantly with phasic eye 
movements. Conversely, quiet sleep is characterized by 
minimal movement.7 Chin muscle tone is increased above the 
level seen in active sleep. Respiration is regular and monoto-
nous. Little, if any, phasic activity is noted.

During the first 3 months of life, striking changes occur in 
many physiological functions. Ten to 12 weeks of age appears 
to be a critical period of CNS reorganization, when infantile 
sleep behavior and physiology shift to a more mature form. 
Significant changes in sleep–wake patterns occur. At birth, 
total sleep time in each 24-hour cycle is about 16 to 17 hours.7 
Slow decrease in total sleep time occurs, generally reaching 14 
to 15 hours by 16 weeks of age, and 13 to 14 hours by 6 to 8 
months.

Appearance of attentive behaviors occurs concomitantly 
with the development of quiet sleep and sustained sleep 

60 to 120 minutes. N3 sleep is most prominent during the 
early sleep period (first third to first half of the sleep period 
time) and propensity for N3 sleep decreases as the sleep period 
progresses. REM episodes, on the other hand, become longer 
and more intense throughout the sleep period, with the 
longest and most intense REM episode occurring in the early 
morning hours.

Though internal and external variability exists, volumes of 
sleep stages across sleep periods are relatively constant. N1 
comprises 2–5%; N2, 45–55%; N3 sleep, 13–23%; and REM, 
approximately 20–25%. After the age of 5 years, proportions 
of sleep states remain remarkably constant throughout the 
remainder of the life cycle. Wake after sleep onset accounts 
for less than 5%. There are normally four to six cycles through 
various stages of sleep per night.

Newborns, Infants, and Young Children
Observation of newborns, infants, and children reveals that 
sleep occupies a major portion of their lives. A newborn infant 
spends more than 70% of every 24 hours sleeping. In contrast, 
adults spend 25–30% of their lives sleeping. Major ‘work’ of 
the waking child has been said to be play. Because sleep occu-
pies such a large portion of a child’s life, the major ‘work’ of 
infancy and very early childhood is more likely sleep.

Behavioral and physiological characteristics of sleep in 
normal infants vary significantly from sleep in adults. Prema-
ture infants exhibit a lack of concordance between electro-
physiological parameters and behavioral observations. This 
may also be true in some term infants.7,8 In newborn infants, 
electrophysiological characteristics of sleep and waking states 
in infants are often difficult since traditional characteristics 
cannot be fulfilled. Solutions to these problems have been 
suggested by a number of investigators. Prechtl and Beintema9 
suggested state definition based on observable behaviors; 
Anders, Emdee, and Parmelee10 have suggested utilization of 
behavioral and polygraphic features; and Hoppenbrouwers11 
suggested state definition based on polygraphic features, with 
observational criteria used only as supplemental information. 
Despite differences regarding state definition, it is clear that 
sleep in infants and children is significantly different than in 
older children, adolescents, and adults. Sleep, therefore, most 
likely performs a different function in the developing human.

Observations in the Fetus and Premature Infants
Rhythmic cycling of periods of activity and quiescence can be 
identified in the human fetus between 28 and 32 weeks’ gesta-
tion.7 Neither quiet (NREM) nor active (REM) sleep can be 
identified in premature babies between 24 and 26 weeks’ 
gestation.12 By 28 to 30 weeks, active sleep can be recognized 
by the presence of eye movements, body movements, and 
irregular respiratory activity. Chin muscle hypotonia is diffi-
cult to evaluate in the fetus and premature infant since there 
are few periods of tonic activity before 36 weeks’ gestation.7 
Quiet sleep, on the other hand, cannot be clearly identified at 
this time and active sleep comprises most of the sleep period. 
Quiet sleep does not appear to emerge significantly until 
approximately 36 weeks’ gestation.7 Once identifiable, this 
state continues to increase in proportion regularly until it 
becomes the dominant state at approximately 3 months of 
postnatal life.

Spontaneous fetal movements can be identified between  
10 weeks’ and 12 weeks’ gestation. Rhythmic cycling of 
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disappearance of tracé-Alternant at 4 to 6 weeks of age. Spin-
dles are initially rudimentary, showing two spectral bands at 
12 to 14 cycles per second and 18 cycles per second (cps).18 
It takes approximately 7 days for the 18-cps spindles to disap-
pear, but the 12- to 14-cps spindles remain. The shape of 
these spindles changes impressively early in development. At 
2 months of age, spindles contrast so slightly with background 
EEG activity, that no reliable measurements are possible.24 
Long spindles are seen in the 3- to 4-month-old infant 
(lasting 1.8 to 3.4 seconds). This duration decreases continu-
ously to an average of 0.5 to 0.7 seconds at the end of the 
second year. Spindle intervals become greater with increasing 
age, with a mean of 9 to 11 seconds at 6 months and 19 to 
28 seconds at 24 months. After this time, the spindle interval 
decreases with increasing age.

True continuous delta frequency activity appears at approxi-
mately 8 to 12 weeks of age19 and quiet sleep becomes dif-
ferentiated into three distinct stages, characteristic of the more 
mature electrophysiological pattern. At 3 months, quiet sleep 
is twice that of active sleep.15 By 8 months of age, active sleep 
occupies approximately 30% of the total sleep time and there 
is a continuous but significantly slower decline until the adult 
proportion is reached (between 3 years and 5 years of age).11

Sleep onset is characteristically through REM sleep in the 
newborn infant (i.e., the first REM period occurs within the 
first 15 minutes after sleep onset). During the first 12 weeks 
of life, this gradually changes to sleep onset through NREM. 
At 3 weeks of age, an infant is likely to have 64% of sleep 
periods beginning with REM sleep.19 Younger infants, less 
than 3 months of age, manifest REM latencies that are pre-
dominantly less than 8 minutes in length.25 Older infants 
produce a mixed distribution of short and long REM laten-
cies. By 6 months, the proportion of sleep entered through 
REM sleep is approximately 18%.19 The longest sleep period 
is equally as likely to have sleep onset through REM at 3 
weeks of age. Between 4 and 13 months, the total distribution 
of REM latencies appears to be bimodal with latencies either 
shorter than 8 minutes or longer than 16 minutes.25 In the 
group of older infants, the temporal distribution of latencies 
constitute a diurnal rhythm, with the longest latencies appear-
ing between 12:00 and 16:00 hours, and a tendency of short 
latencies to occur between 04:00 and 08:00 hours. In the older 
infants, REM latency also depends upon the length of prior 
wakefulness. Long REM latencies are significantly more often 
preceded by long episodes of wakefulness than are short REM 
latencies. By 6 months of age, the longest sleep period is only 
20% more likely to be through REM.19 The ratio of active 
sleep to quiet sleep is sometimes considered an indicator of 
maturation.11 Active sleep time exceeds quiet sleep time 
during the first months of life. A reversal of this relation is 
noted in 60% of infants at 3 months and 90% of infants at 6 
months of age.

A specific change in REM proportion occurs during this 
period of development. During the first 6 months of life there 
is a marked reduction in the total REM sleep volume. This 
represents a redistribution of sleep stages, since only a rela-
tively mild decrease in the total sleep time occurs during the 
first year. This change is considered to be an important indica-
tor of central nervous system maturation.15 It is interesting to 
note that the reduction in the proportion of time spent in 
REM sleep is balanced by an increased proportion of the 
24-hour day spent in wakefulness.

patterns. This evolution suggests continued development of 
inhibitory and controlling feedback mechanisms secondary to 
the increasing complexity of neural networks and neurochem-
ical maturation.7 By 3 months, maturation of these systems 
produces a relatively stable 24-hour distribution of sleep and 
wake. There is also a remarkably regular alternation of active 
and quiet sleep.11 Prior to 3 months of age, concordance 
between physiological variables is remarkably high.17 Sleep-
state organization has a ‘locked-in’ appearance. One explana-
tion may be a lack of maturation of essential feedback control 
and a lack of variability is occasionally seen in cardiac function 
when the conductive tissue of the heart fails to respond to 
regulatory input, resulting in a fixed rate, with almost equal 
beat-to-beat intervals. Periodic respiration, common in 
NREM sleep until 3 weeks of age, becomes rare after 7 
weeks.18

During the first 6 months of life, consolidation and entrain-
ment of sleep at night develops. Major changes seen are in 
the duration of single sleep periods and their placement in the 
24-hour day. Coons has impressively described this progres-
sion.19 Her study revealed that at 3 weeks of age, the mean 
length of the longest sleep period was 211.7 minutes, or 23.2% 
of the total sleep time during the 24-hour period. By 6 months 
of age, the longest sleep period was 358.0 minutes, or 48% of 
the total sleep time. Between 3 weeks and 6 weeks, sleep 
periods lengthen considerably, and by 6 weeks of age, the 
longest sleep period was no longer randomly distributed 
throughout the day. At 3 months, the pattern had become 
more consistent. Although sleep had begun to consolidate and 
establish its relation to the light/dark cycle by 6 weeks of age, 
the longest wake period was still randomly distributed at 3 
months, becoming acceptably non-random at 4.5 months of 
age. Long 5- to 6-hour sleep periods at 6 weeks of age gradu-
ally lengthen to 8 to 9 hours and shift to nighttime, so that a 
diurnal pattern is relatively well established by 12 to 16 weeks 
of age.7 At 6 months of age, the long sleep period immediately 
follows the longest wake period.19 After 12 weeks of age, there 
is continuing development of the diurnal cycle and consolida-
tion of daytime sleep into well-defined daytime naps.20 
Waking patterns change only slightly in comparison to sleep 
patterns. In the neonatal period, infants awaken about every 
4 hours and stay awake for 1 to 2 hours. The longest period 
of sustained wake period increases slowly to 3 to 4 hours by 
16 weeks of age.

Brief awakenings from sleep are more frequent during the 
first 2 months of life, than at older ages.11 In addition, infants 
1 to 2 months of age are more likely to awaken from active 
sleep than from quiet sleep. Bowe and Anders reported that 
this variable helped discriminate between infant sleep at 2 and 
9 months of age.21 Good sleepers rarely woke from quiet sleep, 
whereas poor sleepers typically did. Sleep-onset latencies in 
infants at 2 months were approximately 30 minutes. This was 
almost halved by 9 months of age. Anders and Keener have 
shown that 44% of 2-month-old infants and 78% of 9-month-
old infants slept through the night.

Striking changes occur in the EEG in the immediate 
newborn period. Tracé-Alternant EEG pattern of quiet 
sleep can be first identified at 32 to 34 weeks’ gestation.23 
This pattern is fully developed at 37 to 38 weeks and mature 
neonates show this characteristic EEG pattern. Tracé-
Alternant pattern gradually disappears over the first month of 
life. Sleep spindles appear almost simultaneously with the 
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movements across several stages at a time with the EEG 
progresses toward lighter or deeper sleep.27,28

Five to Ten Years
Growth and development again are steady, persistent, and 
gradual during middle childhood. This period of develop-
ment, however, is not latent. This phase is characterized by 
slow methodical change, searching, exploration, and increas-
ingly sophisticated decision making. It is a time of preparation 
and rehearsal, trials and errors.30

Sleep continues to coalesce into a more mature pattern. 
Sleep during middle childhood resembles that of older indi-
viduals. Considerable between-subject variability exists. 
Nonetheless, an orderly sequence of sleep stages is preserved, 
spontaneously shifting from one stage to another. There is a 
certain within-subject stability of pattern, a fairly consistent 
amount of time spent in each sleep stage, and a stable number 
of sleep stages within nocturnal sleep periods.28 When com-
pared with adult sleep patterns, total sleep time in middle 
childhood is approximately 2.5 hours longer with equal  
distribution of the added time to each of the sleep stages. 
Stages in children of this age group tend to be longer in  
duration those in adults, but the sleep architecture seems to 
be similar.

Although quite consistent, middle childhood remains a 
time of regular transition. After an initially long NREM 
period, some children will exhibit regularly spaced REM 
periods of equal duration (similar to the pattern seen during 
infancy) while other children reveal a more mature pattern of 
progressively longer REM periods as sleep progresses.16 The 
proportion of REM sleep approximates the adult level. But 
because of the decrease in total sleep time and maturation of 
state, there seems to be a decrease in the total number of 
minutes spent in REM sleep when compared to infants and 
younger children.

Though body movements during sleep decrease in fre-
quency, they are generally more often seen in this age group 
than in adolescents and young adults. N3 sleep proportion 
decreases in the preschool child in the latter portion of middle 
childhood.16 There does appear, however, to be a gender-
related difference in the percentage of N3 sleep. Males tend 
to exhibit a significantly greater proportion of N3 than females 
of comparable age.28,31,32

Although naps during this period may continue, they tend 
to be quite irregular and sparse. Tendency to sleep during the 
day seems to be lowest in this age group. Consistent habitual 
daytime napping during middle childhood often represents an 
abnormal process and may be associated with unintentional 
daytime sleep episodes. Prepubertal children are most often 
significantly alert throughout the entire day. Carskadon and 
co-workers have shown mean daytime sleep onset latencies 
during MSLT testing of preadolescent (Tanner Stage 1) chil-
dren to be greater than 15 minutes,31,33 suggesting an extreme 
level of alertness and low homeostatic sleep pressure.

Adolescence
Persistent maturation during middle childhood gives way to 
a second period of rapid change during adolescence. Not since 
infancy are there such quantum leaps and striking changes in 
physical growth; hormonal alterations; and psychological, 
social, and cognitive development. Luxury of stability yields 
to the upheaval of navigating this transitional phase. These 

Two Years to Five Years
Normative data and controlled studies of children in the pre-
school age group and in the early school years are surprisingly 
few. In contrast to the dramatic changes that take place during 
the first year of life, transformations during this period are 
ongoing but gradual. Growth and all aspects of development 
continue in a steady manner. Sleep becomes consolidated into 
a long nocturnal period of approximately 10 hours.26–29 During 
the first 2 to 3 years, daytime sleep continues in distinct 
daytime naps. The first nap is ordinarily mid morning, the 
second occurring early afternoon. Morning naps are slowly 
given up. This occurs in an irregular pattern similar to all other 
developmental processes. Often, this can be frustrating to 
parents due to the irregularity of extinction of napping. None-
theless, by 3 to 5 years of age, sleep can be completely con-
solidated into a single long nocturnal period.

During the latter half of the first year of life, REM sleep 
averages about 30% of the total sleep time. Small and large 
body movements associated with REM sleep during infancy 
become less frequent. REM periods are of approximately 
uniform length, despite daytime naps, and are evenly distrib-
uted throughout the nocturnal sleep period. As the child 
develops, an ongoing change is seen in the uniformity and 
duration of these REM periods. The first REM period 
becomes shortened in length, while succeeding periods tend 
to become progressively longer and more intense as the sleep 
period advances. There is also a slight lengthening of the 
overall NREM–REM cycle length.16 Two- to 3-year-old chil-
dren still show a cycle length of about 60 minutes, with the 
first REM period occurring approximately 1 hour after sleep 
onset. By 4 to 5 years of age, cycle length increased to about 
60 to 90 minutes.

Between 2 and 5 years of age, REM percentage gradually 
decreases from 30% of the total sleep time to near adult level 
of 20–25%, although the total time of each sleep state is 
greater than in the adult due to the longer sleep time. There 
appears to be a close relationship between these changes and 
the augmented periods of wakefulness during the daytime. 
Diminution of REM volume progresses until about 3 to 4.5 
years, when daytime napping has ended. By this age, distinct 
differences between early and late portions of the sleep period 
have emerged.16

Typically, children in this age range have approximately 
seven cycles during each nocturnal sleep period.29 Sleep onset 
latency averages about 15 minutes in the younger children, 
but lengthens to between 15 and 30 minutes in the older 
children in this developmental grouping. Slow-wave sleep 
predominantly occurs during the first third of the night28 and 
as much as 2 hours may be spent in N3. EEG voltage is also 
very high during this period. N2 first appears from 3 to 4 
minutes after the child falls to sleep, and N3 appears about 
10 to 15 minutes after sleep onset.29

Distinctive characteristics of sleep occur between 2 and 5 
years that may suggest stabilization and balancing of state. A 
relatively small number of sleep stage changes is a noticeable 
feature.27 Approximately 3.5 stage shifts per hour occur, which 
is significantly different than that of the young adult, EEG 
voltage is consistently higher, and N3 is consistently longer. 
Another exceptional difference is the smooth progression of 
stages, whether moving deeper (toward N3) or moving lighter 
(sleep toward wake). Transition is consistent and steady in 
contrast to the adult pattern where there are often abrupt 
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adolescent maturational state and all groups slept for a little 
more than 9 hours per night. One conclusion drawn from 
these data was that there is not a reduced need for sleep as the 
adolescent matures. Time spent in REM sleep also remained 
constant between each developmental stage in these subjects. 
N3 sleep, on the other hand, decreased dramatically (by 
approximately 35%) between Tanner Stage 1 and Tanner 
Stage 5. There was a concomitant fall in the mean sleep onset 
latency in mid adolescence, indicating reduced daytime alert-
ness, despite a constant total sleep time. This finding also 
suggested that sleep requirements do not decrease as the adolescent 
ages and may, in fact, increase.

Time in bed and total sleep time decrease as the adolescent 
ages, resulting in a cumulative sleep debt. This sleep debt 
becomes significant during late adolescence and is accompa-
nied by a continued fall in daytime alertness (as measured by 
the MSLT) to levels which are close to being pathological.49 
It has become clear that impact on daytime functioning may 
be significant. A number of normal adolescents will, therefore, 
have significant disturbances in daytime alertness because of 
normal pubertal increase in daytime sleepiness and cumulative/
additive restriction of nocturnal sleep in order to meet expec-
tations and obligations. Though there is considerable variabil-
ity between individuals, many adolescents (particularly in the 
older age groups) have some degree of impairment.

dramatic changes are important in assessing sleep and sleep 
disorders during this period of life.

By early adolescence, electrophysiological variables of sleep 
have approximated normal young adult values. For some ado-
lescents, certain elements of less mature patterns may occa-
sionally be observed.16 For example, body movements during 
sleep are usually similar to those seen in adults, but at times 
may be as high as in younger children. Total REM volume is 
at adult levels and REM periods clearly lengthen as the sleep 
period progresses. Total N3 sleep time approaches adult levels 
of approximately 45 to 60 minutes. Total sleep requirement 
decreases from 9 to 10 hours during middle childhood to 
approximately 8.5 hours by 16 years of age.34,35

Sleep habits and patterns of adolescents have been exten-
sively studies.33,36,37 Observations have revealed interesting 
tendencies in the sleep of teenagers. Considerable variation 
can be seen in patterns between school nights and non-school 
nights. Where total sleep time for children 10 years of age 
tends to be the same on school nights and non-school nights, 
young adolescents sleep less on school nights than non-school 
nights. Bedtimes and wake times are more controlled by 
outside influences on school nights. Parents attempt to set 
bedtime limits; but homework, starting time of classes in the 
morning, and alarm clocks also truncate the sleep period. 
These influences seem to infer that sleep on non-school 
nights is closer to normal physiological than sleep on school 
nights. Increased sleep time on non-school nights may reflect 
recovery from partial (although cumulative) sleep restriction 
during the week.

Observations by Webb and Agnew38 and Williams et al.29 
have revealed a continuous decrease in total sleep time through 
middle and late adolescence of approximately 2 hours. If this 
sleep restriction is cumulative, subjective and objective evi-
dence of increased daytime sleepiness should appear. In fact, 
older adolescents report greater difficulty with daytime sleepi-
ness and nocturnal sleep than younger adolescents.36 Various 
methods have been utilized to assess sleepiness and alertness, 
including pupillometry,39,40 the Stanford Sleepiness Scale (a 
validated seven-point Likert scale measuring subjective sleep-
iness),41,42 the Epworth Sleepiness Scale,42b brainstem evoked 
potentials,43 and the Multiple Sleep Latency Test (MSLT).44,45 
The MSLT, developed in the mid-1970s at the Stanford Uni-
versity Sleep Research Center, is the most widely used proce-
dure for objective measurement of daytime sleep tendency. 
This test consists of a series of opportunities to sleep, admin-
istered at 2-hour intervals across a day using a standard pro-
cedure.45 Sleepiness is measured as the speed of falling asleep 
(average sleep onset latency) across these nap opportunities. 
The presence of REM sleep during these naps is also noted. 
MSLT scores are related to a number of variables that range 
from the amount of sleep on one or several nights preceding 
the study46–49 to pathological states such as narcolepsy.50,51 An 
average sleep onset latency of less than 5 minutes is a range 
found to be associated with performance decrements and 
unintentional episodes of sleep.45

In a series of exquisite seminal experiments by Carskadon 
and co-workers, manifest sleepiness during adolescence was 
dramatically demonstrated.46–49 Twelve girls and 15 boys were 
observed longitudinally over the course of 7 years to deter-
mine sleep tendency changes which may occur during puberty. 
When subjects were given the opportunity to sleep for 10 
hours, total sleep time did not vary significantly with 

Clinical Pearls

•	 Development	of	sleep	in	the	pediatric	and	adolescent	
population	rapidly	changes	and	mirrors	development	of	the	
biological	organism.

•	 Structure	of	sleep	also	rapidly	changes	with	longitudinal	
and	cross-sectional	components	that	are	independents.

•	 Considerable	differences	occur	within	and	between	
individual	children.	Understanding	these	differences	begs	
specific	expertise	in	evaluation,	diagnosis	and	management	
of	sleep-related	disorders	in	children.

•	 Evaluation	of	management	of	pediatric	sleep-related	
disorders	can	be	best	accomplished	utilizing	a	multi-
disciplinary	or	inter-disciplinary	approach.
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INTRODUCTION

The field of human chronobiology includes the study of the 
basic components of the circadian regulatory systems (approx-
imately 24 hours) and their modulation of myriad biological 
and neurobehavioral functions. Although ultradian rhythms 
(shorter than 24 hours), such as those of sleep stage cycling 
or the basic rest activity cycle, are important if one is to fully 
understand sleep and alertness, the goal of this chapter is to 
focus exclusively on circadian rhythms chronobiology.

Some researchers see chronobiology as a discipline separate 
from sleep research and sleep medicine, and there are entire 
conferences devoted exclusively to comparative and human 
circadian rhythms research. According to this view, sleep and 
wake are merely sets of parameters that have circadian modu-
lation. In contrast, others see all of chronobiology as a subset 
of sleep research. Fortunately, these distinctions are mostly 
artificial; and, in fact, there is growing integration of the find-
ings of circadian rhythm basic science research with those of 
basic and applied sleep research, the benefit being an improved 
understanding of the pathophysiology of many of the disor-
ders of sleep. This benefit is not limited merely to the so-called 
circadian rhythm sleep disorders (see Chapter 5), but also applies 
to all other categories of sleep disorders including insomnia. 
Thus, a comprehensive understanding of human chronobiol-
ogy is essential to optimal evaluation and treatment of any 
patient with a sleep–wake complaint.

CIRCADIAN REGULATORY SYSTEM

The circadian regulatory system is one of the key central nervous 
system (CNS) processes modulating the timing and quality 
of sleep and wakefulness. At a global level, the circadian 
system affects the activity of myriad physiological processes, 
influencing the timing of their activity across the 24-hour day. 
Though the circadian system does not merely alternate 
between two states of activity (on and off ), it is helpful to think 
about the circadian night as the range of circadian phase posi-
tions corresponding to the typical nocturnal sleep episode, and 
the circadian day as corresponding to the typical daytime wake 
episode.

A well-known finding in circadian physiology is that core 
body temperature typically rises across the circadian day and 
falls during the circadian night1 independent of perturbations 
such as slow wave sleep deprivation.2 Urine production falls 
during the circadian night.3 A large release of cortisol precedes 
the beginning of the circadian day.4 These are just a few 
examples of rhythmic changes in physiological processes that 
likely aid the consolidation of sleep at night and the level of 
alert functioning in the daytime. Furthermore, the circadian 
system also has a direct effect on sleep–wake regulation, 
actively driving wakefulness during the daytime and actively 
driving sleep at night.5,6

A number of different laboratory protocols have been uti-
lized to study human circadian rhythms. Early research on the 
human circadian system utilized the 90-minute day.7,8 Here, 
young adults were allowed to remain awake for 60 minutes 
before being given a 30-minute opportunity to sleep; this 
90-minute cycle was then repeated for 24 hours or more. This 
design allowed researchers to examine the distribution of sleep 
and wake episodes across the 24-hour day, learning how sleep 
propensity (the likelihood that sleep will occur) and sleep 
structure (e.g., the pattern of sleep stage cycling) varied across 
the day and night. A more recent modification of this protocol 
is the ultrashort sleep–wake schedule,9–12 which has wake epi-
sodes of only 13 minutes alternating with sleep opportunities 
of only 7 minutes. Although these approaches provide inter-
esting data on circadian modulation of sleep and wakefulness, 
the ability to draw meaningful conclusions about circadian 
modulation under normal conditions is limited since partici-
pants in these protocols never accumulate the normal 14–18 
hours of continuous wakefulness or the usual 7–9 hours of 
sleep.

The constant routine protocol, as reviewed by Duffy and 
Dijk,13 requires participants to remain awake while semi-
recumbent on bed rest – under constant illumination and 
temperature, and with small frequent equally spaced meals – 
for longer than 24 hours; the goal here is to remove or evenly 
distribute confounding or masking effects such as sleep–wake 
state, level of physical activity, light, digestion, temperature, 
and posture. The constant routine is the gold standard for 
assessing the phase of the circadian system (i.e., its timing 
relative to the clock) and its amplitude, but because sleep 
deprivation occurs during this protocol, and because the dura-
tions of the wake episodes are long and typically confounded 
by circadian phase, the assessment of the effects of circadian 
phase alone on a given function is hampered.

Free-running protocols1,14,15 are long-duration studies (typi-
cally lasting several weeks) conducted in an environment iso-
lated from obvious time cues; participants self-select their bed 
and wake-up times. The circadian system drifts at its intrinsic 
period, and the sleep–wake cycle may desynchronize from the 
circadian system and take on a period typically much longer 
than 24 hours. Unfortunately, this self-selection of light–dark 
cycles – in free-run studies – often allows exposure to levels 
of light sufficient to produce patterns of relative coordination, 
or systematic biasing of circadian phase based on light expo-
sure, that corrupts attempts to measure variables such as 
intrinsic circadian period.16

Perhaps the most complex and labor-intensive way to 
investigate human circadian rhythms is with the forced desyn-
chrony protocol. Pioneered by Kleitman,17 and refined in 
several laboratories,5,18,19 participants are scheduled in a multi-
week protocol to a sleep–wake period (T-cycle) significantly 
different from the near-24-hour circadian period. Under  
this protocol, and in the absence of obvious time cues, the 
circadian system free runs and sleep and wake episodes appear 
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biological day will produce a phase advance.22–24 At a critical 
circadian phase, typically several hours prior to the morning 
wake time and near the trough of core body temperature, there 
is a crossover zone. Light exposure will lead to the largest phase 
delays when delivered just prior to the crossover zone, and the 
largest phase advances when delivered just after the crossover 
zone. Figure 4-1 illustrates the phase shifting effects of bright 
light.

PRCs have also been constructed to demonstrate the cir-
cadian phase shifting effects of exogenous melatonin admin-
istration. The PRCs for melatonin and light exposure are 
nearly opposite in their timing. Thus, melatonin administra-
tion during the period from afternoon through the early 
evening produces a circadian phase advance, while melatonin 
administration during the period from late nighttime through 
early morning hours produces a circadian phase delay.25–27 
Figure 4-2 illustrates the phase shifting effects of melatonin 
administration.

Zeitgeber intensity also affects the amount of resultant 
circadian phase shifting. The original PRCs22–24 were con-
structed with very bright artificial indoor light (i.e., approxi-
mately 5000–10 000 lux, which is an intensity of light exposure 
similar to that observed outdoors at sunrise or sunset). 
However, the relationship between light intensity and the 
amount of phase shifting is nonlinear; thus, even average 
indoor room light intensity can produce phase shifting.28,29

The duration of light exposure also determines the amount 
of phase shifting. The original PRCs to light were constructed 
with multiple-hour light exposure (e.g., six consecutive hours). 
A 2012 study has demonstrated that even an hour of light 
exposure can result in significant phase shifting.30 Similar 
results have been reported with intermittent light exposure31,32 
(alternating periods of bright and dim light exposure). These 
observations support the conclusion that a nonlinear relation-
ship also exists between duration of light exposure and the 
amount of phase shift.33

across a wide range of circadian phases. Thus, each data point 
can be assigned one coordinate for circadian phase and another 
for, perhaps, duration of the elapsed wakefulness or duration 
into the scheduled sleep episode, and the data measured might 
be reaction time or a 30-second epoch of sleep. As reviewed 
later in this chapter, results from the forced desynchrony pro-
tocol have allowed a rich understanding of circadian modula-
tion of sleep and wakefulness.

Circadian research has also demonstrated many fundamen-
tal properties of this system. The ability of the circadian 
system to facilitate the proper timing of physiological pro-
cesses is dependent on periodic input of timing signals. The 
environmental light–dark cycle is the primary periodic input 
or zeitgeber (time giver) in human circadian rhythms. Without 
access to robust cues of bright light during daytime and dark-
ness at night, the circadian system relies entirely on its near-
24-hour intrinsic period of oscillation. As this oscillation is 
not exactly 24 hours in duration but is consistent in period 
length, absence of daily resetting from zeitgebers leads to 
phase drifting, typically in a later direction (though occasion-
ally in an earlier one), relative to the 24-hour day. This type 
of free-running pattern is what occurs in many blind individu-
als; their timing system develops a progressive drift, and they 
complain of intermittent nighttime insomnia or daytime 
sleepiness. In contrast, with daily exposure to the external 
24-hour light–dark cycle (with light either from the sun or 
from artificial light of sufficient intensity), the circadian 
system maintains stable alignment to the 24-hour day and 
produces the desired, non-drifting, sleep–wake cycle. This is 
known as entrainment. In environments free of strong zeitge-
bers, the period of the intrinsic circadian rhythm has been 
shown to be approximately 24.2 hours in healthy young and 
older adults.6,20 Intrinsic periods have also been measured in 
adolescent children aged 10–15 and found to be approxi-
mately 24.3 hours.18 Given that the circadian system has a 
non-24-hour free-running intrinsic period, it must be reset 
daily to maintain entrainment to the 24-hour day. Given that 
the average period length is (usually) slightly longer than 24 
hours, the circadian phase (usually) must adjust earlier each 
day to remain aligned with the light–dark cycle. Larger phase 
shifts are required to adapt after rapid crossing of time zones 
(as occurs with jet travel). Hence, there is a critical reliance of 
the circadian system on the timing and intensity of zeitgebers 
(e.g., the light–dark cycle) to adjust and maintain phase.

The timing of a light stimulus affects the magnitude and 
direction of circadian phase shifting. An early demonstration 
of the relationship between the circadian phase of light expo-
sure and the response of circadian phase shifting in a mammal 
was made in flying squirrels.21 A graphical depiction of this 
type of response curve was developed and is known as the 
phase response curve (PRC).21 Light exposure at certain circa-
dian phases has minimal phase shifting effects, while light 
exposure at other circadian phases results in phase delays (shift-
ing later) or phase advances (shifting earlier) of circadian 
rhythms with the amount and direction of shift dependent 
upon the timing, intensity, and duration of exposure. In 
humans on a normal sleep pattern (with relatively stable bed-
times and wake times, sleeping at night, and being awake 
during the daytime), light exposure at clock times ranging 
from late in the biological day to early in the biological night 
will produce a phase delay, whereas light exposure at times 
from late in the biological night to the early hours of the 

Figure 4-1 Type 1 Phase Response Curve for Light. The horizontal axis 
represents circadian phase position with hour intervals, where 0 
corresponds to the trough of core body temperature, which normally 
occurs 1–3 hours prior to average wake time. The vertical axis represents the 
amount and direction of phase shifting, with the convention of phase 
advances being plotted as positive values and phase delays being plotted 
as negative values. Figure reproduced with permission from Khalsa SB, 
Jewett ME, Cajochen C, Czeisler CA. A phase response curve to single bright 
light pulses in human subjects. J. Physiol. 6/15/2003 2003;549(Pt 3):945–952.
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important counterpart. The second major modulatory process 
affecting sleep and wakefulness is the sleep homeostatic process. 
Put simply, it is as if the CNS keeps track of each hour of 
continuous wakefulness, with ever-building sleepiness and 
sleep propensity. Though not directly measureable in humans, 
a proxy for the accumulation of sleep homeostatic drive can 
be measured via spectral composition of the waking EEG, 
such as spectral power in the delta band in frontal leads.40 
Similarly, the dissipation of sleep homeostatic drive during 
sleep episodes can be estimated from measurement of spectral 
power of slow-wave activity (SWA).41–44 Following partial 
sleep restriction, there is an enhancement in SWA in recovery 
sleep.42,45

For many decades there have been hypnotoxin theories sug-
gesting that across the duration of an episode of wakefulness, 
a substance or substances build up in the brain and/or cerebro-
spinal fluid (CSF) that have a negative impact on alert brain 
functioning, thereby increasing the likelihood of sleep. Several 
candidate substances have been identified to support this 
process, including early findings for delta sleep-inducing 
peptide and sleep factor S. More recent investigation has 
pointed to the importance of adenosine as a sleep-promoting 
substance that may be a key element of the sleep homeostatic 
process.46,47

THE TWO-PROCESS MODEL

The two-process model of sleep–wake regulation is a useful 
way of considering the simultaneous impact of the sleep 
homeostatic process and the circadian regulatory system on 
sleep and wakefulness.48 Use of the forced desynchrony pro-
tocol over the past few decades has allowed for estimation of 
the independent influence of each of the two processes and, 
perhaps more importantly, their nonlinear interaction.5,6 An 
example of this nonlinear interaction is that the amplitude of 
circadian modulation of alertness is quite small when meas-
ured with a concurrent low level of sleep homeostatic drive, 
and systematically larger with increasing extent of sleep 
homeostatic drive.6,49 One of the important findings of these 
forced desynchrony studies has been demonstration of the 
difficulty knowing the extent to which certain phenomena – 
when they occur at a certain time of day – are caused by the 
homeostatic system, the circadian system, or a combination 
of both. For example, the depth and duration of the midafter-
noon trough of alertness is related both to the circadian and to 
the homeostatic systems. It is unfortunate that many pub-
lished reports describing circadian rhythms of certain events 
or biological processes fail to measure or even estimate or 
consider the effects of circadian phase and sleep homeostatic 
pressure on the rhythms studied.

Another important outcome of forced desynchrony (and 
some earlier free-run) studies is the finding that circadian 
systems are crucial to the maintenance of sustained bouts of 
wakefulness during the day and sustained periods of sleep at 
night.5 If the homeostatic system were the only one present, 
alertness would decline across the waking day, reaching criti-
cal levels of impairment in the second half of the daytime; 
sustained wakefulness across the daytime would be extremely 
difficult if not impossible. However, the circadian system 
actively promotes alertness across the waking day, opposing 
the build-up of sleep homeostatic drive. The circadian system 

Early research on photic circadian shifting relied upon full-
spectrum artificial lighting, approximating natural sunlight. 
Subsequent research has found that the circadian system is 
maximally sensitive to visible blue light.34 Current investiga-
tions are measuring the amount of circadian phase shifting 
caused by exposure to commonly encountered light-emitting 
devices with significant blue light spectrum, such as computer 
monitors, laptop monitors, and handheld computer devices. 
The results of these studies should improve our understanding 
of how some of the circadian rhythm sleep disorders develop 
and are maintained, explain the existence of barriers to treat-
ment, and help us design optimal treatment protocols.

The central element of the circadian system is the suprachi-
asmatic nucleus (SCN), a bilaterally represented structure in 
the hypothalamus.35,36 The SCN is sometimes referred to as 
the circadian clock. As noted above, the circadian system 
requires periodic input from the light–dark cycle to maintain 
optimal phase alignment with a nighttime sleep episode and 
a daytime wake episode. Environmental light is transduced to 
neuronal signals at the level of specialized retinal ganglion 
cells.37 This circadian vision system connects to the SCN via 
the retinohypothalamic tract.38 The SCN has many output 
pathways to influence other brain structures. One that has 
been well studied is a multi-synaptic pathway connecting the 
SCN to the pineal gland, the most important source of mela-
tonin in the CNS.39

SLEEP HOMEOSTATIC SYSTEM

Although this is a chapter on chronobiology and specifically 
on human circadian rhythms, it would be incomplete to 
discuss the circadian system without discussing its equally 

Figure 4-2 Phase Response Curve for Melatonin. The upper horizontal 
axis represents circadian phase position with hour intervals, where 0 
corresponds to the dim light melatonin onset (DLMO), which normally 
occurs 1–3 hours prior to average bedtime. Corresponding clock time is 
shown on the lower axis for clarity. The vertical axis represents the amount 
and direction of phase shifting, with the convention of phase advances 
being plotted as positive values and phase delays being plotted as negative 
values. Figure reproduced with permission from Burgess HJ, Revell VL, 
Eastman CI. A three pulse phase response curve to three milligrams of 
melatonin in humans. J. Physiol. 1/15/2008 2008;586(2):639–647.
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is not established until months later, and high individual dif-
ferences were noted.60 An early report described a melatonin 
rhythm in infants aged 6–9 months; in this study estimations 
were made from measurements of a urinary metabolite of 
melatonin collected from the diaper across a 60-hour inter-
val.61 Individual differences were also emphasized in this 
report, but there were intriguing findings, such as of a correla-
tion between higher levels of a melatonin metabolite in the 
evening hours, and earlier hours of sleep onset at night. There 
has also been a partial validation of a salivary melatonin col-
lection protocol (commonly used in children and adults) for 
newborns, showing a reasonable correlation with blood sample 
melatonin levels.62 This procedure could be utilized to sample 
melatonin more frequently, such as is done during the dim 
light melatonin onset (DLMO) protocol63 in children and 
adults (as described below in the circadian modulation 
section).

Much of the literature on circadian rhythms in young chil-
dren is focused on those with neurodevelopmental disorders, 
and hence there is a gap in knowledge for typical early child-
hood development of the circadian system. For example, it has 
been reported that 2- to 10-year-old children with autism may 
exhibit fragmented sleep with delayed timing relative to the 
sleep–wake schedule desired by the parents, and these patterns 
are responsive to exogenous melatonin administration.64 A 
blunted or absent circadian rhythm of melatonin has also been 
reported in autism,65,66 but it is unclear if this is evidence of a 
primary problem with the circadian pacemaker itself, with the 
pineal gland itself, or with the circadian regulation of pineal 
synthesis of melatonin. Similar sleep delay and disruption, and 
melatonin treatment responsiveness, has been reported for 
children with Angelman syndrome.67 Other circadian research 
in pre-teenage children has focused on chronotype (see next 
section).

The most comprehensive study of circadian rhythms in 
children has been on youngsters in the years of pubertal devel-
opment. Carskadon’s research laboratories at Stanford Uni-
versity and Brown University have been the sites of important 
studies on adolescents in this age range. Much of the early 
studies focused on sleep and sleep deprivation, but more 
recent protocols have included detailed circadian assessments. 
A fundamental finding has been the measurement of circadian 
period, which is slightly longer in adolescents than in adults 
(approximately 24.3 hours as noted above).18 Another well-
documented finding is that of a delay of the timing of the 
nocturnal sleep episode during the teenage years68 thought to 
result from a combination of social, behavioral, and biological 
factors (see Chapter 6). Implications are clear for the develop-
ment of delayed sleep phase disorder (see Chapter 5), which 
often begins or worsens in the teenage years.

CIRCADIAN AND HOMEOSTATIC MODULATION  
OF NEUROBEHAVIORAL FUNCTIONS

The circadian and sleep homeostatic systems exert robust 
modulation of neurobehavioral functions during wakefulness. 
Prior to knowledge of the existence of these systems, research-
ers were limited to making observations of time-of-day effects 
or exploring the gross impact of a night of partial sleep restric-
tion or total sleep deprivation.69–71 Data from the constant 
routine protocol (described above) demonstrate relatively 

reaches its maximal drive for alertness a few hours prior to 
habitual bedtime (e.g., approximately 7 p.m. for a child rou-
tinely sleeping from 9 p.m. to 6 a.m.), a period known as the 
forbidden zone for sleep12 or as the wake maintenance zone.50 
Similarly, sleep homeostatic drive decreases across the night-
time sleep episode. If only a sleep homeostatic system were 
present, sleep would become progressively fragmented with 
intrusions of wakefulness in the second half of the night. 
Fortunately, the circadian system has a sleep-promoting func-
tion during the night, with increasingly greater sleep drive 
across the nocturnal sleep episode. Curiously, the circadian 
drive for sleep reaches its maximal level at normal wake time 
and for an additional 2–3 hours (e.g., approximately 6 a.m. to 
9 a.m. for a child routinely sleeping from 9 p.m. to 6 a.m.). 
The time window of maximal sleep promotion has been called 
the circadian sleep maintenance zone.49,51

DEVELOPMENT OF CIRCADIAN RHYTHMS –  
INFANCY THROUGH ADULTHOOD

There are several limitations relevant to the discussion of the 
development of circadian rhythms in infants and children. 
First, there are only limited cross-sectional and longitudinal 
data addressing the ages at which the developing circadian 
system influences various physiological processes. Second, 
there are data suggesting that maternal circadian rhythms 
entrain those of the late-term fetus or newborn. The impact 
of these entraining maternal circadian rhythms persists after 
birth because of the infant’s exposure to breastfeeding and 
other behavioral rhythms. Third, because of ethical and prac-
tical concerns, there are limited data to address the ability to 
shift the circadian rhythm of infants and children. Regardless 
of these caveats, there have been fascinating findings reported 
in this area.

It has been demonstrated that late in fetal development 
there is the differentiation between active and quiet sleep.52 
Confirmatory evidence comes from observations of infants 
born prematurely.53 This is only to say that there is early 
development of sleep state regulation occurring prior to birth. 
Similarly, observations from nonhuman primates suggest the 
consolidation of circadian rhythms starts during fetal develop-
ment.54 In humans, there have been reports of variations in 
fetal heart rate synchronized to the mother’s circadian 
rhythms,55 as well as an observed 24-hour periodicity in cor-
tisol secretion in the full-term fetus.56 Observations such as 
these suggest the functioning of at least a rudimentary circa-
dian system occurs prior to full-term birth. However, much 
of the animal literature on entrainment or phase shifting of 
fetal and/or neonatal circadian rhythms may not translate to 
humans and hence will not be reviewed here, given that many 
of the non-photic zeitgebers that can shift rhythms in animals 
(e.g., timing of feeding or activity) are weak or inactive as 
zeitgebers in humans. For a comprehensive review of the 
animal research findings in fetal and early-life development 
of the circadian system, see Sumova et al.57

In the human newborn, a circadian pattern of core body 
temperature oscillation develops by approximately 2 to 3 
months of age,58 or perhaps even earlier as suggested in a case 
report.59 A circadian rhythm of salivary cortisol is established 
as early as the first 2 months of infancy, but different methods 
of data analysis produced results suggesting that this rhythm 
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important correlations with certain circadian parameters. For 
example, compared to evening types, healthy young adult 
morning types have been noted to have not only an earlier 
circadian phase (relative to clock time), but also an even earlier 
phase of the circadian rhythms of melatonin and core body 
temperature (relative to their sleep schedule).79 Baehr et al. 
reported a similar finding of the impact of chronotype on the 
relationship between core body temperature and the sleep 
episode, also noting that the circadian phase was later in men 
than in women.80 A relationship between chronotype and 
circadian period has also been reported, with longer circadian 
period length associated with higher eveningness ratings.81

CIRCADIAN MODULATION OF ENDOCRINE  
SYSTEMS AND OTHER PHYSIOLOGY

The circadian system modulates the timing of the release of 
a number of endocrine components. Under normal conditions 
(e.g., sleep at night, wake during the day, and relatively con-
sistent bedtimes and wake times) the primary release of cor-
tisol begins just prior to wake time and drops to its lowest 
levels prior to bedtime.1,82 In contrast, thyroid stimulating 
hormone (TSH) release begins shortly before bedtime, but 
sleep itself has an inhibitory effect.83 Early studies reported 
that prolactin levels are enhanced by sleep.84 But, under con-
stant routine conditions where sleep is prohibited, a daily 
rhythm of this hormone has been observed, suggesting that 
the nocturnal release may be predominantly due to circadian 
modulation. Substantial gender differences were also found, 
as would be expected (with higher circadian amplitude of 
prolactin levels in women).85 Growth hormone release, in 
contrast, appears to be directly related to sleep itself and not 
the circadian system, with release of growth hormone in the 
early night tied to slow-wave sleep.4

Perhaps the most well-studied hormone with a prominent 
circadian pattern of release is melatonin. In people on a regular 
sleep schedule, the nocturnal release of melatonin begins 
shortly before bedtime. This is commonly studied using the 
DLMO protocol.63 Frequent episodic sampling (e.g., every 30 
or 60 minutes) of blood or, more recently, of saliva is sufficient 
to capture this typically nocturnal rise in melatonin levels, and 
the onset is defined as that point when levels rise about a 
certain threshold (e.g., 10 pg/mL in blood and 3 or 4 pg/mL 
in saliva). Since light exposure suppresses melatonin levels, 
sampling must be conducted under conditions of very dim 
lighting.86

There are myriad findings of time-of-day changes in various 
physiological parameters and the incidence of medical events, 
not all of which can fully separate confounding factors of 
time-of-day, duration of prior wake or sleep, circadian phase 
itself, or other variables. Only a few examples will be provided 
here. There is a well-known morning increase in the onset of 
symptoms of myocardial infarction.87 Perhaps related is the 
finding of increased platelet aggregability in the 6–9 a.m. 
window,88 though much of this may have to do with posture 
changes from supine to upright at the end of a nocturnal sleep 
episode.89 Data obtained during the constant routine protocol 
have shown a circadian variation in respiratory control, with 
lowest values of several parameters of respiratory functioning 
occurring toward the end of the circadian day with maximal 
values occurring during the early circadian day.90

stable alertness, cognitive performance, and electrophysiologi-
cal measures of alertness (low incidence of slow eye move-
ments and transitions to stage 1 nonREM (NREM) sleep) 
during the approximately 16 hours of the normal circadian 
day. These measures all show impairment during the circadian 
night due to the combined impact of increased levels of sleep 
homeostatic drive and the active circadian drive for sleep. 
There is a minor recovery of all performance and arousal 
measures the following circadian day, as the circadian drive 
for alertness partially offsets the ever-increasing sleep homeo-
static drive encountered from sleep deprivation.72,73

Perhaps the most comprehensive data come from the forced 
desynchrony protocol (as described above). Across wake epi-
sodes that are slightly shorter,6 slightly longer,74 or substan-
tially longer49 than the typical 16-hour wake episode kept by 
adults, the circadian system has been shown to exert approxi-
mately the same magnitude of modulation of a variety of 
neurobehavioral functions as the sleep homeostatic process. 
The implication for children (nearly all of whom sleep at 
night and are awake during the day) is that the build-up of 
sleep homeostatic pressure across daytime hours of sustained 
wakefulness is offset by the progressively increasing circadian 
drive for alertness. This results in a nearly constant level of 
alertness and performance across the circadian day.75 Use of 
the forced desynchrony protocol has allowed for the under-
standing of how caffeine can attenuate certain neurobehavio-
ral impairments encountered under conditions of sleep loss 
(and increased homeostatic drive) during the day, while failing 
to attenuate the circadian-related impairment of functioning 
seen during the circadian night.49 Figure 4-3 illustrates the 
circadian and sleep homeostatic modulation of various neu-
robehavioral measures as assessed in a forced desynchrony 
protocol in young adults.

CHRONOTYPE

Somewhat separate from, but related to, the circadian modu-
lation of neurobehavioral functions is the concept of chrono-
type, namely an individual’s perception of the optimal and 
least favorable times of the day for mental and physical per-
formance, alertness, and sleep. Morning chronotypes, also 
referred to as larks or, early-risers, prefer relatively early bed 
and wake-up times and they describe their optimal mental 
and physical performance to be in the early part of the wake 
episode. Evening chronotypes, sometimes referred to as owls or 
late sleepers, prefer relatively late bed and wake-up times and 
they describe their period of optimal mental and physical 
performance to be late in the wake episode. Two commonly 
reported questionnaires of chronotype are the Morningness 
Eveningness Questionnaire76 and the Munich Chronotype Ques-
tionnaire.77 A recent development is the creation of a subjec-
tive chronotype scale for young children, which has been 
validated in a sample of 4–11-year-olds.78 This study showed 
a relatively even distribution of the number of children in each 
chronotype category, from definitely morning type through defi-
nitely evening type. Use of chronotype questionnaires validated 
in children should allow for measurement of the age at which 
these patterns emerge and how they may change across 
development.

While not perfectly correlated with biologic or physiol-
ogic study, subjective chronotype classification does show 
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Figure 4-3 Circadian vs. Homeostatic Modulation of Cognition.  This figure depicts the circadian (left panels) and sleep homeostatic (right panels) 
modulation of various neurobehavioral measures during forced desynchrony, relative to average baseline performance (0 on each y-axis). Circadian phase is 
double-plotted relative to the minimum of core body temperature (CBTmin, dotted vertical line spanning Rows A–F). Sleep homeostatic depicts the 13.33 h 
wake episodes and the 6.67 h sleep episodes (highlighted by the vertical stippled rectangle spanning Rows A–F). Rows A and B: an addition task and the digit 
symbol substitution task, two measures of cognitive throughput. Row C: the Probed Recall Memory task, assessing free-recall memory after a 10-minute delay 
with distraction. Rows D and E: median reaction time and the number of response lapses on the Psychomotor Vigilance Task, a test of visual attention and 
simple reaction time. Row F: KSS = Karolinska Sleepiness Scale, a report of subjective sleepiness. Figure reproduced with permission of author from Wyatt JK, 
Ritz-De Cecco A, Czeisler CA, Dijk DJ. Circadian temperature and melatonin rhythms, sleep, and neurobehavioral function in humans living on a 20-h day. Am. 
J. Physiol. 10/1999 1999;277(4 Pt 2):R1152–R1163.
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insomnia.100,101 In a forced desynchrony protocol with mela-
tonin administration given prior to sleep episodes scheduled 
at a full range of circadian phases, a sleep-promoting effect of 
melatonin was found only in sleep episodes occurring during 
the circadian day,102 supporting the hypothesis that melatonin 
administration during the circadian day could suppress the 
circadian system’s drive for alertness that normally occurs at 
that time.103–106

CONCLUSION

Understanding both the intrinsic circadian timekeeping 
system and the complimentary sleep homeostatic process is 
fundamental to understanding daily changes in multiple 
behavioral and physiological measures. The circadian system 
modulates sleep and alertness, core body temperature, pineal 
melatonin, cortisol, and numerous other physiological pro-
cesses. Its phase alignment is controlled by exposure to light 
via a special class of retinal ganglion cells that project to the 
suprachiasmatic nucleus in the hypothalamus. The resultant 
shift in circadian phase is dependent on timing, intensity, 
duration and spectral characteristics of the light. Exogenous 
melatonin ingestion has circadian phase-shifting properties  
as well.

The circadian system actively drives wakefulness in increas-
ing amounts across the normal waking day, counteracting the 
impairment in neurobehavioral performance that would oth-
erwise result from the build-up of sleep homeostatic drive. 
Similarly, the circadian system maintains consolidated sleep 
in the second half of the night, counteracting the dissipation 
of the homeostatic pressure that occurs across the night during 
sleep. These findings have been demonstrated in adolescents, 
young adults, and older adults using a forced desynchrony 
protocol. Given the demands and the nearly 1-month dura-
tion of this protocol, it is unlikely ever to be employed to study 
circadian and sleep homeostatic modulation in infants or 
young children. Similarly, the requirements necessary to 
directly assess the circadian modulation of many physiological 
parameters are difficult to adapt to safely and ethically study 
the rhythms in infants and young children; however, novel 
approaches – such as urinary sampling of a melatonin metabo-
lite – have been applied and show promise.

CIRCADIAN AND HOMEOSTATIC MODULATION  
OF SLEEP

Experiments using the forced desynchrony and the free-run 
protocols have revealed important details of the independent 
and shared modulation of sleep by the sleep homeostatic and 
circadian systems. Sleep propensity, as assessed by simply 
measuring the time from lights out to sleep onset, has a strong 
circadian modulation. Sleep onset occurs most rapidly when 
trials are initiated at the circadian phase at or just following 
the average morning wake-up time, i.e., near the trough of 
core body temperature5,91 and several hours after the time of 
maximal endogenous melatonin levels,6 during the circadian 
sleep maintenance zone. Rapid eye movement (REM) sleep 
has a similar circadian pattern, with the amount of REM sleep 
occurring (during a given period of sleep) showing the same 
relationship to circadian phase as does sleep propensity.6,44,92–94 
Latency to REM sleep is also shortest in the circadian sleep 
maintenance zone.6 This is an important observation relevant 
to the practice of sleep medicine, as there may be a false-
positive sleep onset REM period (SOREMP) observed in the 
first nap of a multiple sleep latency test (MSLT), as this first 
nap is scheduled near the peak time of circadian propensity 
for REM sleep. REM sleep also occurs in increasing amounts 
across a major sleep episode, a process that has been referred 
to as sleep-dependent disinhibition of REM sleep.44 Interest-
ingly, during free-running conditions, a similar propensity for 
REM sleep that is linked to the circadian phase is observed, 
but REM sleep density (e.g., the number of rapid eye move-
ments per epoch of REM sleep) does not show circadian 
modulation.95 There is very little circadian modulation of slow-
wave sleep (NREM stage 3).6,44 Slow-wave sleep is predomi-
nantly modulated by the sleep homeostatic process, showing 
decreased prevalence across successive NREM–REM cycles 
in a major sleep episode.6,44 Figure 4-4 illustrates the circadian 
and sleep homeostatic modulation of various polysomno-
graphic measures as assessed in a forced desynchrony protocol 
in young adults.

The microstructure of sleep has also been assessed in forced 
desynchrony protocols via spectral analysis of the sleep EEG, 
predominantly in young adults, revealing the sleep homeo-
static and circadian modulation of slow-wave activity and 
sleep spindles.44 The circadian propensity for sleep spindles 
peaks at the circadian phase normally occurring at the begin-
ning of the nocturnal sleep episode. Slow-wave activity shows 
much lower amplitude of circadian modulation. In contrast, 
the homeostatic system shows strong modulation of slow-
wave activity, with high levels in the first NREM episode and 
declining levels in subsequent NREM episodes of the sleep 
episode. Homeostatic influence on sleep spindle activity pro-
gressively increases across the length of the sleep episodes, 
independent of circadian phase. The decline in slow-wave 
activity across sleep cycles independent of circadian phase has 
also been reported in children and teenagers.96

Unique information about the circadian modulation of 
sleep and wake comes from exogenous melatonin studies. 
Melatonin administration increases the duration of sleep in 
naps and in sleep episodes during the circadian day, and it 
may shorten sleep latency.97–99 However, melatonin adminis-
tration does not increase sleep duration for sleep episodes 
scheduled during the circadian night (e.g., a nocturnal  
sleep episode) in either normal sleepers or patients with 

Clinical Pearls

• The circadian timing system and the sleep homeostatic 
system are the two major modulatory processes that work 
together to permit consolidated periods of sleep and 
wakefulness.

• Light is the major zeitgeber (‘time giver’) affecting the 
alignment and entrainment of circadian rhythms in children 
and adults.

• Assessment of circadian phase can be approximated by 
history and determined with greater certainty by 
measurement of melatonin levels (in saliva or blood), of 
melatonin metabolite levels (in urine), or of core body 
temperature.

• Chronotype refers to the perceived time of day (morning, 
evening, or neither) of optimal mental and physical 
performance.



32    Principles and Practice of Pediatric Sleep Medicine

Figure 4-4 Modulation of Sleep Structure.  This figure depicts the circadian (left panels) and sleep homeostatic (right panels) modulation of various sleep 
measures during forced desynchrony. Circadian phase is double-plotted relative to the minimum of core body temperature (CBTmin, dotted vertical line 
spanning Rows A–G). Sleep homeostatic modulation is double-plotted depicting the 13.33 h wake episodes and the 6.67 h sleep episodes (highlighted by 
the vertical stippled rectangle spanning Rows A–G). Plasma melatonin and core body temperature measures are presented in Rows F and G, to allow 
visualization of circadian phase (left panels), and the variation on body temperature based on sleep–wake state (right panel G). Figure reproduced with 
permission of author from Wyatt JK, Ritz-De Cecco A, Czeisler CA, Dijk DJ. Circadian temperature and melatonin rhythms, sleep, and neurobehavioral function 
in humans living on a 20-h day. Am. J. Physiol. 10/1999 1999;277(4 Pt 2):R1152–R1163.
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INTRODUCTION

Normal sleep quantity and sleep quality at an undesirable 
hour is the hallmark of a circadian rhythm sleep disorder. 
Work, school, or family demands dictate normal sleep hours. 
Circadian rhythm disorders are not disorders of sleep quality; 
instead, they are disorders in the timing of sleep.

Unlike insomnia or obstructive sleep apnea, sleep is normal 
in circadian rhythm disorders, only its timing is abnormal. 
Sleep architecture is normal, the distribution of sleep stages 
is normal, and sleep is normally refreshing. Circadian rhythm 
disorders are persistent. They emerge as early as when a  
child begins attending school and as late as adolescence. 
Before a child attends school, circadian rhythm disorders  
may be present but might not be problematic. Only with  
the introduction of a school start-time do these behaviors 
create a conflict between a child’s hours of sleep and school 
requirements.

In some children, circadian rhythm disorders emerge with 
the start of a school year after the child slept abnormal hours 
throughout the summer. We do not know why some children 
easily transition back to a school sleep schedule and others are 
locked into the summer’s aberrant hours.

The emergence of a circadian rhythm disorder in a child 
may result from a genetic polymorphism,1 as a parent fre-
quently suffers from the same symptoms or propensity. Parents 
perceive their child as sleep-deprived on school days. As a 
result, they allow the child to sleep as late as he or she wishes 
on weekends and holidays. Therefore, the child is unable to 
initiate sleep on Sunday night or awaken Monday for school.

SOME CONSEQUENCES OF CIRCADIAN  
RHYTHM DISORDERS

Circadian rhythm disorders’ major consequences are daytime 
sleepiness, inattention, combativeness, irritability, and hyper-
activity. Children who are sleep-deprived secondary to delayed 
sleep phase disorder (DSPD) frequently have symptoms 
similar to attention deficit hyperactivity disorder. DSPD may 
result in problems with school attendance and school per-
formance. Some children with delayed sleep phase disorder 
may become school dropouts. A study of adolescents found 
that those with a tendency towards phase delay have more 
sleep problems, more daytime sleepiness and more emotional 
difficulties than do those without morning or evening prefer-
ence or those with a morning chronotype.2

BIOLOGICAL CLOCKS AND CIRCADIAN RHYTHMS

All individuals possess inherent circadian rhythms greater or 
less than 24 hours, the vast majority longer than 24 hours 

(Figure 5-1). The Horne and Ostberg Morningness/
Eveningness Questionnaire (MEQ)3 is a widely used scale 
that measures an individual’s preference to engage in various 
activities at an early or late hour. It is used to define an indi-
vidual’s chronotype, or ‘lark’ versus ‘owl’ preferences. Fourth-
grade children are mostly morning chronotypes. By 
adolescence, the majority are evening chronotypes.4 Chrono-
type shifts from preference to a disorder when the individual 
cannot sleep or wake at desired hours and suffers consequen-
tial academic or work-related difficulties.

PREVALENCE

Circadian rhythm disorders appear in approximately 10–18% 
of children and adolescents. Delayed sleep phase disorder 
alone effects up to 16% of adolescents but may appear in 
children as early as the start of school. It appears much less 
frequently in working adults. About 0.15% of adults, or 3 in 
2000, have DSPD. Using the strict International Classifica-
tion of Sleep Disorders diagnostic criteria, a random study in 
1993 of 7700 adults (aged 18–67) in Norway estimated the 
prevalence of DSPD at 0.17%.5 Advanced sleep phase disor-
der children are seen much less frequently. This disorder also 
appears at the age of starting school. Before school age, waking 
at an early hour is normal. Normal infants and young children 
who wake at an early hour will nap during the day. Irregular 
sleep–wake disorder is extremely rare in children but typically 
emerges in adolescence. Non-24-hour circadian rhythm is 
relatively rare and appears in blind individuals, including 
children.

DIFFERENTIAL DIAGNOSIS OF CIRCADIAN  
RHYTHM DISORDERS

A careful history is essential to distinguish circadian rhythm 
disorders from other sleep disorders. The hallmark of circa-
dian rhythm disorders is that when the child is allowed to 
sleep at his or her desired schedule, sleep is normal and 
daytime sleepiness rapidly subsides. Children with DSPD 
have no daytime sleepiness when allowed to sleep late on 
weekends. Children with sleep onset insomnia differ from 
children with DSPD as they are unable to sleep late on week-
ends and sleep is chronically non-restorative. Children with 
early morning awakening insomnia differ from children with 
advanced sleep phase disorder (ASPD) as they are unable to 
initiate sleep at an early hour and as a result are chronically 
fatigued. Circadian rhythm sleep disorders should also be 
distinguished from settling disorders, generalized anxiety dis-
order, mood disorders, ADD/ADHD, restless legs/periodic 
limb movements, and obstructive sleep apnea syndrome. 
School avoidance/refusal may be confused with DSPD.

Chapter 
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• this sleep pattern has been present for at least 1 month,
• normal quality and quantity sleep are observed when the 

child can sleep on his or her desired schedule,
• children with DSPD sleep later on weekends and 

holidays,
• they report less daytime sleepiness on weekends when they 

awaken spontaneously at a later hour,
• no other sleep or psychiatric disorder is present that could 

explain the patient’s symptoms,
• the delayed phase is not the result of social preference or an 

overloaded school, social activity, or work schedule.

Coexistence with Psychiatric/Behavioral Symptoms
Attention deficit hyperactivity disorder (ADHD), opposi-
tional symptoms, conduct disorder, aggressive symptoms, and 
symptoms of depression appear frequently in many but not all 
children with DSPD.6 In some instances, DSPD leads to 
chronic sleep deprivation which may aggravate underlying 
psychopathological tendencies in a child.7 When psychiatric 
symptoms and DSPD are present conjointly, it is important 
to establish if the psychiatric symptoms are present independ-
ent of the DSPD or only occur with it.8 For example, on 
weekends or holidays, when the child sleeps until spontaneous 
awakening, do psychiatric symptoms lessen? If the psychiatric 
symptoms and DSPD coexist temporarily, it is best to treat 
the DSPD before addressing the psychiatric symptoms. If the 

Figure 5-1 The PRC to the Bright Light Stimulus Using Melatonin 
Midpoints as the Circadian Phase Marker. Phase advances (positive 
values) and delays (negative values) are plotted against the timing of the 
center of the light exposure relative to the melatonin midpoint on the 
pre-stimulus CR (defined to be 22 h), with the core body temperature 
minimum assumed to occur 2 h later at 0 h. Data points from circadian 
phases 6–18 are double plotted. The filled circles represent data from plasma 
melatonin, and the open circle represents data from salivary melatonin in 
subject 18K8 from whom blood samples were not acquired. The solid curve 
is a dual harmonic function fitted through all of the data points. The 
horizontal dashed line represents the anticipated 0.54 h average delay drift of 
the pacemaker between the pre- and post-stimulus phase assessments. (The 
figure legend is from the original text.) Sat Bir S Khalsa, SB, Jewett, ME, 
Cajochen, C and Czeisler, C, A phase response curve to single bright light 
pulses in human subjects, J Physiol June 15, 2003 vol. 549 no. 3 945–952.
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Figure 5-2 The Three Pulse Phase Response Curve (PRC) to 3 mg of 
Exogenous Melatonin Generated from Subjects Free-Running during 
an Ultradian LD Cycle. Phase shifts of the DLMO are plotted against the 
time of administration of the melatonin pill relative to the baseline DLMO 
(top x-axis). The average baseline DLMO is represented by the upward 
arrow, the average baseline DLMOff by the downward arrow, and the 
average assigned baseline sleep times from before the laboratory sessions 
are enclosed by the vertical lines. Each dot represents the phase shift of an 
individual subject, calculated by subtracting the phase shift during the 
placebo session (free-run) from the phase shift during the melatonin 
session. The curved line illustrates the dual harmonic curve fit. The average 
clock time axis (bottom x-axis) corresponds to the average baseline sleep 
times. This PRC can be applied to people with different sleep schedules by 
moving the average clock time axis until the vertical lines align with the 
individual’s sleep schedule. (The figure legend is from the original text.) 
Burgess, HJ, Revel, VL, and Eastman, CI, A three pulse phase response curve 
to three milligrams of melatonin in humans, January 15, 2008 The Journal of 
Physiology, 586, 639–647.
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DELAYED SLEEP PHASE DISORDER

In DSPD, the major sleep episode is delayed by one or more 
hours of the desired bedtime, resulting in significant aca-
demic, work, or family issues. In general, children appear to 
be less tolerant of sleep deprivation than adults and an hour 
delay in sleep onset may result in pathological symptoms. 
DSPD is likely much more frequent than ASPD because the 
cycle length of the biological clock exceeds 24 hours in the 
overwhelming majority of individuals (Figure 5-2).

Presenting Complaints
• Bedtime struggles or difficulty awakening at the desired 

time
• Complaint of insomnia at bedtime and/or excessive sleepi-

ness in the morning
• Falling asleep at school or being too sleepy in the morning 

to participate in normal activities
• Symptoms consistent with behavioral hyperactivity, ADHD, 

or depression
• The child prefers not to eat breakfast and is hungry at or 

close to bedtime.

Diagnostic Criteria
The criteria below are similar to those described in the Inter-
national Classification of Sleep Disorders, revised: diagnostic 
and coding manual. Diagnosis requires that:
• the sleep pattern is significantly delayed, typically by more 

than one hour,
• there is an inability to fall asleep at the desired clock time 

and an inability to awaken spontaneously at the desired time 
of awakening,
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Light Switches from Causing a Phase Delay to Causing a 
Phase Advance during Sleep
Light exposure during the first half of an individual’s normal 
sleeping hours likewise has a phase-delaying effect. Light 
exposure during the individual’s last two or three normal 
sleeping hours has a phase-advancing effect. The nadir of core 
body temperature, or the minimum temperature in the circa-
dian cycle, typically occurs about two-thirds of the way 
through the sleep cycle. A child who begins sleep at 9:00 p.m. 
and spontaneously awakens at 7:00 a.m. on weekends typically 
has a temperature minimum approximately 3–4:00 a.m.

A child with DSPD who begins sleep at 3:00 a.m. on 
weekends and awakens at 1:00 p.m. will have a temperature 
minimum about 9–10:00 a.m. Light administered before the 
minimum causes a phase delay, or results in sleep occurring 
later, and light administered after the minimum causes a phase 
advance, or results in sleep occurring earlier (Figure 5-3).

The timing of the temperature nadir is established by a 
careful history of when the child or adolescent prefers to begin 
sleep and to awaken. This sometimes requires a sleep diary or 
actigraphy for a week. In children or adolescents with phase 
delay, it is best to expose them to sunlight, bright light, or blue 
light about the time they normally awaken and prevent them 
from being exposed to morning light before their estimated 
temperature minimum. A child who awakens at noon week-
ends should wear sunglasses after sunrise to the estimated 
time of their temperature minimum on school days.

Between the vernal and autumnal equinoxes, when day is 
longer than night, morning sunlight alone is extremely helpful 
in advancing phase. As soon as a child awakens, have him  
or her play in sunlight, preferably outdoors, but possibly 
indoors, in an area illuminated by sunlight. It also has a mood-
elevating and antidepressant effect, as morning exposure to 
bright light boxes is a recognized treatment for seasonal affec-
tive disorder (SAD) and other mild depressive disorders.10

Blue Light Therapy
Rods and cones were the only known photoreceptors that 
transduce light into a neural signal until the recent discovery 
of a third retinal photoreceptor called melanopsin.11 Neural 
signals from melanopsin-containing cells are transmitted 
from the retina to the suprachiasmatic nucleus (SCN). These 
cells are most sensitive to light of a blue wavelength.12

Bright light boxes have been replaced to a great extent by 
iPad-sized, blue, LED boxes. These are lightweight, run on 
rechargeable batteries, and are sufficiently portable to fit in a 
purse or compact briefcase. They have demonstrated efficacy 
in a number of studies.13 The patient uses blue light or day-
light exposure for 20 minutes to an hour soon after wake-up 
and avoids bright light after approximately 5–6:00 p.m. as 
much as possible.14 The light of dawn is extremely important 
in entraining circadian rhythms,15 in children as well as 
adults.16 Phase shifting with blue or white light is more effec-
tive when it is associated with active play or exercise (a running 
wheel in rats17).

Treatment of DSPD with Optimally Timed  
Melatonin Administration
Melatonin is a greatly misunderstood compound. Many believe 
it is a sedative hypnotic. Although it has sedating effects in a 
minority of individuals (approximately 20%), it has no sedating 
effect in most. In population-based studies, melatonin does not 

psychiatric symptoms are present regardless of prior sleep, it 
is best to treat both the psychiatric symptoms and the DSPD 
concurrently.

Evaluation
Children with DSPD:
• usually have one parent with DSPD symptoms or ‘night 

owl’ preference,
• typically feel their best and best accomplish tasks such as 

homework at a later hour,
• ‘feel best’ at or near bedtime,
• encounter academic, emotional, and behavioral problems 

during morning hours,
• might require a urinary toxicology screen in some 

adolescents,
• in certain cases should be evaluated for depression, ADHD, 

school refusal, conduct disorder, oppositional defiant disor-
der, and anxiety disorders,

• in some cases it is helpful for the family to maintain a diary 
of bedtime, time of sleep onset, and wake up time for a 
minimum of two weeks and as long as one month to estab-
lish a pattern,

• may give a significantly different description of their sleep 
habits then do their parents,

• tend to cover windows to black out sunlight,
• watch TV or are in front of computer monitors near or after 

their desired bedtime.

The Singular Significance of Sunday Night
Sunday night bedtime frequently is the major flash point for 
school-age children. Many children with DSPD awaken and 
retire at a considerably later hour on weekends, effectively 
‘moving’ to a more westward time zone. This is also called 
social jet lag.9 Parents and child expect to return to a weekday 
schedule Sunday night (or move east) and the child finds it 
impossible.

In adolescents, failure to cooperate with a plan to resched-
ule their sleep may be a sign of clinical depression or  
oppositional defiant symptoms. Adolescence is a particularly 
vulnerable life stage for the development of this syndrome: in 
some children, the concept of adolescence with its increased 
autonomy and noncompliance becomes synonymous with 
delayed sleep phase disorder.

Treatment of DSPD
Treatment of DSPD with Optimally Timed Light Exposure
There is a phase response curve to bright light (Figure 5-1) 
describing the amplitude or phase advance or delay when an 
individual is exposed to bright light at various times. Light 
advances or delays circadian rhythms in humans more than 
any other zeitgeber.

Light exposure at dawn signals to the brain that awakening 
has occurred too late. It resets the suprachiasmatic nuclei to 
advance gene expression to an earlier hour. Consequently, 
light exposure at the time of awakening is a powerful tool  
in shifting the circadian rhythm to an earlier hour, resulting 
in an individual becoming sleepy earlier. This is a phase 
advance.

Light exposure close to bedtime shifts the circadian rhythm 
later, causing the individual to initiate sleep later and wake up 
later. This is a phase delay. Both are discussed below as a 
treatment for DSPS and ASPD.
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Figure 5-3 Actogram obtained by actigraphy over a 7-day period from an older adult patient who has ISWRD. The yellow bars indicate timing and level of 
ambient light exposure, and the black bars indicate activity levels recorded at the non-dominant wrist. Note the lack of a discernible circadian sleep–wake 
rhythm. Sleep is characterized by nocturnal fragmentation and multiple short periods of sleeping and waking across the entire 24-hour day. (Legend from 
original text.) Zee PC, Vitiello MV. Circadian Rhythm Sleep Disorder: Irregular Sleep Wake Rhythm Type. Sleep Med Clin. 2009 Jun 1;4(2):213–218.
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have sedative hypnotic effects.18 It is more accurately regarded 
as a chronobiotic or a chemical agent that advances or delays 
circadian rhythms.19 In fact, it is the only non-prescription 
substance with demonstrated phase shifting properties.

The pineal gland secretes approximately 300 picograms of 
melatonin each night or 0.3 milligrams.20 Over-the-counter 
melatonin typically is sold in quantities far exceeding this 
amount. Melatonin has powerful phase-shifting properties 
when administered in low doses. Doses exceeding 1 mg 
remain in blood long enough to cancel their desired effect, as 
they are present in blood during both the phase advance and 
phase delay portion of the circadian rhythm.

Melatonin has a relatively small ability to shift circadian 
rhythms when the pineal normally secretes it, beginning 2 
hours before normal sleep onset. It has its most powerful 
effect in advancing circadian rhythms when administered 

approximately 4–6 hours before its normal secretion. For an 
individual with DSPD, who normally initiates sleep at 2:00 
a.m., DLMO would occur at approximately midnight. To 
phase advance such an individual, melatonin would be admin-
istered at 6–8:00 p.m.

The Phase Response Curve for Melatonin and Light
The phase response curve describes when either light or  
melatonin has various degrees of phase-advancing or phase-
delaying effects or has no effect at all. Light’s maximum 
phase-advancing effect occurs about the time of normal  
awakening and its maximal delaying effect occurs around 
normal bedtime, or later (Figure 5-1). Melatonin’s maximal 
phase-advancing effect occurs approximately 4–6 hours before 
normal DLMO and its maximal delaying effect occurs about 
the time of normal awakening (Figure 5-2).
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DLMO is the marker of the beginning of biological night 
and dim light melatonin offset is the end of biological night. 
The clock hour of DLMO determines if an individual is 
normal, phase advanced, or phase delayed. The phase response 
curve to exogenous melatonin shows its phase advance or 
phase delay properties (Figure 5-2).22

In attempting to correct an individual’s phase advance or 
phase delay, the biomarker employed is the shift in DLMO 
to an earlier or later hour, as measured by saliva melatonin 
concentration. Advancing DLMO not only advances the time 
of sleep onset, but also the time of the body’s core temperature 
minimum and the time of dim light melatonin offset, allowing 
the individual to awaken at an earlier hour. DLMO accurately 
predicts wake-up time.23 The phase response curve to mela-
tonin is the opposite of the phase response curve to light. The 
phase response curve shows a maximal phase advance to mela-
tonin when it is administered 6 hours before DLMO, or 8 
hours before sleep onset.

Chronotherapy
Chronotherapy is a behavioral technique in which bedtime is 
systematically delayed, which follows the natural tendency of 
human biology.24 Bedtime is delayed by 3-hour increments 
each day, establishing a 27-hour day. The procedure is main-
tained until the desired bedtime is reached (say 10 p.m.), when 
the normal 24-hour day is then established. This approach is 
favored by adolescents who are extreme night owls. It is difficult 
to administer, as a parent typically must be present to oversee 
unusual sleep and wake-up times, such as noon to 8:00 p.m.

Successful Phase Advance Therapy
The first sign that the light and/or melatonin are having their 
desired effect is an earlier hour of sleep onset and less struggles 
with morning awakening. This is followed by the parents 
reporting the child’s morning appetite to be increased.

Maintenance Phase
A strategy must be determined in advance for counteracting 
the natural tendency of an adolescent to slip back into a later 
bedtime and awakening hour on weekends. The adolescent 
should agree that he or she may remain awake late on occasion 
but must arise and be in sunlight early. Parents need to be 
vigilant that weekends, school holidays, or summer vacations 
do not result in a return of phase delay.

ADVANCED SLEEP PHASE DISORDER

Presenting Complaints
Advanced sleep phase disorder is a disorder in which the 
major sleep episode is advanced in relation to the desired clock 
time. It results in compelling early sleepiness, an early sleep 
onset, and an awakening that is earlier than desired.

Diagnostic Criteria
• Inability to stay awake until the desired bedtime or inability 

to remain asleep until the desired time of awakening. Chil-
dren or adolescents with ASPD fall asleep doing home-
work, at social events, immediately after dinner, or before 
dinner if it is at a late hour.

• There is a phase advance of the major sleep episode in rela-
tion to the desired time for sleep. Children with advanced 

Phase Shifting in a Family Systems Approach
Behavioral issues frequently overlay circadian rhythm disor-
ders. Treatment is most effective if parents understand the 
basic principles underlying their child’s inability to initiate 
sleep and awaken. Effective treatment of DSPD by a sleep 
specialist requires that he or she convinces the parents of the 
nature of the disorder and the necessity of each proposed 
intervention. Expectations and possible resistance to treat-
ment are best brought into the open and discussed.

If the child is sufficiently mature, he or she should be 
encouraged to ‘own’ the problem, or to take responsibility for 
it. The sleep specialist should offer a list of fun activities for 
parent and child to enjoy after early awakenings on weekends, 
such as playing outdoors, going to a neighborhood park, or 
going out for breakfast. Older children should be encouraged 
to set their own alarms and wake up on their own as they 
might soon leave their parent’s household, such as when they 
leave for college.

Sleep Hygiene
Treatment of DSPD should begin with ensuring that optional 
sleep hygiene is adhered to, or manipulations with light and 
melatonin might not be effective.
• Expose the child to dim light, or light dim enough to make 

reading somewhat difficult, for 2 hours preceding bedtime. 
Dim light permits the expression of melatonin. Normal 
room illumination, televisions, and computer screens sup-
press melatonin secretion, interfering with any attempt to 
help the child initiate sleep earlier.

• Parents should establish a set bedtime that is consistent 
across weekdays, weekends, and vacations. Every child 
deserves a bedtime. As much as a child might protest, a set 
bedtime, similar to a home-cooked meal, is a basic compo-
nent of good parenting.

• Precede the bedtime with bedtime rituals. Children thrive 
on rituals and repetition of enjoyable behavioral sequences 
prepares a child for sleep. These might include reading to 
the child, quiet games, prayers, or storytelling. Having a set 
time for bathing and pajamas helps a child prepare for sleep.

• Minimize the child’s naps to optimize an earlier bedtime. 
Naps reduce homeostatic sleep pressure, which is problem-
atic if the child has sleep onset difficulties. If a child with 
DSPD requires a nap, allow as little sleep as possible.

• For children with DSPD, it is best if they have approxi-
mately the same wake-up time 7 days a week. Other chil-
dren might be able to sleep late on weekends and still fall 
asleep earlier on Sunday night, but the hallmark of children 
with DSPD is that they can’t. Children with the same 
wake-up time every morning do better in school21 and have 
fewer behavioral and emotional problems.

• Avoid all foods or beverages with caffeine.
• Make sure your child’s bedroom is quiet, dark, and comfort-

able. Darkness and quiet have been coupled with sleep since 
prehistoric times. There are no published data to support 
claims that sound machines enhance sleep quality or 
quantity.

• There should be no screens (phones, computers, video) in 
any child’s bedroom.

Melatonin and Circadian Rhythms
Melatonin onset, when its blood levels rise to exceed 5 
picograms/mL, is called dim light melatonin onset (DLMO). 
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Epidemiology
It is more likely to appear in children who have one parent or 
grandparent with ASPD tendencies, which may not be suf-
ficiently severe to be syndromic.

Evaluation
Advanced sleep phase disorder is differentiated from other 
disorders producing early evening sleepiness, such as obstruc-
tive sleep apnea, disrupted nocturnal sleep, chronic sleep dep-
rivation, or narcolepsy. Like DSPD patients, ASPD patients 
have no intrinsic sleep abnormalities; they report that sleep 
itself is restful and restorative.

Treatment
Advanced sleep phase disorder is treated with light or mela-
tonin. Use either a bright light box emitting white light  
or a blue light panel. Greatest efficacy for creating a phase 
delaying effect is obtained by exposing the child to the  
light source at or near bedtime. Outdoor light exposure in 
months with daylight saving is equally effective to a bright 
light box.

The phase response curve to melatonin shows that admin-
istering melatonin when the child wakes up has the maximal 
efficacy in achieving a phase delay. If the melatonin has a 
sedating effect, it might also help the child to return to sleep. 
More than 1 milligram will reduce efficacy.

The child with ASPD should be kept out of bright  
light as much as possible before noon. Dark shades on  
windows may be necessary. Children with ASPD should  
wear sunglasses with blue-light-blocking properties riding  
in the car to school in the morning. Begin exposing the  
child with ASPD to bright light in the afternoon and continue 
until bedtime.

IRREGULAR SLEEP–WAKE RHYTHM DISORDER

Irregular sleep–wake rhythm disorder (ISWRD) differs from 
other circadian rhythm disorders in that it appears to be the 
result of an impaired circadian pacemaker, as opposed to a 
normal pacemaker out of phase or not entrained.

Presenting Complaints
Contrary to normal circadian rhythms in which individuals 
have one main sleeping period and one main period of wake-
fulness during a typical 24-hour stretch, individuals with 
irregular sleep–wake rhythms have more than one sleep and 
wake episode during a typical 24-hour day. Sleep might occur 
in several blocks somewhat randomly during the 24-hour 
period, and none might be long enough to be considered the 
major sleep period (Figure 5-3).

This sleeping pattern is normal in newborn infants who 
sleep about 12 hours broken up into chunks spread around 
the clock. This pattern is uncommon by 6 months of age by 
which time most infants have a major sleep period at night 
and one or more naps during the day.

Unlike DSPD or ASPD, individuals with ISWRD are 
extremely impaired and unable to engage in most normal 
activities such as normal school and work at a normal hour. 
The unpredictable timing of sleep episodes can have a crip-
pling effect.

sleep phase disorder also awaken before the desired time of 
awakening.

• Symptoms are present for at least 3 months.
• When not required to remain awake until the later bedtime, 

patients will:
• have a habitual sleep period that is of normal quality and 

duration, with a sleep onset earlier than desired,
• awaken spontaneously earlier than desired,
• maintain stable entrainment to a 24-hour sleep–wake 

pattern.
Unlike other sleep maintenance disorders, the early morning 
awakening occurs after a normal amount of undisturbed  
sleep. Unlike other causes of excessive sleepiness, daytime 
school or activities early in the day are not affected by sleepi-
ness. This problem becomes apparent in children and adoles-
cents when social and academic activities stretch into evening 
hours.

Sleep onset times may be as early as 5–6 p.m. and wake times 
may be 3 a.m. to 5 a.m. These sleep-onset and wake times occur 
despite the family’s best efforts to delay sleep to later hours.

Attempts to delay sleep onset to a time later than usual may 
result in embarrassment due to falling asleep during social 
gatherings. If chronically forced to stay up later for social or 
vocational reasons, the early awakening aspect of the syn-
drome could lead to chronic sleep deprivation and daytime 
sleepiness or napping.

In one subtype of ASPD, called familial ASPD, at least one 
parent will carry the ASPD gene and exhibit a phenotype 
similar to the child. As with narcolepsy, the gene and gene 
product responsible for ASPD have been identified.25 The 
genetic mechanism of ASPD has been identified in an 
extended family, in which it is called familial advanced sleep 
phase disorder.26

Interpersonal Dynamics
The child with ASPD often views his or her symptoms as a 
positive character attribute. These children are frequently in 
a good mood following early morning awakening. The child 
needs to mature sufficiently to allow caretakers to sleep to a 
later hour when he or she is old enough to be awake alone. 
ASPD becomes more problematic in middle school or high 
school. These children ask to go to bed and wish their family 
would comply with their need for an early bedtime.

Coexistence with Psychiatric/Behavioral Symptoms
Unlike DSPD, which coexists with a host of psychiatric  
and behavioral disorders, ASPD has not been associated  
with a psychiatric or behavioral disorder. This must speak  
to the vastly different genetics of delayed and advanced  
phases. Advancing the phase of an individual’s circadian 
rhythm is a treatment for some forms of depression, especially 
seasonal affective disorder. It is possible that advanced sleep 
phase is protective against psychiatric disorders such as 
depression.

Age of Onset
Symptoms of ASPD appear as early as infancy and become 
apparent when the infant grows into a child with the same 
early hour of awakening. It may be problematic with an infant 
who requires supervision but not so with a child who can 
entertain him- or herself with a television, books, or other 
electronic device, such as an iPad.
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given prior to the sleep period to take advantage of its body-
temperature-lowering properties.28,29 A sedative hypnotic 
might be considered in some patients without co-morbid 
medical conditions.

NON-24-HOUR SLEEP–WAKE DISORDER

Presenting Complaints
Non-24-hour sleep–wake disorder goes by many names. It is 
often called free-running or non-entrained circadian rhythm 
disorder. It occurs when the intrinsic period of the circadian 
pacemaker ‘free-runs’ with respect to the 24-h day: typically, 
the patient has sleep onset 30 minutes to 1.5 hours later each 
day. Affected children are not able to maintain a stable phase 
relationship with the 24-h day. Parents initially report that 
their child’s sleep pattern is completely random and has no 
pattern. A careful history, sleep log over several weeks, and 2 
weeks or more of actigraphy reveal a delay in the onset of sleep 
of 30 minutes to 2 hours each night (Figure 5-4).

When the child’s endogenous rhythms are out of phase 
with the family and school, both insomnia and excessive 
daytime sleepiness are present. Conversely, when the child’s 
endogenous rhythm is in phase with home and school, symp-
toms remit. The intervals between symptomatic periods may 
last several weeks to several months. Non-24-h sleep disorder 
patients typically sleep 8 hours or longer; approximately two-
thirds sleep 9–11 hours.30 Approximately 50% of blind indi-
viduals are unentrained and free-run, most with a phase delay 
pattern.31,32 Reviewing the literature, there are about 90 cases 
described, with 57 being published in one 10-year Japanese 
study. 22

Diagnostic Criteria
The ICSD requires a chronic complaint of insomnia, exces-
sive sleepiness or both, based upon a lack of synchronization 
between the 24-hour clock and the patient’s non-24-hour 
sleep–wake cycle. Diagnosis is established by maintaining a 
sleep log and/or actigraphy for at least 14 days showing a 
greater than 24-hour period length for the sleep–wake 
schedule.

Diagnostic Criteria
Irregular sleep–wake rhythm disorder presents with a com-
plaint of insomnia, excessive daytime sleepiness, or both. If 
the patient keeps a sleep log or is monitored by actigraphy for 
a week or longer, it shows at least three sleep episodes in most 
24-hour periods. Nevertheless, total sleep time per 24 hours 
is essentially normal (Figure 5-3).

Family Dynamics
The burden on a family to care for a child with IRSWD is 
that a caretaker needs to be present continually. In such cases, 
the adolescent experiences insomnia for much of the night, 
sleeps from 2 to 6:00 a.m., then is awake for several hours 
before napping for 1–2 hours 2–3 times during the day.

Coexistence with Psychiatric/Behavioral Symptoms
This disorder appears mostly in adults with dementia but may 
be seen in a child with traumatic brain injury or a psychiatric 
syndrome.

Age of Onset
Irregular sleep–wake rhythm disorder increases in frequency 
with age, because it is brought about by medical and psychi-
atric conditions associated with aging.27

Evaluation
There are children who nap for an extended period after 
school and are then unable to initiate sleep until 2:00 a.m. 
They arise for school about 6:00 a.m. and exhibit daytime 
sleepiness until they return home for their extended nap. This 
is not ISWRD, as it consists of two major sleep episodes at 
approximately the same time each day. Unlike ISWRD, this 
two-sleep episode resolves gradually with nap restriction and 
introduction of an outdoor activity after school.

Treatment
Irregular sleep–wake rhythm disorder is treated with as much 
bright light and outdoor activity during daylight hours as 
possible. Total darkness during a window of time beginning 
at bedtime is recommended. A constant routine of a light–
dark schedule 7 days a week is indicated. Melatonin can be 

Figure 5-4 Illustration of 12 days of actigraphy from a patient with non-24-hour circadian rhythm disorder showing a cumulative delay of 10 hours for a 
24.83 hour free-running sleep–wake cycle. Data are double plotted. The patient begins monitoring beginning sleep at about 10 a.m. and ends beginning 
sleep at 8 p.m. Barion A, Zee PC, A clinical approach to circadian rhythm sleep disorders, Sleep Medicine, 8, 6, September 2007, Pages 566–577.
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Frequently a second disorder coexists along with the circa-
dian rhythm disorder, such as depression, an anxiety disorder, 
obstructive sleep apnea, or RLS/PLMD. In some instances 
polysomnography is required to establish the severity of a 
coexisting disorder and it should be treated before the circa-
dian rhythm disorder can be addressed. Treating obstructive 
sleep apnea first will make it much easier for a child to comply 
with changing his or her sleep schedule. If a psychiatric dis-
order coexists with a circadian rhythm disorder, treating the 
circadian rhythm disorder first may alleviate depression or 
anxiety. It is known that early morning bright light has an 
antidepressant effect in some individuals and is the preferred 
treatment for seasonal affective disorder. Children with phase 
delay syndrome and anxiety symptoms frequently become 
most anxious with regard to their inability to initiate sleep. 
The correction of the delayed sleep phase disorder may exert 
an anxiolytic effect in such children.

Discussions with children and their families about circadian 
rhythm disorders are frequently profound, as the sleep disor-
ders specialist is informing the child about symptoms that 
may continue throughout his or her life and offering treat-
ment strategies for addressing the disorder. It is extremely 
rewarding when diagnosing and treating a circadian rhythm 
disorder in a child with only bright light, and sometimes 
melatonin, results in an enormous improvement in the child’s 
quality of life.

Family Dynamics
This disorder is frequently of great consternation to the 
patient’s family, as the child is unable to attend school or work 
at a designated hour.

Interpersonal Dynamics
Individuals with this disorder frequently lack normal social 
relationships22 and do not attend school or work a normal job. 
In the above study of 57 individuals carefully diagnosed with 
non-24-hour CR disorder, 56 did not attend school or work 
normal hours.22

Coexistence with Psychiatric/Behavioral Symptoms
There are about 15 published single-case reports and two  
published series of cases of non-24 CRD for a total of  
about 90 patients. About 25–30% have a pre-existing psychi-
atric disorder, the most frequent being social adjustment  
disorder and major depressive disorder. The non-24 CRD 
emerges concurrently with the emergence of the psychiatric 
symptoms.

Age of Onset
Symptoms emerge in the second decade of life in the majority 
of cases. In only one of the 90 cases did the disorder emerge 
before age 10 and the remainder became symptomatic as 
adults. A sizeable proportion of the non-24-hour CR disorder 
patients had pre-existing delayed sleep phase disorder, sug-
gesting a genetic link between these two disorders.

Evaluation
Diagnosis is established by a 2-week or longer diary com-
pleted daily and by concurrent actigraphy. When plotting the 
24-hour logs.

Treatment
Melatonin administration has been reported to improve the 
timing of sleep in non-24-hour sleep–wake disorder, espe-
cially in the blind. Begin at 3 mg 1 h before the desired hour 
of sleep onset. Once a patient is entrained, melatonin may be 
lowered to 0.5 mg.24 The patient should be in as much light 
and as active as possible during the intended wake period and 
in conditions of dark, quiet, and bed rest during the intended 
sleep period. In non-blind individuals, exposure to the light 
of dawn or a bright light box at the time of dawn may be 
essential to maintain entrainment.

CONCLUSION

Circadian rhythm disorders are fairly common in children and 
frequently masquerade as other sleep disorders, most notably 
insomnia and daytime sleepiness. Many children have been 
evaluated extensively from a medical perspective before they 
are referred to a sleep specialist. For the most part, an in-depth 
interview including the child and caretakers is sufficient to 
establish circadian rhythm disorder diagnoses. In many cases, 
a 1-week to 1-month diary is absolutely essential to make the 
diagnosis, especially when the family describes the child’s 
sleep as ‘chaotic’ and not following any pattern. In almost 
every case, a sleep diary that is collected over a sufficient 
period of time will reveal an underlying pattern for when sleep 
occurs.

Clinical Pearls

•	 Circadian	rhythm	disorders	are	not	sleep	disorders:	they	are	
normal	sleep	at	an	abnormal	time.

•	 Delayed	sleep	phase	disorder	(DSPD)	is	especially	prevalent	
in	adolescents,	most	of	whom	sleep	late	weekends.

•	 Late-night	light,	including	room	light,	screens,	and	cell	
phones,	worsens	DSPD.

•	 New	blue-light	LED	small-screens	are	mobile,	a	novel	
treatment	for	circadian	rhythm	disorders.

•	 Melatonin	is	largely	ineffective	as	a	treatment	if	it	is	given	in	
the	2	hours	before	normal	bedtime.
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INTRODUCTION

Sleep–wake behavior changes across adolescence are the 
product of changing intrinsic regulatory sleep mechanisms 
and an evolving psychosocial milieu.1 Often, these changing 
biological processes regulating sleep are in direct conflict with 
social demands, creating a state of chronically restricted and 
ill-timed sleep. A description of these sleep–wake patterns 
begins the chapter. To understand how these patterns emerge, 
the intrinsic regulatory mechanisms of sleep and wake – the 
homeostatic sleep system and the circadian timing system – 
and our current understanding of how they change across 
adolescent development are reviewed next. The chapter then 
identifies some of the salient psychosocial factors that likely 
contribute to adolescent sleep–wake behavior and how they 
interact with maturational changes in sleep-regulatory pro-
cesses to modify sleep patterns.

For the purpose of this chapter, adolescence is defined as 
the second decade of human life. Puberty, the process of sexual 
maturation and reproductive competence, usually occurs 
during adolescence, but is not assumed to be synonymous 
with adolescence. When possible, the distinction is made 
between these development terms.

SLEEP–WAKE PATTERNS

A hallmark behavioral change of adolescence is the tendency 
for sleep timing to become later. This delay of sleep patterns 
has been reported across the globe in pre-industrial and 
industrial countries.2 To start, many adolescents report going 
to bed later as they get older, especially on weekend and vaca-
tion nights. Self-reported school-night bedtimes in the US 
range from about 9:30 p.m. to 11:30 p.m.,3 and reported 
bedtimes are as late as midnight or 1:00 a.m. in European and 
Asian samples.4 Older adolescents (ages 14–19 years) typically 
report later bedtimes than their younger peers (ages 11–13 
years).3,4 Wake-up times on school days remain relatively 
stable or get earlier across these age groups because they are 
dictated by school start times. The majority of US schools 
begin before 8:15 a.m., and many start before 7:30 a.m.5 
School-day wake times range from about 6:00 a.m. to 7:00 
a.m.,3,4 with some reports noting a tendency for older adoles-
cent girls to wake earlier than boys.e.g.,6

Late bedtimes and early wake times on school nights reduce 
sleep opportunity time for the average teen. The range of 
self-reported time in bed is about 6.5 to 8.5 or 9 hours, with 
older adolescents usually reporting less time in bed than 
younger adolescents.4,7 The majority of high-school-aged 
adolescents (≈14–18 years) report 8 h of sleep or less, and 
Korean adolescents average closer to 5.5 to 6.5 hours of time 
in bed on school nights.8,9 Using actigraphy and self-reported 
pubertal status in a longitudinal design, Sadeh and colleagues10 
reported that delayed sleep onset and a shortening in sleep 

duration emerges before the manifestation of secondary sexual 
characteristics associated with puberty. Later sleep onset and 
shorter total sleep time also predicted a faster progression of 
self-rated puberty status. Thus, the onset of puberty in this 
study was linked to the behavioral sleep changes observed 
during adolescence.

Despite this decreased time devoted to sleep on school 
nights, however, laboratory studies reveal that more mature 
adolescents may ‘need’ the same amount of sleep, and perhaps 
more compared to their younger and less mature peers. Car-
skadon and colleagues11 studied youngsters aged 10 to 12 
years old longitudinally across three consecutive summers. 
Participants were given 10-hour nocturnal sleep opportunities 
(10 p.m.–8 a.m.) for 1 week before and then while in the 
laboratory for three consecutive nights. Polysomnographic 
(PSG) recordings revealed that the amount of time spent 
asleep during these 10 hours remained constant across puberty 
stages (Tanner stagesa 1 through 5), and averaged 9.2 hours. 
Furthermore, the mature adolescents were often awakened at 
the end of the 10-hour sleep opportunity, suggesting that 
these teenagers may have slept longer if permitted. The dis-
parity between this estimate of sleep ‘need’ and reported 
school-night sleep duration suggests that most adolescents, 
especially older and more mature adolescents, are severely 
sleep-restricted, and are likely carrying residual sleep pressure 
during the school week.

It remains unclear whether the sleep loss accumulated over 
the school week can be ‘recovered’ on weekends. Many teen-
agers, however, exhibit behavior similar to a ‘behavioral sleep 
rebound’ on weekend nights, which may indicate that adoles-
cents try to compensate for insufficient school-week sleep by 
sleeping more on non-school nights. Weekend time in bed 
averages about 1 to 1.5 hours more on weekend nights com-
pared to school nights, and this disparity in sleep duration 
increases with age.4,13 Indeed, preteens and younger adoles-
cents may show no weekend rebound. Furthermore, a majority 
of mid to older adolescents typically go to sleep about 1 to 2 
hours later on weekends compared to school-nights and 
extend their sleep by waking 1 to as many as 4 hours later on 
weekend mornings.3 Self-reported average bedtime typically 
ranges from about 10:00 p.m. to as late as 2:00 a.m. on 
weekend nights, and weekend wake times typically range 
between 8:30 a.m. and 10 a.m. Standard deviations of an hour 
or more in some studies suggest that many teens sleep later 
than this average on weekend mornings. Again, older adoles-
cents report later weekend bedtimes and wake times than 
their younger adolescent peers, on average.3,4 Changes to 
sleep–wake timing on weekends compared to school-nights 
results in sleep irregularity for many adolescents.

Chapter 

6 Sleep during Adolescence
Stephanie J. Crowley, Leila Tarokh, and Mary A. Carskadon

aTanner stage, an index of pubertal development, is based on secondary sexual 
characteristics, including pubic hair growth and distribution, stage of genital development 
for boys, and stage of breast development for girls.12
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23.5 to 24.9 hours,28,29 and one analysis of over 150 adults 
reported an average period of 24.15 ± 0.2 hours.28 The major-
ity of people have an endogenous period longer than 24 hours; 
only an estimated 21% have an intrinsic period of less than 
24 hours.30 Sex30 and race29 differences in endogenous period 
have also been reported in adults. The circadian timing system 
is capable of entrainment, the process by which the endog-
enous period is synchronized to the environmental 24-hour 
day using external time-givers, or zeitgebers. The primary 
entraining stimulus to the system is light and dark,31,32 and 
the system shows some sensitivity to short-wavelength 
(≈460 nm) light.33,34 A small subset of intrinsically photosen-
sitive retinal ganglion cells (ipRGCs) containing melanopsin 
and projecting to the SCN have been described in rodents.35–37 
The small percentage of ipRGCs that contain melanopsin are 
photosensitive,38 are modulated by synaptic input from rods 
and cones,39 and are necessary for circadian entrainment by 
light.40 Light–dark cues come from the daily cycles of daylight 
and darkness and can also be artificially imposed in modern 
environments by switching an electric light on and off or by 
drawing a window shade.

One proposed entrainment mechanism (‘discrete entrain-
ment’41) describes the process as a daily phase shift in response 
to photic cues that corrects the difference between the endog-
enous period and the external solar day length. This entrain-
ment mechanism is predicted by a phase response curve 
(PRC) to light. Light PRCs are experimentally derived and 
describe how light shifts circadian rhythms to an earlier or 
later time when light is presented at various times across the 
circadian cycle. In general, the human system responds in a 
systematic and predictable manner: light just before habitual 
bedtime or in the first half of habitual sleep shifts circadian 
rhythms later (phase delay), while light during the second half 
of habitual sleep or just after waking shifts circadian rhythms 
earlier (phase advance).42–47 According to these general prop-
erties of the adult light PRC, morning light exposure facili-
tates entrainment in those with an intrinsic period greater 
than 24 hours, whereas evening light exposure entrains indi-
viduals with a period shorter than 24 hours. In adults, endog-
enous circadian period also predicts differences in how the 
system aligns to sleep,48 and those with a long period have a 
later entrained phase (clock time) than those with a short 
period.49

Two-Process Model of Sleep Regulation
Figure 6-1 is a schematic representation of how Process S and 
Process C may interact as opponent processes, and is based 
on the models proposed by others.19,20,50 The broad concept 
of ‘sleep pressure’ is on the y-axis as a function of time on the 
x-axis. Sleep pressure varies across the 24-hour day (Process 
C, red line), and also depends on the amount of time awake 
and asleep (Process S, blue line). In this schematic example, 
sleep occurs from 10 p.m. to 7 a.m. The onset of melatonin 
production (DLMO phase) usually occurs before habitual 
bedtime and is illustrated by the upward-facing arrow at 9 
p.m. Process S is anchored to the onset of sleep and the onset 
of wake. The homeostatically driven pressure to sleep decreases 
as sleep progresses across a night of sleep and increases with 
hours of wakefulness across the day. Sleep pressure dictated 
by the circadian timing system is greatest about 7 hours after 
DLMO phase, near the end of habitual sleep and is lowest 
just before DLMO phase near to habitual bedtime. According 

SLEEP–WAKE REGULATION

Borbély14 was the first to describe a model clearly identifying 
the interaction between sleep–wake homeostasis and the cir-
cadian timing system. In his ‘Two-Process Model of Sleep 
Regulation,’ he designated the homeostatic sleep–wake com-
ponent as Process S and the circadian component as Process 
C. Since its original description, this model has been refined 
and variations have been developed,15–20 and these models now 
guide our understanding of developmental changes to sleep 
timing and duration across adolescence.

Homeostatic Sleep–Wake System
A simple way to characterize the homeostatic sleep–wake 
process is that the ‘pressure’ to sleep increases the longer an 
individual is awake and dissipates as the individual sleeps. 
Physiological correlates of this process have been quantified 
using the sleep EEG. For example, EEG slow-wave activity, 
or SWA (power in the 0.75–4.5 Hz range) is a useful marker 
of ‘sleep pressure.’ SWA predominates at the beginning of the 
nocturnal sleep episode when sleep pressure is greatest and 
shows a decline across the night as sleep pressure dissi-
pates.14,18,21,22 The SWA decline over the course of the night 
can be fit with an exponential decaying function, from which 
the time constant of the decline gives a metric of the rate of 
dissipation of sleep pressure. If the system is challenged by 
extending wakefulness, SWA increases during subsequent 
sleep episodes, and this increase is proportional to the time 
spent awake.21 The build-up of SWA is modeled using an 
exponential increasing function. The specific neuroanatomical 
and neurochemical factors involved in sleep–wake homeosta-
sis are not fully understood.

Circadian Timing System
In contrast to the homeostatic sleep/wake system, the circa-
dian system does not depend on prior sleep and wake dura-
tion, but is rather a self-sustaining system that intrinsically 
regulates a multitude of 24-hour rhythms, including sleep 
propensity. The ‘master clock’ that organizes the timing of 
these rhythms in mammals has been localized to the supra-
chiasmatic nuclei (SCN) of the hypothalamus.23

Physiological or behavioral outputs of systems regulated by 
the SCN can be measured over extended periods of time 
(hours to days), and events associated with these approximate 
24-hour rhythms (e.g., when a hormone ‘turns on’ or ‘turns 
off ’) are used to infer circadian time or phase. For example, 
melatonin, a hormone secreted by the human pineal gland, is 
regulated by the SCN and therefore oscillates with a circadian 
rhythm. Levels of the hormone are nearly absent during the 
day, rise in the evening, stay relatively constant during the 
night, and decline close to habitual wake-up time. The onset 
of melatonin secretion, also called the dim lightb melatonin 
onset (DLMO),24 is the most common and reliable marker of 
the human circadian timing system.25–27 The decline of mela-
tonin, also called the dim light melatonin offset (DLMOff ) 
phase is another phase marker of the circadian timing system 
derived from the melatonin rhythm (see also Chapter 5).

Circadian rhythms oscillate with an intrinsic period slightly 
different from 24 hours. In adults, this period ranges from 

bMelatonin synthesis is blocked by light; hence, measures are taken in the presence of a 
dimly lit environment.
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One of the most readily observed and striking changes to 
the sleep EEG is a progressive developmental decline in the 
amplitude of the signal across adolescence. This decline typi-
cally begins around ages 9 or 10 and continues until the early 
20s, though the precise timing of the beginning and termina-
tion of this decline varies across individuals and is debated.51,52 
This decline likely reflects the pruning of synapses that occurs 
in the healthy adolescent cortex53,54 and is not state-specific. 
As a result, EEG power is diminished during waking55–57 and 
sleep.58–63

One sleep-specific change to the EEG is a redistribution 
of sleep-stage variables. Minutes of slow-wave sleep (SWS; 
sleep characterized by high-amplitude, low-frequency waves) 
declines by approximately 40%.60,61,64–67 At the same time, an 
approximate 20% increase in stage 2 sleep is observed in both 
longitudinal60 and cross-sectional61 samples. Whether these 
changes are also a reflection of adolescent cortical restructur-
ing or are of functional significance to sleep-dependent pro-
cesses remains unknown. Finally, young adolescents tend to 
‘skip’ their first REM episode.60,66 The ‘skipped REM’ epi-
sodes are characterized by the emergence from ‘deep’ sleep 
stages 3 and 4 (SWS) into ‘lighter’ stages such as stages 1 and 
2 for a duration of at least 12 minutes.61 In adults, ‘skipped 
REM’ episodes often accompany sleep deprivation protocols; 
therefore, some have speculated that the skipped REM epi-
sodes in young individuals may reflect increased sleep drive 
observed in younger individuals.68

The dynamics of the homeostatic system are also altered 
during puberty, though not involving the dissipation of 
Process S with sleep. One cross-sectional and two longitudinal 
studies which modeled the dissipation of sleep pressure across 
nights of sleep found that the time constant of the decay does 
not change across adolescent development.69–71 This finding 
lends further support to the notion that the recovery process 
occurring during sleep, from which some infer sleep ‘need,’ 
does not change across adolescent development. One cross-
sectional study modeled the build-up of SWA using sleep 
before and after 36 hours of sleep deprivation and found an 
increase in the time constant of the build-up in post-pubertal 
versus pre-pubertal teens.70 In other words, mature adoles-
cents accumulated sleep pressure at a slower rate across a 
waking period compared to their younger pre-pubertal peers. 
Longer sleep onset latency near bedtime in Tanner 5 adoles-
cents compared to Tanner 1 adolescents provides further 
support for this developmental difference in sleep pressure at 
the end of the waking day.72 Figure 6-2 illustrates this relative 
change across adolescence. Process S of the mature adolescent 
(blue dashed line) increases across the waking day at a slower 
rate than the immature, young adolescent (blue solid line), 
and thus at a 10 p.m. bedtime has not reached the same level 
of sleep pressure as the immature adolescent. This slower 
accumulation of sleep pressure is thought to explain, in part, 
why mature adolescents are able to stay awake longer into the 
evening or night, whereas younger pre-pubertal adolescents 
are able to, and often do, fall asleep more rapidly and earlier 
in the evening.

The circadian timing system is also altered during adoles-
cence. Changes to chronotype – whether an individual is a 
morning/early type or an evening/late type – provided the first 
indication of this circadian change. Chronotype can be meas-
ured via questionnaires73–75 that ask what time of day one 
would choose to engage in different activities, such as when 

to this two-process model, the alerting signal of the circadian 
process opposes a wake-dependent sleep-promoting process 
to maintain wakefulness across the day.19 Similarly, homeo-
static sleep pressure dissipating across a night of sleep is coun-
tered by the circadian timing system as it reaches its maximal 
levels of sleep propensity during the second half of the habit-
ual sleep period, thus maintaining or ‘protecting’ the second 
half of nocturnal sleep.20 Theoretically, the alignment of these 
two processes predicts maintenance of wakefulness and alert-
ness during the daytime and maintenance of sleep at night. 
This ideal balance between the systems is challenged during 
adolescence as both processes show developmental changes 
and as behavioral demands and choices alter the balance.

CHANGES TO SLEEP–WAKE REGULATION  
ACROSS ADOLESCENCE

Puberty, or the process of sexual maturation and reproductive 
competence, usually occurs during adolescence and is initiated 
with a re-activation of the hypothalamic–pituitary–gonadal 
axis after a dormant period during childhood. The brain also 
undergoes major structural reorganization during this time. 
One of the most prominent structural changes during devel-
opment is a sharp decline of cortical synapses (‘pruning’) in 
the second decade of life. This change is further illustrated by 
cortical gray matter volume declining throughout the teen 
years. These changes to brain structure influence sleep 
physiology.

Figure 6-1 A schematic representation of the Two Process Model of 
Sleep Regulation. The broad concept of ‘sleep pressure’ is illustrated on the 
y-axis as a function of time spanning over 2 days. An ideal sleep duration of 
9 hours per night from 10 p.m. to 7 a.m. is illustrated by shaded gray 
rectangles. The upward-facing arrow at 9 p.m. illustrates the time of 
melatonin onset (DLMO phase), which usually occurs 1 to 2 hours before 
bedtime. Process C (red curve) shows sleep pressure changing with a cycle 
length of 24 hours. The pressure to sleep is highest approximately 7 hours 
after DLMO phase and sleep pressure is lowest just before DLMO phase, 
and thus just before bedtime. Process S is illustrated by the blue curve, and 
is dependent on the timing and duration of sleep and wake. At sleep onset, 
sleep pressure is highest and dissipates over the course of sleep, whereas 
sleep pressure is lowest at the beginning of the waking day and 
accumulates over the course of wakefulness. Ideally, these two processes 
interact with one another to maintain sleep at night and maintain alertness 
during the day (see text). This figure was published in S.J. Crowley, C.N. 
Kyriakos, and A.R. Wolfson. Sleep Patterns and Challenges. In: Encyclopedia 
of Adolescence. B.B. Brown and M. Prinstein (eds.). Copyright Elsevier (2011).
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upward-facing arrow). Thus, the time of greatest pressure for 
sleep dictated by the circadian system in older adolescents is 
now closer to wake-up time, and the time when the circadian 
process promotes alertness (low sleep pressure) at the end of 
the day becomes later into the evening.

Specific factors that contribute to the developmental circa-
dian delay during adolescence are an active area of investiga-
tion. One hypothesized mechanism includes a lengthening of 
the endogenous circadian period during adolescence since a 
longer intrinsic period length is associated with a later 
entrained phase in adults.49 In a preliminary study,86 average 
period in 27 adolescents aged 9–15 years was 24.27 h. In this 
cross-sectional study, the sample size was too small to observe 
a difference among pubertal groups classified by Tanner stage; 
however, period measured in this group of adolescents was 
significantly longer than in a group of adults measured by 
others.87,88 Pubertal changes to intrinsic period are also 
observed in laboratory animals; however, the change appears 
to be sex-dependent and does not necessarily predict the 
concomitant change in phase.89

An alternative or additional hypothesized mechanism that 
may explain the adolescent delay in circadian timing is a 
developmental difference in the phase response to light. 
Because most humans have an intrinsic circadian period 
longer than 24 hours, most entrainment occurs with discrete 
phase advances in response to light occurring shortly after 
habitual wake-up time. One suggestion is that older adoles-
cents have an attenuated response to this phase-advancing 
light. Alternatively, adolescents may develop a heightened 
sensitivity to delaying light in the evening. Either or both of 
these hypothesized differences in light sensitivity would favor 
a delayed circadian phase. Preliminary data90 suggest that light 
sensitivity measured via melatonin suppression does not differ 
between pre- to early-pubertal adolescents and mid- to late-
pubertal adolescents. The less mature group, however, showed 
melatonin suppression in response to low light levels (≈15 lux) 
at a time that would advance the system, whereas the more 
mature adolescents did not. Two additional studies report 
older adolescents showing minimal phase advances in response 
to 291 or 692 days of short-wavelength light exposure after 
waking. Collectively, these studies may lend some preliminary 
support to an attenuated phase advance response to light in 
more mature adolescents. Preliminary animal data93 also 
support the hypothesized exaggerated response to delaying 
light in juvenile female mice compared to adults. Ongoing 
studies are testing these hypotheses in humans.

PSYCHOSOCIAL CONTEXT

In addition to the sleep-regulatory changes reviewed above, a 
number of psychosocial factors evolve as youngsters pass 
through adolescence. First, parent-set bedtimes become less 
common.6,13,94,95 With less restriction over bedtime and greater 
evening alertness permitted by changes to sleep-regulatory 
systems, many older adolescents stay awake later to study,95,96 
watch television or play video games,97 and socialize.95,98 In 
recent years, social interactions increasingly occur through use 
of technology (e.g., text messaging, Facebook®, Twitter®, and 
so forth).99 Recent reports indicate that 70–88% of teens 
living in industrialized countries spend time on social network 
sites daily,100–102 and this estimate will likely increase over the 

they prefer to wake up, go to bed, take a test, exercise, and so 
forth. More recently, the midpoint of sleep on weekend or 
vacation days (‘free days’) has also been used to assess whether 
an individual is a late or early chronotype.76 Carskadon and 
colleagues75 noted an association between ‘eveningness’ and a 
more mature self-assessed puberty rating. This study was par-
ticularly informative because these data were sampled from a 
group with similar psychosocial contexts (6th grade students), 
thus reducing the potential impact of social factors driving 
this association between puberty and time-of-day preference. 
In a longitudinal study of 14-year-old Brazilian adolescents, 
Andrade and colleagues77 reported sleep midpoint on weekend 
nights delayed in adolescents who matured from one Tanner 
stage to another, whereas weekend mid-sleep time did not 
change in those who remained at the same Tanner stage 
during the study. Others have since confirmed this change 
across puberty78 and with age.79–82 This ‘evening’ tendency, 
which appears to be most pronounced during late adolescence 
(≈20 years),81 suggests that underlying properties of the ado-
lescent circadian timing system are altered compared to chil-
dren and adults. Indeed, laboratory studies show that a more 
mature stage is associated with later onset and offset of  
melatonin secretion even when sleep (dark) is fixed in  
young humans.83,84 Hagenauer and colleagues85 reviewed 
similar findings of a circadian phase delay shift from pre- to 
post-pubertal development in other mammalian species. 
Pubertal humans and several other non-human mammalian 
species are also phase-delayed compared to later during 
adulthood.

Similar to Process S, Process C also undergoes develop-
mental changes that allow mature adolescents to stay awake 
later into the evening or night compared to younger adoles-
cents. Figure 6-2 shows this relative delay of the circadian 
system. The dashed red curve and the dashed red arrow rep-
resenting DLMO phase of the older adolescent is shifted later 
compared to the young adolescent (red solid curve and red 

Figure 6-2 A Schematic Representation Illustrating the Relative 
Change to Process C and Process S with Maturation. Illustration symbols 
are the same as in Figure 6.1. Young, immature adolescents are shown in 
solid lines and mature, older adolescents are shown in dashed lines. The 
dissipation of Process S is shown as a solid blue line for both immature and 
mature adolescents since this recovery process shows little change across 
adolescence. A delayed Process C and a slower accumulation of Process S 
are permissive of later sleep times with maturation (see text). 
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coming years. Access to media screens, such as TV, video 
games, cell phones, and computers contributes to late bed-
times on school nights,97 and more access to these screens is 
associated with fewer hours of sleep13 and more disturbed 
sleep103 on school nights. Recent studies indicate that light 
from media screens in the evening before bedtime may delay 
the circadian system and increase alertness,104,105 though 
further work is needed. If so, such effects likely exacerbate the 
delayed circadian phase and heightened evening alertness that 
older adolescents already experience due to altered sleep regu-
lation. Data also indicate that staying awake later on weekends 
to socialize or engage in other leisure activities and sleeping 
in on weekends may also exacerbate the already-delayed cir-
cadian system of teens.91

The combination of these biological and psychosocial 
factors that favor (and perhaps exacerbate) late bedtimes are 
in direct conflict with the school schedule, particularly in 
communities with early school start times. As a consequence, 
school-night sleep is chronically restricted and many teens 
wake at an inappropriate time with respect to the circadian 
timing system. The negative consequences of short and ill-
timed sleep are numerous, including sleepiness, depressed 
mood, immune and metabolic dysfunction, poor school per-
formance, substance use, and driving accidents (see Chapters 
5 and 9). Education of school administrators, teachers, parents, 
and students about adolescent sleep needs remains critical, 
and targeted sleep interventions are needed to attenuate the 
risk of such poor outcomes.

Clinical Pearls

• Encourage parents to set a bedtime for their teenager.
• Encourage teens to avoid bright light, bright ‘screens,’ and 

other stimulating activities in the evening before bedtime 
and to seek bright light (sunlight if possible) in the 
morning.

• Encourage teens to keep a consistent sleep–wake schedule 
across the week, including on weekends.

• As part of the medical community and a local community, 
be part of the discussion with school administrators, 
teachers, parents, and students about adolescent sleep 
needs and consequences of insufficient sleep in this age 
group.
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INTRODUCTION

This chapter will cover general principles of medication use 
for sleep disorders in children with a focus on sedative/
hypnotic medications for insomnia in children and adoles-
cents.1,2 Specific pharmacologic interventions for other sleep 
disorders (such as narcolepsy or restless legs syndrome) are 
discussed in those respective chapters. General recommenda-
tions will be described first, followed by a discussion of specific 
features of those sleep medications that have been identified 
as commonly used in pediatric settings.

It should be noted that – other than for the treatment of 
enuresis – the only medication currently approved by the US 
Food and Drug Administration (FDA) for use in treating any 
sleep disorders in children under 18 years old is chloral hydrate 
(due to an old indication for its use in treating insomnia in 
children). In general, empirical data are limited regarding the 
efficacy, safety, and tolerability of pharmacologic interventions 
for sleep problems in the pediatric population. Most of the 
information available regarding use of these medications is 
taken from adult data or from case reports or small case series 
in pediatric populations. Only a few published studies have 
specifically examined the effectiveness of hypnotic/sedative 
use in children and adolescents in randomized placebo-
controlled clinical trials. Despite this lack of evidence, a 
number of studies, in both the United States and Europe, 
suggest that prescribing, or recommending over-the-counter 
(OTC) use of, sedatives or hypnotics for sleep complaints is 
a relatively common practice among pediatricians, general 
practitioners, and child psychiatrists.3 Thus, while empirical 
data will be included whenever possible, recommendation for 
the rational use of these medications in clinical practice in this 
chapter will be largely based on recently developed consensus 
statements1,2 rather than on empirically based guidelines.

GENERAL RECOMMENDATIONS

Clinical Considerations
Treatment Strategies
Treatment strategies should always be diagnostically driven 
and based on systematic evaluation of possible etiologic 
factors.

Combination of Treatment Modalities
Medication should rarely be the first choice or sole treatment. 
In almost all cases, medication should be used in combination 
with non-pharmacologic behavioral management strategies. 
Although pharmacologic interventions are likely to have a 
more rapid and potent effect, non-pharmacologic treatments 
have been shown to result in more sustained improvement 
(persisting after medication has been discontinued).4 Com-
bining therapies also helps to minimize side effects.

Sleep Hygiene
When working with children with sleep difficulties, existing 
unhealthy sleep practices should always be uncovered and 
addressed, and treatment recommendations must include 
institution of more appropriate sleep behaviors. Healthy sleep 
practices, commonly referred to as good sleep hygiene, include 
modifying daytime, bedtime, and within-sleep practices that 
positively impact wake-to-sleep transitions, for example by 
decreasing psychophysiological arousal and improving the 
sleep environment. Specific recommendations are usually 
made across a wide range of activities and typically include 
such suggestions as adoption of a nightly pleasant bedtime 
routine, maintenance of a consistent bedtime and wake time, 
use of a quiet, dark and cool bedroom, avoidance of caffein-
ated products, and assurance of appropriate levels of daily 
physical activity.

Sleep Education
Psycho-education regarding the basics of sleep and sleep regu-
lation is a critical component of responsible medication man-
agement. For example, families should understand medication 
effects in relationship to homeostatic sleep regulation. Thus, 
they should know that a late-day nap might reduce the sleep 
drive such that even large doses of medication may be inef-
fective in facilitating sleep initiation at the desired bedtime. 
Clinicians can help parents to understand the appropriate role 
of pharmacotherapy by explaining that sleep is a biological 
function that is influenced by multiple internal and external 
facilitating and inhibiting factors and that medication acts to 
facilitate but does not ‘cause’ sleep.

Treatment Goals
Clear, well-defined treatment goals must be established with 
the patient and family. Treatment outcomes should be realis-
tic, clearly defined, and measurable (with goals, for example, 
for sleep onset to be consistently less than 30 minutes, for 
improvement in mood and attentiveness, and for a decrease 
in subjective distress about the insomnia in caregiver and 
patient). Caregiver expectations regarding the potential 
impact of pharmacotherapy must be explicitly stated and 
appropriate; hence, the immediate goal of treatment will 
usually be to alleviate or improve, rather than to completely 
eliminate, sleep problems.

Exit Strategy
It is important at the outset of treatment to have a defined 
exit strategy regarding expectations of treatment and its dura-
tion (ideally less than 1 month). In fact, the duration of 
therapy should be discussed and clarified with the family at 
the outset; and, the clinician should begin planning for dis-
continuation of medication at the time of initiation. In most 
situations, medications should be used for the shortest pos-
sible duration.

Chapter 
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presenting complaint. For children with sleep-onset problems, 
a shorter-acting medication is generally desirable, whereas 
longer-acting medications should be considered for sleep 
maintenance problems. Medications and time of administra-
tion should be chosen to minimize morning hangover or per-
sistent grogginess. Usually, this means choosing an agent with 
the shortest possible half-life.

Timing
Consideration should be given to the timing of drug admin-
istration relative to the targeted time of sleep onset  
(e.g., ‘within 30 minutes of lights out’). There should be 
awareness of the wakeful period that precedes sleep readiness. 
This is the circadian-mediated period of alertness that occurs 
in adults and children, (usually) in the evening hours,  
just before sleep onset during a 1- or 2-hour window in which 
it becomes difficult or almost impossible to fall asleep. This  
is the so-called second-wind or wake maintenance zone 
(see Chapter 4). Most hypnotic medications have their  
onset of action within 30 minutes of administration and  
peak within 1–2 hours. Thus, giving the medication too early 
(e.g., 2 hours before sleep onset) is not only less likely to be 
effective than dosing closer to bedtime but – when adminis-
tered during this window of increased circadian alertness – 
may induce dissociative phenomenon (i.e., disinhibition and 
hallucinations).5

Drug–drug Interaction
Medication should be used with caution when there is a 
potential for pharmacodynamic drug–drug interaction with 
concurrent medications (e.g., opiates) or pharmacokinetic 
drug–drug interaction (e.g., between fluoxetine, a CYP2D6 
and -2C19 inhibitor, and diphenhydramine).6

Metabolic Considerations
Based on the meager pediatric pharmacokinetic/
pharmacodynamic data that exist for hypnotic drugs, it appears 
that some medications (such as zolpidem (Ambien®))  
are metabolized differently in younger children (see below). 
These data suggest that children may require higher doses 
than adults.7 Additionally, a dose that is not adequate to 
induce sleep could result in a paradoxical reaction in which the 
child becomes groggy, and subsequently agitated and 
disinhibited.7

Concurrent use of OTC Agents
Caregivers and patients should be questioned regarding con-
current use of parent- or self-initiated non-prescription sleep 
medications (Tylenol PM®, melatonin, herbals), as well as 
other OTC medications. In some cases, OTC sleep medica-
tions may interact with other prescription or OTC drugs, or 
they may exacerbate an underlying medical condition.  
Some of these medications have similar ingredients (e.g., 
diphenhydramine is the soporific ingredient in many OTC 
allergy/cold preparations and sleep aids). Although most 
complementary alternative therapies (e.g., herbal preparations 
such as chamomile or synthetic melatonin) are generally 
viewed by parents as safe, the potential drug–drug interactions 
between these agents and sedatives, hypnotics, and other 
medications are largely unknown. Such use should be 
approached with caution.

Dosing
Dosing should be initiated at the lowest level likely to be 
effective and increased only as necessary. There should be 
clearly defined criteria for dose escalation with simultaneous 
monitoring for side effects. Close communication with the 
family, including during frequent follow-up visits, is a key 
component of successful and safe management.

Discontinuation
Abrupt discontinuation of medications – especially ones used 
on a nightly basis over an extended period of time – should 
generally be avoided. Drugs should be tapered gradually to 
reduce the possibility of rebound insomnia, an occurrence that 
is especially common when treatment is with high doses or 
with drugs having short or intermediate half-lives.

Dose Modification
Potential modifications in dosage and timing should be 
reviewed ahead of time with the family. For example, it should 
be clear if the medication is to be given on a nightly, or on an 
intermittent as needed basis. If the latter, then the criteria for 
administering the medication on any given night should be 
made completely clear (e.g., if still awake after 45 minutes of 
trying). If middle-of-the-night dosing for night wakings is to 
be employed, then the specific indications for such usage must 
be understood (e.g., only if there is at least 4 hours of remaining 
sleep opportunity).

Hazardous Activities
Patients, especially adolescents, should be cautioned to avoid 
hazardous activities – such as driving or using power tools – 
after taking a hypnotic medication.

Non-accidental Overdose
Any hypnotics, particularly those with high toxicity at over-
dose levels, should be used with extreme caution in patients 
with a history of depression due to the risk of non-accidental 
overdose.

Drug Screening
Adolescents should be screened for alcohol and drug use prior 
to initiation of sleep medication, as many recreational sub-
stances may have additive effects when combined with seda-
tives and hypnotics.

Use in Pregnancy
Because some sleep medications are contraindicated in preg-
nancy, pregnancy screening should be carefully considered in 
sexually active girls before initiating therapy, and the impor-
tance of contraception use during the course treatment should 
be discussed. This concern warrants checking for pregnancy 
in adolescent girls.

Pharmacologic Considerations
Patient and Drug Selection
Selection of patients to be treated should be based on the 
clinician’s judgment of the best possible match between the 
clinical circumstances (e.g., type of sleep problem and patient 
characteristics) and the properties of currently available drugs 
(including onset of action, safety, and tolerability). Medica-
tions selected should have pharmacologic characteristics (par-
ticularly onset and duration of action) appropriate for the 
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By contrast, second- and third-generation antihistamines, 
such as terfenadine and loratadine, are significantly less sedat-
ing.10 Antihistamines are generally rapidly absorbed, and 
effects on sleep architecture appear to be minimal.10 Most 
OTC sleep aids (such as Tylenol PM®) contain diphenhy-
dramine or doxyl amine. A double-blind placebo-controlled 
study in 50 children with diphenhydramine HCL (1 mg/kg) 
showed significant subjective improvement in sleep latency 
and night waking.11 However, a more recent study in 6- to 
15-month-old children found that diphenhydramine was no 
better than placebo in reducing night wakings.12

Potential adverse effects of antihistamine usage include 
anticholinergic effects (e.g., dry mouth, blurred vision, urinary 
retention), morning hangover with daytime drowsiness, and 
paradoxical excitation. Tolerance to antihistamines may 
develop, necessitating increasing doses.

Melatonin
Melatonin is a hormone secreted by the pineal gland that 
binds to receptors in the suprachiasmatic nucleus in the 
hypothalamus. Melatonin is a key biomarker of circadian 
sleep–wake cycles; its release is suppressed by exposure of the 
retina to light. The goal of treatment with commercially avail-
able (synthetic) melatonin is (theoretically) to supplement the 
endogenous pineal hormone. Depending upon the dose and 
timing of administration, melatonin has both chronobiotic 
(i.e., shifting of the circadian sleep–wake cycle) and mild 
hypnotic (i.e., sedating) effects.13 Because plasma levels of 
exogenous melatonin peak within 1 hour of administration, 
reduction in sleep latency in insomnia appears to be maximal 
when melatonin is taken in doses of 3–5 mg close to bedtime.13 
However, studies of melatonin in adults with delayed sleep 
phase disorder have reported that smaller doses (e.g., 0.5 mg) 
5–6 hours before the usual time of sleep onset may be of some 
corrective value in treating sleep onset delay caused by the 
existence of the phase delay.14

In general, there is more empirical support confirming the 
safety and efficacy of melatonin use than there is for other 
sedative/hypnotic drugs frequently used in clinical practice in the 
pediatric population. For example, studies have demonstrated 
efficacy in reducing sleep-onset latency both in healthy chil-
dren15 and in children with ADHD,16–19 based on the premise 
that some children with ADHD have a circadian-mediated 
phase delay (i.e., delayed sleep onset and offset compared to 
developmental norms). Additional clinical uses for melatonin 
include in normal children with chronic or acute circadian 
rhythm disturbances (e.g., delayed sleep phase syndrome, jet lag) 
and in children with special needs or neurodevelopmental dis-
orders (e.g., blindness, Rett syndrome, autism).20,21

Although generally regarded as safe even under conditions 
of long-term use,22 potential adverse effects of melatonin 
include suppression of the hypothalamic–gonadal axis, poten-
tially triggering precocious puberty on discontinuation,23 and 
anti-inflammatory effects.24 Since melatonin is not regulated 
by the FDA, the commercially available formulations tend to 
vary in strength and purity; therefore, consideration may be 
given to use of pharmaceutical-grade melatonin (available on 
the Internet). Commonly used doses of melatonin are 1 mg 
in infants, 2.5–3 mg in older children, and 5 mg in adoles-
cents;25 in children with special need’s doses ranging from 0.5 
to 10 mg have been reported26 irrespective of age. As noted 
above, delay in sleep-onset initiation due to a circadian-based 

Tolerability
Adverse Effects
All medications prescribed for sleep problems should be closely 
monitored for the emergence of adverse effects. Some medica-
tions may even precipitate new, or exacerbate co-existing, sleep-
related problems such as sleepwalking and daytime sleepiness. 
Discontinuation of these agents may also result in increased 
sleep problems. For example, when REM-suppressing medica-
tions are abruptly withdrawn, an increase in nightmares may be 
seen as a result of a subsequent rebound in REM sleep.8

Co-existing Sleep Problems
Insomnia in children commonly occurs in conjunction with 
other primary sleep disorders (e.g., obstructive sleep apnea, 
restless legs syndrome). Thus, the possibility of simultaneous 
occurrence of both medically based and behaviorally based 
sleep disorders warrants attention. In addition, pharmacologic 
treatment of insomnia could exacerbate the symptoms of co-
existing sleep problems. For example, sedative/hypnotics with 
respiratory depressant properties (such as the benzodiazepines 
(BZDs)), and medications that may cause significant weight 
gain (e.g., mirtazapine), should be avoided if the insomnia 
occurs in the presence of obstructive sleep apnea, and sedating 
selective serotonin reuptake inhibitors (SSRIs) should be used 
with caution in the presence of insomnia as they may increase 
symptoms of restless legs syndrome (RLS).

SPECIFIC MEDICATIONS COMMONLY USED  
FOR PEDIATRIC INSOMNIA

Summaries of pharmacologic and clinical properties of 
sedatives/hypnotics frequently used in pediatric clinical set-
tings are presented in Tables 7.1 and 7.2. The following dis-
cussion describes drug properties and specific cautions 
regarding use in the pediatric population. OTC drugs are 
discussed first; then there follows a description of prescription 
medications that are currently FDA-approved for treatment 
of insomnia in adults (BZD receptor agonists, melatonin 
receptor agonists, low-dose doxepin).9 Prescription medica-
tions commonly used off-label for childhood insomnia are 
discussed below, but the order of presentation should not be 
interpreted as implying any preference (given that the cur-
rently available empirical evidence regarding safety and effi-
cacy of pharmacological insomnia treatment in children is 
inadequate to rank recommendations). Of the OTC medica-
tions discussed, most do not have pediatric dosing listed by 
the manufacturer, and dosing in clinical practice is often 
determined by choosing a proportion of the adult dose.

Nonprescription Medications
Antihistamines
Antihistamines – both OTC (e.g., diphenhydramine) and 
prescription (e.g., hydroxyzine) – are the most commonly 
prescribed or recommended sedatives in pediatric practice.3 
Because of their widespread use and familiarity, many families 
and providers view antihistamines an acceptable choice for  
the treatment of childhood insomnia. Clinical experience sug-
gests that these medications are generally well tolerated in 
children. First-generation drugs (diphenhydramine, hydrox-
yzine, chlorpheniramine) cross the blood–brain barrier and 
bind to H1 receptors in the central nervous system (CNS).10 
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phase delay may respond better to a small dose (0.5 mg) 5–6 
hours before the desired bedtime.14

Herbal Preparations
Most herbal preparations are generally considered safe; 
however, these products remain largely untested in children. 

Valerian root, St. John’s wort, and Humulus lupulus (hops) have 
some evidence for efficacy in adult and/or pediatric studies.27,28 
Valerian root, which has BZD-like properties, has been shown 
in several studies in adults to have sleep-promoting effects 
without the hangover effects seen with the BZDs, although 
effects may not be seen until after several weeks of 

*FDA-approved as hypnotic in adults.

Reprinted by permission of Oxford University Press, USA. From Owens, J. Insomnia in Children and Adolescents. Pediatric Psychopharmacology, 2003;2:660.

DRUG ADULT DOSING 
RANGE (MG/

DOSE)

FORMULATION SIDE EFFECTS DEVELOPMENT 
TOLERANCE/

WITHDRAWAL 
EFFECTS

SAFETY 
PROFILE/

(OVERDOSE)

COMMENTS

Diphenhydramine
Brompheniramine
Chlorpheniramine
Hydroxyzine

25–50 (should not 
exceed daily 
dose 300mg)

4
4
25–100
0.6mg/kg (children)

Tablet, capsule, 
syrup, 
injectable

Daytime drowsiness, 
GI (appetite loss, 
nausea/vomiting, 
constipation, dry 
mouth), 
paradoxical 
excitation

OD: hallucinations, 
seizures, 
excessive 
stimulation

Weak soporifics; 
high level 
parental/
practioner 
acceptance

Melatonin 2.5–5
(0.3–25)

Tablet; various 
strengths

Largely unknown; 
reported 
hypotension, 
bradycardia, 
nausea, headache. 
Possible 
exacerbation of 
co-morbid 
autotimmune 
diseases

unknown Used in children 
with 
developmental 
disabilities, MR, 
autism, PDD, 
neurologic 
impairment, 
blindness; jet lag

Clonazepam* 0.5–2.0 Tablets Residual daytime 
sedation, rebound 
insomnia on 
discontinuation, 
psychomotor/
cognitive 
impairment, 
anterograde 
amnesia (dose 
dependent); 
impairment in 
respiratory 
function

Yes, especially with 
shorter acting 
BZD; withdrawal 
effects include 
seizures

Marked abuse 
potential

Also used to control 
partial arousal 
parasomnias 
(night terrors, 
sleepwalking); 
use short half-life 
BZD for sleep 
onset; longer 
half-life for sleep 
maintenance

Zolpidem*
Zaleplon*

5–10
5–10

Tablet, oral spray, 
sublingual 
tablet

Headache, 
retrograde 
amnesia; few 
residual next-day 
effects

May develop 
tolerance/
adaptation with 
extended use; may 
develop rebound 
insomnia on 
discontinuation

Well-tolerated in 
adults;

OD: CNS 
depression; 
hypotension

Little clinical 
experience in 
children

Ramelteon* 8 Tablet Dizziness, nausea; 
nipple discharge 
(increased 
prolactin?)

No withdrawal; low 
abuse potential; 
not a controlled 
substance

Anaphylaxis; 
abnormal 
cognitions

Avoid 
co-administration 
with fluvoxamine

Clonidine 0.025–0.3 (increase 
by 0.05 
increments)

Tablet, 
transdermal 
patch

Dry mouth, 
bradycardia, 
hypotension, 
rebound 
hypertension on 
discontinuation

Narrow therapeutic 
index; OD: 
bradycardia, 
decreased 
consciousness 
hypotension

Also used in 
daytime 
treatment of 
ADHD

Trazodone 20–50 Tablets Dizziness, CNS 
overstimulation. 
Cardiac 
arrhythmias, 
hypotension, 
priapism

OD: hypotension, 
cardiac effects

May be used with 
co-morbid 
depression

Table 7.2  Clinical Properties of Selected Medications Used for Pediatric Insomnia
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in adults: zolpidem-CR (Ambien-CR®) and eszopiclone 
(Lunesta®). Peak drug concentration of eszopiclone occurs at 
60 minutes; half-life and clinical effect are approximately 6 
hours. Fatty foods tend to delay the absorption. Side effects 
include unpleasant taste and headache. Abrupt withdrawal 
with prolonged use (over 2 weeks) may be associated with 
rebound insomnia. Studies in adults have shown no develop-
ment of tolerance effects at 6 months, and this medication has 
been approved for longer-term use.36

As noted above, disinhibition with any of the NBzRAs may 
occur in the period immediately after ingesting the medica-
tion, and hallucinations have been reported.37 Recent reports 
of rare sleep-related events (sleep-eating, sleep-driving) in 
adults taking zolpidem38 have raised additional concerns 
about its use in children. Although rebound insomnia may 
occur with either of these compounds, studies in adults suggest 
non-nightly administration can be effective.38

Melatonin Receptor Agonists
Melatonin receptor agonists act selectively at the MT1 and 
MT2 receptors, and have been reported to be potentially 
useful in the pediatric population.39 Ramelteon (Rozerem®) 
is the only drug in this class that has FDA approval for the 
treatment of insomnia in adults; it does not appear to have 
abuse potential and is not a scheduled drug. The sleep-
promoting effect of ramelteon is postulated to be related both 
to a circadian-advancing effect and to reduction of the 
circadian-based surge in alertness level (wake maintenance 
zone) just prior to sleep onset.40 While it has shown moderate 
efficacy in clinical trials in reducing sleep-onset latency, sub-
jective improvements in sleep-onset latency are typically less 
consistently reported than are objective ones (i.e., those that 
are polysomnographically determined).40 Side effects include 
dizziness and fatigue; co-administration with fluvoxamine 
should be avoided.

Low-dose Doxepin
The antidepressant doxepin (Silenor®) acts as a selective his-
tamine receptor antagonist in low doses. It has a long half-life 
and was approved for sleep maintenance insomnia in adults 
in 2010. It appears to have no abuse potential and is not a 
scheduled drug

Off-label Insomnia Drugs Used in Pediatrics
Alpha Agonists
Central α2 agonists, which decrease adrenergic tone, are used 
to treat both symptoms of attention deficit hyperactivity disor-
der during the day and ADHD-associated sleep-onset delay at 
bedtime in children.41 Despite their widespread use,3,42 partic-
ularly of clonidine, data regarding safety and efficacy in chil-
dren are limited. Although several descriptive studies have 
reported adequate clinical response and a relatively low adverse 
effect profile,43 clonidine has a narrow therapeutic index, and 
there have been reports of overdose with this medication44 The 
drug is rapidly absorbed, with an onset of action within 1 hour 
and peak effects at 2–4 hours. Tolerance to the sedating effects 
may develop with sedative effects tending to decrease over 
time, thus necessitating gradual increases in dose and associ-
ated increased potential for adverse effects. In general, the 
maximum bedtime dose is 0.3 mg; the failure to respond at this 
level suggests that an alternative hypnotic should be consid-
ered. Night awakening may also occur as blood levels drop. 

treatment.28 Data on the efficacy of lemon balm, chamomile, 
and passionflower are limited; chamomile is reported anecdo-
tally to have mild sedating effects. Kava-kava and tryptophan 
have been associated with significant safety concerns (e.g., 
hepatotoxicity and eosinophilic myalgia syndrome, respec-
tively).27,28 Aromatherapy with the volatilized oil of lavender 
has been reported in several small studies to improve sleep 
quality in both adults and children.29,30

FDA-Approved Prescription Insomnia Drugs
Benzodiazepine Receptor Agonists; Benzodiazepines
Gamma-aminobutyric acid (GABA) is the major inhibitory 
neurotransmitter in the brain. The hypnotic effect of the 
BZDs is mediated by their action at GABA type A receptors 
(GABAA)).31 These medications shorten sleep-onset latency, 
increase total sleep time (TST), and improve non-REM sleep 
maintenance; however, most disrupt slow-wave sleep. The 
BZDs also have muscle-relaxant, anxiolytic, and anticonvul-
sant properties. The shorter onset of action of some BZDs 
has led to their use in treating sleep-onset insomnia; agents 
with a longer duration of action have been more commonly 
used to address sleep maintenance. However, use of longer-
acting BZDs may lead to morning hangover, daytime sleepi-
ness, and compromised daytime functioning. Anterograde 
amnesia and disinhibition may also occur. In general, this class 
of medication should only be used for short-term or transient 
insomnia, or in clinical situations in which their other proper-
ties (e.g., anxiolytic) are advantageous. BZDs are occasionally 
used to treat severe partial arousal parasomnias (e.g., sleep 
terrors, sleepwalking) in children, with their efficacy possibly 
related to their slow-wave sleep suppressant effects. There is 
a risk of habituation or addiction with these medications, as 
well as withdrawal phenomena, all of which limits their use 
in children and adolescents.

Nonbenzodiazepine Receptor Agonists
The nonbenzodiazepine receptor agonists (NBzRAs) bind 
preferentially to GABAA receptor complexes containing α1 
subunits.32 Effects on sleep architecture appear minimal, 
although they may increase slow-wave sleep.10 There are two 
short-acting NBzRAs approved for use in adults, zaleplon 
(Sonata®) and zolpidem. Zaleplon has a very short half-life, 
making it potentially useful for middle-of-the-night admin-
istration (if at least 5 hours remain before the desired wake 
time), as well as for sleep-onset insomnia.33 Side effects 
include dizziness, anterograde amnesia, confusion, and hal-
lucinations. The most common adverse event reported in 
adults is headaches. Zolpidem has a half-life of 2–3 hours and 
is available in oral tablets as well oral spray and sublingual 
formulations; the low-dose sublingual form has recently been 
approved for middle-of-the-night insomnia in adults. Longer-
duration trials in adults suggest continued hypnotic benefit at 
6 months without the development of tolerance.

There are several studies that have reported on the use of 
zolpidem in pediatric patients.7,34,35 While an open-label 
dose-escalation study suggested that children may require 
higher doses compared to adults, a randomized clinical trial 
in 200 children with ADHD-associated insomnia found that 
zolpidem doses up to 10 mg were ineffective and were associ-
ated with significant adverse events (hallucinations).7

Two NBzdRAs with longer half-lives are also approved  
for sleep maintenance as well as sleep initiation insomnia  
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medications, such as citalopram (Celexa®) and escitalopram 
(Lexapro®), appear to have fewer sleep-disrupting effects and 
may be useful in the management of insomnia associated with 
depression. The SSRIs tend to suppress slow-wave sleep; they 
also suppress REM sleep, often prolong REM latency, and 
may increase the number of rapid eye movements, resulting 
in the characteristic polysomnographic finding of so-called 
Prozac eyes.49 SSRIs may also exacerbate symptoms of restless 
legs and periodic limb movements.

The TCAs are largely sedating, although they vary in 
degree. Amitriptyline, doxepin, and trimipramine are the 
most sedating and are the TCAs most frequently used for 
insomnia (in adults).49 Most TCAs are potent REM suppres-
sants, thus rapid withdrawal may lead to REM rebound and 
increased nightmares. The TCAs also tend to suppress slow-
wave sleep and have been used clinically to treat severe partial 
arousal parasomnias because of these direct effects on delta 
sleep.54 Conversely, anecdotal reports suggest that abrupt 
withdrawal after chronic use may lead to slow-wave sleep 
rebound and an increase in partial arousal parasomnias (sleep-
walking, sleep terrors).54

The most commonly reported side effects of tricyclics are 
anxiety, agitation, and anticholinergic effects (blurred vision, 
dry mouth, urinary retention, and orthostatic hypotension). 
TCAs are associated with an increased risk of cardiotoxicity, 
especially with desipramine and in prepubertal children, and 
should be used with extreme caution in clinical situations in 
which there is a risk of accidental or intentional overdose. 
TCAs may also exacerbate RLS symptoms.

ADDITIONAL MEDICATIONS

Other classes of medications that are not indicated for insom-
nia but which have been reportedly used in pediatric clinical 
practice include anticonvulsants (carbamazepine, valproic 
acid, topiramate, gabapentin), atypical antipsychotics (risperi-
done, olanzapine, quetiapine), and (at least when taking into 
account current knowledge) chloral hydrate. Antipsychotics in 
general interfere with neurotransmitters regulating sleep and 
wakefulness, including dopamine, norepinephrine, serotonin, 
acetylcholine, and histamine.55 Traditional antipsychotics 
(e.g., thioridazine and, to a lesser extent, haloperidol) are often 
associated with significant daytime somnolence. Newer atypi-
cal agents tend to be less sedating, but there is some variability 
among individual agents (clozapine is more sedating than 
olanzapine or quetiapine which in turn are more sedating than 
risperidone). Most antipsychotics decrease sleep-onset latency, 
increase sleep continuity, and suppress REM sleep (in higher 
doses). They also may promote sleep by attenuating psychiat-
ric symptoms that interfere with sleep.

In most instances, these medications are being prescribed 
for alternative indications (e.g., bipolar disorder, mood dys-
regulation, aggression), and the associated side effect of seda-
tion is used to advantage in an attempt to reduce sleep-onset 
latency and night wakings. In general, these medications 
should be used with caution, if at all, for insomnia in children. 
There are no or limited data on safety and tolerability for this 
indication in either adults or children. Tolerance to the hyp-
notic effects may develop, necessitating dose increases. Fur-
thermore, the sedating effects may interfere with daytime 
functioning and learning. These medications can also have 

Effects on sleep architecture appear fairly minimal but may 
include decreases in both REM and slow-wave sleep.45 Dis-
continuation can lead to rebound in these sleep stages (thus 
causing vivid dreams or increased sleepwalking and sleep 
terrors).46 Potential adverse effects include hypotension and 
bradycardia, anticholinergic effects, irritability, and dysphoria. 
Rebound hypertension may occur on abrupt discontinuation.

Antidepressants
Sedating atypical antidepressants, SSRIs, and tricyclic antide-
pressants (TCAs) are frequently used in clinical practice to 
treat insomnia in both adult and pediatric populations.47,48 
Antidepressants most likely mediate sleep promotion by influ-
encing activity of non-GABA sleep–wake regulating neuro-
transmitters (e.g., histamine, acetylcholine, serotonin).47 The 
majority of these antidepressants, especially those with anti-
cholinergic effects, suppress REM and increase latency to 
REM sleep; thus, abrupt withdrawal may lead to REM 
rebound and increased nightmares.

Despite their widespread use, especially in mental health 
settings, overall there is a lack of methodologically rigorous 
research that supports the use of any of the antidepressants 
for insomnia in either adults or children. Thus, the use of 
antidepressants for insomnia should generally be limited to 
clinical situations in which there are concurrent mood issues, 
since treating the underlying mood disorder will often result 
in improvements in sleep, and vice versa. However, it should 
be kept in mind that if hypersomnia is part of the clinical 
picture of depression, the use of an antidepressant with seda-
tive effects may further increase daytime sleepiness. Further-
more, the dose of antidepressants for insomnia is typically less 
than the dose used to treat mood disorders.

Atypical antidepressants that are sedating, such as mirtaza-
pine (Remeron®), nefazodone (Serzone®), and trazodone 
(Desyrel®), are used in mental health settings to treat both 
adult and childhood insomnia. Mirtazapine is an α2-adrenergic, 
5-HT antagonist with a high degree of sedation at low doses 
(e.g., 7.5 mg HS); this may result in residual daytime sleepi-
ness.49 It has been shown to decrease sleep-onset latency, 
increase sleep duration, and reduce wake after sleep onset 
(WASO) in both healthy adults and in those with major 
depression, with relatively little effect on REM.50 Nefazodone 
is a 5-HT antagonist and norepinephrine reuptake inhibitor 
that is also associated with significant sedation. Trazodone, a 
5-HT2A/C antagonist, is one of the most sedating antidepres-
sants and appears to inhibit postsynaptic binding of serotonin 
and block histamine receptors.50 Despite its widespread use in 
psychiatry practice, the empirical evidence supporting the effi-
cacy of trazodone is modest at best and generally limited to 
clinical trials in adults with psychiatric disorders.51 Trazodone 
is an REM suppressant and may increase slow-wave sleep; 
morning hangover is a common side effect. Trazodone has 
been associated with hypotension, arrhythmias, and serotonin 
syndrome; in the 50–150-mg dose range, it has been associated 
with reports of priapism in adults.52

Serotonin antagonists and SSRIs are believed to promote 
sleep primarily by inhibiting uptake of the wake-promoting 
neurotransmitter serotonin.53 These drugs vary widely in their 
propensity to cause sedation (and better sleep) or activation 
(with resulting sleep-onset delay and sleep disruption). Use of 
the more activating SSRIs (e.g., fluoxetine) is often associated 
with reports of insomnia in adults.49 Newer-generation SSRI 
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24. Mauriz JL, Collado PS, Veneroso C, et al. A review of molecular aspects 
of melatonin’s anti-inflammatory actions: recent insights and new per-
spectives. J Pineal Res 2012;Epub ahead of print.

25. Sánchez-Barceló EJ, Mediavilla MD, Reiter RJ. Clinical uses of mela-
tonin in pediatrics. Int J Pediatr 2011; Epub ahead of print.

26. Guénolé F, Godbout R, Nicolas A, et al. Melatonin for disordered sleep 
in individuals with autism spectrum disorders: systematic review and 
discussion. Sleep Med Rev 2011;15(6):379–87.

27. Gyllenhaal C, Merritt SL, Peterson SD, et al. Efficacy and safety of 
herbal stimulants and sedatives in sleep disorders. Sleep Med Rev 
2000;4(3):229–51.

28. Meolie AL, Rosen C, Kristo D, et al. Oral nonprescription treatment for 
insomnia: an evaluation of products with limited evidence. J Clin Sleep 
Med 2005;1(2):173–87.

29. Lewith GT, Godfrey AD, Prescott P. A single-blinded, randomized pilot 
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negative effects on coexisting sleep disorders. For example, 
many of the newer atypical antipsychotics have significant 
associated weight gain and thus can worsen obstructive sleep 
apnea.

Anticonvulsants typically cause dose-dependent sedation, 
although tolerance to this effect may develop.56 Car-
bamazepine, phenobarbital, and valproic acid are all associated 
with increased daytime somnolence; conversely, phenytoin 
may cause relatively less daytime sleepiness than other anti-
convulsants. Newer anticonvulsants have varying degrees of 
daytime sedation. Gabapentin, which has effects on dopamine, 
serotonin, and norepinephrine, also appears to increase slow-
wave sleep and has been shown to decrease restless legs syn-
drome symptoms.57 Direct effects of these medications on 
sleep are largely unknown. Finally, since 1993, the American 
Academy of Pediatrics has recommended against the use of 
chloral hydrate in children except for short-term sedation, 
because of the risk of hepatotoxicity.58

In summary, sedative and hypnotic medications should be 
used with caution to treat insomnia in children and adoles-
cents, as little empirical data exist regarding safety, efficacy, 
and tolerability in the pediatric population. Every effort 
should be made by the clinician to evaluate potential etiologic 
and exacerbating factors for the insomnia symptoms before 
prescribing medication, and hypnotics should always be com-
bined with behavioral treatment strategies. Selection of medi-
cation, when determined to be appropriate, should be based 
on pharmacokinetic and pharmacodynamic profiles of the 
individual drugs and the specific clinical circumstances (such 
as age, presence of comorbid medical or psychiatric condi-
tions, concomitant medications, and abuse potential). Poten-
tial drug–drug interactions and sleep-related effects of 
medications commonly prescribed in pediatric practice should 
also be taken into consideration.

Clinical Pearls

•	 Medication	should	rarely	be	the	first	or	sole	choice	for	the	
treatment	of	insomnia	in	children.

•	 Use	of	sedative/hypnotic	medication	in	children	should	
always	be	combined	with	behavioral	interventions	and	
education	regarding	healthy	sleep	practices.

•	 Selection	of	medication	should	be	based	on	assessment	of	
relative	risks	and	benefits,	type	of	sleep	problem,	patient	
characteristics,	and	pharmacologic	properties	of	individual	
agents.

•	 Clinicians	should	approach	the	use	of	these	drugs	with	
caution	in	pediatric	practice	(since,	in	contrast	to	adults,	
there	are	very	limited	data	in	children	demonstrating	safety	
and	efficacy).
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INTRODUCTION

Of the myriad pediatric sleep disorders children in our society 
face, inadequate total sleep time provides perhaps the greatest 
challenge. Families tend to underestimate children’s sleep 
need and lack understanding of the relationship between 
inadequate sleep and behavioral, health, and neurocognitive 
problems. Developments in technology have given increasing 
numbers of stimulation-seeking children access to movies, 
video games, and social media 24 hours a day, 7 days a week. 
Advertising and media have normalized consumption of 
wake-promoting agents such as caffeine, guarana, ginseng, 
and taurine in the form of energy drinks, increasingly utilized 
by children and adolescents to fend off sleep in order to have 
enough time to complete homework assignments, study for 
tests, or participate in extracurricular activities. Early school 
start times for adolescents, a population with a physiologic 
delay in sleep phase, also contributes to insufficient sleep. In 
this context, the importance of the role of health care provid-
ers, parents, and family members in helping children and 
adolescents recognize the importance of adequate sleep and 
assisting them as they develop healthy sleep habits comes into 
focus. This chapter will review guidelines for total sleep need 
over the lifetime, identify some of the sequelae associated with 
inadequate total sleep time, and provide an overview of con-
cepts essential to establishing healthy sleep habits, often 
referred to as good sleep hygiene.

ALLOWING FOR ADEQUATE SLEEP TIME

From a clinical perspective, there is no magic number of hours 
that a child or adolescent must sleep. The adequacy of the 
quality and quantity of a child’s sleep can be determined based 
on descriptions of sleep continuity, time spent in bed awake 
after bedtime, and signs of sleepiness during the day. It is clear, 
however, that children and adolescents need more sleep than 
adults, and accommodations must be made to enable children 
to achieve the amount of sleep they require. These accom-
modations may include limiting after-school and evening 
activities to allow for an adequately early bedtime, preparation 
for the next day (e.g., packing backpack, laying out clothes) 
to allow for later waketimes, and the establishment of a con-
sistent timeframe for daytime napping. As children grow, new 
accommodations such as monitoring of nighttime socializa-
tion (e.g., talking on telephone, texting, and computer use) or 
media consumption may also be required to assure that ado-
lescents are able to achieve their ideal total sleep time.

Although it is known that individual sleep requirements 
can vary significantly, there are reliable guidelines to help 
establish target total sleep times by age. Sleep need varies 
throughout the life span with infants sleeping 14–15 hours 
per day, toddlers sleeping 12–14 hours per day, preschoolers 
sleeping 11–13 hours, school-aged children sleeping 10–11 

hours, and teenagers needing 8.5–9 hours per day.1 Epidemio-
logical research suggests that children and adolescents are 
frequently getting less sleep than needed. The 2004 Sleep in 
American Poll found that 54% of school-aged children are 
getting less than 10 hours of sleep per day; the median hours 
of total sleep time among children aged 6–10 year was 9.5 
hours.2 Eighty percent of parents reported that their children 
are getting ‘just the right amount of sleep,’ suggesting that 
parents are aware of the increased sleep need among children 
and adolescents as compared to adults. In addition, 27% of 
school-aged children were getting more sleep on the week-
ends, suggesting that these children are building up a  
sleep debt throughout the week and have significant variabil-
ity in their sleep–wake schedule between school days and 
weekends.6

CONSEQUENCES ASSOCIATED WITH  
INSUFFICIENT SLEEP

Insufficient total sleep time among children and adolescents 
has been associated with significant health consequences. A 
recent meta-analysis which included 12 studies (with data for 
over 30 000 children) found that short sleep duration was 
significantly associated with increased weight, defined as a 
body weight greater than 85th percentile for age.3 Further-
more, short sleep time is associated with metabolic changes 
(e.g., insulin resistance, increased fasting plasma glucose) 
among overweight and obese children.4 In a longitudinal 
study of 200 children from birth to 5 years, normal-weight 
and overweight children did not differ in terms of nighttime 
sleep duration; however, overweight children demonstrated 
significantly less daytime napping, and thus shorter total sleep 
times.5 While these studies highlight the importance of ade-
quate total sleep time, a potential moderating factor of the 
relationship between sleep duration and weight may be timing 
of sleep. In the Spruyt et al. study of 2011, variability in total 
sleep time was associated with metabolic changes, as was total 
sleep time itself. Similarly, a recent study found that adoles-
cents with later bedtimes and rise times were significantly 
more likely to be overweight as compared to adolescents with 
earlier bed- and rise-times, despite similar total sleep times 
between the two groups.6

DEVELOPING HEALTHY SLEEP HABITS

Traditionally, the term ‘sleep hygiene’7 has been used to 
include a wide variety of behaviors aimed at creating an envi-
ronment conducive to sleep and avoiding activities that are 
disruptive to sleep. Although education about good sleep 
hygiene is frequently used as part of treatment for insomnia 
in adult populations, there is no standard definition of sleep 
hygiene.8 For example, good sleep hygiene in adults is 
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C can be delayed through light exposure at the beginning of 
the night from activities such as watching television, playing 
in brightly lit rooms, or playing video games. Other zeitgebers 
such as playing with siblings, eating a meal, or exercising close 
to bedtime can also delay Process C, though they tend to have 
a lesser effect. Delaying Process C moves the height of the 
wakefulness drive closer to bedtime, making it less likely that 
the child will fall asleep. Napping and sleeping-in will also 
significantly reduce the power of the sleep drive (Process S) 
and will delay the intersection with Process C, thereby delay-
ing sleep onset. Key recommendations to establish conditions 
for a consistent sleep–wake pattern are presented in Box 8-1.

CREATING A SUITABLE SLEEP ENVIRONMENT

A suitable sleep environment plays a significant role in helping 
children fall asleep at the beginning of the night and stay 
asleep for the duration of the night. Above all, it is important 
that a child’s sleep environment remain consistent. If the 
environment changes after sleep onset, whether due to a 
parent leaving the room or due to a change in ambient noise, 
the child is more likely to awaken during the night. Ideal sleep 
environments will vary from child to child, but the following 
elements are generally important:
• It is important to maintain a cool, dark room for sleeping. 

Bedroom temperature should be less than 75 degrees 
Fahrenheit.

• Any music or white noise that is present at sleep onset 
should continue throughout the night. This can mask 
regular household noises, preventing associated arousals by 
means of competitive noise inhibition.

• If the child is noted to have nasal congestion that seems 
worse at night, the sleep environment should be evaluated 
for potential allergens (e.g., dust from old pillows or stuffed 
animals).

• Items that are associated with wakefulness (e.g., homework, 
mobile phones) should be kept outside of the sleep environ-
ment. This will prevent the association between these activi-
ties and the sleep environment. Isolating the bed for sleep 
will strengthen the association between the sleep environ-
ment and drowsiness at sleep onset.9

• Televisions, video games, and computers should also be kept 
out of the sleep environment. Use of these items in the 
bedroom and near bedtime are associated with variability in 
sleep and wake times, shorter sleep times, and poorer sleep 
quality.11,12

commonly presented as: (1) maintaining a cool, quiet, and 
dark sleep environment, (2) avoiding caffeine and alcohol near 
bedtime, and (3) not watching television or reading in bed, 
representing a conceptual overlap with stimulus control treat-
ment for insomnia.9 Given the non-standard definition of 
sleep hygiene, the present chapter instead presents recom-
mendations to promote ‘healthy sleep practices’ among chil-
dren and adolescents. Specifically, the chapter will review the 
importance of allowing for adequate time for sleep, maintain-
ing a consistent sleep–wake pattern, creating a comfortable 
sleep environment, avoiding physiological barriers to sleep, 
and establishing effective bedtime routines. This chapter will 
not focus on specific treatments for childhood insomnia, as 
this is presented elsewhere (see Chapters 16 and 17).

MAINTAINING A CONSISTENT SLEEP– 
WAKE PATTERN

As currently understood, the sleep–wake cycle depends on the 
interactions between two processes: process C, the circadian 
wakefulness drive, and process S, the homeostatic sleep drive. 
These processes are presented in Figure 8-1.10

Process C has a period of about 24 hours established pri-
marily through melatonin secretion mediated by light expo-
sure, although other zeitgebers, or time markers, such as 
physical activity, social activity, or food intake also play a role. 
Process S, the drive to sleep, begins to accumulate gradually 
during wakefulness and drops off after sleep onset more 
quickly than it accumulates. Sleep onset occurs as the increas-
ing sleep pressure due to Process S intersects with the decreas-
ing circadian wakefulness drive of Process C. Sleep offset 
occurs when the increasing circadian wakefulness drive inter-
sects with the decreasing sleep drive. Trying to stay awake or 
asleep out of sync with these processes can lead to sleepiness 
or difficulty initiating sleep. For example, if a child were to be 
put to bed prior to the intersection of these two processes, or 
if the two processes were not aligned, the circumstances would 
not be optimal for the child to fall asleep.

Establishing a consistent sleep–wake cycle requires that the 
child avoid activities that would shift either process. Process 

Figure 8-1 The two-process model of sleep regulation.17 
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Box 8-1  Tips for Maintaining a Consistent 
Sleep-wake Pattern

•	 Limit	light	exposure	in	the	evening,	including	light	from	
television,	video	games,	and	computer	screens.

•	 Avoid	physical	activity,	large	meals,	and	social	activity	for	at	
least	3	hours	prior	to	bedtime.

•	 Bedtime	and	wake	time	should	remain	as	consistent	as	
possible.

•	 Naps	should	be	timed	early	enough	in	the	afternoon	so	as	
to	allow	for	adequate	sleep	pressure	to	accumulate	by	
bedtime.



Promoting Healthy Sleep Practices    65

start to enjoy participating and, since both the child and the 
parent are referring to the same chart, interpersonal conflicts 
can be avoided. Regardless of the specific steps, the ultimate 
goal remains the same: by the end of the routine the child 
ends up relaxed, sleepy, and resting comfortably in bed.

CONCLUSION

Healthy sleep habits can play a significant role in helping 
children and adolescents meet their total sleep need. The 
recommendations about such habits should not be applied 
formulaically. A recent review of data from the National Sleep 
Foundation Poll found there may be developmental changes 
in ‘good sleep hygiene,’ and different aspects of sleep hygiene 
(consistent sleep–wake pattern, consistent bedtime routine, 
etc.) may differentially affect sleep quality across childhood.16 
With this in mind, the recommendations in this chapter 
should be seen as guidelines and illustrative examples intended 
to draw attention to the impact that maintaining a consistent 
sleep–wake pattern, creating a comfortable sleep environment, 
avoiding physiological barriers to sleep, and establishing 
appropriate bedtime routines can have on a child’s ability to 
fall asleep and stay asleep. Parents, children, and adolescents 
should be invited into regular discussions about what they are 
learning from the application of these concepts and principles, 
and consultations should be focused on advancing the process 
of developing healthy sleep habits. In this way, health care 
practitioners and families will see a significant increase in their 
capacity to help their children achieve adequate sleep.

REDUCING PHYSIOLOGIC BARRIERS TO SLEEP

Identifying physiologic barriers can be a complex process 
because an activity that excites one child can sometimes help 
another child relax. For example, in some children a bath can 
be very calming, making it an effective part of their bedtime 
routine. For other children, however, bath time is a time for 
playing, and it can take them quite a while to wind down 
afterwards. In general, activities that excite the child, such as 
vigorous play, conflicts with family members, or video games, 
should be avoided close to bedtime. Physical exertion should 
be avoided at least 3 hours prior to bedtime to allow enough 
time for the child to settle down and get into bed at a reason-
able level of activation.13

Attention must also be given to potentially stimulating 
medications, drinks, and food that a child might take prior to 
bedtime. In children who are on extended-release stimulants 
or are given short-acting stimulants after school, problems 
with increased sleep-onset latency may be associated with 
prolonged medication effect. Chocolate, energy drinks, or caf-
feinated beverages can also provide a powerful barrier to suc-
cessfully achieving sleep onset. A good general rule is that no 
caffeine should be ingested for at least 4 hours prior to sleep.13 
Children with high sensitivity to the effect of sugar and caf-
feine should avoid them any time after lunch.

Hunger itself can provide a barrier to sleep, and incorporat-
ing a snack into the bedtime routine can be an effective way 
of addressing issues with sleep onset. While the data are not 
very strong, there is a suggestion that tryptophan14 or carbo-
hydrates can be particularly helpful.

For some children, fear of the dark, separation anxiety, or 
other issues can increase activation at bedtime. For these chil-
dren, use of graduated extinction or ‘fading out’ techniques 
which allow for the presence of a caregiver as the child devel-
ops the confidence to rest in bed alone can be applied.

ESTABLISHING A RELAXING BEDTIME ROUTINE

Establishing a consistent, progressively less stimulating 
bedtime routine prior to bedtime has been demonstrated to 
significantly improve sleep quality.15 The reasons for this are 
not fully understood, but are likely to be associated with a 
combination of factors. Children value routine, and being able 
to rely on a predictable sequence of activities can have a sig-
nificant calming effect. The gradual reduction of stimulation 
as the routine progresses allows a child to transition smoothly 
from days full of new experiences to a relaxed state conducive 
to sleep. Also, receiving positive attention from a caregiver just 
prior to bed can help make bedtime a highlight of the day 
rather than a dreaded obligation.

There are no bedtime routines that are guaranteed to work 
for every child, and routines change as children grow and 
develop. There are, however, consistent features of successful 
bedtime routines. As a sequence of activities is consistently 
repeated prior to bedtime, those activities begin to serve as 
‘sleep cues.’ Initially the child may require the involvement of 
a caregiver as the routine is being established, but gradually 
responsibility for moving through the sequence can be given 
to the child. A sticker chart can be useful in reinforcing com-
pliance with the steps of the routine. Listing the steps in the 
routine and positively reinforcing each one helps the child 
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•	 There	is	no	magic	number	of	hours	of	sleep	needed;	total	
sleep	need	should	be	individually	assessed	based	on	
nighttime	sleep	quality	and	daytime	functioning.

•	 Insufficient	total	sleep	time	is	associated	with	significant	
behavioral,	health,	and	neurocognitive	problems.

•	 Children	and	adolescents	should	maintain	a	regular	
sleep–wake	schedule,	with	particular	attention	paid	to	
maintaining	consistency	between	schooldays	and	
weekends.

•	 A	suitable	sleep	environment	is	one	that	is	comfortable,	
cool,	dark,	quiet,	and	free	from	media	such	as	televisions,	
computers,	video	games,	and	mobile	phones.

•	 Physiologic	barriers	to	sleep	such	as	physical	exercise,	
hunger,	and	separation	anxiety	should	be	addressed	prior	
to	bedtime.

•	 Parents	should	help	children	and	adolescents	develop	an	
individualized	bedtime	routine.
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INTRODUCTION

Clinical evaluation is the most important part of the process 
of assessment and diagnosis of sleep and its disorders in the 
pediatric and adolescent patient. Next in importance comes 
the physical examination. Laboratory assessment may be valu-
able as well, though it is not always necessary.

DEVELOPING A DIFFERENTIAL DIAGNOSIS: 
PROCESS OF SOLVING CLINICAL PROBLEMS

Hypotheses form the basis of inquiry into patients’ presenting 
problems. They are generated very early in the assessment, 
and they are then refined by completing the clinical history 
and by performing a physical examination. The set of hypoth-
eses is then further refined into an actual diagnosis or a list of 
possible (differential) diagnoses.1 Laboratory testing may be 
needed when the history and physical examination alone do 
not lead to a final diagnosis.

Evaluation of the Clinical History
The abilities for establishing an appropriate initial hypothesis 
set and to subsequently test it by clinical inquiry require  
a wide knowledge base. Understanding of the pathophysiol-
ogy, natural history, clinical manifestations, and patterns of 
symptom presentation for the various disorders is essential if 
one is to make an accurate diagnosis.

Sleep disturbances in children are common. When a sleep-
less child frequently disturbs parents during the night, parents 
will generally be quick to seek medical attention (especially 
when the child’s sleep problems lead to symptoms of sleep 
deprivation in the parents themselves). Similarly, profoundly 
sleepy children may reach the sleep professional early on (par-
ticularly if the child is falling asleep at inappropriate times 
such as during meals, while talking on the phone, or when 
opening presents at a birthday party). On the other hand, the 
child who is only mildly sleepy may not reach appropriate 
professional care until late in the course of the disorder 
because the symptoms of less than profound sleepiness are 
easy to miss. A youngster in a state of hypo-arousal may have 
symptoms considerably different than those of a sleepy adult. 
Thus, instead of overt sleepiness, sleepy children may present 
with hyperactivity, distractibility, attention difficulties, mood 
swings, increased frustration, and learning problems. These 
symptoms are too often inadequately addressed, usually with 
behavioral interventions with only limited consideration of 
the possibility of a sleep disorder. This is unfortunate, since 
screening for sleep problems generally does not take very long 
to do.

In one study of 202 children who presented consecutively 
to a developmental and behavioral pediatric practice, parents 
and other primary caretakers were found to only infrequently 

report that the child under their care had a sleep problem, 
even when symptoms suggesting a sleep disorder were 
present.2 Simply asking the parent the single question, ‘Does 
your child have a sleep problem?’ is inadequate to determine 
the presence or absence of problematic sleep.

A sleep history obtained from a frustrated, sleepy parent 
can be vague and inaccurate, with the parent focusing, at 
times, on the wrong details. For example, parents often 
describe the child’s sleep pattern only for the most severe or 
most recent night or period. A more accurate depiction of the 
sleep patterns across time can be obtained from a sleep diary, 
log, or chart. For this reason, the parent can be asked to 
maintain a sleep chart or log for a period of 2 to 4 weeks prior 
to the first visit (and then again during treatment). This item 
then becomes very helpful in identifying habitual sleep–wake 
cycle patterns and provides documentation of abnormalities 
occurring from night to night.2 Maintaining a sleep log seems 
to improve observational skills of the child’s caretaker, increases 
validity of observational data, and can be indirectly therapeu-
tic. Parents might see on paper what actually happened most 
nights. Sleep disorder professionals might find review of such 
documents useful to clarify the actual pattern of what is hap-
pening and such review might well be the most accurate way 
of documenting progress.

It is important to begin with a screening process that might 
provide insight or cues to the practitioner that a problem 
requiring further consideration might be present. A structured 
approach to screening the history has been tested and vali-
dated.3 An important first step is obtaining information 
regarding the typical/habitual sleep patterns and difficulties. 
A number of screening tools have been developed to assist the 
child health care practitioner in assessing for sleep-related 
disorders and have been comprehensively reviewed by Spruyt 
and Gozal.4 These authors, however, conclude that very few 
of these tools fulfill all the necessary properties required, and 
only a few are standardized. None of the tools had any diag-
nostic power in and of itself – thus, making the diagnosis 
remains in the domain of the clinician. One questionnaire, the 
BEARS Screening Tool developed by Owens and Dalzell, had 
particular usefulness in the primary care setting as well as in 
the sleep medicine center.5 It has questions regarding Bedtime, 
Excessive daytime sleepiness, Awakenings at night, Regularity/
duration, and Snoring, the answers to which suggest a series 
of possible diagnoses (see Figures 9-1 to 9-5).

HISTORICAL DETAILS

Bedtime
Knowledge of what parents believe is an appropriate bedtime 
and length of expected sleep can provide insight into the 
reasons for the problem sleep. For example, a 9-year-old child 
whose bedtime is 7:30 p.m. and whose scheduled waking is 
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delayed or advanced sleep phase, anxiety-related sleep disorders, 
and restless limb syndrome).

The history that the youngster can fall asleep easily and 
without difficulty when at the grandparent’s house, or in the 
parents’ bed, or on the sofa, or in front of the television 
strongly suggests a behavioral/conditioned etiology or anxiety 
rather than an organic cause for the sleeplessness since, when 
the cause of a child’s sleeplessness is medically based, a child 
typically has difficulty falling asleep anywhere and under any 
circumstances. And, when the cause is anxiety, the child 
usually has difficulty falling asleep in a room alone. Prolonga-
tion of the sleep latency must be assessed in conjunction with 
knowledge of bedtime for accurate interpretation. For example, 
a 4-hour sleep latency in a 9-year-old child has different 
meaning when the bedtime is 7:00 p.m. (which may be too 
early) than when it is 10:00 p.m.

Habitual Time of Morning Waking
Time of habitual morning waking helps determine total noc-
turnal sleep time and provides information as to circadian 

7:00 a.m. most likely will be in bed too early (at a time when 
his or her circadian rhythm may not permit easy settling) and 
in bed too long (inappropriate caretaker expectation). On the 
other hand, knowledge that a child both falls asleep and wakes 
early (7:30 p.m. and 5:00 a.m.) suggests a circadian rhythm 
disorder might be present (advanced sleep phase). Similarly, a 
2-year-old child whose bedtime is at 01:00 a.m. (because of 
the parents’ work schedules) and who then wakes at 11:00 
a.m. (and is difficult to wake earlier) may have a delayed sleep 
phase that, at least on weekdays when earlier wakings are 
necessary, can lead to a syndrome of insufficient sleep and 
profound daytime problems.

Sleep Latency
Sleep latency can provide information regarding the ease and 
speed of settling at night. This information, combined with 
the knowledge of habitual bedtime, can help in determination 
of the presence of behavioral, circadian, psychological, and 
medical sleep-onset difficulties (behavioral insomnia of child-
hood, sleep onset association disorder, limit-setting sleep disorder, 

Figure 9-1 Bedtime. Adapted from: Owens JA, Dalzell V. Use of the ‘BEARS’ 
sleep screening tool in a pediatric residents’ continuity clinic: a pilot study. 
Sleep Medicine 2005:6:63–69. With permission.
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• Any problems going to bed?
• Any problems falling asleep?
• How long does it take to fall asleep?

Figure 9-2 Excessive daytime sleepiness. Adapted from: Owens JA, Dalzell 
V. Use of the ‘BEARS’ sleep screening tool in a pediatric residents’ continuity 
clinic: a pilot study. Sleep Medicine 2005: 6: 63–69. With permission.
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careful history. Limit-setting problems and insufficient parental 
tolerance are sometimes easy to detect when similar findings 
exist during the day. A history of wakings that are short only 
and whenever specific parental interventions are initiated 
(rocking, pacifier, feeding) may suggest (if not diagnose) the 
actual problem (sleep onset association disorders or excessive noc-
turnal feedings).

Excessive Daytime Sleepiness
Determination of the presence of daytime sleepiness is vitally 
important. It can be difficult to determine the presence of 
excessive sleepiness in young infants, toddlers, and young 
children in whom daytime sleep is normal as expected. Total 
sleep times range from about 16–18 hours in the newborn to 
about 9–10 hours by late childhood. There is a gradual decline 
in total sleep time as the child matures.

By about 12 weeks of age (if not before) circadian rhyth-
micity of the sleep–wake cycle begins to be clear, with the 
longest sleep period occurring at night and the longest wake 
period occurring during the day. At this age, daytime sleep 
occurs in about 3–4 discrete daytime naps. Naps consolidate 
at around 6 months into two briefer daytime sleep periods 

phase. Determination of whether morning waking is sponta-
neous or induced is also important. The times of morning 
waking are also powerful contributors to circadian rhythm 
entrainment; if the times are inconsistent, sleep–wake schedule 
abnormality might be suggested.

It is important to determine the times of waking on week-
ends and holidays in addition to on weekdays (school days). 
Late sleep offset on weekends and holidays might suggest a 
delayed sleep phase. When wake-up times are variable, a non-
24-hour sleep–wake schedule might be suspected, especially in 
a youngster with severe neurological abnormalities.

Sleep Continuity
Sleep continuity problems may occur as isolated symptoms or 
in association with sleep-onset difficulties. Determination of 
timing, frequency, length, and characteristics of, and parental 
responses to, nocturnal wakings provides information regard-
ing possible behavioral, circadian/schedule-related, and physi-
ological (medical) causes. Sleep-onset difficulties accompanied 
by sleep continuity problems in the absence of physiological 
abnormalities suggest the presence of behavioral, schedule-
related, or psychological etiologies that should be pursued by 

Figure 9-3 Awakenings. Adapted from: Owens JA, Dalzell V. Use of the 
‘BEARS’ sleep screening tool in a pediatric residents’ continuity clinic: a pilot 
study. Sleep Medicine 2005: 6: 63–69. With permission.
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Dalzell V. Use of the ‘BEARS’ sleep screening tool in a pediatric residents’ 
continuity clinic: a pilot study. Sleep Medicine 2005: 6: 63–69. With 
permission.
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a full examination. A child with enuresis may require exami-
nation of the genitals, perineum, and spine. And a child  
with possible seizures or known neurologic abnormalities  
will require a more comprehensive and extensive neuro-
developmental evaluation. A complete discussion of the phys-
ical and developmental evaluation of children at various 
developmental levels may be found in several excellent 
resources.6,7

The most common areas requiring evaluation in children 
presenting with sleep complaints are those related to the 
airway since airway-related problems are often part of the 
differential diagnosis regardless of presenting complaint.8–10

These areas include:
• Habitus: For abnormal height, weight, and body mass index 

(obesity or failure to thrive);
• HEENT:

1. For abnormal skull or facial features (craniosynostosis, 
facial asymmetry, midface hypoplasia, retrognathia, mac-
roglossia, dental overjet);

2. For adenotonsillar and uvular enlargement and oropha-
ryngeal crowding (modified Mallampati scale,11 see 
Table 9.1);

3. For nasal obstruction (septal deviation, polyps, enlarged 
turbinates);

4. For palatal abnormalities (high arching, presence of 
cleft); and

5. For thyroid enlargement;
• Chest and back: For chest or spine abnormalities (pectus 

excavatum, barrel-shaped, scoliosis);
• Neurologic: For abnormal tone (hypertonia, spasticity, 

hypotonia).

Figure 9-5 Snoring. Adapted from: Owens JA, Dalzell V. Use of the ‘BEARS’ 
sleep screening tool in a pediatric residents’ continuity clinic: a pilot study. 
Sleep Medicine 2005: 6: 63–69. With permission.
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and, into the second year of life, into a single early afternoon 
sleep period. Daytime naps are typically given up by 3–5 years 
of age. There is a wide variation of normal, but youngsters 
habitually still napping at 6–7 years of age might be exhibiting 
symptoms of daytime sleepiness.

THE PHYSICAL EXAMINATION

The physical examination needed depends on the medical 
history, the specifics of the sleep complaint, and the hypoth-
eses generated during assessment. A healthy toddler who 
simply needs help giving up the pacifier at night may not need 

Clinical Pearls

• Clinical history is the most important part of the process of 
solving clinical problems.

• The ability to establish an initial hypothesis set and 
subsequent testing of these hypotheses requires a wide 
knowledge base.

• A structured approach to obtaining pertinent clinical 
information is essential to the diagnosis and management 
of sleep disorders in infants, children, and adolescents.
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Chapter 10 Sleep and Colic
Anat Cohen Engler, Tamar Etzioni, and Giora Pillar
Excessive crying and sleep problems are two main behavioral issues of infancy. The first 3 months  
of life, when crying rises to its peak and then subsides, are the same months when infants’ sleep 
gradually consolidates to the night and mature sleep characteristics develop.

Infantile colic is a common syndrome characterized by excessive crying in a healthy, well-fed 
infant. It is a self-limiting condition, usually resolving spontaneously by the age of 6 month. The 
crying bouts are more common during evening and night hours, and may be very stressful and 
frustrating for the parents. This chapter discusses infantile colic characteristics, focusing on 
management and influence on sleep, and a brief review of the differential diagnosis.

Chapter 11 Sleep and Gastroesophageal Reflux
R. Bradley Troxler and Susan M. Harding
Gastroesophageal reflux (GER) is common in children, with 12% of infants having regurgitation and 
5% of adolescents reporting heartburn. Gastroesophageal reflux during sleep is associated with 
sleep-time awakenings and decreased sleep-related quality of life, as well as obstructive sleep 
apnea, asthma, laryngospasm, hoarseness, and ALTES. Diagnosis of sleep-related GER includes 
screening for GER symptoms, evaluation of esophageal pH, and combined esophageal pH and 
impedance monitoring. Treatment of sleep-related GER includes: behavioral intervention, 
pharmacological therapy (including proton pump inhibitors), and surgical fundoplication. 
Continuous positive airway pressure (CPAP) can also control sleep-related GER. There is a need for 
well-designed randomized trials to evaluate the efficacy of GER therapies in children with sleep-
related GER.

Chapter 12 Sleep and Pain
Valerie McLaughlin Crabtree, Amanda M. Rach, and Merrill S. Wise
A bi-directional relationship between disrupted sleep and pain exists in children and adolescents 
with acute, episodic, and chronic pain. This relationship appears to be moderated to some degree by 
mood and has an impact on daytime function including health-related quality of life. This chapter 
addresses the importance of fully assessing mood and sleep in pediatric patients with chronic pain 
as well as the utility of non-pharmacologic and pharmacologic methods of intervention in this 
patient population.

Chapter 13 Sleep Related Enuresis
Oscar Sans Capdevila
Nocturnal enuresis is a common problem, affecting an estimated 5 to 7 million children in the 
United States and occurring three times more often in boys than in girls. It refers to the involuntary 
loss of urine after the age of 5 years. It is classified as primary when the child has never achieved 
night-time dryness and secondary when bedwetting occurs after a period of dryness of at least 6 
months. This chapter addresses etiology, pathophysiology (multifactorial causes, with special 
attention to the association of sleep-related enuresis (SRE) with habitual snoring and OSA), clinical 
presentations and therapeutic options in children with SRE.

Chapter 14 Bedtime Problems and Night Wakings
Jodi A. Mindell and Melisa Moore
Bedtime problems and night wakings are highly prevalent sleep disturbances, occurring in 20–30% 
of children. Behavioral interventions, including graduated and standard extinction, positive routines, 
and scheduled awakenings, are highly effective treatments for such problems. Such interventions 
also appear to have a positive impact on secondary outcomes including daytime behaviors, 
parent–child relationships, and parental well-being. This chapter discusses studies that have clarified 
the underlying causes of these problems and the various means that have been shown to 
successfully treat them.

SECTION 
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Chapter 15 Attention Deficit, Hyperactivity, and Sleep Disorders
James E. Dillon and Ronald D. Chervin
Behavioral problems associated with the onset and maintenance of sleep in children with ADHD 
have usually been attributed to parental inconsistency in bedtime routines and limit setting or to 
the effects of stimulant medications. But there are other diverse relationships between sleep and 
neurobehavioral dysfunction with important clinical implications suggesting causal mechanisms 
linking heterogeneous origins of ADHD with the sleep disorders most regularly associated with it. 
This chapter reviews the evidence for sleep-disordered breathing as a cause of neurobehavioral 
morbidity, discusses how some conflicting evidence may be reconciled, considers the emerging 
importance of circadian rhythm disturbances in relation to a hypoarousal hypothesis of 
hyperactivity, and examines the links between nocturnal movement disorders and ADHD. When 
inattention and hyperactivity are viewed as components of multiple ADHD phenotypes, the 
possibility emerges of multiple associations with diverse and mechanistically distinct patterns of 
sleep disorder.

Chapter 16 Sleep and Its Disturbances in Autism Spectrum Disorder
Paul Gringras
Autism spectrum disorders (ASD) occur in at least 1% of children. Over half of these children will 
have significant sleep problems that are challenging for caregivers and clinicians alike. Behavioral 
interventions can be effective, and there is growing understanding about the mechanism and 
potential for exogenous melatonin therapy. This chapter addresses the epidemiological research, 
biology and investigation of sleep disorders in children with ASD, and then focuses on all aspects of 
behavioral, sensory, and pharmacological treatment.

Chapter 17 Metabolic Syndrome and Obesity
Jerome Alonso
The metabolic syndrome is a collective of cardiovascular risk factors including dysregulation of 
glucose metabolism, dyslipidemia, elevated blood pressure, and obesity, all of which may receive 
further augmentation in their effect with sleep curtailment, disruption and certain sleep disorders 
such as obstructive sleep apnea. Studies implicate increased sympathetic activity, inflammation, 
intermittent hypoxemia, and the involvement of adipocytokines as mechanisms by which it has its 
effect. Obesity holds a central role in contributing to the pathogenesis of the various components of 
the metabolic syndrome. There is recent evidence that sleep duration modifies the risk of being 
overweight in children. The rising rate of obesity must be taken seriously as a potential source of 
increased rates of both the metabolic syndrome and sleep-disordered breathing.
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TERMINOLOGY AND DEFINITIONS

The most distinctive feature of infantile colic is excessive 
crying. Crying, especially in the evening, is a normal behavior 
of infants.1 Recognizing which crying behavior should be 
considered excessive and requires further evaluation is a chal-
lenge for the clinician.

There is an extensive variety of definitions for excessive 
crying and colic. The most widely used is the one defined by 
Wessel at 1954, also known as ‘the rule of three:’ crying for 
more than 3 hours per day, for more than 3 days per week, 
and for longer than 3 weeks in an infant who is well-fed and 
is otherwise healthy.2–5

Other definitions of a ‘fussy/colicky infant’ can be grossly 
divided into two large groups. One group uses different time 
limits, while the other group relies on the different subjective 
estimation of the parents.5,6 When using definitions from the 
latter group, one has to keep in mind that there could be 
disconcordance between parental expectations and a ‘normal 
for age’ behavior. As of now, there is still no consensus on 
which definition is the most accurate or appropriate to be 
used. Despite relatively many studies in this field, more 
research needs to be done to elucidate this issue and lead to 
more commonly accepted terms and definitions.

Regarding the duration of symptoms, there are also various 
opinions. Reijneveld et al. demonstrated that when applying 
a different time frame to the same definition there is a change 
in the prevalence of excessive crying. When applying a time 
frame of ‘3 preceding weeks or longer’ in comparison with 
‘during the preceding week’ the prevalence substantially 
declines.6 The most commonly used and the most validated 
is the original Wessel definition for ‘seriously fussy children’ 
with the requirement of ‘over 3 preceding weeks.’ For the 
purpose of research it is highly important to adhere to a 
unified definition in order for results to be comparable and 
for meta-analysis to be carried out. In practice, that may not 
be applicable, as many parents will not be willing to wait for 
that long. Nevertheless, acute crying might be an obvious sign 
of a serious illness or even a life-threatening one, and must 
clearly not be ignored.

PROPERTIES AND ‘NATURAL COURSE’

The typical colicky crying episodes are prolonged, practically 
unsoothable and associated with a high-pitched cry.7,8 The 
episodes are sometimes accompanied by posture changes such 
as drawing up of the legs or clenched fists, flushing, and 
passing gas.8,9 Episodes are more common during evening and 
night hours.3,7,10,11

Besides differences in crying duration and intensity, it 
seems that the crying curve of the colicky infant resembles 
the one of the ‘average’ infant. The overall duration of crying 
increases gradually until it peaks at about the age of 6–8 
weeks, then declines until it reaches a plateau around the age 
of 3–4 months.4,10,11

PREVALENCE

The prevalence of infantile colic in the community is estimated 
to be 10–40%, depending on the definition used. Since there  
is a large variety of definitions and different considerations  
to babies’ cries, it is hard to determine the exact prevalence 
rates.5,6

PATHOGENESIS

While infantile colic is a well-known syndrome of excessive 
cry, the etiology and pathogenesis remains an enigma. Many 
theories exist, yet none is adequately evidence-based.

Most of the theories argue that a gastrointestinal distur-
bance causes the crying paroxysms. That belief is somewhat 
supported by clinical evidence and the infant’s behavior during 
the bouts as described above. Some parents’ report of allevia-
tion of symptoms with gas absorbers also supports this theory. 
Other theories suggest that the crying bouts may be related 
to temperament and regulation. This section will describe the 
most accepted proposed causes of infantile colic.

Excessive Air Load in the Gastrointestinal Tract
Based on clinical observations that infants with colic tend to 
pass relatively large amounts of gas,2,7 it is a common belief 
that excessive gas in the gastrointestinal tract causes painful 
abdominal distention and subsequently crying bouts. Possible 
sources for excessive gas may be aerophagia and colonic bacte-
rial fermentation of malabsorbed carbohydrates.12 Though 
very common and accepted by clinicians and parents, this 
theory has never been successfully proven.3,9,12,13 Nevertheless, 
clinical trials with Simethicone (gas absorber) failed to prove 
symptomatic relieve in comparison with placebo, when treat-
ing colicky infants.14

Dysmotility
Another common belief is that the origin of infants’ crying is 
gut hyperperistalsis and intestinal smooth muscle spasm.9,13 
This theory is supported by evidence that antispasmodic 
agents, such as Dicyclomine hydrochloride and Cimetropium 
bromide, alleviate colic symptoms.14,15 Transient dysregulation 
of the central nervous system was suggested as the reason  
for dysmotility, though no difference was found in the balance 
of autonomic nervous system between colicky and other 
infants.16

Gut Hormones
The gastrointestinal tract activity is highly regulated by dif-
ferent hormones. Some of them were suggested to play a role 
in the pathogenesis of infantile colic. Different studies found 
higher levels of motilin in colicky infants.17–19 Motilin is spec-
ulated to promote gastric emptying, which increases small 
bowel peristalsis and decreases transient time. This can also 
relate to the dysmotility theory. Higher levels of ghrelin were 
also found in colicky infants, though only in one small study.19

Chapter 
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DIAGNOSIS

Excessive infant crying is a very common situation and the 
differential diagnosis is extremely broad. When excessive 
crying is prolonged, an organic disease is estimated to account 
for less than 5% of the cases.32 Nevertheless, before making 
the diagnosis of infantile colic, an organic cause must be  
ruled out.

When faced with a crying infant, the importance of a 
thorough history and physical examination cannot be over-
emphasized. Situations that may cause similar symptoms such 
as gastroesophageal reflux, constipation and cow milk protein 
allergy must be considered, as well as an acute illness or a 
neurologic or developmental problem. Any history suggestive 
of a specific pathology should be considered appropriately. 
Box 10-1 lists potential causes for prolonged, excessive infan-
tile crying.

Parents should be asked about characteristics of the crying 
episodes such as duration, time of the day and accompanying 
behavior.

Physical examination should be completed in a systematic 
head-to-toe manner with emphasis on the gastrointestinal 
and neurologic systems. Signs of abuse or trauma must be 
sought as well.

The infant’s weight percentile should be considered.
If the history and physical examination reveal no pathologi-

cal condition in an infant that gains weight properly, labora-
tory or radiographic examinations are usually not necessary.3 

A recent study showed that colicky infants had higher 
urinary levels of 5-hydroxy indoleacetic acid, a metabolite of 
serotonin.20 This supported the hypothesis that some features 
of colic might be caused by a serotonin–melatonin counter-
balancing system involving the gastrointestinal smooth 
muscles. Serotonin and melatonin have opposite effects on 
intestinal smooth muscle: serotonin causes contraction while 
melatonin causes relaxation.21 It was hypothesized that in 
some infants, the balance between circulating serotonin con-
centrations and intestinal smooth muscle sensitivity to serot-
onin might lead to painful gastrointestinal cramps in the 
evening when serotonin concentrations are highest.

Lack of melatonin in the first months of life may explain 
the lack of its needed relaxing effect.22 However, some 
researchers believe there is no solid scientific evidence to 
support this hypothesis.23

Gastroesophageal Reflux
This was suggested to be related to the pathogenesis of infan-
tile colic, though no convincing evidence exists. Apparently, 
this is a distinctive common GI pathology that may coexist 
with infantile colic.9,13,24

Food Allergy
Food allergy was also suggested to have a role in infantile 
colic. Infantile colic is sometimes related to a food allergy and 
may represent, particularly when severe, the first clinical man-
ifestation of atopic disease.25,26 Like gastroesophageal reflux, 
food allergy may also be a distinctive pathology that might 
mimic or co-exist with infantile colic.

Psychosocial Factors
Over the years, it was widely argued that excessive infant 
crying is an early manifestation of a difficult temperament, 
and the colicky infant is often considered to be irritable and 
hypersensitive.3,9 In the literature, there is only weak evidence 
to support this theory, as it is almost impossible to examine 
it in an unbiased longitudinal manner. One study attempted 
to explore the theory using objective physiologic tools and 
found no support for this theory.27 Other theories suggested 
that the excessive crying originates in an inadequate parent–
infant interaction, though there is no clear evidence to support 
this theory either.3,4,9

Parental Smoking
Recent studies indicated that exposure of the child to tobacco 
smoking by the mother during pregnancy and after delivery, 
and smoking by the father, were associated with excessive 
crying. Moreover, it was suggested that smoking is linked to 
increased plasma and intestinal motilin levels, and higher-
than-average intestinal motilin and ghrelin levels seem to be 
related to elevated risk of infantile coli.28,29

OUTCOME AND PROGNOSIS

Infantile colic is a transient, self-limiting condition considered 
to have a favorable outcome, usually resolving by the age of 
4–6 months.9

On psychological grounds, several studies suggested that 
infants with colic are more emotional and are somewhat prone 
to negative moods and temper tantrums.30,31

Box 10-1  Potential Causes for Prolonged Excessive 
Infantile Crying

Gastrointestinal:
Infantile colic
Gastroesophageal reflux
Rumination
Feeding problems
Constipation
Milk protein allergy

Neurological:
Psychomotor retardation
Communication problems

Difficulty breathing:
Choanal atresia
Laryngomalacia
Congenital lung disease

Infection:
Urinary tract infection
Otitis media

Pain:
Fracture
Hernia
Corneal abrasion
Atopic dermatitis

Social problems:
Neglect
Abuse
Inadequate relation with care giver
Limit-setting sleep disorders
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One study found cimetropium bromide to be effective but 
that it had side effects of sleepiness.37 Another trial found 
methylscopolamine to be ineffective.33

Lactobacillus
The role of intestinal microflora has been growing in impor-
tance, and lower counts of intestinal lactobacilli were observed 
in colicky infants, in comparison with healthy infants. Lacto-
bacillus reuteri, one of the few endogenous Lactobacillus species 
in the human gastrointestinal tract, has been used safely  
for many years as a probiotic dietary supplement in adults, 
and recent data demonstrated safety after long-term dietary 
supplementation for newborn infant. One study, which 
included 90 breastfed colicky infants, demonstrated that sup-
plementation with L. reuteri improved colicky symptoms sig-
nificantly in breastfed infants, compared with the standard 
therapy with simethicone, within 7 days of treatment (response 
rate of 95% and 7%, respectively). No adverse effects were 
reported.38

Behavioral Interventions
Clinical trials examining the efficacy of behavioral interven-
tions are problematic in nature. First, it is impossible to 
conduct a double-blind study, and bias may affect the results. 
Second, many of the examined interventions can cause over-
stimulation and therefore influence the results.

Increased carrying of the child was found useful in reducing 
the amount of crying.39

Parkin et al. found that specific management techniques 
such as early response to the crying, gentle soothing motion, 
avoidance of overstimulation, use of pacifier and car-ride 
simulators were not more helpful than support and reassur-
ance alone in reducing infant crying.40

Any combination of these approaches can be tried and 
individualized to each infant. If the diagnosis of infantile colic 
is correct, the most important approaches are parental reas-
surance and gaining time. As stated, the natural history is 
spontaneous alleviation by 6 months of age.

INFANTILE COLIC AND SLEEP PROBLEMS

An association between infantile colic and sleep problems 
later on in life has previously been suggested by subjective 
parental testimonies.41–43 This association was further explored, 
supported by some research and confounded by others.

Such association is very difficult to explore for several 
reasons. First, as described above, there is a lack of a globally 
acceptable definition of colic. Results of different studies are 
incomparable, as different colic definitions were used. Second, 
most of the research used questionnaires to evaluate infants’ 
sleep. This method was found unreliable,44 especially as 
mothers of ‘quiet’ infants tend to overestimate their child’s 
sleeping time,8 while mothers of colicky infants tend to con-
sider their child to be more difficult.43

Currently, no consensus is established. The two phenomena 
may influence each other, and both may be affected by many 
factors, some of which may overlap. As the base of both phe-
nomena is very complex and may be attributed to physiologic 
as well as psychological factors, empiric isolation of each 
factor and a full understanding of the nature and relation of 
those behaviors may never be accomplished.

A recent retrospective cohort study found that the only useful 
laboratory examination when evaluating a crying infant  
with a normal history and physical examination is urine  
evaluation.32 If there is a pathology suspected in the history 
and physical examination, evaluation should be followed 
accordingly.

TREATMENT

Once the diagnosis of infantile colic is made, the first step of 
management is reassuring of the parents, explaining that colic 
is a self-limiting condition and that the excessive crying does 
not reflect an underlying disease or bad parenting.9 In addi-
tion, parents should be reassured that there is no negative 
prognosis for infantile colic.

As for interventional therapies, over the years many rem-
edies have been proposed and studied as possible treatments 
for infantile colic. The main groups are pharmacological, 
dietary and behavioral interventions based on the different 
possible etiologies/mechanisms. Unfortunately, due to lack of 
a standard definition and methodological weaknesses in many 
of the clinical trials, the data do not deliver convincing evi-
dence to support a specific treatment. Currently, it is still not 
clear which is the optimal treatment, and watchful waiting 
might just be the best medicine.

Dietary Interventions
Some trials examined the efficacy of elimination of potentially 
allergenic agents from the infant’s diet. Data regarding utiliz-
ing of hypoallergenic diets by breastfeeding mothers are 
inconclusive, but suggest that there may be some therapeutic 
benefits.33 The use of hypoallergenic formula for bottle-fed 
infants also appears to have a beneficial effect on colic symp-
toms. The benefit of using a soy-based formula is less conclu-
sive.33,34 Further validated studies are needed to evaluate these 
dietary interventions.

High-fiber formulas were also tested. While the enriched 
formula did have a significant effect on stool characteristics, 
it did not influence crying duration.34,35

Two randomized-controlled trials studied the effect of 
lactase on infantile colic. Neither of them found a beneficial 
effect.33

Some researchers recommend at least one attempt of 
dietary modification in the management of infantile colic.

Pharmacologic Interventions
Several pharmacologic agents were suggested and tested as 
treatment of infantile colic.

Simethicone, a commonly used drug aimed to relieve gas-
related symptoms, was tested in three different validated trials. 
The results did not demonstrate conclusive benefit as a treat-
ment for infantile colic.33,34

Anticholinergic drugs were tested as possible therapies due 
to their anti-spasmodic effect.

Dicyclomine has been proved to be an effective treatment 
for infantile colic; however, due to life-threatening side effects 
such as apnea, seizures and coma, the manufacturer has con-
traindicated the use of the drug in infants younger than 6 
months and does not consider infantile colic as an indication 
for using the drug.33,36
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and (5) being overtired. No differences were found in the two 
groups in any aspect.31

Again, these are all subjective reports. Kirjavainen et al. in 
the same research described above, examined also 6-month-
old babies. There was no difference in reported sleeping  
time. Polysomnography showed more short awakenings 
(shorter than five minutes) in the control group, but other 
than that, the sleep was practically similar between the two 
groups.48

Explanations for a Possible Direct Relation
Few theories attempted to explain a possible direct relation 
between infantile colic and sleeping problems.

As crying and sleeping are mutually exclusive in nature, it 
is reasonable to think that crying bouts during sleeping hours 
may come at the expense of sleep itself. White et al. found 
that, in a group of colicky infants, there is an inverse relation 
between time spent crying and duration of sleep, though in 
non-colicky infants such a relationship did not exist. However, 
they also showed that when controlling for crying statistically, 
colicky infants still have a shorter nocturnal sleep time, though 
less dramatic than the original differences.27

The theory of excessive crying as a result of sleep depriva-
tion was not supported by the aforementioned studies which 
used PSG. The proportion of sleep stages, the number of stage 
shifts, the total sleep time and number of sleep apneas of 
excessively crying infants were similar to the known structure 
of normal sleep for their age.48,49

As described above, there is a difference between the sleep-
ing time as reported by parents and the actual sleeping time 
that was objectively measured, meaning that at least part of 
the real difference may not be in the sleeping habits of the 
infants but rather at their behavior during waking hours or 
how they are perceived by their parents. It is possible that 
while awake, ‘non-colicky’ infants stay quiet and soothe them-
selves back to sleep, making it hard to recognize their night 
wakening, in contrast to colicky infants who tend to cry or 
fuss. This ties in with the hypothesis that infant sleep–waking 
problems usually involve maintenance of signaling behaviors 
rather than a generalized disturbance.47

Another possible explanation is that parents of colicky 
infants are more stressed and more sensitive to their infant’s 
night wakening and tend to describe their child as more dif-
ficult than it actually is.

Common Causes
The two nocturnal behaviors may not be dependent on each 
other, but may have common escalating factors. There are 
several potential such factors, which may influence both sleep 
and behavior and, when disturbed, result in both fragmented 
sleep and excessive crying/colic. The following is a brief dis-
cussion of such potential factors.

Circadian Disturbance
The circadian production of hormones such as cortisol and 
melatonin begins around the age of 6–8 weeks and a mature 
day–night-related secretion pattern is established by the age 
of 3–4 months,51 the same age that nocturnal crying 
bouts and fragmented nocturnal sleep resolves. A difference 
in the nature of both behaviors in some infants may, in part, 
be attributed to a difference in day–night rhythmicity 
development.

Infantile Colic and Sleep Problems before the Age  
of Three Months
Some subjective studies supported the hypothesis that infants 
with colic tend to sleep less. This was ratified by subjective 
studies, but not corroborated by objective researches.

A very large population-based study was conducted by 
Crowcroft et al. Their results showed that colicky babies  
had significantly shorter periods of ‘longest continuous time 
asleep’ and longer periods of ‘longest time awake’ than  
other infants.45 St. James-Roberts et al. found that colicky 
infants slept on average 77 minutes less than non-colicky 
infants at the age of 6 weeks; the clearest group differences 
were in the daytime.46 White et al. found that colicky infants 
slept about 1.5–2 hours less in a course of the day when  
compared to infants without colic.27 On the other hand, a 
recent longitudinal study found that most infants with pro-
longed colic at 5–6 weeks of age were settled at night at 12 
weeks of age, and they ‘slept through the night’ as soon as 
other infants.47

Those studies, while very important and informative, were 
based on parental reports alone.

Objective studies, which used polysomnography to evaluate 
sleep, found that colicky infants have a similar total and noc-
turnal sleeping time and structure as other infants, and shed 
new light on the validity of observational diaries.

One study found that during late evening and night sleep, 
excessively and non-excessively crying infants had an equal 
total sleeping time, a normal nocturnal sleep structure and 
similar sleep onset time.48

A more recent study used a 24-hour polysomnography 
(PSG) to compare between two groups, colicky and non-
colicky infants, according to modified Wessel criteria. The 
study found that colicky infants had the same total sleep time 
as non-colicky infants, though sleep structure was somewhat 
different. The total REM sleep time in a 24-hour period was 
equal between the two groups, but the excessively crying 
infants had relatively less REM sleep during the evening, and 
they ‘catch up’ during the long night sleep, when they had a 
longer REM sleep compared to the control group.49

The studies described above used both PSG and diaries to 
assess infants’ sleep time and compared the results. A clear 
discrepancy between diary reports and PSG results was 
revealed, as reported sleep time in the diary data for the 
control group was longer than the objectively observed sleep 
time. These findings suggest that research based on diary 
reports alone may be biased, and more objective studies are 
needed.

Infantile Colic and Sleep after the Age  
of Three Months
Another aspect studied is whether colicky infants have sleep-
ing problems later on in life, after colic symptoms had 
subsided.

Some studies argued that formerly colicky infants had more 
night awakenings.41,42 Others have found no significant dif-
ferences in reported sleeping patterns.50

Canivet et al. approached mothers of ex-colicky infants and 
infants who did not have colic when the children were 4 years 
old and interrogated them about their children’s sleep-related 
behaviors in several ways: (1) whether they went to sleep 
easily, (2) whether they talked and cried in sleep, (3) whether 
they did not mind going to bed, (4) frequency of nightmares, 
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Colicky and non-colicky infants were found to have similar 
average salivary cortisol levels during a 24-hour period, though 
infants with colic had a less clearly defined daily rhythm of 
cortisol secretion.27

Melatonin, ‘the dark hormone,’ has well-known sleep-
promoting effects52–54 as well as a relaxing effect on intestinal 
smooth muscle.21,23 Therefore, it is possible that an earlier 
maturation of circadian melatonin secretion might play a role 
in the resolution of infantile colic and the consolidation of 
nocturnal sleep.

Feeding Method
The influence of feeding method on excessive crying and 
nocturnal sleep has been sparsely studied and the database in 
this matter is slim. Different studies which investigated  
the influence of breastfeeding on infantile colic had contradic-
tory results.45,55,56 As for the relation between feeding method 
and sleep–wake patterns of the infant, there are consistent 
findings suggesting that breastfed infants are more easily 
aroused and have a more fragmented nocturnal sleep.22,57 
There are not enough supporting data about the differences 
in the overall length of nocturnal sleep in order to make a 
solid conclusion.58

In our recent research, we found that exclusively breastfed 
infants had significantly fewer colic attacks and a decreased 
attack intensity when compared to exclusively formula-fed 
infants. We found that the breastfed infants, while waking up 
more often, tend to have an overall longer nocturnal sleep 
than formula-fed ones, though these results were not statisti-
cally significant.22

We also confirmed, as had been previously described, that 
breast milk contains melatonin while artificial formulas do 
not. Considering the aforementioned properties of melatonin, 
this provides a possible explanation to a common factor affect-
ing both crying and nocturnal infantile sleep, as breastfed 
infants enjoy an extrinsic melatonin supplementation. More 
research in this area might be beneficial.

Cow Milk Protein Allergy
In the late 1980s, cow milk protein allergy was found to cause 
sleeping problems.59–61 It is also believed to elicit colic symp-
toms, as described above. However, cow milk allergy is rare in 
comparison to both infant sleeping problems and infantile 
colic and therefore cannot indicate a common pathology.

Temperament
Infants with colic, using Wessel’s criteria, are significantly 
more likely to have a difficult temperament than non-colicky 
babies, when the temperament assessment is performed at 4 
months of age. Nonetheless, colic does not appear to be an 
expression of a permanently difficult temperament. Tempera-
ment assessments performed at a mean age of 3.6 months 
showed an association between problems of sleep–wake 
organization, difficult temperament, and extreme crying.62

In a study that assessed 105 infants at 4–5 months of age, 
those with difficult temperaments slept 12.8 hours and those 
with easy temperaments slept 14.9 hours.63 It thus appears 
that infants who have a difficult temperament have briefer 
total sleep durations.

Group differences in sleep duration between colicky and 
non-colicky infants, and between easy and difficult infants, 
were observed to generally decrease over time.

Clinical Pearls

• Infantile colic is a common syndrome characterized by 
excessive crying. The most widely used definition is the one 
defined by Wessel in 1954: crying for more than 3 hours per 
day, for more than 3 days per week, and for longer than 3 
weeks in an infant who is well fed and is otherwise healthy.

• Infantile colic is a transient, self-limiting condition, 
considered to have a favorable outcome, which resolves 
spontaneously by the age of 6 month.

• The etiology and pathogenesis remain an enigma. Many 
theories exist; most of them argue that a gastrointestinal 
disturbance causes the crying paroxysms. Other theories 
suggest that the crying bouts may be related to 
temperament and regulation.

• An organic disease is estimated to account for less than 5% 
of the cases; nevertheless, before making the diagnosis of 
infantile colic an organic cause must be ruled out.

• The differential diagnosis of excessive crying is wide, 
consisting of gastrointestinal, neurological, social, 
behavioral, respiratory and other factors.

• The main groups of interventional therapies are 
pharmacological, dietary and behavioral, based on the 
different possible etiologies/mechanisms. It is still not clear 
which is the optimal treatment and watchful waiting might 
just be the best approach, in addition to parental 
reassurance.

• There is an association between infantile colic and sleep 
problems, according to subjective parental testimonies. 
Some subjective studies supported the hypothesis that 
infants with colic tend to sleep less. This was confronted by 
objective studies using a PSG, showing no substantial 
differences compared to the known structure of normal 
sleep for their age.

• At least part of this discrepancy may not be in the sleeping 
habits of the infants but rather their behavior during 
waking hours or how they are perceived by their parents.

• The two nocturnal behaviors may not be dependent on 
each other, but rather have common escalating factors such 
as circadian disturbance, feeding method, cow milk protein 
allergy, temperament, etc.

• Melatonin has both sleep-promoting effects and a relaxing 
effect on the GI tract.

• Low levels of melatonin in early infancy may lead to both 
fragmented sleep and colic.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is common in chil-
dren of all ages and can impact sleep. In infants, it is the most 
common GI problem presenting to the pediatrician’s office.1 
Despite its high prevalence, minimal research is available 
examining the impact of GERD on sleep in children.

Gastroesophageal reflux (GER) is the retrograde passage of 
gastric contents into the esophagus and it is normally seen 
post-prandially. Regurgitation is a symptom of GER and is 
common in infants.2 The refluxate is acidic and contains 
digestive enzymes that can injure the mucosal lining of the 
esophagus and upper airway. Intrinsic protective mechanisms 
exist to prevent or minimize this damage. Reflux becomes 
pathologic GERD when GER episodes are more frequent 
and produce symptoms including heartburn, esophagitis, 
failure to thrive, or respiratory symptoms such as cough and 
wheeze.2

We will discuss esophageal physiology during wakefulness 
and sleep, along with the epidemiology and clinical manifes-
tations of GERD, and its impact on sleep in pediatric popula-
tions. The diagnosis and treatment of GERD in pediatric 
populations and future directions in sleep-related GERD 
research will be discussed.

ESOPHAGEAL PHYSIOLOGY

The esophagus develops initially during the fourth week of 
gestation as a small outgrowth of the endoderm and later 
includes all three germ layers: the endoderm, mesoderm, and 
ectoderm. These layers give rise, respectively, to the epithelial 
lining; muscular layers, angioblast, and mesenchyme; and the 
neural components.3

The esophagus slowly increases its length so that at 20 
weeks of gestation, esophageal length approximates 11 cm.4 
Esophageal length doubles during the first year of life.3 Ulti-
mately, the esophageal body in adults has a length of 18–22 cm, 
with the lower esophageal sphincter (LES) representing the 
distal 2–4 cm of the esophagus.5 The LES grows from a few 
millimeters in newborns and reaches its adult length during 
adolescence. In older children, the proximal 1.5–2 cm of the 
LES is encircled by the crural diaphragm and sits in the tho-
racic cavity, and the lower 2 cm resides in the abdominal 
cavity.5

The esophagus consists of three functionally distinct zones, 
including the upper esophageal sphincter (UES), the esopha-
geal body, and the lower esophageal sphincter (LES).3

The UES is an intraluminal high-pressure zone located 
between the pharynx and the cervical esophagus. The anterior 
wall includes the posterior surface of the cricoid cartilage, the 
arytenoid cartilage, and the interarytenoid muscles. The pos-
terior wall includes the cricopharyngeus and thyropharyngeus 
muscles. The UES prevents refluxate from getting into the 

upper airway, and it prevents air from entering the esophagus 
during inspiration. The UES opens during belching, rumina-
tion, deglutition, regurgitation, and vomiting.3

The esophageal body begins at the edge of the cricopha-
ryngeal muscle and, in adults, is comprised of striated skeletal 
muscle for the first 4–5 cm, followed by a transitional zone 
that contains both skeletal muscle and smooth muscle cells. 
The distal 10–14 cm comprises smooth muscle cells.3

The LES is a high-pressure zone controlling the flow of 
materials between the esophagus and the stomach. The LES 
comprises an intrinsic muscular layer (intrinsic LES) and the 
extrinsic LES, which is the crural diaphragm.5 These two 
components of the LES are superimposed and linked together 
by the phrenoesophageal ligament. Both the intrinsic and 
extrinsic components of the LES contribute to LES compe-
tence. The LES is tonically contracted at rest and relaxes with 
esophageal distention and deglutination. The crural dia-
phragm portion of the LES creates spike-like increases in 
LES pressure during inspiration and relaxes with esophageal 
distention and vomiting.5

The esophagus accomplishes its role as a conduit to move 
food from the mouth to the stomach through peristalsis. The 
esophagus exhibits three different forms of peristalsis: primary 
peristalsis, secondary peristalsis, and deglutitive inhibition.6

Primary peristalsis is a reflex esophageal contraction that is 
initiated by swallowing and a contraction wave that moves 
from the pharynx to the stomach. This propulsive force is 
caused by the sequential contraction of the esophageal muscle 
layers. In children, the typical amplitude of the contraction 
ranges between 40 and 89 mmHg, has a duration of 2.5–5 
seconds, and a propagation velocity of 3.0 cm/second.7,8

Secondary peristalsis occurs with esophageal luminal dis-
tention and is not associated with a swallow. It helps remove 
refluxate that was not cleared with primary peristalsis.6

Deglutitive inhibition results when a second swallow is 
initiated while a prior peristalsis is still occurring. This results 
in complete inhibition of the peristaltic contraction caused by 
the first swallow. With successive swallows, the esophagus 
remains in stasis until a final swallow produces a large ‘clearing 
wave’ that sweeps the esophagus of its contents.6

The LES is constantly adapting to the changing pressure 
gradients between the stomach and the esophagus in order to 
maintain competency. During inspiration, the pressure gradi-
ent between the stomach and esophagus is 4–6 mmHg and is 
countered by an LES pressure between 10 and 35 mmHg. 
During the migrating motor complex of esophageal contrac-
tions, the LES vigorously contracts to prevent reflux of 
stomach contents into the esophagus. During inspiration, 
there is an increasingly negative intra-esophageal pressure, 
while abdominal muscle contractions augment gastric pres-
sure. Both of these situations increase the pressure gradient, 
predisposing to GER events. However, the contraction of the 
crural diaphragm during abdominal muscle contraction, vom-
iting, or straining helps to prevent reflux.5 In addition to 
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portion of the esophagus is squeezed closed by abdominal 
pressure. In addition, the acuity of the angle where the esopha-
gus enters the stomach (angle of His) serves as a component 
of the barrier at the gastroesophageal junction. A compro-
mise in this region, as seen in hiatal hernia, predisposes to 
GER.5

The majority (81% to 100%) of GER episodes in infants, 
children, and adults are caused by TLESRs.13 Omari et al. 
noted that 82% of GER episodes in premature infants and 
91% of GER episodes in term infants occurred in association 
with TLESRs.14,15 Kawahara et al. noted TLESRs in associa-
tion with 58% to 69% of GER episodes in children being 
evaluated for GERD.13

Protective mechanisms limit damage to the esophagus and 
airway. Immediately after the refluxate enters the lower 
esophagus, the UES contracts to prevent entry into the 
pharynx. Secondary peristalsis also occurs, which helps clear 
the refluxate. Saliva, which contains bicarbonate, is then swal-
lowed, neutralizing any adherent acidic remnants. Finally, 
mucosal glands in the esophagus produce mucus and bicarbo-
nate, limiting esophageal mucosal damage.6

Airway protective mechanisms include the UES reflex, 
whose function depends on refluxate volume. Small refluxate 
volumes result in UES contraction, while large volumes stim-
ulate a vagally mediated relaxation of the UES, allowing the 
refluxate to enter the pharynx. Simultaneously, this vagal 
response evokes a centrally meditated apnea with laryngeal 
closure to prevent aspiration. In older children, apnea is not 
provoked, but a coughing spell occurs in this situation.16

ESOPHAGEAL PHYSIOLOGY DURING SLEEP

Sleep and the circadian rhythm alter upper gastroesophageal 
function. Gastric acid secretion peaks between 8 p.m. and 1 
a.m.11 Gastric myoelectric function is disrupted by sleep, 
resulting in delayed gastric emptying.11 There is also delayed 

abdominal and intrathoracic pressures, the LES pressure is 
influenced by many other factors, as listed in Table 11.1.9

During swallowing, the LES relaxes within 1–2 seconds of 
the primary peristaltic contraction and this relaxation lasts 
approximately 5–10 seconds. When the bolus arrives at the 
LES, the LES pressure declines to gastric pressure, and the 
sphincter remains closed. Then, the intrabolus pressure forces 
the LES to open and the bolus enters the stomach. After 5–7 
seconds, the LES rebounds to its original pressure and the 
LES undergoes an after-contraction, which ends the peristal-
tic contraction wave.6

Gas is vented from the stomach by belching, where there 
is a transient relaxation of the LES (TLESR). TLESRs are 
abrupt declines in the LES pressure to gastric pressure that 
are not related to primary peristalsis, secondary peristalsis, or 
swallowing. There is also inhibition of the crural diaphragm 
with TLESRs.10 TLESRs have a typical duration of 10–45 
seconds. TLESRs occur up to six times per hour in normal 
adults and are more frequent immediately post-prandially. 
They occur during arousals but not during stable sleep.11

TLESRs can be triggered by gastric distention or vagal 
stimulation that occurs with endotracheal intubation. Gamma-
amino-butyric acid (GABA) serves as an inhibitor of 
TLESRs.5 Table 11.1 also reviews factors influencing 
TLESRs.9

LES pressures in children range between 10 and 40 mmHg. 
LES pressures that are 5 mmHg above the intragastric pres-
sure are usually sufficient to prevent GER.5,12 LES motor 
patterns in infants and children are similar to those observed 
in adults.5

MECHANISMS OF GASTROESOPHAGEAL REFLUX

Gastroesophageal reflux occurs when intra-abdominal pres-
sure exceeds intrathoracic pressure and the LES barrier. GER 
is prevented by normal LES function. The intra-abdominal 

Reprinted with permission from Wiley-Blackwell, publisher: From Kahrilas P, Pandolfino J. Esophageal Motor Function. In: Yamada, T, editor. Textbook of Gastroenterology. Hoboken, NJ: 
Wiley-Blackwell; 2009. p. 187–206.9

Table 11.1  Factors that Influence Lower Esophageal (LES) Pressure and Transient Lower Esophageal Sphincter 
Relaxation (TLESR) Frequency.9

INCREASES LES 
PRESSURE

DECREASES LES PRESSURE INCREASES TLESR 
FREQUENCY

DECREASES TLESR 
FREQUENCY

Food(s) Protein Fat, chocolate, ethanol, peppermint Fat

Hormone(s) Gastrin, motilin, substance P Secretin, cholecystokinin, glucagon, 
gastric inhibitory polypeptide, 
vasoactive intestinal polypeptide, 
progesterone

Cholecystokinin

Neural agent(s) α-Adrenergic agonists, 
β-adrenergic antagonists, 
cholinergic agonists

α-Adrenergic antagonists, 
β-adrenergic agonists, cholinergic 
antagonists, serotonin

L-Arginine Baclofen, metabotropic 
glutamate receptor 
antagonists, cannaboid 
receptor agonists, 
L-NAME, serotonin

Medication(s) Metoclopramide, 
domperidone, 
prostaglandin F2α, 
cisapride

Nitrates, calcium chanel blockers, 
theophylline, morphine, 
meperidinem, diazepam, 
barbituates

Sumatriptan Atropine, morphine, 
loxiglumide

L-NAME, N(G)-nitro-L-arginine methyl ester.
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(mean age 6.7 years), the presenting symptoms included 
abdominal pain (63%), heartburn (34%), regurgitation (22%), 
vomiting (16%), retrosternal pain (18%), and respiratory 
symptoms (29%).25 Adolescents with GERD reported esopha-
geal symptoms (22.4%), regurgitation (21.4%), dysphagia 
(14.5%), shortness of breath (24.4%), wheezing (1.7%), and 
cough (17.9%).26

Extra-esophageal manifestations of GERD are also present 
in children.27 El-Serag et al. compared 1980 children with 
GERD (mean age 9.2 years) to a control group without 
GERD, examining the association of GERD with upper and 
lower respiratory disorders.27 They demonstrated that chil-
dren with GERD were more likely to have sinusitis (4.2% vs. 
1.4%), laryngitis (0.7% vs. 0.2%), asthma (13.2% vs. 6.8%), 
pneumonia (6.3% vs. 2.3%), and bronchiectasis (1.0% vs. 
0.1%). After adjusting for age, gender, and ethnicity, GERD 
remained associated with all of these conditions.27

SLEEP-RELATED GERD

Sleep-related GERD
Sleep-related GERD may present with nocturnal awakenings 
with a sour taste in the mouth, burning discomfort in the 
chest, or nocturnal arousals. These arousals may disrupt sleep, 
leading to daytime sleepiness or insomnia.11

Few studies examine the epidemiology, severity, or range of 
clinical impact that is associated with sleep-related GERD in 
children. In children, GERD during sleep is associated with 
increased sleep arousals, sleep fragmentation, and other sleep 
disturbances.21 Kahn et al. evaluated 50 infants with occa-
sional regurgitation and noted that 41 of the 50 infants had 
proximal GER events, with 97 episodes occurring during 
sleep time. Reflux during sleep time occurred commonly 
during wakefulness (41%), or was associated with arousals.28 
This study did not determine whether arousals led to the 
reflux or if the reflux led to the arousal from sleep.28 Ghaem 
et al. examined 72 children with GERD and 3102 controls, 
with a questionnaire, finding that children with GERD (aged 
3 to 12 months) were less likely to have ever slept through 
the night by 12 months of age (20%) compared to the con-
trols.29 Fifty percent of GERD children awakened and 
required parental attention more than three times nightly. 
These findings continued in children with GERD aged 12–24 
months and 24–36 months, with only 8% and 4% sleeping 
through the night compared to 45% and 56% of controls. 
Sixty percent of 12–24-month-olds and 50% of 24–36-month-
olds with GERD woke up more than three times nightly. 
Children with GERD had more awakenings and were less 
likely to sleep through the night.29

A prospective randomized, controlled study in adolescents 
with GERD (ages 12 to 17 years) assessed the impact of 8 
weeks of a proton pump inhibitor (esomeprazole) on quality 
of life (QOL) using the Quality of Life in Reflux and Dys-
pepsia Questionnaire.30 After 8 weeks of PPI, there was an 
improvement in the sleep dysfunction domains of the QOL 
instrument in the PPI-treated group. These findings suggest 
that GERD treatment may improve sleep in adolescents.30

Obstructive Sleep Apnea
Both GERD and obstructive sleep apnea (OSA) share con-
founding variables and risk factors, including obesity.11 The 

esophageal acid clearance during sleep. These factors predis-
pose to GER during sleep.

The UES pressure decreases with sleep onset. Kahrilas 
et al. reported that UES pressure decreases from 40 ± 17 mmHg 
during wakefulness to 20 ± 17 mmHg during N1 sleep, and 
was lowest (8 ± 3 mmHg) during N3 sleep.17 The UES con-
tractile reflex is also altered during sleep. The UES contractile 
reflex is triggered by smaller volumes of refluxate during REM 
sleep, and does not occur during N3 sleep.18 The UES reflex 
is preempted by coughing and/or arousal. Basal LES pressure 
does not change during sleep. The frequency of TLESRs 
declines during sleep time. Almost all TLESRs occur during 
wakefulness or during brief arousals from sleep.18

In addition, swallowing frequency decreases by 50% to 80% 
during sleep time compared to wakefulness.11 Similar to 
TLESRs, swallowing occurs during arousals and is almost 
nonexistent during stable sleep.19 Salivary secretion is not 
detectable during stable sleep.11 Esophageal acid clearance is 
also delayed during sleep. Orr et al. observed that 15 mL of 
0.1 N HCl was cleared from the distal esophagus within 25 
minutes during sleep, whereas it took only 6 minutes to clear 
when awake.19 Sleep prolongs the latency to the first swallow 
if esophageal acid is present. Finally, during sleep, 40% of the 
refluxate reaches the proximal esophagus near the UES com-
pared to <1% during wakefulness.20 This, in addition to the 
lower UES pressure during sleep, might predispose to micro-
aspiration of refluxate into the pharynx.

Despite the lack of some GERD-protective mechanisms 
during sleep, individual GER events are much less frequent 
during sleep than during wake. However, if GER occurs, the 
events are of a longer duration, and are more likely to result 
in esophagitis and Barrett’s esophagus.11

GASTROESOPHAGEAL REFLUX DISEASE (GERD)

Gastroesophageal reflux disease is a common pediatric illness 
and has protean manifestations.21 GERD can present with 
recurrent vomiting (regurgitation), poor weight gain, heart-
burn, chest pain, esophagitis, vomiting, Sandifer syndrome, 
hematemesis, anemia, Barrett’s esophagus, esophageal adeno-
carcinoma, asthma exacerbation, chronic cough, acute life-
threatening events (ALTEs), recurrent pneumonia, sleep 
apnea, and dental erosions.2,22 A prospective Italian study 
documents that 12% of infants had regurgitation and 1% of 
children met criteria for GERD.23 Among US adolescents, 
aged 10 to 17 years, 5.2% reported heartburn and 8.2% 
reported acid regurgitation during the previous week.24 GERD 
is also more frequent during early childhood when large fluid 
boluses are used for feeding.2

Adolescents and older children experience similar clinical 
presentations as adults with GERD. Typical complaints 
include heartburn, dyspepsia, and regurgitation. Gupta et al. 
described the presenting symptoms of GERD in pediatric 
patients.22 The most common symptoms included abdominal 
pain (70%), regurgitation (69%), and cough (69%). In patients 
between 1 and 36 months of age, symptoms of GERD 
included regurgitation (98%), irritability (41%), feeding prob-
lems (10%), failure to thrive (7%) and respiratory problems 
(18.6%).22 Toddlers and younger children (less than 6 years) 
more likely reported cough, anorexia/food refusal, and vomit-
ing.22 In a Finnish study examining children with GERD 
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44 pediatric asthmatics with GERD who were treated with 
omeprazole and metoclopramide, ranitidine, or fundoplica-
tion.36 Patients treated with omeprazole/metoclopramide or 
fundoplication had significantly fewer asthma exacerbations 
(0.33 and 0.66) over 6 months compared to patients on rani-
tidine (2.2).36 Antithetically, Størdal et al. performed a rand-
omized trial utilizing omeprazole or placebo for 12 weeks in 
38 children with asthma and GERD (mean age 10.8 years).37 
After 12 weeks, esophageal acid contact times decreased in 
the omeprazole group, but there were no differences in the 
asthma symptom score, lung function, or number of rescue 
beta-agonist uses between groups.37 More information regard-
ing the association between GERD and asthma in children is 
needed.

Sleep-related GERD may be associated with laryngeal 
findings as the acidic refluxate migrates into the larynx. Block 
and Brodsky reported a retrospective review of 337 children 
(mean age 7.2 years) with hoarseness.38 Eighty-eight percent 
had laryngeal reflux and 30% had cough. Among the patients 
with cough and hoarseness (99 patients), 66% were found to 
have GERD. Also, 50% of patients who were treated for 
GERD utilizing a variety of behavioral and medical therapies 
had improvement or resolution of their hoarseness at 3 
months, and 68% had resolution by 4.5 months.37

Acute Life-Threatening Events (ALTEs)
Acute life-threatening events are episodes occurring in infants 
that are frightening to the observer. Findings include apnea, 
color change, sudden limpness, and/ or choking and gagging. 
Many disorders are implicated in ALTEs including seizures, 
infections, arrhythmias, and GERD.39 In a systematic review 
of 2912 publications including 643 infants with ALTEs, 
GERD was diagnosed in 227 (35%) infants, seizures in 83 
(13%), lower respiratory tract infection in 58 (9%), and in 169 
(26%) infants, no diagnosis was made.39 Despite the high 
prevalence of GERD, there are few data to support the role 
of GERD in ALTEs.39 Molloy et al. noted that there is rarely 
a temporal relationship between GERD events and apnea in 
premature infants.40 Finally, Semeniuk et al. evaluated 264 
patients aged 4 to 102 months with GERD and found 8 
patients with symptoms of ALTEs. They describe GERD as 
a causative factor of ALTEs in only 4.8% of their cohort.41

GERD DIAGNOSIS

For patients presenting with stereotypical features of sleep-
related GERD, a thorough history and physical examination 
are sufficient to make the diagnosis.2 Questions directed at 
the frequency of nighttime awakenings, substernal chest pain, 
indigestion, heartburn, nocturnal cough or choking, or chronic 
vomiting should lead to the diagnosis in most older children 
or adolescents.2 Other patients may have only extra-esophageal 
symptoms and present with excessive daytime sleepiness 
without an obvious historical cause, or waking up with laryn-
gospasm, wheeze, or cough. Additionally, patients may note 
refluxate on their pillows.11 However, historical findings do 
not discriminate patients with esophagitis.2

Esophageal pH monitoring identifies acid GER episodes, 
and can be used in patients without typical GER symptoms. 
Esophageal pH monitoring is performed by placing a  
pH probe at a level corresponding to 87% of the nares–LES 

relationship between sleep-related GERD and OSA was 
assessed by Wasilewska and Kaczmarski with simultaneous 
esophageal pH monitoring and polysomnography in 24 chil-
dren (ages 2 to 36 months) with sleep disturbances indicative 
of GERD and possible sleep-disordered breathing.31 Children 
with sleep-related GERD had a higher REM apnea–hypopnea 
index (AHI) (23.4 events per hour) compared to children 
without sleep-related GERD (AHI: 4.9 events per hour). 
These observations suggest that GERD is associated with 
more severe OSA during early childhood.31

The impact of sleep-related GERD among children aged 
6 to 12 years was assessed by Noronha et al.32 Eighteen chil-
dren with OSAS and tonsilar hypertrophy were evaluated 
with polysomnography with concomitant esophageal pH 
monitoring and the OSA-18 Questionnaire. The AHI was 
greater than 1.0 for all patients and 41.1% of patients had 
esophageal pH values below 4 for more than 10% of sleep 
time. The esophageal pH values correlated with emotional 
distress and daytime problems on the OSA-18. A temporal 
correlation between individual GER events and apnea–
hypopnea events was not apparent.32

A second study, by Wasilewska et al., assessed 57 children 
with OSA, 19 of whom had residual OSA after prior ade-
notonsillectomy, using pH monitoring and polysomnography 
to determine the risks for residual OSA. Compared to newly 
diagnosed patients, children with residual OSA had more 
severe OSA (AHI 20.61 versus 8.57, p = 0.03), lower mean 
intraluminal esophageal pH (5.36 versus 5.86, p = 0.007), 
higher reflux index (9.67% versus 4.35%, p = 0.006), and a 
lower minimum esophageal pH during sleep (1.53 versus 
2.15, p = 0.04). The minimal value of esophageal pH was 
noted to correlate with respiratory indices on the polysom-
nography, a particularly interesting finding as this value is 
often not reported and is not required to diagnose GER.33

Asthma, Laryngospasm, Hoarseness
Sleep-related GERD can trigger asthma and/or laryngospasm 
during sleep. There is an association between GERD and 
asthma but the direction of causality is not known, and may 
be bi-directional. Proposed mechanisms of interaction include 
microaspiration and a vagally mediated reflex bronchocon-
striction.11 A systematic review assessed the association of 
pediatric asthma and GERD.34 Twenty articles met the a 
priori inclusion criteria. Estimates of GERD prevalence in 
children with asthma ranged from 19.3% to 80.0%. Five 
studies compared 1314 asthma patients to 2434 controls. 
Based on these data, the average GERD prevalence in pedi-
atric asthmatics was 22.0% compared to 4.8% in the controls. 
The pooled odds ratio (OR) for having GERD in the asthma 
group was 5.6 (95% confidence interval (CI) of 4.3–6.9).34

A prospective cohort of 1037 New Zealanders was exam-
ined for GER symptoms and airway responsiveness at ages 
11 years and 26 years.35 GER symptoms that were at least 
‘moderately bothersome’ were associated with asthma (OR 
3.2, 95% CI 1.7–7.2), wheeze (OR 4.3, 95% CI 2.1–8.7), and 
nocturnal cough (OR 4.3, 95% CI 2.1–8.7) independent of 
body mass index. Women with GER symptoms were more 
likely to have airflow obstruction. The direction of causality 
is not clear since patients with airway hyper-responsiveness at 
age 11 were more likely to report GER symptoms at age 26.35

The effect of GERD therapy on asthma outcomes shows 
conflicting data in children.36,37 Khoshoo and Haydel described 



Sleep and Gastroesophageal Reflux    87

avoidance. Outcomes included the Infant Gastroesophageal 
Reflux Questionnaire-Revised. Among the 37 infants fol-
lowed, GER scores improved in 59%, and 24% of patients no 
longer met diagnostic criteria for GERD after 2 weeks.46

Behavioral interventions during childhood and adolescence 
include weight management, dietary changes, sleep positional 
therapy, and smoking cessation.11 There are minimal data 
examining behavioral therapy in children. Medications that 
can decrease LES pressure or increase the likelihood of GERD 
include theophylline, anticholinergics, prostaglandins, calcium 
channel blockers, and alendronate.11 Avoidance of these med-
ications should be considered; however, there are no data in 
children examining the impact of these medications on 
GERD.

Pharmacological Therapy
Pharmacological treatment of GERD includes gastric acid 
secretion inhibitors and prokinetic agents. Antacids have 
major side effects and toxicities in children and are not recom-
mended.2 Furthermore, H2 receptor antagonists are associated 
with side effects and are not recommended for long-term 
treatment in children.2 Also, currently available prokinetic 
agents should not be used in children.2 Proton pump inhibi-
tors are used and are well tolerated in children.

Histamine-2 Receptor Antagonists
Histamine-2 receptor antagonists (H2RAs) inhibit the 
histamine-2 receptor of the gastric parietal cell and decrease 
gastric acid secretion. H2RAs have a relatively quick onset of 
action and are useful for episodic symptom relief. A systematic 
evaluation of the side effects of H2RAs in children has not 
been performed. Commonly used H2RAs include famotidine, 
cimetidine, nizatidine, and ranitidine. Famotidine, the most 
commonly studied H2RA, has been shown to cause agitation 
and signs concerning for headaches in infants.47 Other side 
effects include dizziness, constipation, anemia, and urticaria. 
Cimetidine has been associated with gynecomastia, neutrope-
nia, thrombocytopenia, and reduces the hepatic metabolism 
of medications such as theophylline.2 Tolerance to the H2RA 
class of medications does develop in both children and adults. 
Thus, H2RAs are not ideal for chronic therapy for GERD in 
pediatric populations.

Proton Pump Inhibitors
Proton pump inhibitors (PPIs) inhibit the hydrogen–
potassium ATPase channels that are the final step in gastric 
acid secretion. PPIs bind covalently with the cysteine residues 
of the hydrogen–potassium ATPase pump. PPIs are more 
effective at suppression of acidic secretions than the H2RAs.11 
Commonly used PPIs include omeprazole, lansoprazole, pan-
toprazole, rabeprazole, and esomeprazole. There is some vari-
ation in the rates of activation and plasma half-life with the 
different PPIs; however, average half-life approximates 1–2 
hours. Due to covalent bonding to the ATPase pump, the 
duration of action ranges from 15 hours for lansoprazole to 
28 hours for omeprazole, and 46 hours for pantoprazole. PPIs 
are slow to achieve steady-state inhibition and generally 
require 3 days to achieve maximum impact. Children, ages 1 
to 10 years, metabolize PPIs faster than adults and require a 
higher per kilogram dose compared to adults.48 PPIs should 
be tapered and not discontinued abruptly as this would result 
in gastric acid hypersecretion.

distance, based on published regression equations, by fluoros-
copy or through manometric measurement of the LES loca-
tion. Interpretation of the results involves calculating the 
reflux index, which is the percentage of the recording time 
when esophageal pH falls below 4.0. The mean upper limit 
of normal is 12% in children up to 11 months, and 6% in 
children and adults.2 The test is performed over 24 hours to 
increase the test’s sensitivity and specificity, which approxi-
mates 90%.42 The reproducibility of the test ranges between 
69–85%.42 Additionally, esophageal pH monitoring can be 
integrated with polysomnography to allow unified visualiza-
tion of the patient’s sleep and esophageal pH.11

Esophageal electrical impedance monitoring allows for the 
detection of liquid and gas in the esophagus, regardless of 
pH.11 It is commonly combined with pH monitoring. Since 
a large number of GER events, especially post-prandial GER, 
are non-acidic, this technology allows for detection of more 
GER episodes. This technology is expensive, however, and 
requires a high degree of skill to interpret and has not been 
widely available to date. In addition, the clinical importance 
of non-acidic GER on sleep is unclear.11

GERD TREATMENT

Management options for GERD include non-pharmacologic 
behavioral interventions, medical therapy, and surgical therapy. 
Appropriate treatment requires a thorough knowledge of 
chrono-therapeutic principles in order to obtain optimal 
control of GERD.2 Figure 11-1 reviews behavioral and 
medical therapy of GERD in children.2

Behavioral Interventions
Behavioral interventions during early childhood include 
formula thickening, positioning changes, nasogastric/
nasojejeunal feeds, and elevation of the head of the bed by 30 
degrees during sleep.2 Milk thickening agents decrease regur-
gitation that aids in weight gain. However, these agents did 
not improve esophageal acid contact times, number of reflux 
episodes lasting greater than 5 minutes, or number of reflux 
episodes per hour.43 Positioning may also prevent GER epi-
sodes in infants. Tobin et al. studied 24 infants with GERD 
less than 5 months old with esophageal pH monitoring while 
being placed in different positions.44 Esophageal acid contact 
times were greatest in the supine position (15.3%) and lowest 
in the prone position (6.7%). There are conflicting data 
regarding the benefit of elevating the head of the bed by 30 
degrees. The authors note that the left decubitis position 
(esophageal acid contact time 7.7%) is a suitable alternative 
to prone positioning for the postural management of infants 
with symptomatic GERD.44 Note that this recommendation 
is in contrast to the American Academy of Pediatrics recom-
mendation that infants should sleep in the supine position.45 
Supine positioning confers the lowest risk of SIDS and is  
the preferred sleeping position for infants. Prone positioning 
should only be considered in unusual cases where the risk  
of complications from GERD outweighs the potential of 
SIDS.2

The efficacy of non-pharmacological therapy in infant 
GERD was recently evaluated by Orenstein and McGowan.46 
Caregivers of infants implemented a program utilizing  
GER feeding modifications, positioning, and tobacco smoke 
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Figure 11-1 Summary of behavioral and medical therapies for pediatric GERD. *Preferred therapy. Adapted from Vandenplas Y, Rudolph CD, Di Lorenzo C, 
et al. Pediatric gastroesophageal reflux clinical practice guidelines: joint recommendations of the North American Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (NASPGHAN) and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN). J Pediatr Gastroenterol 
Nutr 2009;49(4):498–547.2

Hydrolyzed protein formula
for 2–4 weeks 

Thickening formula decreases 
number of regurgitation episodes

Prone positioning is best for GERD, 
but supine position recommended 

due to risk of SIDS

No evidence to support
dietary restriction in children or adolescents

Adult studies support limiting late night eating 

Weight loss if obese

Avoid foods that decrease LES tone (peppermint,
caffeine, chocolate, alcohol, high-fat meals)

Behavioral
interventions

Infants
(Less than 12 months old)

Children
(1–12 years old)

Adolescents
(12–18 years old)

Medical
Interventions

Gastric Anti-secretory Therapy (Histamine-2 Receptor Antagonists)

Cimetidine
10–20 mg/kg/day PO div

Q8–12 hours
20–40 mg/kg/day PO div Q6H

1600 mg/day PO div 
Q6-12 hours

Famotidine
<3 mos: 0.5 mg/kg/day PO

3–12 mos: 1 mg/kg/day PO div BID
1–2 mg/kg/day div BID

max 40 mg/day
20–40 mg PO BID

Nizatidine >6 mos: 5–10 mg/kg/day PO div BID 5–10 mg/kg/day PO div BID
150 mg PO BID, max 300 

mg per day

Ranitidine
5–10 mg/kg/day PO div BID;

max 300 mg/day
5–10 mg/kg/day PO div BID;

max 300 mg/day
150 mg po BID

Gastric Anti-secretory Therapy (Proton-Pump Inhibitors)*

Esomeprazole Not approved 1–11 yr: 10 mg PO QD 20–40 mg PO QD

Lansoprazole Not approved
<30 kg: 15 mg PO QD 
>30 kg: 30 mg PO QD

15–30 mg PO QD

Omeprazole Not approved
10–20 kg: 10 mg PO QD or 

1 mg/kg/day PO div BID 
>20 kg: 20 mg PO QD

20 mg PO QD

Pantoprazole Not approved
>5 yrs: 15–40 kg: 20 mg PO QD 

>40 kg: 40 mg PO QD
20–40 mg PO QD

Rabeprazole Not approved Not approved 20–40 mg PO QD

Gastric Acid Buffers/Barriers (Antacids, Alginate, Sucralfate)
Not recommended in chronic therapy as safe and convenient alternatives exist (H2RAs and PPIs)

Prokinetic therapies (Cisapride, bethanachol, baclofen, metoclopramide) 
Currently insufficient evidence to justify the use of these agents in the treatment of GERD

Minor side effects occur in 1–3% of patients on PPIs and 
include headache, diarrhea, abdominal pain, nausea, and rash. 
Major side effects are rare and include interstitial nephritis 
with omeprazole, hepatitis with omeprazole or lansoprazole, 
and visual disturbances with pantoprazole and omeprazole.49

There is a high frequency of nocturnal acid breakthrough 
among children on PPIs. Pfefferkorn et al. studied 18 chil-
dren with esophagitis (mean age of 10.3 years) treated with 
1.4 mg/kg of PPI divided twice daily and underwent esopha-
geal pH testing after 3 weeks of therapy.50 They demonstrated 

that 89% of the patients had nocturnal acid breakthrough on 
the PPI.50

Finally, PPIs are most effective if they are administered as 
a single daily dose, 30 minutes before breakfast. This dosing 
corresponds with the timing of activation of stomach proton-
potassium pumps after the overnight fast.11

Risks of Chronic Acid Suppression
Children taking H2RAs or PPIs long term are at an increased 
risk of developing community-acquired pneumonia, acute 
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CONCLUSION

During sleep, there is significant alteration in the physiology 
of the gastroesophageal system that increases the likelihood 
of GER. Sleep-related GERD is associated with GER symp-
toms and alters sleep architecture. Sleep-related GERD can 
impact sleep, contribute to excessive daytime sleepiness, 
impair quality of life, impact asthma severity, impact laryngi-
tis, and is associated with OSA. There is still much research 
needed to assess the exact impact of sleep-related GERD on 
pediatric health and disease. Hopefully, future research will 
provide better methods of GERD identification, treatment, 
and prevention.

gastroenteritis., and Clostridium difficile infection. These 
risks are thought to be conferred due to the medications  
limiting the gastric acid’s ability to kill possible pathogenic 
microorganisms.51

Referral to a Pediatric Gastroenterologist
In general, medical therapy with a PPI should be continued 
for 3 months. If GERD-related symptoms resolve, then the 
PPI should be stopped with plans for patient follow-up for 
evaluation of any recurrent symptoms. However, if the patient 
continues to have persistent GERD symptoms after 3 months 
of PPI therapy, then evaluation by a pediatric gastroenterolo-
gist should be considered. Other indications for a pediatric 
gastroenterologist referral include ‘alarming’ symptoms such 
as upper gastrointestinal bleeding, persistence of failure to 
thrive, acute worsening of weight loss or having difficulty 
swallowing or controlling secretions.2

Positive Airway Pressure
Continuous positive airway pressure (CPAP) is used for suc-
cessful OSA treatment in children.52 Despite this, there 
are scant data examining the effect of CPAP on sleep- 
related GERD in children. In adults, CPAP controls OSA 
and decreases sleep-related GERD symptoms and esophageal 
acid contact times.11 CPAP increases esophageal, LES, and 
gastric pressures.53 The differential pressure between the 
esophagus and stomach (the so-called barrier pressure) 
increases with CPAP. Finally, CPAP causes a disproportionate 
increase in LES pressure compared to esophageal and gastric 
pressures. This increase may be due to reflex activation of  
the LES, or by the transmission of the CPAP pressure to  
the LES.53

Surgical Therapy
Surgical fundoplication involves wrapping a portion of the 
stomach around the LES to strengthen or tighten the LES. 
Published reports vary widely in the success of surgical inter-
ventions for GERD in children, with success rates ranging 
from 40% to 95%. Complication rates from open and laparo-
scopic reflux surgery are similar.54 Complications of GERD 
surgery include splenectomy (0.2%), esophageal laceration 
(0.2%), infection, recurrent GERD (2.5–40%), small bowel 
obstruction, gastroparesis, and dumping syndrome. Long-
term outcome studies of fundoplication show that 14% of 
children have GERD recurrence after Nissen fundoplications, 
and 20% have GERD recurrence in loose wrap procedures 
(i.e., <360 degree wrap).2 Optimally, prior to considering sur-
gical therapy, the child should be evaluated carefully by a 
pediatric gastroenterologist.

FUTURE DIRECTIONS

Minimal data exist evaluating sleep-related GERD in chil-
dren. There is also a need for well-designed randomized  
trials evaluating the efficacy of GERD therapy in sleep- 
related GERD in children. Data emerging from adults  
cannot be extrapolated to children. Furthermore, pediatri-
cians need to be educated that GERD does occur during  
sleep time and can adversely affect sleep and daytime func-
tioning as well as potentially contribute to other comorbid 
disease states.

Clinical Pearls

•	 Transient	relaxations	of	the	lower	esophageal	sphincter	are	
responsible	for	most	gastroesophageal	reflux	(GER)	
episodes	that	commonly	occur	during	arousals	from	sleep.

•	 Weekly	heartburn	is	reported	in	5.2%	and/or	regurgitation	
is	reported	in	8.2%	of	US	adolescents.

•	 Sleep-related	GER	is	associated	with	GER	symptoms	during	
sleep,	arousals,	obstructive	sleep	apnea,	asthma,	
laryngospasm,	hoarseness,	and	acute	life-threatening	
events.

•	 Diagnosis	of	sleep-related	GER	includes	symptoms	and	
esophageal	pH	and	impedance	monitoring.

•	 Treatment	includes	behavioral	interventions,	pharmacologic	
therapy	(primarily	proton	pump	inhibitors)	and,	in	carefully	
evaluated	children,	surgical	fundoplication.
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INTRODUCTION

Chronic pain, described as pain occurring for 3 months or 
longer, is a relatively common condition and is reported to 
affect up to 44% of children and adolescents, with higher rates 
of chronic pain reported in girls beginning at age 4.1 Many 
chronic pain conditions – including fibromyalgia, rheumato-
logic disorders, and other causes of musculoskeletal pain, 
functional abdominal pain, headaches and migraine, cancer, 
and spasticity-related pain in cerebral palsy – have been linked 
to both disturbed sleep and daytime fatigue in children and 
adolescents. In fact, approximately half of all pediatric pain 
patients report disturbed sleep.2–7 In a sample of adolescent 
patients with chronic pain, reports of insomnia were six times 
higher than in the healthy adolescent population.6 Poor sleep 
is also associated with episodic acute pain, as is commonly 
seen in many conditions including sickle cell disease.8,9 A 
disturbance of sleep in children and adolescents with pain has 
been demonstrated convincingly through the use of self- and 
parent-reports, diary methodology, and actigraphy; far fewer 
studies have utilized polysomnography (PSG). It is likely that 
chronic pain and related sleep disturbances in children also 
have a strong negative impact on the sleep and quality of life 
of parents and caregivers, although this has not been carefully 
investigated.

This chapter will explore the consistent finding that sleep 
is disrupted in children and adolescents with pain, and it will 
examine it from the perspective that a bi-directional relation-
ship exists between pain and sleep.10 Additionally, we will 
review more recent investigations that examine the mediating 
and moderating impact of mood on the relationship between 
pain and sleep and on the functional impact of this relation-
ship on children and adolescents. Not only is sleep disrupted 
in children and adolescents with chronic pain, but daytime 
fatigue and reduced health-related quality of life are present 
in this population as well. Finally, there will be a discussion 
of pharmacologic and non-pharmacologic interventions 
designed to ameliorate sleep disturbances and, when possible, 
to diminish pain.

Chronic Pain
The most frequent sleep-related complaints in youth with 
chronic pain are: difficulty initiating and maintaining sleep, 
difficulty awakening in the morning, daytime sleepiness, 
napping, snoring, and nightmares.4–6,11 Poor sleep in children 
with chronic pain has a significant negative impact on health-
related quality of life through such pathways as activity limita-
tion and functional disability.5,12 Adolescents, for example, 
with poor sleep quality, poor sleep efficiency, and difficulty 
initiating and maintaining sleep have more limited daytime 
activities than do adolescents with chronic pain who do not 
have poor sleep – even when controlling for pain and mood 
disturbances.12 These observations highlight the importance 
of understanding the role of disturbed sleep in pediatric pain 

patients instead of solely attributing daytime activity limita-
tions and poor quality of life to chronic pain. Furthermore, 
levels of pre-sleep cognitive arousal and sleep-related anxiety 
are reported to be higher in youth with chronic pain and are 
predictive of reports of insomnia.4,6 This anxiety – likely 
reflecting intrusions of worry or anxiety related to pain and 
functional limitations – also interferes with sleep onset and 
lends itself to implementation of cognitive-behavioral inter-
ventions for insomnia.

Acute Pain
Although the majority of reports in the literature on sleep and 
pain focus on the relationship between sleep disturbance and 
chronic pain, acute pain is also known to disrupt sleep. Post-
surgical pain, acute injury, or dental pain, for example, may 
negatively impact sleep, and such painful occurrences are typi-
cally part of all children’s lives on occasion. Acute pain may 
disrupt sleep directly, or it may do so indirectly through efforts 
to reposition or mobilize during sleep. In some cases the 
psychological impact of a traumatic event that caused the 
acute pain may contribute to sleep disturbance as well.10

METHODS OF SLEEP ASSESSMENT

Evaluation of the child with pain and sleep issues begins with 
a thorough history. The healthcare provider should try to 
understand and characterize the child’s pain and other medical 
issues as well as taking a careful sleep history. Ideally, the clini-
cian should possess a thorough understanding of normal sleep 
physiology in children and must be willing to devote time to 
eliciting the history directly from the child, whenever possible, 
as well as from the parent or caregiver. In addition to typical 
details, such as bedtime routines, habitual bed and rise times, 
and sleep continuity, the clinician should ask about sleep 
quality during the night, the degree of restoration after the 
major sleep period, possible sleep-related breathing problems, 
symptoms of restless legs syndrome and periodic limb move-
ments, and parasomnias (sleepwalking, sleep talking, sleep 
terrors, and sleep bruxism). Obtaining a history of nap fre-
quency is important, as is other evaluation of alertness or 
sleepiness during the day. Parents should be asked their per-
ceptions about the associations among nocturnal pain, sleep 
quality, and daytime function. A thorough medication history 
is also important, especially since children with chronic or 
acute pain are likely to be taking several. Questions about 
mood, emotional regulation, and anxiety should not be forgot-
ten and lead further toward a comprehensive understanding 
of the child’s sleep.

Both subjective and objective means of assessment are 
helpful in children with chronic pain. Subjective measures 
range from single time point self-report questionnaires to 
daily diary methods filled out over weeks or months. Depend-
ing on the age and ability of the child, measures can be 
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Sleep Habits Survey; SHS59 36 item; 10–19 years Usual sleeping and waking on school and weekend nights, 
school performance, daytime sleepiness, and sleep–wake 
behavior problems past 2 weeks

Sleep Self Report; SSR75 18 item; 7–12 years Sleep habits, problems falling asleep, sleep duration, night 
waking, and daytime sleepiness past week

Adolescent Sleep Hygiene Scale; ASHS83 28 item; 12–18 years Sleep-facilitating and sleep-inhibiting practices on 9 domains 
over the last month

Adolescent Sleep Wake Scale; ASWS83 28 item; 12–18 Assesses sleep initiation, maintenance, and quality across five 
dimensions in the past month

Pre-sleep Arousal Scale; PSAS84 16 items; 12–18 years Cognitive and somatic arousal prior to sleep onset

Epworth Sleepiness Scale; ESS85,86 8 item; 2–18 years Assess daytime sleepiness, falling asleep during daytime 
activities

Table 12.1b  Child Self-Report Measures of Sleep Used in Chronic Pain Populations

Children’s Sleep Hygiene Scale; CSHS79 17 item; 2–8 years Activities surrounding sleep such as bedtime routines, stable 
bedtime and wake times over the past month

Children’s Sleep Habits Questionnaire; CSHQ75,81 35 item; 4–10 years Behavioral and medical-based sleep problems over the last week

Children’s Sleep Wake Scale; CSWS80 40 item; 2–8 years Child’s sleep over the last month in the areas of going to bed, 
falling asleep, awakening, reinitiating sleep, and wakefulness

Sleep Disturbance Scale for Children; SDSC82 26 item; 5–15 years Sleep initiation and maintenance, daytime sleepiness, sleep–
disordered breathing, and sleep arousal

Epworth Sleepiness Scale; ESS85 8 item; 2–18 years Assess daytime sleepiness, falling asleep during daytime 
activities

Table 12.1a  Parent Report Measures of Sleep Used in Chronic Pain Populations

completed by the child, the parent, or (ideally) by both. 
Within pediatric sleep research, parents are often the primary 
source of information; however, results of Valrie et al. suggest 
retrospective and concurrent reports by child and parent show 
adequate correspondence.8

Because interviews, questionnaires, and diaries are subjec-
tive, they are more appropriate to assess perception and aware-
ness of sleep behaviors (night wakings, resistance to sleeping 
alone, sleepwalking, night terrors, snoring, restless and dis-
rupted sleep, and apneic pauses) than are objective measures 
of sleep.13 Objective data are also critical to obtain, for obvious 
reasons. The most commonly used objective methods are 
actigraphy and polysomnography (PSG), with videography 
growing in usage. Objective measurement periods can last 
from 1 day (PSG) to up to several weeks (actigraphy) and are 
best used to assess amount and timing of sleep (PSG or actig-
raphy) and stages of sleep, sleep quality, and causes of dis-
rupted sleep (such as sleep apnea, periodic leg movements, 
parasomnias, or seizures) (PSG).14 Since methods vary in 
terms of duration, effort, cost, and reliability, the use of mul-
tiple measures is helpful when feasible.

Self-Report Questionnaires
The multifaceted nature of sleep has led to the development 
of questionnaires assessing sleep patterns and habits, symp-
toms of disrupted sleep, and thoughts or beliefs about sleep 
(Tables 12.1a, 12.1b). Although most questionnaires assess 
sleep retrospectively (typically over the preceding 1–4 weeks), 

some inquire about current sleep on a night-to-night basis;15 
thus, care should be taken when selecting a measure for a 
particular purpose and population.

Despite the inherent limitations associated with self-report 
questionnaires, their low cost and ease of implementation 
make them the most commonly used method in research with 
pediatric pain patients. Studies comparing the accuracy of 
self-reports to objective measures have found acceptable levels 
of agreement on certain sleep markers (total sleep time, sleep 
quality); however, parents sometimes tend to underreport the 
prevalence of night awakenings.16,17

Self-Report Daily Diaries
Prior to the development of actigraphy and PSG, daily diaries 
were considered the gold standard for sleep assessment in 
both adults and children.18 More recently, studies found 
acceptable reliability and validity when child-completed daily 
sleep logs were compared against objective measures (actigra-
phy).19,20 Sleep diaries are completed upon awakening and 
may capture much information including: bedtime, wake 
time, planned wake time, elements of sleep quality, number of 
perceived night wakings, time from lights out to sleep onset 
(sleep latency), time awake between sleep onset at night and 
time of rising in the morning (wake after sleep onset 
(WASO) ), and other relevant information such as where the 
child slept, medications taken prior to bed, and bedtime dif-
ficulties.21,22 Daily diaries have provided a unique methodol-
ogy for elucidating the bi-directional relationship between 



Sleep and Pain    93

that suggest an association between chronic opioid treatment 
and central or obstructive sleep apnea.33–35 Evidence-based 
practice parameters for respiratory indications for PSG in 
children, by the AASM, provide clinical guidance regarding 
which children may benefit from PSG.36

Non-respiratory indications for PSG in this population 
include atypical or potentially injurious parasomnias and sus-
pected periodic limb movement disorder (PLMD). PSG may 
be indicated when nocturnal seizures are being considered, par-
ticularly when there is uncertainty about whether seizures, res-
piratory disturbances during sleep, or parasomnias are occurring. 
Evidence-based practice parameters for non-respiratory indica-
tions for PSG in children provide additional guidance.37

Nocturnal PSG is a valid and reliable method for assessing 
sleep stage distribution and sleep architecture in children but, 
in the absence of clinical indications for respiratory or non-
respiratory sleep disorders, use of PSG to characterize sleep 
architecture in children with chronic pain is not likely to alter 
management or be cost-effective. From a research perspective, 
PSG (either in-laboratory or portable testing) may provide a 
useful method to investigate the important relationships 
between sleep and chronic pain in children. For example, PSG 
evaluations of sleep in children with juvenile fibromyalgia38 
and juvenile rheumatoid arthritis ( JRA),39 document signifi-
cant sleep fragmentation.

Comparing Subjective and Objective Measures
Studies suggest subjective and objective measures capture 
unique and complementary aspects of the sleep experience 
and, thus, both methods have a place in pediatric sleep assess-
ment.24,40,41 These different dimensions of sleep and sleep 
problems captured by subjective and objective measures also 
provide an explanation for discrepant research findings. Sub-
jective reports reflect the child’s or parents’ actual perceptions 
of sleep. Objective measures, however, may be insensitive to 
the subtle causes of these perceived changes in sleep quality 
that contribute to the subjective experiences.42 Because the 
perception of both sleep quality and pain are subjective, the 
role of subjective reports in studying the sleep of pediatric 
chronic pain patients is essential.

MOOD AND SLEEP

The relationship between mood disorders and sleep disrup-
tions is best characterized as bi-directional and mutually 
interacting. Investigations show that emotional disturbances 
can contribute to sleep difficulties,43,44 and insufficient sleep 
can lead to significant disturbances in mood.43,45–50 Disturbed 
sleep (including too much or too little sleep) is a commonly 
reported symptom in both depressive and anxiety disor-
ders.51,52 A 2002 study found that of adolescents who met 
criteria for major depressive disorder (MDD), 88.6% described 
sleep disturbances as a contributing symptom.50

The relationship between mood and sleep is not straight-
forward, however, as mood is known to influence sleep  
differentially depending on whether the child has an anxiety 
or a depressive disorder.53 Children experiencing symptoms 
of depression (anhedonia, psychomotor retardation, social  
withdrawal, fatigue, decreased appetite and weight, and 
hopelessness/helplessness) are more likely to suffer from 
hypersomnia, whereas children with anxiety symptoms  

pain and sleep in pediatric patients, which will be discussed 
later in this chapter.9,23

Actigraphy
An actigraph is a wristwatch-sized instrument usually worn 
on the non-dominant hand or ankle that measures movement 
over time and uses this as an indirect measure of sleep and 
wakefulness.15 Some models include an event button that 
can be pressed to signal bedtime and morning waking. The 
actigraph can be worn 24 hours a day for many days, and it 
captures data while the child sleeps in his or her normal 
environment.24–28 Actigraphy records sleep parameters such as 
total sleep duration (from sleep onset to final waking), sleep 
onset latency (minutes from bedtime to the first 20-minute 
period of sleep), total time in bed (from lights out to got out of 
bed events), and sleep efficiency (ratio of total sleep duration 
to total time spent in bed).21 Actigraphy has been deemed 
useful for characterizing and monitoring circadian rhythms 
and sleep disturbances in children by the Standards of Practice 
Committee of the American Academy of Sleep Medicine 
(AASM),29 and it has been successfully used to measure 
the sleep patterns of children and adolescents experiencing  
a range of chronic pain conditions including migraine,21 
recurrent abdominal pain (RAP),30 and chronic musculoskel-
etal pain.31

The majority of actigraphy studies suggest that children 
and adolescents with chronic pain have sleep patterns similar 
to their peers without pain. Children and adolescents with 
RAP, as well as those with migraines, demonstrated no group 
differences in sleep duration, WASO, and sleep efficiency 
compared to control groups.21,30 However, adolescents 
recruited from a multidisciplinary pain clinic had similar total 
sleep times but lower sleep efficiencies and more night wakings 
compared to a pain-free control group.32 Further, a 2008 study 
of 17 females with chronic musculoskeletal pain found that 
the majority of participants experienced disturbed sleep with 
reduced nighttime sleep, increased nighttime wakefulness, 
and decreased sleep efficiency.31

A 2010 study by Lewandowski et al.,15 investigating the 
relationship between pain and sleep, reported results similar 
to the 2004 studies by Haim et al.30 and by Bruni et al.21 
Adolescents receiving treatment for chronic pain did not 
differ from a sample of peers with intermittent pain com-
plaints on measures of average sleep duration, sleep efficiency, 
or WASO. Across both groups, longer sleep durations were 
associated with increased next-day pain in both chronic and 
occasional pain sufferers. Interestingly, increased sleep dura-
tion was not associated with self-reported higher levels of 
sleep quality, sleep efficiency, or restorative sleep.15

Nocturnal Polysomnography
The clinical utility of PSG in children with chronic pain has 
not been systematically evaluated; however, by taking a thor-
ough sleep history, the clinician can identify sleep concerns 
that may indicate the need for PSG. For example, children 
with habitual snoring or witnessed apnea require PSG for 
characterization of breathing during sleep as part of the evalu-
ation for obstructive sleep apnea (OSA) or other forms of 
sleep-related breathing disorders. Children on chronic ster-
oids (as may be prescribed for some forms of cancer or other 
painful conditions) may experience significant weight gain 
and (thus) an increased risk for OSA. There are limited data 
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interfere with sleep whereby it inhibits sleep onset, induces 
nocturnal awakenings, and interferes with return to sleep. 
Conversely, a poor night’s sleep is hypothesized to lead to 
increased experience of pain and decreased pain tolerance the 
following day. The role of potential mood dysregulation 
resulting from poor sleep is essential in Lewin & Dahl’s model 
(see Figure 12-1).

Because of the importance of coping in the context of 
managing chronic pain on a daily basis, the impact of ade-
quate sleep is crucial for assisting children and adolescents in 
managing daily pain through improved coping mechanisms. 
Lewin and Dahl describe specific benefits of sufficient sleep 
in children and adolescents with chronic pain, including the 
role of deep nonREM (N3) sleep in inhibiting pain signals 
and promoting the release of growth hormone (thereby assist-
ing healing), and the role of sleep in modulating the relation 
between stress and immune function.

Daily Diary Methodology
In an attempt to elucidate the bi-directional theory, daily 
diaries provide a methodology to assist with the determina-
tion of directionality in the pain–sleep relationship. Through 
daily diary methodology, poor sleep has been demonstrated 
to be predictive of reports of pain the following day. Mood 
has been identified as a moderator variable in this relationship, 
whereby with increasingly positive mood, the impact of poor 
sleep on reports of pain decreases.9,15,23 Furthermore, while 
daily variations in sleep predicted pain, typical sleep quality 
had a greater influence on reports of pain.23 Interestingly, 
while pain has been reported to be predictive of poor sleep 
quality the following evening in children with sickle cell 
disease,9 this was not found in a sample of children with 
juvenile polyarticular arthritis,23 or in youth from a multidis-
ciplinary pain clinic.15 Thus, while evidence is increasing for 
the impact of poor sleep on the experience of pain in children 
with chronic and episodic pain (particularly when negative 

(separation anxiety, somatic complaints, brooding/worry, and 
psychomotor agitation) are more likely to suffer from insom-
nia.54 This suggests early mood disorders may influence the 
development of sleep disturbances and may be used to assist 
with differential diagnosis.43

The relationship between mood and sleep may be more a 
function of subjective complaints than objectively captured 
sleep disturbances.14 A number of objective studies have failed 
to find a difference in sleep between children with mood 
disorders and age-matched controls.52,55,56 However, by sub-
jective report, youth with anxiety disorders have been found 
to underestimate or underreport sleep difficulties compared to 
those with depression who perceive their sleep as disturbed 
despite normal objective results.42 That being said, some 
studies have found objective differences in sleep quality,57 
damped circadian amplitude, and lower activity levels58 in 
children with depression.

Although the presence of subjectively reported disrupted 
sleep in children and adolescents with mood disorders is well 
established, inconsistencies within the literature do exist. 
Many of the discrepancies can likely be attributed to age and 
cultural differences across study populations, to expected 
changes associated with normal development, and to the 
assessment methods used to capture the sleep experience.5,24,59 
However, it is important to consider that once both sleep 
disturbance complaints and a mood disorder have developed 
it becomes essential to intervene to disrupt the cycle and 
re-establish developmentally appropriate mood and sleeping 
patterns.

For additional discussion of mood and sleep, see Chapter 
46.

MOOD AND PAIN

Depressive and emotional symptoms are consistently associ-
ated with increased pain in studies of children with and 
without chronic disease.60–65 One study found depression 
alone explained 25.4% of the variance in pain scores,66 and 
children who reported increased emotional distress were more 
likely to report pain in multiple areas of the body compared 
to children with low levels of distress.67 In a manner similar 
to that reported in the literature on sleep and pain, daily vacil-
lations of depressed mood and stress have been found to affect 
reports of pain in children; thus, daily increases of depressed 
mood or stress are highly predictive of increased pain.68,69 
Furthermore, depressive symptoms are associated with 
increased functional disability scores; however, this may be 
due to the overlapping characteristics of fatigue, diminished 
interest in activities, and psychomotor retardation.62 Finally, 
as anxiety and depression increase, negative emotions and 
chronic pain can trigger both negative thinking66 and increased 
somatic sensitivity. When both negative mood and pain are 
present, a negative feedback loop can occur, with each 
symptom exacerbating the other.70

BI-DIRECTIONAL RELATIONSHIP OF PAIN  
AND SLEEP

Lewin and Dahl posited a theory whereby sleep and pain have 
a bi-directional relationship.10 As such, pain may directly 

Figure 12-1 Cyclic Nature of Pain and Sleep. (Adapted from Lewin DS, 
Dahl RE. Importance of sleep in the management of pediatric pain. Journal 
of Developmental and Behavioral Pediatrics 1999;20(4):244–252.)10
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To date, this study has found that children receiving the 
CBT intervention report decreased pain and fatigue and 
increased sleep quality.73 Furthermore, there was an increase 
from 1% to 24% of children who reported experiencing no 
current pain at all. Although the pain, fatigue, sleep distur-
bance, sleep latency, and physical symptoms (headaches and 
gastric disturbances) did not remit completely, the authors 
suggested the treatment instilled optimism in the children  
and empowered them to assume control over symptom 
management.73

PHARMACOLOGICAL INTERVENTIONS

Interventions directed at controlling pain during the major 
sleep period are likely to improve sleep quality and quantity. 
However, it is important that the clinician monitor closely for 
side effects including those that have an adverse impact on 
sleep or daytime alertness.

There are few prospective studies designed to systemati-
cally evaluate pharmacological interventions that address both 
chronic pain and sleep issues in children. The effect of prega-
balin on sleep and pain in adult participants with fibromyalgia 
was investigated in two studies, and findings were generally 
positive and associated with meaningful improvement in sleep 
and pain.76,77 Generalization of these findings is limited by the 
disease model (fibromyalgia) and the age group (adults). Nev-
ertheless, it appears likely that certain medications have effi-
cacy for controlling some forms of pain and improving sleep 
fragmentation.

Tricyclic antidepressants, such as amitriptyline, have been 
used at bedtime for chronic pain and to help consolidation of 
sleep. Children with chronic pain plus restless legs syndrome 
or PLMD may benefit from gabapentin or pregabalin, or from 
other anticonvulsant medications such as carbamazepine or 
lamotrigene. Duloxetine (Cymbalta™) is a newer selective 
serotonin and norepinephrine reuptake inhibitor with US 
Food and Drug Administration (FDA) approval in adults for 
treatment of diabetic peripheral neuropathic pain, fibromyal-
gia, chronic musculoskeletal pain, major depressive disorder, 
and generalized anxiety disorder.78 However, use of duloxetine 
in children is off label (not approved by the FDA) and the 
increased risk of suicidal thinking and behavior in children, 
adolescents, and young adults taking antidepressants for major 
depressive disorder and other psychiatric disorders limits use 
of this medication. Given the paucity of FDA-approved 
options in this area, it is clear that much work is needed to 
develop and evaluate pharmacological treatment options for 
children with chronic pain and sleep issues.

CONCLUSION

A bi-directional relationship between disrupted sleep and 
pain exists in children and adolescents with acute, episodic, 
and chronic pain. This relationship appears to be moderated 
to some degree by mood and has an impact on daytime func-
tion including health-related quality of life. This chapter 
addresses the importance of fully assessing mood and sleep in 
pediatric patients with chronic pain as well as the utility of 
non-pharmacologic and pharmacologic methods of interven-
tion in this patient population.

mood is present), the reverse, i.e., the impact of pain on sleep 
in this population, is less clear.

PSYCHOLOGICAL INTERVENTIONS/TREATMENTS

Currently, no formalized psychological interventions exist 
which are designed to treat comorbid sleep disturbances and 
pain in children. However, a number of studies implementing 
a cognitive-behavioral treatment for insomnia (CBT-I) in 
adults experiencing chronic pain due to injury or medical 
conditions show promise.

Heavily based on Morin’s treatment for insomnia,71 CBT-I 
primarily focuses on stimulus control, sleep restriction (limited 
time in bed with strict bed and rise times), and cognitive 
restructuring (to change unrealistic beliefs and irrational fears 
regarding sleep), but it also incorporates relaxation training 
(deep breathing, progressive muscle relaxation, autogenic 
training, and imagery). Compared to a control group, partici-
pants with osteoarthritis receiving CBT-I achieved a shorter 
sleep-onset latency, decreased WASO, and increased sleep  
efficiency, and there were reduced self-reports of pain, all of 
which were maintained at 1-year follow-up.72 Importantly, the 
CBT-I intervention made no reference to pain management 
techniques, whereas the treatment provided to the control 
group contained several treatment components that have  
previously been included in effective multi-component inter-
ventions for chronic pain management.72 As the CBT-I 
group reported reduced immediate and long-term pain, this 
suggests the importance of healthy sleep in the treatment of 
chronic pain.

When measuring pain outcomes, it is important not only 
to assess pain severity but also pain interference, which cap-
tures how the pain sensation interferes with a person’s ability 
to engage in daily tasks. It is possible that improvements in 
sleep quality may not influence pain severity directly but 
rather improves pain interference and other pain-related out-
comes indirectly by bolstering coping resources.22

A pilot study investigating treatment for children with JRA 
reported that eight children treated with CBT described sig-
nificant improvements in sleep quality, pain control, and 
physical functioning compared to a control group.73 A second 
pilot study using the same intervention reported improved 
sleep (defined as decreased sleep latency and more restorative 
sleep) associated with decreased levels of pain.74

Results from these pilot studies – specifically their demon-
stration of a link between improved sleep and pain reduction 
– led researchers to specifically introduce sleep as the first 
module within an 8-week multimodal, outpatient, cognitive-
behavioral intervention for youth with fibromyalgia.75 The 
sleep module assists with making changes in sleep hygiene 
and identifying maladaptive sleep cognitions, and it uses 
stimulus control, sleep restriction, relaxation, and deep breath-
ing instruction. Children also maintain daily sleep logs to 
identify problematic patterns of behavior and track changes 
in sleep quality. Additional modules in the intervention focus 
on psycho-education, pain management techniques, and skills 
to manage activities of daily living.73 The pain management 
protocol includes exploring maladaptive cognitions regarding 
pain and the teaching of cognitive reframing, thought stop-
ping, distraction techniques, the use of visual imagery, and 
self-hypnosis.
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• Evaluation of the child with pain and sleep issues begins 
with a thorough history of the child’s pain, other medical 
and psychological issues, and sleep.

• A bi-directional relationship between sleep and chronic 
pain is postulated: pain may inhibit sleep onset, induce 
nocturnal awakenings, and interfere with return to sleep; 
poor sleep may lead to increased experience of pain.

• Because the perception of sleep quality and pain is 
subjective, it is essential to assess subjective reports of 
both.

• Improvements in sleep quality may influence pain 
perception indirectly by bolstering coping resources, thus 
limiting the degree that pain sensations interfere with the 
ability to engage in daily activities.

• The relationship between sleep and pain is moderated by 
mood: with increasingly positive mood, the negative impact 
of poor sleep on reports of pain decreases.

• Children with chronic pain receiving non-pharmacologic 
interventions such as CBT-I report decreased pain and 
fatigue and improved sleep quality.

• Research is needed to develop and evaluate 
pharmacological treatment options for children with 
chronic pain and sleep issues.
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INTRODUCTION

The symptom of involuntary urine loss is termed urinary 
incontinence. Urinary incontinence during the night (the 
terms bedwetting, enuresis, enuresis nocturna and sleep-
related enuresis (SRE) are used synonymously) is the com-
monest urinary symptom in children and adolescents, and can 
lead to major distress for the affected child and parents. SRE 
is estimated to affect 5 to 7 million children in the United 
States alone, occurring much more often in boys than in girls, 
with a 3 : 1 reported ratio in most cohorts.

Up to the fifth year of life, urinary incontinence is regarded 
as a physiological phenomenon, even if many children develop 
complete continence well before this age.1 According to the 
International Children’s Continence Society, enuresis is clas-
sified as either primary – when the child has never achieved 
nighttime dryness, or secondary – when nocturnal enuresis 
occurs after a period of dryness of at least 6 months.

Among the known risk factors for the occurrence of noc-
turnal enuresis, significant associations between sleep-
disordered breathing and SRE have emerged both in children 
and in adults over the last decade.2–6 It has become apparent 
that increased upper airway resistance during sleep manifest-
ing either as habitual snoring (HS) or as documented obstruc-
tive sleep apnea syndrome (OSAS) leads to increases in the 
risk of SRE. Most importantly, after successful treatment of 
the respiratory disorder during sleep, SRE can be reduced in 
frequency or severity, and even eliminated. Thus, careful eval-
uation of sleep-disordered breathing in enuretic patients is 
important, especially in those children with concomitant 
daytime incontinence.6

EPIDEMIOLOGY

The epidemiology of bedwetting is complicated by the variety 
of definitions used in studies (Box 13-1).

Children develop stable bladder control in the third to sixth 
year of life – initially during the day and later also during the 
night. At age 7 years, approximately 10% still have nocturnal 
enuresis, and 2–9% are affected during the day.8 Similar results 
were reported by the Avon Longitudinal Study, a prospective 
and large longitudinal cohort from birth that examined a 
variety of developmental trajectories specifically assessing 
growth and pediatric milestones. Another epidemiological 
study in Hong Kong, which defined bedwetting as the occur-
rence of one wet night over a 3-month period, reported a 
prevalence of 16.1% at age 5 years, 10.1% at 7 years and 2.2% 
at 19 years.9 In all studies, the prevalence is markedly greater 
for boys than for girls at all ages, with an average ratio of 
3 : 1.9–12 Children tend to outgrow SRE, with a spontaneous 
remission rate of about 14–15% annually among bedwetters, 
with 3% remaining enuretic into adulthood.8,10,11 Male gender 

and age younger than 9 years are considered major contribu-
tors to sleep-related enuresis in children.12

Interestingly, in a recent population-based study made in 
6147 children by Su and collaborators, the prevalence of noc-
turnal enuresis (NE) was not greater in children with OSA, 
but was increased with increasing severity of OSA in girls 
only, demonstrating, for the first time, a sex-associated preva-
lence of NE in relation to increasing OSA severity.13

ETIOLOGY

Important risk factors for SRE include family history, noctur-
nal polyuria, impaired sleep arousal and nocturnal bladder 
dysfunction. Nocturnal enuresis has been linked to chromo-
somes 13, 12, 8 and 22, with a predominantly autosomal 
dominant inheritance.14

In two-thirds of children with SRE, disturbed circadian 
rhythms in ADH release and nocturnal polyuria have been 
reported.15 Defects in sleep arousal have also been associated 
with SRE.16 As many as a third of children with SRE may 
have nocturnal detrusor overactivity along with reduced func-
tional bladder capacity. Interestingly, these children have 
normal detrusor activity and a normal functional bladder 
capacity when they are awake, but a reduced functional 
bladder capacity with detrusor hyperactivity when asleep.7

Other risk factors for sleep-related enuresis include constipa-
tion,17 developmental delay and other neurological dysfunc-
tion,18 attention deficit hyperactivity disorder (ADHD),19 upper 
airway resistance,20,21 and sleep-disordered breathing.2–6,22

PATHOPHYSIOLOGY

Urinary incontinence is a heterogeneous entity with multifac-
torial contributors, which is also affected by coexisting mor-
bidities. Two major entities are reported.

Physiological Urinary Incontinence
This term clarifies urinary incontinence as a symptom that is 
regarded as a normal feature during the first few years of life, 
and is considered as pathological only after the fifth year of 
life. The range of normal continence development is, however, 
very wide, such that one can assume that many children expe-
rience ‘physiological’ urinary incontinence beyond the com-
pleted fifth year of life (‘late developers’). The clinical and 
diagnostic test findings in such children are negative and 
reveal the absence of any pathological features.7

Organic Urinary Incontinence
This form of urinary incontinence is rare. However,  
special efforts have to go into the detection of possible organic 
causes, particularly among treatment-refractory cases. The 
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Since neither nocturnal polyuria nor diminished functional 
bladder capacity adequately explain why children with SRE 
do not wake up to void, the primary mechanisms in patients 
with enuresis are believed to represent multifactorial pathways, 
with several different pathophysiologic mechanisms being 
proposed.

Nocturnal Polyuria
The findings by Nørgaard et al. showing that many enuretic 
children have nocturnal polyuria (due to the lack of the physi-
ological nocturnal peak of vasopressin secretion) causing noc-
turnal urine production and exceeding their functional bladder 
capacity26 have been replicated27,28 and contradicted.29 The 
possibility has also been put forward that polyuria is not 
necessarily always caused by vasopressin deficiency.16

Detrusor Overactivity
Support for the detrusor overactivity hypothesis is provided by 
the finding that children with enuresis go to the toilet more 
often than dry children, that they void smaller volumes, and 
that urgency symptoms are more common in this group.17,18 
However, the European Bladder Dysfunction Study (EBDS) 
did not find any correlation between clinical urge symptoms 
and cystomanometric detrusor overactivity.24 It is likely 
that the overactive bladder in children is not pathophysiologi-
cally identical to the better-understood overactive bladder in 
adults. The cardinal symptom of overactive bladder is an 
imperative urinary urge. By intentionally restricting fluid 
intake and paying frequent visits to the toilet many children 
remain continent during the day, but once these control  
mechanisms are absent, for example, during sleep, such chil-
dren manifest enuresis, a very different situation from that 
seen in adults.1

Sleep-Disordered Breathing
Over the last decade, a significant correlation between SRE 
and sleep-disordered breathing (SDB) has been firmly estab-
lished. Habitual snoring is the most common clinical mani-
festation of SDB in children, a condition that ranges from 
primary snoring to severe OSAS.30 Studies on the epidemiol-
ogy and symptoms of sleep-disordered breathing have reported 
an increased frequency of enuresis in children with habitual 
snoring. Wang and colleagues reported that 46% of children 
with OSAS diagnosed by polysomnography had nocturnal 
enuresis.31

In a European population questionnaire-based study, 
Kaditis and colleagues showed that 23.3% of children with 
SRE were habitual snorers.32 In a recent questionnaire-based 
survey of a community sample of children in Greece by the 
same authors, children with HS reported more often the 
concurrent presence of SRE than those children without 
HS.21 Similar results were reported by a North American 
population-based study, in which 26.9% of habitual snorers 
presented with enuresis.33 The existence of a significant asso-
ciation between enuresis and SDB has been further supported 
by the decreases in frequency of SRE or even complete resolu-
tion of nocturnal enuresis after successful treatment of the 
breathing disorder during sleep.

As a general recommendation, mouth breathing and nasal 
congestion during sleep should be more carefully evaluated in 
cases of children with NE who do not respond to standard 
treatment and present with SDB.4

permanent leaking of small amounts of urine during the day 
and at night is typical for girls with duplex kidney and ectopic 
ureter implantation. Malformations of the urethra may also 
be the cause of organic urinary incontinence. Polyuric renal 
disease – such as tubulopathies, chronic renal failure, or dia-
betes insipidus – can also manifest as treatment-refractory 
enuresis.

Neurogenic Disorders
In congenital diseases (e.g., myelomeningocele/spina bifida) 
or acquired neoplastic or inflammatory disorders of the 
nervous system, the innervation of the bladder is often 
affected. Occult spinal dysraphisms (for example, spina bifida 
occulta, tethered cord syndrome, sacral agenesis) often remain 
undetected for a long time and can manifest as treatment-
resistant SRE.1

MANIFESTATIONS OF THE SYMPTOMS OF 
FUNCTIONAL URINARY INCONTINENCE

Monosymptomatic Enuresis Nocturna (MEN)
The causes underlying many of the enuretic cases remain 
frequently only partially explained. It may be assumed that a 
combination of developmental delays in neurological bladder 
control and the regulation of urine production play the major 
crucial roles in the causation of enuresis.

There are children who present nocturnal polyuria, with or 
without vasopressin deficiency. These children usually have no 
associated daytime bladder dysfunction,23 and wet their beds 
because nocturnal urine output exceeds the amount of urine 
that the bladder can accommodate. In general, they sleep too 
deeply to wake up when the bladder is full – high arousal 
thresholds. Experts have chosen to call this subtype of MEN 
as diuresis-dependent enuresis.24

There is a second group of children with SRE and MEN 
who suffer from detrusor overactivity.23,24 Many of these chil-
dren have daytime symptoms such as urgency and/or incon-
tinence, or are constipated,10 and they wet their beds because 
of uninhibited detrusor contractions that fail to awaken the 
child from sleep. The term detrusor-dependent enuresis is com-
monly used to define this MEN subgroup.24 There are also 
children who exhibit signs of both diuresis-dependent and 
detrusor-dependent SRE.25

Box 13-1  Definitions7

•	 Enuresis:	Intermittent	incontinence	while	asleep	in	a	child	
over	5	years	of	age.

•	 Monosymptomatic enuresis:	Enuresis	with	no	other	lower	
urinary	tract	symptoms.

•	 Expected bladder capacity	(EBC):	Calculated	as	[30	+	(age	in	
years	×	30)]	in	milliliters.

•	 Nocturnal polyuria	(NP):	Overproduction	of	urine	at	night,	
defined	as	nocturnal	urine	output	exceeding	130%	of	EBC	
for	age.

•	 Non-monosymptomatic enuresis:	Enuresis	with	other,	mainly	
daytime,	lower	urinary	tract	symptoms.

•	 Overactive bladder	(OAB):	All	children	with	complaints	of	
urgency	and	frequency	with	or	without	incontinence.
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natriuretic peptide (BNP) remains controversial. Patwardhan 
and colleagues showed the absence of any association between 
natriuretic peptides and OSAS in a community-based sample, 
suggesting that undiagnosed OSAS may not be associated 
with major alterations in left ventricular function, as reflected 
by changes in morning natriuretic peptide levels.39

In a study on children, Kaditis and colleagues showed that 
children with an apnea hypopnea index (AHI) ≥5 events/hour 
of total sleep time had fourfold higher risk of nocturnal 
increase in BNP levels when compared to subjects with AHI 
≤5. These investigators concluded that BNP levels were 
higher among snoring children, and appeared to correlate 
with the severity of respiratory disturbance during sleep.32 
Based on the cumulative evidence presented heretofore, SDB 
may increase the frequency of enuresis in children though 
BNP-dependent mechanisms. In further exploration of this 
hypothesis, Sans and colleagues found that habitual snoring 
(HS) was associated with increased prevalence of SRE in a 
young school-aged community-based sample, and that 
morning BNP levels were increased in enuretic children. 
However, the prevalence of enuresis did not appear to be 
modified by the severity of respiratory disturbance during 
sleep. Taken together, even mild increases in sleep pressure 
due to HS may raise the arousal threshold and promote enu-
resis, particularly among prone children, and more so among 
those with elevated BNP levels. Thus, in children with a 
genetic propensity for enuresis, BNP levels may tend to be 
enhanced by both HS and OSAS, thereby tipping the balance 
in favor of a more pronounced propensity to develop SRE.33

To summarize the role of BNP in enuretic children with 
sleep-disordered breathing, we could use increased plasma 
levels of BNP as an indicator of increased prevalence of enu-
resis in the context of SDB.40

Comorbidities in Functional Urinary Incontinence
Risk factors associated with a greater prevalence or severity of 
SRE include urinary tract infections (which may cause tem-
porary detrusor and/or urethral instability), diabetes mellitus 
and diabetes insipidus, stress, sexual abuse and other psycho-
pathological conditions, as well as some of the risk factors for 
sleep-related enuresis, such as constipation and upper airway 
obstruction.1,4,7

THERAPEUTIC OPTIONS IN CHILDREN WITH SLEEP-
RELATED ENURESIS

Given the pathophysiological processes potentially underlying 
SRE, it should come as no surprise that therapies of enuresis 
that have aimed to address either sleep and urine production 
or detrussor function have not achieved increased success than 
when compared to placebo. Only three therapies have with-
stood the test of proper randomized, placebo-controlled trials: 
the enuresis alarm, desmopressin, and imipramine treatment. 
Among those, only the enuresis alarm and treatment with 
desmopressin can presently be recommended for routine 
treatment of SRE.24

The Enuresis Alarm
The alarm is triggered when a sensor in the sheets or night 
clothing becomes wet, setting off an auditory signal causing 
the child to wake up, cease voiding, and go to the bathroom 

Deep Sleep with Reduced Arousabilty
A great deal of controversy has existed for many years about 
whether enuresis reflects a sleep disorder or not. In fact, some 
studies based on surveys have found that children with noc-
turnal enuresis are more subject to parasomnias (such as night 
terrors or sleepwalking) than children who do not wet the 
bed.14 Considering that most patients with sleep apnea fre-
quently complain about their more frequent awakenings to 
urinate, some of them may not fully awaken to urinate, and 
thus have SRE. Accordingly, it is reasonable to assume that 
there may be something abnormal with the arousal response 
when SRE is present. To explore this issue, several studies 
examined whether sleep characteristics might differ among 
children with and without SRE, and have analyzed the ‘arous-
ability’ of these patients.3,20,34–36 In most of the children with 
SRE, normal polysomnographic findings were reported, failing 
to identify a specific ‘deep-sleep phenotype’ that may explain 
the occurrence of enuresis. However, when surveyed, parents 
consistently indicate that their children with SRE are ‘deep 
sleepers,’ compared with their siblings who are not bedwet-
ters.14 Furthermore, when assessing the timing of SRE within 
the sleep cycle, it becomes apparent that the involuntary and 
accidental voiding events might occur during any sleep stage,31 
even if children with severe, therapy-resistant enuresis prefer-
ably void during non-REM sleep, particularly stages 3–4.32

Increased Glomerular Filtration
It has been described that in obese adult patients glomerular 
filtration rate is increased. Krieger and colleagues found in 
obese subjects with sleep apnea, higher fractional urinary 
flows, increased fractional sodium and chloride excretion, and 
a lower percentage of filtered sodium reabsorption, compared 
to normal subjects.37 Interestingly, treatment with CPAP 
tended to normalize renal function in patients with OSAS 
and was associated with reduced urinary output and sodium 
reabsorption. No studies in children with SRE have been 
made in order to corroborate this hypothesis. However, a 
recent study by Kaditis and colleagues suggested that increased 
natriuresis is indeed present in children with OSAS and is 
probably related to increased systemic blood pressure.38

Natriuretic Peptides
One of the potential mechanisms accounting for the increased 
prevalence of SRE in the context of SDB may be related to 
the release of both atrial and brain natriuretic peptides from 
cardiac myocytes following cardiac wall distension, as induced 
by the increased negative intrathoracic pressure swings that 
accompany the increased upper airway resistance associated 
with SDB. Increased respiratory effort against a closed or 
partially closed airway elicits a rise in the negative intratho-
racic pressures with a subsequent increase in the venous return 
and cardiac distension, the latter leading to the release of atrial 
wall diuretic peptides. In addition, the hypoxia associated with 
an apneic event may induce pulmonary vasoconstriction, 
causing right ventricular overload and additional atrial disten-
sion. All these mechanisms may explain the increases in atrial 
natriuretic peptide (ANP) release, which would then enhance 
urinary excretion. To test these assumptions, Krieger and col-
laborators examined and confirmed the presence of a correla-
tion between ANP levels and the degree of negative 
intrathoracic pressures associated with apneic events and 
hypoxemia.37 However, the role of ANP and that of brain 
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have achieved full bladder control at night. It is classified as 
primary when the child has never achieved nighttime dryness 
and secondary when bedwetting occurs after being dry for at 
least 6 months. The condition is considered primary in a child 
who has never been consistently dry during sleep for 6 months. 
Primary sleep enuresis is more common in boys than in girls 
with a 3 : 1 ratio.

As discussed earlier, enuresis is clinically and pathogeneti-
cally a heterogeneous disorder and, in this chapter, we have 
emphasized the role of sleep-disordered breathing in the 
disease. A link between habitual snoring and SRE has been 
established in children and adults. Several pathophysiological 
mechanisms have been proposed to explain this association 
but, in the end, genetic predisposition to enuresis seems to be 
the most important factor, even when compared to OSAS 
severity. Effective treatment of upper way resistance, even 
habitual snoring, may improve or resolve enuresis in affected 
children.

Given all these considerations, careful evaluation of the 
presence of sleep-disordered breathing (from habitual snoring 
to OSAS) in enuretic patients is most significant. Proper 
treatment can lead to resolution of the problem, improving 
patient’s self-esteem and quality of life.

to complete the voiding. Parents are advised to wake their 
child up when the alarm is activated, since otherwise SRE 
children are prone to turn it off and go back to sleep.7 The 
alarm should be worn every night. Response is not immediate 
and treatment should be continued for 2–3 months or until 
the child is dry for 14 consecutive nights.7 The success rate is 
reported to be around 60–70%. Relapse after successful treat-
ment occurs in 5–30% of children.41

Treatment with Desmopressin
Desmopressin is a synthetic analog of arginine vasopressin, 
the naturally occurring antidiuretic hormone. One of its major 
actions is to reduce the volume of urine produced overnight 
to within normal limits. Medication should be taken 1 hour 
before the last void and before bedtime to allow timely 
enhanced concentration of urine to occur. Fluid intake should 
be reduced from 1 hour before desmopressin administration 
and for 8 h subsequently to encourage optimal concentrating 
capacity and treatment response, as well as to reduce the risk 
of hyponatremia/water intoxication. Desmopressin is only 
effective on the night of administration; therefore, it must be 
taken on a daily basis. Full adherence is required to avoid wet 
nights. Based on a recent international consensus guideline 
for the treatment of enuresis, the initial duration of treatment 
should be 2–6 weeks, to ascertain its antienuretic effect.7

Side effects are rare and treatment is generally considered 
safe, if the patient does not consume large amounts of liquids 
while taking the drug.42 Reported success rates have varied 
between 40% and 80%, but most children relapse after treat-
ment, so the curative effect is low.42,43

TREATING COMORBIDITIES

Children with urinary incontinence and clinically relevant 
comorbidities need a comprehensive therapeutic strategy that 
considers the patient and the families’ individual situation.

Here, the author would like to make a special mention for 
SRE in the context of SDB.

Effect of Appropriate Treatment of Sleep-Disordered 
Breathing on Sleep-Related Enuresis
Overall, the available data are scant. Weider and Hauri 
reported resolution or decreased frequency of sleep-related 
enuresis and diurnal incontinence after relief of upper airway 
obstruction following adenotonsillectomy.20 Basha et al.44 and 
Firoozi et al.45 reported similar results.

A lower response rate to adenotonsillectomy seemed to be 
associated with prematurity, obesity, family history of noctur-
nal enuresis (NE), presence of non-monosymptomatic NE, 
severe NE preoperatively, and arousal difficulties.46

Interestingly, resolution of enuresis has also been reported 
in children with habitual snoring and nasal obstruction who 
received treatment with intranasal corticosteroids.47

Appropriate treatment for sleep-disordered breathing is 
extensively described in other chapters of this book.

CONCLUSION: CLINICAL IMPLICATIONS AND 
FUTURE RESEARCH

Nocturnal enuresis refers to the involuntary loss of urine after 
the age of 5 years, an age at which children are expected to 
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•	 Male	sex	and	age	younger	than	9	years	are	considered	
major	contributors	to	sleep-related	enuresis	in	children.

•	 Urinary	incontinence	is	a	heterogeneous	entity	that	has	
multifactorial	causes	and	is	affected	by	comorbidities.

•	 Children	with	urinary	incontinence	and	clinically	relevant	
comorbidities	need	a	comprehensive	therapeutic	strategy	
that	considers	the	patient’s	and	their	families’	individual	
situation.

•	 Upper	airway	resistance	during	sleep	manifested	either	as	
habitual	snoring	(HS)	or	a	documented	obstructive	sleep	
apnea	(OSA)	syndrome	increases	the	risk	of	enuresis.

•	 Only	the	enuresis	alarm	and	treatment	with	desmopressin	
can	presently	be	recommended	for	routine	use.
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INTRODUCTION

In young children, bedtime difficulties and frequent night 
wakings are both common and persistent. It is estimated that 
20–30% of children under the age of 3 years experience these 
sleep problems.1,2 Furthermore, 84% of children with a sleep 
problem at age 1–2 still have the same problem at age 3.3 
Studies have provided solid evidence that sleep problems 
affect emotional, cognitive, behavioral, and academic func-
tioning in children4–6 and also are associated with important 
health concerns such as obesity.7 The sleep and daytime func-
tioning of parents is affected as well.8

Bedtime Problems
Bedtime problems occur in about 10–30% of preschoolers  
and toddlers.9 Typical symptoms include avoidance of bedtime 
(such as refusal to get into bed, stay in bed, or participate in 
the bedtime routine) and frequent requests after lights out 
(such as for food, drinks, or stories). Bedtime problems often 
begin as part of the emerging independence of toddlers, but 
they can continue or develop in preschoolers and school-aged 
children as well. Often, children will test limits in order to 
determine boundaries and gain independence, both at night 
and during the day. In most cases these behaviors are devel-
opmentally appropriate; however, at bedtime these behaviors 
may be more difficult for parents to address, and they can 
result in inconsistent bedtime routines or parental limits that 
change with the child’s requests. When nighttime routines 
and appropriate rules are absent, inconsistent, or dependent 
upon the child’s requests, bedtime problems may emerge.

Night Wakings
Frequent night wakings of children are reported by 25–50% 
of parents10–12 and are found to be most problematic in infants 
and toddlers aged 6 months to 3 years. The conditions under 
which the child learns to fall asleep (i.e., sleep associations) 
may have a direct impact on the frequency of night wakings, 
as may other behavioral factors and circadian issues; however, 
medical causes, such as reflux and obstructive sleep apnea, 
should be considered. When sleep associations involve another 
person (typically a caregiver), it is more difficult for the child 
to return to sleep independently following normative night 
wakings. Parental presence (e.g., rocking, feeding, or lying 
down with the child) has been shown to be one of the most 
common predictors of frequent night waking.10 Although 
parents often perceive that their children with night wakings 
have more frequent arousals than do other children, in fact 
such wakings are a normal part of sleep architecture and are 
experienced equally by children with and without reported 
night waking.13 It is the child’s signaling at times of waking 
– by crying, calling, or getting out of bed (because of difficulty 
returning to sleep independently) – that makes the parents 
aware of, and thus report as frequent, the night wakings.

Children often have frequent night wakings and bedtime 
problems as coexisting symptoms. When bedtime problems 

lead to a long bedtime routine and increased time to sleep 
onset, caregivers may eventually do whatever it takes for 
everyone to get to sleep. Furthermore, inconsistent limit 
setting may facilitate the development of negative sleep asso-
ciations. For example, a child may repeatedly prolong bedtime 
with demands (typically by calling out, crying, or having tan-
trums). If the caregiver eventually gives in to these demands, 
perhaps by lying down with the child or bringing him or her 
into the parental bed, these behaviors are reinforced. Thus, 
the sleep problem is related to both the negative sleep onset 
associations and to the lack of appropriate limit setting.

INTERVENTIONS

Interventions for bedtime problems and frequent night 
wakings have been supported by a broad foundation of 
research.14 The review by Mindell et al.1 found that 94% of 
52 treatment studies for bedtime problems and frequent night 
wakings were efficacious, with over 80% of children demon-
strating improvement; and, these improvements were main-
tained for 3 to 6 months. Behavioral approaches for the 
treatment of bedtime problems and night waking are dis-
cussed below and include: sleep hygiene, extinction, graduated 
extinction, positive routines and bedtime fading, scheduled 
awakenings, and parent education/prevention. More recently, 
internet-based interventions incorporating these treatment 
modalities have been developed.

Sleep Hygiene
Sleep hygiene is typically a component of treatments for 
bedtime problems and frequent night wakings. Any interven-
tion to address childhood sleep problems should begin with 
an assessment and, if necessary, recommendations for improv-
ing sleep hygiene. Positive sleep habits include having a con-
sistent sleep schedule on weekdays and weekends (that 
provides the opportunity for adequate sleep duration), a 
regular bedtime routine, and conditions that are conducive to 
falling asleep. Several large-scale studies have found that 
absence of these sleep practices has a significant negative 
impact on bedtime and nighttime sleep behaviors.2,15

The evidence as to whether sleep hygiene itself directly 
results in improvements in sleep is mixed. For example, one 
study16 found that sleep hygiene alone significantly improved 
sleep in almost 20% of children with ADHD and insomnia. 
In contrast, another study found that although combined 
behavioral–educational intervention for new mothers resulted 
in significant improvement in maternal and infant sleep, just 
teaching maternal sleep hygiene and providing basic informa-
tion about infant sleep did not.17 (Also see section on 
Education/Prevention below.)

Although inclusion of a bedtime routine is often recom-
mended to caregivers as part of well child care or as a com-
ponent of behavioral sleep interventions, the importance of 
the bedtime routine itself may be underappreciated. For 
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A number of RCTs support the use of graduated extinction 
as an effective intervention for bedtime problems and frequent 
wakings. Hiscock et al.24 compared graduated extinction, 
instituted at an 8-month well-child visit, to a control group. 
The intervention group demonstrated fewer sleep problems 
at 10 and 12 months. Adams and Rickert25 compared gradu-
ated extinction (ignoring the child for a set amount of time 
determined by the child’s age and parent input) with positive 
bedtime routines. Both intervention groups were effective at 
reducing negative bedtime behaviors when compared with 
controls.

An RCT of 3–6-year-olds found the use of a bedtime pass 
to be an effective modification of graduated extinction. In this 
study, children were given a card (the bedtime pass), which 
could be traded in for a reasonable request (such as a visit from 
a caregiver or a drink of water).26 After the bedtime pass was 
used, caregivers were instructed to ignore negative, attention-
seeking behaviors from the child. Results demonstrated less 
frequent calling and crying out and shorter time to quieting 
in the intervention group compared to controls, and these 
improvements were maintained at 3 months. High parental 
satisfaction was noted.

Despite evidence that both graduated and standard extinc-
tion are effective, of the two approaches, graduated extinction 
is almost always the one recommended, as it is often perceived 
by parents and providers to be a ‘gentler’ approach. Overall, 
graduated extinction interventions are typically the most 
widely utilized behavioral treatment for bedtime problems 
and night wakings.

Positive Routines with Faded Bedtime
Positive routines with faded bedtime involves developing a 
short, enjoyable bedtime routine to be implemented at a later 
than desired bedtime (closer to the time the child is currently 
falling asleep). The goal is for the child to develop an associa-
tion between the positive bedtime routine and falling asleep 
quickly. Once this association is established, the child’s 
bedtime is moved earlier in 15-minute increments. Unlike 
extinction, where the goal is to reduce negative behaviors, the 
goal of positive routines and faded bedtime is to reduce the 
physiological and emotional arousal that accompanies bedtime 
conflict and for the child to develop or increase appropriate 
bedtime behaviors.1

At least three studies have found positive routines with 
faded bedtime to be effective in the treatment of bedtime 
problems and night waking.25,27,28 The only study of positive 
routines with faded bedtime to include a control group also 
had a group treated with graduated extinction. Prior to the 
later bedtime (in the positive routine group), the parent and 
child would complete 4–7 calm, pleasurable activities together; 
if the child began to tantrum, the parent was to end the activi-
ties and tell the child that it was time for bed; finally, the child’s 
bedtime was gradually moved earlier until the desired time was 
reached. In this study, the positive routines with faded bedtime 
and the graduated extinction treatments were both signifi-
cantly more effective than was no treatment (the control 
group) but were not significantly different from each other.

Scheduled Awakenings
Though used much less frequently than other approaches 
discussed in this chapter, scheduled awakenings are an alter-
native treatment for frequent wakings if the child wakes at 

example, a 2009 study found that, compared to controls, a 
bedtime routine alone resulted in improvements in sleep onset 
latency, number of night wakings, sleep continuity, problem-
atic sleep behaviors, and maternal mood.18 Other important 
aspects of good sleep hygiene (besides having an appropriate 
bedtime routine) include avoiding letting the child fall asleep 
while feeding and moving the feeding to the beginning of the 
routine, eliminating caffeine, and avoiding use of electronics 
30–60 minutes before bedtime.

Extinction
Standard extinction involves putting the child in the crib or 
bed at a consistent time and ignoring the child’s negative 
behaviors (such as crying, yelling, tantrums), while monitor-
ing for safety, until a specified wake time. Extinction is one 
of the earliest behavioral interventions developed and tested 
for bedtime problems and frequent night wakings, and it has 
been well validated.1 At least three randomized-controlled 
trials (RCTs)19–21 provide empirical support for standard 
extinction. One RCT compared extinction to scheduled 
awakenings and to a control group. Based on parental reports 
it was found that the extinction group had fewer night wakings 
than controls, and that the improvements seen occurred more 
quickly than in the scheduled awakenings group.19 Extinction 
alone has also been compared with extinction combined with 
a medication (trimeprazine) or placebo.21 Extinction was 
effective in all three groups – with improvements maintained 
at both 6 and 30 months – but the fastest response was in the 
extinction plus medication group.

Consistency is the key to success with extinction, yet most 
caregivers find their child’s prolonged crying to be extremely 
stressful; thus the standard approach to extinction may be 
difficult for some parents. If parents respond to their child’s 
yelling and crying after a period of time, the child’s negative 
behavior is reinforced with attention and reward, increasing 
the likelihood of the behavior continuing. Parents should also 
be advised about the possibility of an initial or delayed extinc-
tion burst or brief worsening of negative behaviors. While this 
is a normative part of the extinction process, parents may 
perceive this as evidence that the intervention is not working.

Graduated Extinction
Graduated extinction, like standard extinction, involves ignor-
ing negative behaviors, but only for a specified duration, before 
checking on the child and providing only brief reassurance and 
limited attention. These regular checks continue until the child 
falls asleep. The overall goal is to extinguish negative behaviors, 
thereby increasing the independence of the child (e.g., by 
moving them into their bed/crib/room and allowing them to 
develop their own soothing skills and positive sleep associa-
tions) and decreasing the child’s reliance on a caregiver to help 
fall asleep at bedtime and return to sleep following normative 
night wakings. This treatment can be implemented in a number 
of ways including gradually moving the parent out of the room 
(e.g., first sitting beside the bed, then in the doorway), checking 
at fixed intervals (e.g., 3 minutes between checks), or checking 
at increasing intervals (3 minutes, then 5 minutes, then 10 
minutes). Studies have found all such approaches to be effica-
cious.1,22,23 In a clinical situation, the decision regarding the 
time between checks is usually based on parental comfort and 
acceptability, as well as on child temperament and the length 
of time the child will stay in bed (for toddlers).
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improvements were seen in latency to sleep onset, number and 
duration of night wakings, and sleep continuity. Maternal con-
fidence in managing their child’s sleep, maternal sleep, and 
maternal mood were also significantly improved. These 
improvements were maintained at 1 year post intervention.43

TREATMENT CHALLENGES AND IMPLICATIONS

While research clearly demonstrates that behavioral treat-
ments for bedtime problems and night wakings are effective 
at improving children’s sleep, there are many who are resistant 
to behavioral interventions because of worries about harmful 
effects on other aspects of child development, such as the 
quality of the parent–child relationship. Concerns have been 
raised about the impact of behavioral sleep interventions on 
attachment, security, and mental health.44,45 A recent review 
of secondary outcomes of behavioral sleep interventions did 
not find evidence to support iatrogenic effects.46 Of 35 treat-
ment studies that included a secondary outcome measure, no 
systematic negative effects were found on any measured child 
variable. Conversely, improvements were demonstrated in 
child mood,47 daytime behavior,48–56 and temperament.24,34 
Several studies that focused on the impact of behavioral sleep 
interventions on the parent–child relationship were also 
reviewed.52–54,57–59 Again, rather than demonstrating harmful 
effects, these studies found just the opposite. Young children 
with sleep disturbances initially scored lower on measures of 
attachment, security, and maternal bonding compared to good 
sleepers, and treatment actually improved security, attach-
ment, and parent–child interactions.

BEDTIME PROBLEMS, NIGHT WAKINGS,  
AND SPECIAL POPULATIONS

While bedtime problems and frequent night wakings are 
common in typically developing children, children in special 
populations such as autism spectrum disorders (ASDs) and 
attention deficit hyperactivity disorder (ADHD) are at 
increased risk for problems with sleep (see Chapters 15 and 16).

Autism Spectrum Disorders
Children with developmental conditions such as autism spec-
trum disorders (ASDs) may be at increased risk for bedtime 
problems and night wakings compared to typically developing 
children, with 44–83% of children diagnosed with ASDs 
having a sleep problem based on actigraphy or parent  
report.60–62 Sleep problems and shorter sleep duration in chil-
dren with ASDs have been shown to relate to more energetic, 
excited, and problematic daytime behaviors62 as well as to 
decreased social skills and increased stereotypic behaviors.63

Though behavioral interventions may be more difficult to 
implement and, therefore, are offered less frequently than 
medications, parents of children with ASDs prefer behavioral 
interventions to sleep medications.64 One study evaluated the 
efficacy of faded bedtime with response cost (that is, negative 
consequences for inappropriate behaviors) combined with 
positive reinforcement in three children with ASD.65 Sleep 
onset latency improved in all three during treatment and was 
still present 12 weeks later. Daytime behavior, as measured by 
the Child Behavior Checklist (CBCL),66 a commonly used 

consistent, predictable times during the night. Parents first 
track the number and times of night wakings to determine a 
baseline.29,30 Then, they wake the child at a specified time 
(typically 15–20 minutes before a usual waking) and provide 
their usual response to the night waking (e.g., feeding, rocking) 
until the child returns to sleep. The interval between sched-
uled wakings is then gradually increased with the intention of 
increasing the duration of sleep between wakings. Several 
studies have found scheduled awakenings to be success-
ful,19,29–31 although this procedure may take longer than 
extinction (e.g., several weeks) and may be difficult for parents 
to implement (as they need to wake their child throughout 
the night). Additionally, this approach is not applicable to 
children with bedtime struggles.

Education/Prevention
Parent education and prevention focuses on providing written 
or in-person information during the prenatal or newborn 
period in order to prevent the development of bedtime prob-
lems and frequent night wakings. Education typically involves 
provision of information about helping children develop self-
soothing skills (including positive associations) and recom-
mending positive sleep hygiene practices (including a 
consistent sleep schedule and a bedtime routine). Many edu-
cational programs advise putting infants to bed awake and 
allowing them to return to sleep independently following 
normative night waking.17 Multiple studies have been con-
ducted showing that short interventions (1–4 sessions) greatly 
impact infant sleep,32–36 although longer-term outcomes are 
unknown. St. James-Roberts et al.35 and Adair et al.32 incor-
porated written sleep information into two routine well-child 
visits and found benefits in infant sleep. Wolfson et al.36 ran-
domly assigned first-time parents in child birthing classes to 
a sleep education group (2 classes before and 2 classes after 
childbirth) or to a control group. According to parent diary, 
72% of 3-week-old infants ‘slept through the night’ compared 
with 48% in the control group. A study by Pinilla and Birch34 
found that by 8 weeks, 100% of infants in a parent education 
intervention slept through the night compared with 23% of 
controls.

An emerging area in prevention is the intersection of sleep 
and obesity. As early as the first 6 months of life, a link has 
been found between sleep duration and weight-for-length 
measures,37 and it has been shown that total daily sleep dura-
tion of less than 12 hours during infancy is associated with 
overweight status in preschool-aged children.38 Thus, there 
has been a call for clinicians and researchers to include sleep 
interventions in obesity-prevention efforts.39 One pilot study 
from 200140 found that a behavioral intervention targeting 
feeding as well as sleep resulted in lower weight-for-length 
percentiles at 1 year of age.

Internet Interventions
Though behavioral interventions have typically been conducted 
face-to-face, at least one study has demonstrated efficacy using 
an internet-based intervention for young children.41 Based on 
responses to an expanded version of the Brief Infant Sleep 
Questionnaire (BISQ),42 parents were given information about 
how their child’s sleep compared to a normative sample of 
same-aged children (excellent, good, or disrupted) along with 
customized, behaviorally based advice for how to improve their 
child’s sleep. One week following the internet intervention, 
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screening tool for externalizing and internalizing behaviors, 
improved, with scores moving from the borderline clinical 
range to the average range in two of the three children. 
Another study67 of 20 children with ASDs (ages 3–10 years), 
whose parents attended a 3-part workshop on the treatment 
of sleep issues, found significant improvements in hyperactiv-
ity, self-stimulatory behaviors, and repetitive behaviors in 
addition to significant improvements in sleep.

For a more complete discussion of this topic, see Chapter 16.

ATTENTION DEFICIT HYPERACTIVITY DISORDER

Children with attention deficit hyperactivity disorder 
(ADHD) have been reported to have more bedtime problems 
(e.g., longer time to sleep onset and bedtime resistance) than 
do children without ADHD. This remains a controversial 
issue, as reviews of objective evidence have not confirmed 
findings from parent report studies.68,69 Regardless, behavioral 
interventions for bedtime problems and night wakings in 
children with ADHD are promising, with at least one case 
series70 and one small study16 showing feasibility and parent 
satisfaction. There has also been one recent RCT of a behav-
ioral intervention for 27 children (aged 5–14 years) that found 
small changes in ADHD symptom scores from baseline to 5 
months post treatment following either a brief or extended 
treatment of sleep issues.71 Early implementation of behavio-
ral treatment may be critical as sleep disturbances can exac-
erbate symptoms of ADHD.72,73

For a more complete discussion of this topic, see Chapter 15.

CONCLUSION

Studies have found that bedtime problems and nighttime 
wakings are highly prevalent sleep disturbances in typically 
developing children as well as in children with ASDs and 
ADHD. Behavioral interventions and preventive educational 
approaches have been shown to be highly effective, and 
internet-based interventions appear to be quite promising. 
Not only do these behavioral interventions improve sleep, but 
they also appear to have a positive impact on secondary out-
comes in such areas as daytime behavior, parent–child rela-
tionship, and parental well-being.
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•	 Bedtime	problems	and	problematic	nighttime	wakings	
occur	in	20–30%	of	children.

•	 Most	such	problems	can	be	effectively	treated	using	
behavioral	approaches.

•	 Nighttime	arousals	are	a	normal	part	of	sleep	architecture.
•	 Helping	children	learn	to	fall	asleep	independently	at	

bedtime	also	helps	them	to	learn	to	return	to	sleep	
independently	after	waking	during	the	night.

•	 An	appropriate	bedtime	routine	and	consistent	sleep	
schedule	are	essential	to	develop	and	maintain	normal	
sleep	patterns	at	night.

•	 Feedings	that	are	part	of	the	bedtime	routine	should	
happen	before	bed	and	before	sleep.

•	 Infants	and	children	should	be	put	to	bed	wide	awake.
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INTRODUCTION

Two decades of burgeoning research in pediatric sleep disor
ders have produced compelling evidence, with broad conse
quences for public health, that complex relationships among 
sleep, behavior, and cognition account for serious and common 
neurobehavioral morbidity in children.1,2 The evidence linking 
sleep pathology to symptoms of hyperactivity, inattention, and 
other neurobehavioral deficits is robust and convincing yet 
replete with contradictions. Seldom is there so much agree
ment on the scope and significance of a problem with so little 
consensus on its meaning and mechanism. Here we summa
rize this work, rationalize it within a multidimensional model, 
and suggest directions for investigation in the next decade. 
Several very competent reviews have been published recently 
that simplify our task considerably and allow us to emphasize 
a few key concepts.1,3–14

SLEEP DISORDER AND NEUROBEHAVIORAL 
PATHOLOGY AS COMORBID PROBLEMS

Parents report sleep problems in 25–50% of their children 
with attention deficit/hyperactivity disorder (ADHD), ac
cording to a widely quoted estimate,15 and depending upon 
how sleep problems are defined, they may occur in as many 
as 80%.16 Typical complaints include difficulties falling asleep 
or returning to sleep, bedtime anxiety or resistance, snoring, 
restless sleep, enuresis, nightmares, shortened sleep, and 
daytime sleepiness. A wide range of objective sleep findings, 
such as reduced sleep efficiency, sleep fragmentation, and el
evated apnea–hypopnea index (AHI), have been detected 
with polysomnography (PSG) and actigraphy. Among chil
dren presenting with primary sleep complaints, behavioral 
symptoms (such as hyperactivity, defiance, and aggression), 
neuropsychiatric diagnoses (such as ADHD and oppositional 
defiant disorder (ODD) ), and significant neuropsychological 
deficits (such as impaired attention and memory, impulsive 
responding, dull general intelligence, and delayed academic 
skill development) are common. Parent ratings, sometimes 
referred to as subjective measurements, are more likely than 
are objective measures (such as PSG, actigraphy, and multiple 
sleep latency tests (MSLT) ) to produce substantial correla
tions with behavioral measures. This is especially true in clini
cal populations. Community samples of ostensibly normal 
children assessed by objective means are less likely to generate 
robust correlations.17

Inconsistencies between subjective and objective measures 
may reflect differential sensitivities to specific sleep phenom
ena.18 Parents observe behavior continually over periods of 
years, whereas the PSG detects behavioral events for a single 

night, usually in a laboratory setting (and typically one bearing 
only superficial resemblance to home). An important though 
seldom appreciated phenomenon affecting parent ratings is 
the halo effect19 (and its reverse, the infelicitously dubbed devil 
effect20). These effects occur when high ratings on one desir
able (or undesirable) trait are accompanied by unwarranted 
elevations on other desirable (or undesirable) traits, producing 
strong but not necessarily true correlations. Abikoff et al.21 
showed that teachers observing children with oppositional 
defiant behaviors, for example, tended to document ADHD 
symptoms that were not present. Whether this devil effect 
contributes to the consistently high correlations between 
daytime behavioral problems and nighttime sleep difficulties 
in studies based upon parent ratings has not been 
investigated.

Because ADHD so commonly presents with comorbid psy
chiatric conditions it has not always been clear whether asso
ciated sleep findings are attributable to ADHD or to other 
psychopathology. Some associations may vanish when chil
dren with comorbid disorders such as depression and anxiety 
are eliminated from subject pools. This possibility was recently 
examined (2012) by Accardo et al.22 who used a structured 
interview to diagnose ADHD in 317 children among whom 
60 had comorbid anxiety and 62 had comorbid depression. 
On the Children’s Sleep Habits Questionnaire (CSHQ)23 only 
the anxious children showed modestly higher total scores rela
tive to the ADHD group without comorbid conditions. Sub
scale scores, however, revealed sleep onset delay in both 
comorbid groups, high bedtime resistance and night wakings 
in the anxious children, and higher sleep duration scores for 
the depressed group. Comorbidities did not affect ratings on 
symptoms related to sleepdisordered breathing. Although 
this study suggested that psychiatric comorbidity is a relevant 
factor contributing to the frequency of sleep problems in 
persons with ADHD, it could also be interpreted to indicate 
that the magnitude of that contribution may be modest and, 
with respect to symptoms of sleepdisordered breathing 
(SDB), inconsequential.

Other confounds may account for conflicting findings in 
the literature. Patterns of sleep and psychiatric morbidity may 
also depend upon age, sex, obesity and body mass index. 
Treatment status (i.e., medication in the recent past) intro
duces the complexity of both direct and rebound effects.24 
Difficulties interpreting the literature are further magnified by 
inconsistencies among experts on important diagnostic 
thresholds in both sleep and psychiatric symptom criteria. For 
example, there is at best uneasy agreement on the AHI 
threshold that should define obstructive sleep apnea.25,26 
To some extent, the reconciliation of views depends upon  
the outcome of research establishing the AHI levels strongly 
associated with neurobehavioral morbidity. Similarly, the 
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data from 333 children with ADHD and 231 controls. After 
sleep time, sleep efficiency, sleep latency, sleep architecture, 
AHI and respiratory distress indices (RDI), arousals, and 
PLMs were examined, only PLMs statistically separated 
ADHD from control children, though the effect size of 0.26 
was quite modest. Studies with older subjects and using more 
rigorous psychiatric diagnostic protocols contributed most to 
this result. Only seven studies contributed to the PLMs analy
sis, and a handful of additional subjects negative for PLMs 
would have moved the results into the statistically non
significant range. In a subset of studies analyzed by Sadeh in 
which psychiatric comorbidities had been excluded, ADHD 
children had longer sleep latencies than controls.

Cortese and colleagues8 subsequently conducted a meta
analysis that involved a broader array of variables (such as 
PSG, actigraphy, MSLT, and subjective measures), and they 
included several published studies that had been unavailable 
a few years earlier. They excluded studies that lacked explicit 
diagnostic criteria and studies with subjects who were medi
cated or who had comorbid anxiety or depressive disorders. 
This left 722 ADHD children and 638 controls in 16 reports. 
The PLMs were not analyzed. Table 15.1 shows 11 significant 
effects distinguishing ADHD from control children in these 
analyses, along with the small number of studies (only three 
to four on average) upon which each conclusion was based 
(an indication of the slender thread upon which we can base 
current opinion). The ADHD children displayed longer sleep 
onset latency when measured by actigraphy but not by PSG. 
Sleep efficiency, stage shifts per hour, and true sleep time also 
differed between groups, but sleep onset latency measured by 
PSG, and percentage of time in stages 1, 2, slowwave, and 

optimal threshold for determining clinical significance of 
periodic leg movements (PLMs) and associated arousals is not 
well studied.

Diagnostic inconsistencies in sleep have their counterparts 
in psychiatric conditions as well. In 1980 the DSMIII – the 
third edition of the American Psychiatric Association’s Diag
nostic and Statistical Manual of Mental Disorders (DSM)26 
– established a radically categorical (and medical) model to 
define childhood psychopathology. In this system, attributes 
widely and continuously distributed in the population, such 
as attention and activity level, are defined as deviant mainly 
on the basis of quantity or severity rather than quality or 
nature. Disorders defined in this way have boundaries that are 
somewhat arbitrary and indistinct, particularly to the extent 
that the measures of defining traits may be subjective or 
depend upon judgments of developmental norms.

Given these limitations in defining and measuring sleep 
and behavioral attributes, it is not surprising that conflicting 
reports on many key sleepbehavior findings make the litera
ture as a whole rather difficult to digest. Two metaanalyses 
of particular note are discussed below; they offer complemen
tary summaries of dependable findings gleaned from existing 
evidence, though most conclusions are based on only a few 
studies.

Sadeh and colleagues12 reviewed reports that used PSGs to 
compare ADHD children with controls. Multiple confounds 
were examined including age, sex, rigor of psychiatric diagno
sis, recruitment source, medication status, and use of an adap
tation night prior to PSG. Studies with manifest recruitment 
bias were eliminated, but presence of comorbidity was not an 
exclusion criterion. Twelve samples were analyzed including 

This table, which is based on Cortese S, Faraone SV, Konofal E, Lecendreux M. Sleep in children with attention-deficit/hyperactivity disorder: Meta-analysis of subjective and objective 
studies. Journal of the American Academy of Child & Adolescent Psychiatry. 2009;48:894–908,8 shows positive findings extracted from figure 2 in that paper.

FINDING SUBJECTIVE 
VS OBJECTIVE 

MEASURE

STANDARDIZED MEAN 
DIFFERENCE (95% CI)

NUMBER OF COMPONENT STUDIES WITH INDIVIDUALLY 
SIGNIFICANT OR NON-SIGNIFICANT RESULTS

Significant Non-Significant Same/Opposite Direction

Bedtime resistance Subjective −0.86 (−1.10, -0.62) 3 1/0

Sleep onset difficulties Subjective −0.73 (−0.88, −0.58) 4 1/0

Night awakenings Subjective −0.21 (−0.39, −0.02) 2 1/0

Difficulty with morning wakenings Subjective −0.83 (−1.14, −0.51) 2 0/0

Daytime sleepiness Subjective −0.19 (-0.37, −0.00) 1 2/0

Sleep disordered breathing Subjective −0.37 (−0.72, −0.02 0 2/0

Sleep onset latency (actigraphy) Objective −0.36 (−0.56, −0.15) 1 1/2

Stage shifts per hour Objective −0.59 (−1.06, −0.11) 1 1/0

True sleep (actigraphy) Objective 0.36 (0.11, 0.60) 1 2/0

Sleep efficiency (PSG) Objective 0.25 (0.03, 0.47) 1 4/1

MSLT Objective −1.43 (−1.87, −0.99) 1 1/0

Apnea-hypopnea index Objective −0.52 (−0.81, −0.23) 2 1/0

Table 15.1 Positive Sleep Findings in Attention-Deficit/Hyperactivity Disorder

Standardized mean differences are determined by subtracting ADHD scores from controls; thus, a negative score means that the mean score for the ADHD group was higher than that of controls.
The fourth column shows the number of studies that independently yielded statistically significant findings. For these variables statistically significant findings in the component studies were in 

the same direction as that of the meta-analytic finding.
The fifth column shows the number of studies with non-significant findings. To the left of the ‘slash’ is the number of studies in which the mean scores were in the same direction as that of the 

meta-analytic finding; to the right is the number with findings in the opposite direction.
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each of these pathways. Despite limited evidence that may 
change with time, organizing relationships in this way is 
worthwhile if it sheds new light on what ADHD is (or, rather, 
what the different forms of ADHD are) and if it offers a 
rational way to simplify a complex subject.

Figure 151 diagrams a few of the multiple pathways pro
posed as explanations for the comorbidity of sleep disorders 
and neurobehavioral pathology. The potential for these mech
anisms to interact can be easily appreciated from a glance at 
this picture, though our understanding of these complex inter
actions is quite limited.

ADHD AND STIMULANTS AS A CAUSE OF  
SLEEP DYSFUNCTION

Bedtime has long been a minefield for parent–child conflict 
in otherwise healthy families and, even more likely, in chaotic 
homes with parents struggling to rear overactive and defiant 
children. Irregular execution of good sleep hygiene by parents, 
abetted by the ubiquitous lure of increasingly available elec
tronic devices, fosters resistance to bedtime, especially among 
temperamentally irritable youngsters whose instinct for fight
orflight tilts decidedly in favor of the former. Bedtime thus 
becomes a predictable source of conflict, its mere anticipation 
a potent source of arousal in its own right. Behavioral impedi
ments to settling or falling asleep in children with ADHD 
may be compounded by the effects of stimulant medications, 
including both the direct alerting effects and the rebound 
hyperactivity associated with withdrawal.

It is not surprising, therefore, that difficulties initiating or 
maintaining sleep represent the most common sleep com
plaints related to ADHD. These complaints often fall diag
nostically into the International Classification of Sleep 
DisordersSecond Edition (ICSD2)36 grouping of behavioral 
insomnias of childhood (BIC), especially the limitsetting 
type which develops when the caretaker rewards avoidance 
behaviors by allowing the child to delay bedtime.

The dynamics of BICs are well understood in terms of 
behavioral theory, the validity of which is supported by the 
effectiveness of behavioral interventions such as extinction 
(which usually means ignoring protests or other entreaties for 
attention), graduated extinction, positive bedtime routines 
with fading in of a target bedtime, scheduled awakenings, and 
parent education. A committee of the American Academy of 
Sleep Medicine (AASM) reviewed the literature and adapted 
the most effective techniques in a practice parameter to guide 
treatment interventions for preschool children, though 
nothing comparable exists specifically for ADHD.37,38 Sur
prisingly, no trials have been published with appropriate con
trols proving the efficacy of a systematic behavioral approach 
to BIC in children with ADHD. Preliminary, unpublished 
results for a manualized 5week intervention suggest that 
children with ADHD respond as well as others.16 Another 
trial that compared two versions of an intervention geared to 
ADHD did not include an untreated control group.39

Although sleep initiation problems in most children with 
ADHD have been understood and treated largely on the basis 
of learned behavior, family conflict, and medication effects, 
the extent to which endogenous cycles contribute to bedtime 
resistance in some children with ADHD may deserve closer 
attention than it has previously received. Delayed sleep phase 

rapid eye movement (REM) sleep, did not. The AHI was 
higher in ADHD subjects and was in accord with subjective 
parentreported measures for SDB.

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER: 
HETEROGENEITY, SYMPTOMS, AND DISORDERS

Attention deficit disorder with and without hyperactiv
ity (ADD w/ H and ADD w/o H) was introduced in the 
DSMIII largely on the expectation that the core symptom 
was inattention and that the ADD w/o H phenotype would 
prove to be an alternative expression, perhaps more common 
in girls, of the same presumably familial condition. Numerous 
studies spanning nearly 30 years have consistently highlighted 
the distinctiveness of ADHD that is characterized by inat
tention alone from the combined and hyperactive–impulsive 
types. The inattentive type tends to be sluggish, anxious, shy, 
socially withdrawn, unpopular, and poor in sports and aca
demics. Compared to hyperactive children, they have fewer 
externalizing problems and cause less family stress.27–30 
Impressions drawn from descriptive psychopathology have 
more recently been buttressed by sophisticated imaging meth
odologies – such as magnetic resonance spectroscopy31 and 
functional magnetic resonance imaging (fMRI)32 – that have 
been able to discriminate between central physiological cor
relates of inattentive and combined types of ADHD.

Sleep characteristics also differ in the two major ADHD 
types. Chiang et al.33 interviewed youth aged 10–17 in whom 
they established diagnoses of ADHDcombined in 174, 
ADHDinattentive in 130, and ADHDhyperactiveimpul
sive in 21. Compared to 257 nonADHD controls, combined 
and inattentive ADHD groups were more prone to daytime 
napping and to sleep disorders generally, but the combined 
type alone displayed circadian rhythm problems and sleep 
talking, whereas the inattentive type had more symptoms of 
hypersomnia. The distinction between ADHD types associ
ated with movement may prove especially relevant to under
standing the connection between ADHD and disorders such 
as restless legs syndrome for which the urge to move is a 
defining feature.

The problem of heterogeneity in ADHD does not end with 
the types specified in the DSM.34 Within the combined 
ADHD phenotype multiple genetic and nongenetic variants 
may well be discovered.35 There is no need for a single grand 
hypothesis that explains ADHD or each of its relationships 
to diverse sleep disorders through a single mechanism. There 
is room for multiple hypotheses to guide different aspects of 
future investigation. Comorbidities with sleep disorders may 
be an important pathway for discriminating homogeneous 
ADHD phenotypes that would improve the specificity and 
biological relevance of psychiatry’s classification system.

NATURE OF INTERACTIONS BETWEEN SLEEP AND 
NEUROBEHAVIORAL PATHOLOGY

In general, the association between two correlated disorders 
may be causal in either direction or it may arise from a third 
condition. A cause need not be an exclusive or sole cause but 
may be a contributing one. The sleep problems most charac
teristic of ADHD have been hypothetically associated with 
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parents and improving sleep hygiene, though potentially of 
benefit, may be inadequate without changes in the medication 
regimen. Some evidence exists that the longeracting stimu
lants are less likely to trigger problems in sleep initiation.24

AN INTRINSIC SLEEP DISORDER AS THE 
HYPOTHETICAL ETIOLOGY OF INATTENTION, 
HYPERACTIVITY, AND OTHER NEUROCOGNITIVE 
IMPAIRMENT: SLEEP-DISORDERED BREATHING

Even brief experimental restrictions of sleep can affect atten
tion and cognition in healthy children. Thus, a single night’s 
experimental reduction in sleep produced inattentive behav
iors43 and impairment in higher cognitive functions such as 
verbal fluency and flexibility and acquisition of abstract con
cepts.44 Similarly, during a week of restricted sleep, normal 
children displayed decrements in teacherrated academic and 
attention scores, though without changes in hyperactivity or 
oppositional behavior.45 Gruber et al.46 reported that parent 

disorder typically becomes most severe in or after adolescence, 
but similar tendencies also can be identified in younger  
children.40,41 Interestingly, in a sample of 5 to 14yearold 
ADHD children with common sleep disorders who had been 
recruited for a pilot trial of a simple behavioral intervention, 
56% were diagnosed with delayed sleep phase while only 28% 
were diagnosed with limitsetting disorders.39

Medications for ADHD have varying impacts on bedtime 
compliance. Atomoxetine, clonidine, and guanfacine all 
promote sleep, and the latter two are sometimes administered 
primarily for that purpose. Stimulants may affect sleep directly 
by promotion of alertness and reduction of sleepiness – even 
after the major therapeutic effects have disappeared – by 
aggravation of symptoms during a period of rebound hyper
activity that extends into the child’s bedtime.42 Or, somewhat 
paradoxically, they may facilitate sleep through a direct thera
peutic effect on the hyperactivity. For some children the 
impact of stimulants is tantamount to a chemically induced 
phase delay. When medication underlies a serious sleep 
problem, simple behavioral interventions such as educating 

Figure 15-1 Model of Hypothetical Causal Pathways Linking Sleep Disorders with Inattention and Hyperactivity. PLMS, periodic limb movements in 
sleep; RLS, restless legs syndrome; DAT1, dopamine transporter 1; DRD4, dopamine receptor D4; CLOCK, Circadian Locomotor Output Cycles Kaput gene. Blue 
boxes, sleep disorders; yellow boxes, behavioral pathology; green boxes, biological cognitive dysfunction and biological factors. Blue arrows show possible 
functional or causal sequences; red arrows show positive feedback loops. Deeper green colored boxes (near the center of the diagram) show executive 
functions as the common pathway of several causal chains, with fatigue and irritability as closely allied subjective experiences. 
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underlying neurocognitive deficits in children with OSA. This 
perspective is supported by experimental rodent studies 
showing that intermittent hypoxia leads to cellular damage, 
including changes in gene expression,62,63 and to behavioral 
outcomes similar to those observed in OSA. Furthermore,  
in children with OSA, and especially those with snoring  
and with neurocognitive deficits, levels of Creactive protein, 
found in highsensitivity testing, are elevated.64 In addition, 
in nonobese children with OSA, levels of soluble CD40 ligand 
– an indicator of endothelial inflammation – are also high.65 
Insulinlike growth factor 1 (IGF1), a neuroprotective 
hormone, is also elevated in children with OSA, more so in 
children with less neurocognitive dysfunction who are presum
ably benefitting from greater neuroprotection provided by 
higher hormone levels.66 Among children with ADHD but 
without reported sleep problems, a role for oxidative stress and 
cellular immunity has been suggested as well. Thus, 35 children 
and adolescents with ADHD were found to have high nitric 
oxide synthetase, xanthine oxidase, and adenosine deaminase 
activities but low glutathione Stransferase and paraoxonase1 
activity.67 The importance of inflammation may be related to 
the apparent excess of atopic disorders and food sensitivities 
among children with ADHD.68–73 Although fad diets – such 
as the Feingold diet74,75 – have rarely survived rigorous clinical 
trials, elimination diets have consistently identified children 
with behavioral sensitivities to specific foods or ingredients 
that can be demonstrated on repeat food challenges.76,77 Prac
ticability, perhaps more than noteworthy weaknesses in the 
evidence, has prevented these approaches from entering main
stream practice or attracting a large body of research.78

There is little doubt that the severest forms of pediatric 
obstructive sleep apnea can cause a characteristic daytime 
syndrome comprising irritability, languor, and cognitive 
dulling with prominently impaired attention and memory. 
Osler79 vividly described the impact of adenoid hypertrophy 
in his classic text:

At night the child’s sleep is greatly disturbed; the respirations 
are loud and snorting, and there are sometimes prolonged 
pauses, followed by deep, noisy inspirations. The child may 
wake up in a paroxysm of shortness of breath. … In long-
standing cases the child is very stupid-looking, responds 
slowly to questions, and may be sullen and cross. …  
The influence upon the mental development is striking. 
Mouth-breathers are usually dull, stupid, and backward.  
It is impossible for them to fix the attention for long. … 
Headaches, forgetfulness, inability to study without 
discomfort, are frequent symptoms of this condition in 
students. Among other symptoms … general listlessness, and 
an indisposition for physical or mental exertion.

Osler’s patient was sluggish, rather than hyperactive, and 
would likely meet DSMIV criteria for the inattentive type 
of ADHD, though the prominence of the sleep disturbance 
and the associated mental dullness and listlessness, of which 
inattention is but one feature, would immediately draw clini
cal interest to the physical cause rather than to the compara
tively abstract psychiatric construct. Current debate, however, 
focuses upon whether less pronounced sleepassociated dis
turbances in breathing, presenting without the obvious physi
cal and mental stigmata described by Osler, can also cause 
clinically significant neurobehavioral pathology, including the 
ADHD syndrome.

ratings of alertness, and teacher ratings of emotional regula
tion and restlessimpulsive behavior, improved among chil
dren aged 7–11 who had extended their sleep time by an 
average 27.36 minutes during an experimental trial lasting a 
week. In contrast, children who restricted sleep by an average 
of 54.04 minutes deteriorated with respect to these measures.

Sleepiness due to either sleep disruption or reduced sleep 
duration is a common problem among children with ADHD 
symptoms. A survey of parents of more than 800 children at 
general pediatric clinics, for example, found a substantial asso
ciation between sleepiness and behaviors that characterize 
ADHD,2 while MSLT has objectively confirmed this obser
vation in three studies employing this measure.47–49 Acti
graphic studies of sleep onset latency and sleep duration have 
produced mixed findings50 but at least two reports, not con
founded by medication effects, have shown sleep latency to 
be greater,51 and sleep duration to be shorter,52 in ADHD 
children than in controls.

Behavior is largely the product and manifestation of high
level cognitive functions, collectively referred to as executive 
functions, that influence selfcontrol, reasoning, and judg
ment. One formulation of these functions defines six major 
domains that include inhibition, set shifting, selfregulation 
of affect and arousal, working memory, analysis/synthesis, and 
contextual memory.53 In some measure, impaired executive 
function is present in all persons with ADHD, at least to the 
extent that the defining features of ADHD can be said to be 
executive functions per se (namely the capacities to control 
attention and to regulate behavior, including modulation of 
activity and impulse). A more granular dissection of cognition 
usually will identify additional features of executive dysfunc
tion among children with the ADHD diagnosis, but at its 
core it can be said that ADHD is executive dysfunction.

Impaired executive function can result from disordered 
sleep or daytime sleepiness. In a model posited by Beebe and 
Gozal,53 the disrupted sleep and intermittent hypoxia and 
hypercarbia resulting from obstructive sleep apnea impair 
restorative sleep and cellular homeostasis. These effects, in 
turn, cause prefrontal cortical dysfunction manifested in exec
utive dysfunction. A neurobehavioral phenotype emerges with 
difficulty manipulating information, poor planning and exe
cution, disorganization, poor judgment, rigid thinking, poorly 
maintained attention and motivation, emotional lability, and 
overactivity/impulsivity. This description is generally consist
ent with a diagnosis of ADHD, and many cases of ADHD 
would neatly fit such a description.

The prefrontal cortex, the brain region thought to be most 
responsible for executive functions, is particularly vulnerable 
to sleep deprivation. Thus, sleepdeprived adults have para
doxical prefrontal activation demonstrable on fMRI during a 
verbal learning task.54 In contrast, subjects with OSA have 
shown reduced prefrontal activation in a brief visual delayed 
matchingtosample task.55 Even where neuropsychological 
deficits are mild, adults with OSA may show widespread 
functional changes in cerebral cortex, including in prefrontal 
regions.56 Functional and anatomic imaging of children and 
adults with ADHD has shown prefrontal cortical abnormali
ties consistent with the neuropsychological models of execu
tive function.57–60

Gozal61 has extended the executive function model of sleep 
and ADHD to emphasize the role of inflammation and oxida
tive stress as potential mechanisms for cellular changes 
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Many publications suggest that PSG measures such as the 
AHI, usually considered to be valid indices of the presence 
and severity of nocturnal respiratory disturbance, may fail to 
detect labored nocturnal respiration that is relevant for neu
robehavioral pathology. A German study, for example, has 
challenged the assumption that primary snoring – which by 
definition is not associated with significant apnea, hypopnea, 
or associated arousals – is benign.80 Of 92 habitual snorers 
studied (from a community population of 1114 schoolage 
children) 69 had primary snoring and the remaining 23 had 
either upper airway resistance syndrome (UARS) or OSA. All 
three of these objectively diagnosed forms of SDB were asso
ciated with significant neurobehavioral morbidity – including 
both hyperactivity and inattention – to about the same extent. 
Primary snoring was an important risk factor for hyperactivity 
(OR = 2.8), inattentive behavior (OR = 4.4), daytime sleepi
ness (OR = 10.7), and diminished performance in mathemat
ics, science, and spelling.

Like Osler’s case, most prepubertal children with signifi
cant SDB have enlarged adenoids and tonsils for which  
adenotonsillectomy is often recommended. Several groups 
have systematically examined the consequences of adenoton
sillectomy in children with putative SDB. Huang et al.80A 
offered children with ADHD and mild OSA, defined by an 
AHI between one and five events/hour, the choice of ade
notonsillectomy, conventional stimulant treatment for 
ADHD, or no treatment. The group choosing surgery had 
the best outcome on the ADHD rating scale and on a con
tinuous performance test, leading the authors to conclude that 
mild SDB warranted surgical treatment. Chervin and col
leagues81 studied children selected to undergo adenotonsil
lectomy on surgical grounds before formal psychiatric and 
sleep assessment had been performed. Comprehensive diag
nostics including PSG with esophageal pressure monitoring, 
MSLT, neuropsychological testing, and structured psychiatric 
interviews, took place immediately before surgery and about 
1 year later. In most instances cliniciandiagnosed SDB had 
been an indication for surgery, though only about half the 
children were subsequently diagnosed with OSA (even when 
only requiring an obstructive apnea index of 1). Both neu
robehavioral measures and DSMIV diagnoses improved sub
stantially after surgery. At baseline, 37% of 79 subjects 
compared to 11% of 27 controls were assigned diagnoses of 
attention or disruptive behavior disorders, whereas a year later 
only 23% of postsurgical cases still met criteria for at least 
one of these diagnoses.82 Figure 152 summarizes diagnostic 
changes before and after surgery. ODD, a disorder that is 
characterized by traits of irritability and proneness to protests 
and tantrums, was particularly amenable to improvement 
through surgery. These findings were replicated in a second 
cohort.83

As in other studies of the impact of adenotonsillectomy, 
sleep parameters improved along with measures of behavior 
and cognition. The most curious finding of the Chervin study 
was that changes in psychiatric diagnosis and neurobehavioral 
functioning were unrelated to presurgical diagnoses of OSA. 
Huang’s conclusion that mild SDB was an important source 
of neurobehavioral morbidity implicitly assumed that children 
without SDB, who were excluded from the study, would not 
similarly benefit.80A Among 81 children from the second 
cohort studied by Chervin’s group, however, it was possible to 
show that respiratory findings not recorded routinely with 

Figure 15-2 Figures show changes in DSM-IV diagnostic rates of disorders 
of attention and disruptive behavior before and about 1 year after 
adenotonsillectomy in 79 children aged 5 to 12. The bars show stacked 
rates for ADHD types (2a), and for disruptive behavior disorders (2b), both in 
cases without polysomnographic evidence of OSA, and in those with such 
evidence (obstructive apnea index of 1 or more). ADHD, attention-deficit/
hyperactivity disorder; ADHD-hyperactive, predominantly hyperactive/
impulsive type; ADHD-inattentive, predominantly inattentive type; CD, 
conduct disorder; ODD, oppositional defiant disorder; OSA, obstructive 
sleep apnea; −OSA, no OSA present on polysomnography; +OSA, OSA 
present. AT, adenotonsillectomy. ‘All’ refers to 79 subjects undergoing AT, 
whereas the −OSA group comprised 38 subjects and the +OSA group 40. 
* p < .05 (McNemar’s test). Data for this figure have been adapted from 
Dillon JE, Blunden S, Ruzicka DL, Guire KE, Champine D, Weatherly RA, et al. 
DSM-IV diagnoses and obstructive sleep apnea in children before and 1 year 
after adenotonsillectomy. Journal of the American Academy of Child & 
Adolescent Psychiatry 2007;46:1425–36.82
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SDB judged to be mild on traditional PSG testing might 
have significant ramifications for behavior and treatment plan
ning in individual patients. O’Brien et al.93 observed that 
among children aged 5–7 who underwent polysomnography 
after screening of a large public school sample, SDB was 
present in 26% of those with mild hyperactivity but in only 5% 
with severe symptoms of OSA or no symptoms at all. This is 
consistent with observations that more extreme cases of OSA 
present with lethargy and sluggishness rather than overactivity. 
It may be that mild cases increase activity as compensation for 
sleepiness, but that as fatigue becomes overwhelming, the 
compensatory response breaks down and is superseded by las
situde and sleepiness. Analogous compensatory responses can 
be observed in the imaging of some brain regions that activate 
in response to sleep loss.54 The same regions may be hypoactive 
after prolonged disturbance damages them. More severe 
hyperactivity persisting after adenotonsillectomy might be 
understood to reflect either a more advanced and less reversible 
process or an alternative pathophysiology altogether.

ARE THERE COMMON ETIOLOGIES OR  
MECHANISMS THAT EXPLAIN THE  
COMORBIDITY OF SLEEP DISORDERS AND  
NEUROBEHAVIORAL DYSFUNCTION?

Because of the sensitivity of behavior to sleep deprivation and 
disruption, any sleep disturbance might be a cause of neurobe
havioral problems. Some sleep disturbances, however, may 
also be linked to behavior problems on a deeper level, through 
neurochemical or genetic mechanisms common to both.

Circadian Rhythm Disturbances
Evidence for circadian rhythm variations in ADHD has given 
new life to the hypoarousal/noradrenergicdeficit hypoth
esis of hyperactivity.94 More than 70 years ago Bradley and 
Bowen observed that stimulants rather than sedatives provide  
effective treatment for hyperactivity.95,96 Electrophysiological 
studies of skin conductance, electroencephalogram, and audi
tory and sensoryevoked responses suggested that children 
with ADHD show hypo rather than hyperarousal.45 Wein
berg and Brumback97 attempted to define a primary disorder 
of vigilance that described many ADHD children.

The comorbidity of ADHD with delayed sleep phase syn
drome (DSPS) in children was first reported in a 10yearold 
child98 whose chronic behavioral and sleep symptoms resolved 
with chronotherapy. Systematic research addressing variations 
in circadian rhythms in ADHD has focused upon chrono
types and apparent phase delays associated with sleep initia
tion difficulties rather than upon rigorously diagnosed DSPS. 
Van der Heijden et al.99 compared children diagnosed with 
both ADHD and sleeponset insomnia (SOI) with children 
diagnosed with ADHD who did not have SOI. The ADHD 
+ SOI group displayed late dim light melatonin onset 
(DLMO) which was interpreted as strong evidence that the 
sleep disturbance arose from a delayed sleep phase. Treatment 
with melatonin produced improvement in sleep initiation and 
normalization of DLMO, but it did not lead to change in 
behavioral symptoms – findings suggesting that ADHD 
symptoms were not simply the result of poor sleep or of phase 
delay as such.100,101 Susman and colleagues102 assessed chrono
types in a community sample aged 8–13 and found that 

PSG could predict diagnosis and outcome. Thus, the AHI – 
counted with or without respiratory effortrelated arousals – 
failed to predict the presence of DSMIV attention and 
disruptive behavior disorders. However, esophageal manom
etry – specifically, the lowest pressure recorded and the pro
portion of sleep time during which pressure was more negative 
than −10 cm H2O – did predict the presence and resolution 
of these psychiatric conditions.84 Esophageal manometry did 
not, however, predict composite measures of inattentive and 
hyperactive behavior or cognitive and executive function, nor 
did it predict their improvement after surgery. Chervin’s study 
raises the possibility that even with sensitive accommodations 
for children’s sleep studies – use of nasal pressure monitoring 
and pediatric definitions for scoring short apneic events and 
respiratory effortrelated arousals – measures of intrathoracic 
pressure may (in some circumstances) be better indicators of 
mild but significant SDB than the respiratory measurements 
that are routinely part of traditional PSG. Although Calhoun 
et al.17 were unable to detect relationships between mild SDB 
(on PSG) and multiple neuropsychological measures in a 
general population sample of 571 schoolaged children, it is 
possible that a more sensitive measure (such as intrathoracic 
pressure) would have been a better indicator for subtle but 
outcomerelevant SDB. In a subsequent analysis of the Penn 
State Cohort,85 a more complex relationship between PSG and 
neurobehavioral findings did emerge: parentrated daytime 
sleepiness, adjusted for AHI, was associated with parentrated 
learning, attention/hyperactivity levels, and conduct problems, 
a relationship mediated by objective measures of working 
memory and processing speed.

Longitudinal studies have pointed to the importance of 
early symptoms of SDB for subsequent behavior. In a 2year 
followup of 506 children initially assessed at ages 4–5, Ali 
and colleagues86 found that among persistent habitual snorers, 
hyperactivity, sleepiness, and restless sleep increased during 
the 2year interval. Chervin et al.87 followed a cohort of chil
dren aged 2 to 13 for four years and found that ratings for 
snoring and other indicators of SDB at baseline were strong 
predictors of later elevations on the hyperactivity index of  
the Conners Parent Rating Scale,88,89 even after adjusting for 
stimulant use and for baseline hyperactivity. The Avon 
Longitudinal Study of Parents and Children, an epidemiologic 
examination of health from early life, included questions con
cerning snoring, mouthbreathing, and witnessed apnea in 
sequential surveys obtained from 6 through 69 months of 
age.90 Development of SDB symptoms followed four distinct 
trajectories that variously predicted hyperactivity, conduct 
problems, peer difficulties, and emotional problems at ages 
four and seven, even after controlling for 15 possible con
founders. The evolution of substantial behavioral effects from 
early respiratory symptoms suggests that early interdiction of 
SDB may be necessary to prevent emergence of important 
behavioral sequelae. Population rates of SDB – estimated by 
Lumeng and Chervin91 as 1.5–6% for ‘always’ snoring (i.e., 
habitual snoring), 0.2–4% for parentreported apnea, and 
4–11% for SDB defined in various ways – emphasize the 
potential public health significance of these phenomena. 
Although common, these disorders may not be recognized 
before they become entrenched. One retrospective study  
from an allergy service found that over half of children expe
rienced symptoms more than 2 years before undergoing 
adenotonsillectomy.92
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institute, included an unspecified number of cases that had 
been diagnosed as having ADHD. Xu et al.117 studied within
family transmission disequilibrium in distinct samples of chil
dren and their families from the UK and from Taiwan. The 
‘T’ allele was preferentially transferred in the Taiwanese fami
lies and in the combined samples, though not in the UK 
families when analyzed separately. Cao et al.118 more recently 
compared prevalence of these alleles in ADHD children 
(n = 162) and controls (n = 150) and found that the ‘C’ allele 
appeared more frequently in the ADHD sample than it did 
in the controls; and, among those with ADHD, it was found 
more often in those with sleeponset difficulties.

Two other genes contributing to the circadian pacemaker, 
BMAL1 and PER2, were examined in a study of adults with 
ADHD.119 This study measured the daily rhythms of certain 
hormones (salivary cortisol and melatonin), gene expression 
(BMAL1 and PER2), and movement (actigraphically 
recorded) among 13 adults with, and 19 without, ADHD. 
The circadian rhythmicity of gene expression observed in 
controls was absent in ADHD subjects, and hormone secre
tion exhibited a phase delay in subjects with ADHD.

Other functional components of the sleep–wake cycle, such 
as the melatonin synthetic pathway, may also be implicated in 
ADHD.120 While the genetic studies as a whole do not lead 
to any firm conclusions, they point to interesting directions 
for further exploration.

Restless Legs Syndrome, Periodic Leg Movements
The dopaminedeficit hypothesis of ADHD, which has gen
erated much of the basic and clinical neuroscience in ADHD, 
is predicated upon several wellestablished observations. First, 
the prominence of motor activity per se implicates some role 
for dopamine function in the expression of ADHD. Second, 
the historical epidemic of encephalitis lethargica that caused 
profound and persistent parkinsonism in some afflicted adults 
produced in children a paradoxical syndrome of hyperkinesis, 
emotional lability, and antisocial behavior.121 Third, the stimu
lant medications, which bring about prompt and dramatic 
behavioral changes in many children with ADHD, are distin
guished from less effective treatments, such as tricyclic anti
depressants, by their impact upon dopamine reuptake.122 
Fourth, novelty seeking and reward salience, traits strongly 
associated with ADHD, are closely linked to dopamine 
function.123–127 Fifth, animal models of ADHD can be pro
duced by destruction of dopamine pathways through fetal 
hydroxydopamine exposure or by creating knockouts of the 
dopamine transporter gene.128 Sixth, human imaging studies 
show anatomical and functional brain differences in persons 
with ADHD that implicate dopamine involvement. These 
include, for example, reduced volume of the caudate and 
globus pallidus and reduced D2/D3 receptor density in the 
nucleus accumbens and midbrain.129 Finally, though some
times contradictory and difficult to interpret, genetic studies 
generally support the role of genes that are linked to dopamine 
function and metabolism as having a role in ADHD.130–134

In searching for a common underlying pathophysiology 
between ADHD and sleep dysfunction, recent discoveries 
concerning RLS and PLMs are extremely promising. First, 
the presence of both RLS and PLMs in children is now well 
established.135–139 RLS, diagnosed by narrow criteria, occurs in 
about 2% of children and adolescents.140 Second, RLS/PLMs 
appears to be mediated, at least in part, by dopaminergic 

children with elevations of the attention and rulebreaking 
behavior scales on the Child Behavior Checklist (CBCL)103,104 
were likely to display an eveningness profile. Several studies 
have found that children with ADHD were significantly more 
hyperactive relative to controls during the afternoon com
pared to morning.105–107

As is the case in children, adults with ADHD often com
plain of sleep problems. Rybak et al.108,109 found that among 
29 adults with ADHD, over 40% exhibited an evening chrono
type. Eveningness was associated with impulsive responding 
and difficulty sustaining mental effort. Noting that adults with 
ADHD may be sensitive to seasonal mood changes, these 
investigators administered bright light therapy to ADHD 
subjects between November and February (fall–winter). They 
found that circadian preference changes, interpreted as phase 
advances, predicted improvement in core ADHD symptoms, 
whereas mood as such did not influence these symptoms.

Examining the evidence for disturbances in circadian 
rhythms in ADHD, Imeraj et al.110 have reasoned that dys
function of the locus coeruleus, which regulates noradrenergic 
activity and arousal through widespread projections to the 
cortex, including to prefrontal structures, implicates noradren
ergic dysfunction in executive processes that interact with 
reward systems. They propose that the locus coeruleus is inte
grated within a circuit that includes the suprachiasmatic 
nucleus, which is associated with the circadian clock, and the 
dorsomedial hypothalamic nucleus, which is involved in cir
cadian regulation of corticosteroid secretion and other endo
crine functions. These structures hypothetically would impose 
a circadian influence upon widespread central and autonomic 
processes promoting vigilance, motivation, memory, informa
tion processing, motor behavior, metabolism, and cardiovas
cular function. Imeraj and colleagues also suggest that persons 
with ADHD may exhibit elevated tonic, and reduced phasic, 
locus coeruleus discharges that together cause distractibility 
and performance deficits.

Whether or not the noradrenergic hypothesis ultimately 
prevails, a compelling line of research developing in the next 
few years concerns the identification and function of genetic 
variations associated both with ADHD and the sleep–wake 
cycle. The CLOCK (for ‘Circadian Locomotor Output Cycles 
Kaput’) gene, which codes a transcription factor that is critical 
for circadian rhythms, has been associated both with chrono
type and with ADHD. The gene’s role in dopamine metabo
lism and the brain’s reward system111 makes CLOCK an 
attractive place to look for mechanisms linking biological 
rhythms to ADHD. One singlenucleotide polymorphism 
(SNP), referred to either as the ‘rs180126’ polymorphism or 
by its location ‘3111’ on the gene, has been examined with 
respect to both circadian preferences and ADHD. Katzenberg 
and colleagues112 reported that subjects who possessed the ‘C’ 
allele (most of whom were heterozygotes, as the number of 
‘C’ homozygotes was small) had lower chronotype scores, 
indicating a skew toward eveningness. This finding was con
tradicted by a second study finding no such association,113 but 
was supported by a third114 reporting greater eveningness in 
‘C’ homozygotes than among subjects manifesting the ‘T’ 
allele. A fourth study suggested a weak association between 
the ‘T’ allele and DSPS.115 Kissling et al.116 then reported that 
the ‘T’ allele was associated with measures of ADHD in 
adults, but the finding was difficult to interpret because the 
sample, comprising subjects referred to a forensic psychiatry 
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agonists may be indicated), and circadian rhythm disorders 
(which require a systematic and sometimes extended diagnos
tic approach that may ultimately suggest the need for adapta
tions in sleep schedule, phototherapy, or oral melatonin 
administration). Conversely, children who present for treat
ment of ADHD, ODD, or intellectual and learning problems 
may have primary or contributory sleep disorders such as 
OSA. Because behavioral disorders and sleep are so often 
intimately linked, the clinician is obliged to consider how a 
given treatment affects both daytime and nighttime behavior. 
Usually, the improvement of one is paralleled by improvement 
of the other; but, at times, just the opposite is true, especially 
with stimulant therapy.

The complexity of associations between different disorders 
cautions the clinician against an overly simplistic formulation 
of cause and effect. Thus, while adenotonsillectomy some
times produces dramatic improvement in daytime behavior, 
there are many cases in which changes are more modest, 
leaving residual symptoms of the same kind, chronic symp
toms that are not readily reversed, or a separate problem 
aggravated by SDB but not caused by it. Put in the simplest 
possible way, nonsleepspecialist practitioners ought to think 
routinely in etiological terms about even the most ordinary 
presentations of behavior and learning disorders, attending in 
particular to the possibility that sleep plays an etiologic role 
in daytime behavior complaints. Thoughtful diagnosis will 
suggest novel treatment strategies that are not yet well inte
grated into the behavioral specialist’s technical arsenal. Like
wise, sleep specialists using conventional approaches to 
diagnosis may not detect mild respiratory disturbances during 
sleep, yet in an individual case that cannot be well formulated 
in any other way, mild SDB might be the best explanation for 
significant behavioral and cognitive disturbance. The relative 
contributions of conditioning and intrinsic biological rhythms 
to sleep problems in ADHD youngsters are not always easily 
dissected, and both may contribute in varying degrees to 
insomnia that does not respond to simple educational and 
behavioral measures.

Molecular genetics, neuroimaging, and animal models are 
now making critical contributions to understanding the rela
tionships between sleep and behavior. Genetic techniques that 
employ family pedigrees by their nature address disorder vari
ants that are relatively homogeneous, unlike methods using 
subjects from general populations. There is already reason to 
distinguish predominantly inattentive ADHD from the com
bined and hyperactive–impulsive types, and it is hard to see 
how it can be useful to unify these distinctive presentations 
of inattentiveness in conceptualizing their respective interac
tions with sleep. Both groups may be of interest for under
standing behavior arising from a presumed primary sleep 
disorder such as OSA, as the manifestations of OSA in behav
ior and cognition are probably varied and diagnostically 
diverse. Efforts to find the best ways to divide the ADHD 
population into more homogeneous subgroups may help to 
clarify fundamental links with sleep pathology.

We have examined the sleep disorders associated with neu
robehavioral problems in children from the perspective of 
hypothetical causal relationships. Attention, hyperactivity, 
ADHD, and other behavioral problems have been repeatedly 
and robustly associated with sleep disorders in numerous 
studies employing both parent questionnaires and objective 
findings from PSG, actigraphy, and MSLT. The literature as 

hypofunction. Indeed, the experience of RLS resembles the 
experience of akathisia associated with dopamine blockade in 
individuals receiving antipsychotic drugs, and the most effec
tive pharmacological treatments for RLS are dopamine ago
nists. Third, children with RLS and low ferritin levels – an 
abnormality hypothetically affecting dopamine function – 
often benefit from iron supplementation.141–143 Fourth, some 
children with ADHD have lower than expected ferritin 
levels.144 Early reports claim that the behavior of such children 
is ameliorated by iron supplementation, though the long 
history of discarded cures for ADHD makes this at best a 
preliminary finding.145 Fifth, rates of RLS and PLMs are 
elevated in ADHD, and vice versa.9,146,147 And sixth, in chil
dren with comorbid ADHD and RLS/PLMs who have low 
ferritin levels, iron supplementation seems to improve both 
behavior and sleep movements.145,148 Such findings point to 
the possibility that ADHD and RLS/PLMs have a common 
underlying etiology that has some connection to iron metabo
lism and dopamine function.149

The hypothesis that ADHD and RLS/PLMs share mech
anisms or causes should probably be modified by a working 
assumption that, because ADHD is heterogeneous, we expect 
the comorbidity of ADHD and RLS/PLMs to include a 
subtype of ADHD that has not hitherto been distinguished 
from the broadly inclusive ADHD syndrome. If that were the 
case, then the diurnal behavioral phenotype of the relevant 
ADHD subtype might well have observable features that dif
ferentiate it from other ADHD syndromes. Like ADHD, 
RLS is probably heterogeneous etiologically.150 This is sug
gested by a bimodal distribution in age of onset, the earlier
onset cases exhibiting especially high familial loading, greater 
severity, and more prominent polysomnographic findings 
such as PLMs and microarousals. One would expect an 
imperfect overlap between two syndromes, RLS and ADHD, 
each of which is etiologically diverse and, indeed, the magni
tude of comorbidity in children is around 25% in either direc
tion.140 Ferritin levels as correlates of both symptom severity 
and reversibility by iron supplementation in RLS and ADHD 
may point to genetic mechanisms that produce diurnal and 
nocturnal phenotypes with different thresholds for penetrance 
based upon exogenous factors such as nutrition.

CONCLUSION: SIGNIFICANCE AND  
FUTURE DIRECTIONS

Both the DSMIVTR151 and its successor, the DSM5,152 
share with ICSD2 a criterionbased approach to diagnosis 
that emphasizes clinical features that can be ascertained using 
conventional medical approaches with little emphasis upon 
how comorbid conditions may be interrelated. A deeper view 
of clinical assessment benefits immensely from perspectives 
on sleep and behavioral pathology that broadly take both 
night and day into account. Thus, a young child presenting 
with sleeplessness and ADHD may be diagnosed with a BIC 
for which parental education in sleep, sleep hygiene, and a few 
straightforward behavioral techniques is likely to be adequate 
intervention. The presence of ADHD, however, raises the 
specter of a much broader differential diagnosis including 
medication effects (for which changes in dosing, schedules, or 
agents may be needed), nocturnal movement disorders (for 
which ferritin levels, iron supplementation, or dopamine 
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diagnosed with ADHD. If this is true, then the entire litera
ture on the nature and treatment of ADHD may be predi
cated upon populations in which the SDB pathway to ADHD 
is among the most common. If there is a real ADHD, then 
the one associated with SDB is as good a candidate as any for 
that designation.

Controversy illuminates gaps in knowledge and theory and 
helps to shape the research agenda. In this chapter we have 
emphasized the importance of comorbidity as a clue to hypo
thetical ADHD subtypes having unique mechanistic and 
etiologic characteristics. Although the presence of comorbid 
conditions is usually presumed to confound the interpretation 
of research data, here just the opposite may be true. If it is 
true that some cases of ADHD are generated by mechanisms 
that also underlie RLS/PLMs, for example, then a group of 
children who have been diagnosed with both may include 
relatively few with unrelated causes or mechanisms. Even 
greater homogeneity may be achieved by selecting cases on 
the basis of other features closely related to the putative 
pathophysiology, such as the presence of iron deficiency or 
response to iron supplementation in ADHDRLS/PLMs. At 
least in principle this is a straightforward approach, not yet 
widely exploited, for creating more homogeneous subject 
populations and analytic subgroups. The same principle might 
be used in examining ADHD chronotypes. Thus, rather than 
ask whether ADHD as a whole is characterized by a specific 
chronotype, it may be more fruitful to ask whether ADHD 
children with an evening preference differ in other relevant 
ways from ADHD children reporting a morning preference.

The study of pediatric OSA has already taken multiple 
directions. Perhaps the most fundamental of these addresses 
the definition and measurement of the syndrome, since tradi
tional PSG measures and disease thresholds may not capture 
some children with clinically relevant SDB. Better under
standing of the extent and characteristics of neurobehavioral 
morbidity in milder presentations of OSA will help to define 
the boundaries of the syndrome and the indications for treat
ment. Examination of inflammatory changes in SDB is a 
promising area of research that may ultimately be relevant to 
understanding the familiality of the condition156 and the 
nature of atopic influences long alleged to underlie some cases 
of ADHD. Tonsils removed from children with OSA exhibit 
more proinflammatory cytokines, higher levels of thioredoxin, 
and higher rates of Tcell proliferation than do tonsils recov
ered from children with recurrent tonsillitis.157 Is it possible 
that these or other substances produced in the lymphoid 
tissues have a direct effect on behavior? Such a finding might 
explain the dissociation between diagnoses of OSA and reso
lution of behavior problems following adenotonsillectomy 
reported in followup studies.81,82,84

If it is true that ADHD is a syndrome providing an umbrella 
for many distinct variants, then research will increasingly rec
ognize a diversity of behavioral conditions related to many 
different forms of sleep disturbance. Answers to key questions 
may come from genetic and functional imaging studies, espe
cially as these techniques become more accessible; but the 
power of these methodologies depends upon study populations 
that are relatively uniform with respect to the characteristics 
being examined. The clues provided by close examination of 
the relationships between psychiatric and sleep pathology can 
help to inform the search for etiologies and mechanisms while 
guiding the development of novel approaches to treatment.

a whole has been criticized, however, for confounding comor
bidity, referral bias, and other factors with the primary con
tribution of ADHD to these associations. Conservative 
analyses, including metaanalyses of research meeting exact
ing specifications, have been helpful in separating the noise 
– a tendency for most variables measured to correlate with 
something of apparent significance – from the signal, namely, 
the associations that hold up well when confounds are elimi
nated by design or statistical methods. These include PLMs 
and a handful of sleep findings summarized in Table 15.1. The 
significance of SDB has been especially controversial, but 
newer evidence suggests that early symptoms of SDB are 
associated with later neurobehavioral morbidity and that PSG 
may not always detect mild but clinically important sleep 
breathing abnormalities. The role of circadian rhythms in 
ADHD is a promising area of research that will be further 
elucidated by study of how the behavioral rhythms of psychi
atrically disordered children correspond to biological cycles 
and circadian pathology.

It has been suggested that the diagnosis of ADHD be 
reserved for cases in which the syndrome persists after treat
ment of a coexisting sleep disorder. Owens has advised, ‘A 
prudent approach would then be to treat any documented 
sleep disorder (i.e., adenotonsillectomy for OSA) before con
firming (or rejecting) the diagnosis of ADHD and initiating 
treatment.’153 If the treatment targeting a sleep disorder 
resolves ADHD symptoms, according to this reasoning, then 
there was no ADHD in the first place. What, then, is true 
ADHD, and how does it differ from lookalikes?

The view proposed in this chapter, that ADHD is a hetero
geneous syndrome with multiple causes, is inconsistent with 
the notion of a unique or real ADHD that implicitly has a 
distinct but unknown pathophysiology. For clinical purposes, 
it may be prudent to treat a sleep disorder before prescribing 
stimulants for an associated behavior problem; but, for several 
reasons, it does not follow that the treatment outcome should 
decide the diagnosis. First, while several followup reports of 
adenotonsillectomy have documented remission of ADHD, 
no randomized, controlled trials have been published to prove 
this claim. Data from the Child Adenotonsillectomy Trial 
(CHAT)154 are currently being analyzed and may help to 
resolve this issue. Second, the ADHD syndrome associated 
with SDB satisfies DSM criteria that are unmodified in any 
respect. ADHD that is cured by adenotonsillectomy looks and 
behaves like any other ADHD. Third, the failure of surgery 
to cure ADHD in a given case does not tell us whether SDB 
was the cause, especially where longstanding sleep difficulties 
may have caused irreversible damage. Fourth, the presence of 
strictly defined OSA apparently does not predict which chil
dren will have ADHD, even in a population referred for 
adenotonsillectomy. Among those who do have ADHD, chil
dren without OSA may benefit from surgery as much as those 
without it.81–84 Fifth, a treatment’s efficacy is at best weak 
proof for the mechanism of illness. Gold salts were introduced 
for rheumatoid arthritis on the theory that the disease was a 
form of tuberculosis; yet the success of the intervention did 
not prove that rheumatoid arthritis was a mycobacterial 
disease.155 Similarly, children with RLS and iron deficiency 
do not shed the RLS diagnosis when iron supplementation 
successfully mitigates symptoms of the disorder. Finally, mild 
SDB is quite common in the pediatric population and theo
retically could account for a substantial proportion of children 
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Clinical Pearls

• Heterogeneity of ADHD syndromes helps to explain its 
myriad associations with pediatric sleep disorders.

• Standard PSG procedures and scoring may be inadequate 
to exclude treatable SDB when presentation is of both 
distressed nocturnal breathing and neurobehavioral 
morbidity.

• Children with complaints related to attention, behavior, and 
learning should be screened for major sleep disorders, 
especially SDB, RLS, and circadian rhythm disturbances.

• The developmental origin of ADHD usually can be traced to 
the preschool years; when onset is later, careful evaluation 
for underlying sleep disorders is warranted.

• Recognition of mechanistic relationships between sleep 
and behavioral symptoms helps inform the choice and 
sequence of treatments for comorbid conditions; ideally,  
a single intervention will be effective for both.
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INTRODUCTION

Families of young people with autism spectrum disorders 
(ASD) often report that their children have problems falling 
asleep or staying asleep and that they don’t seem to need as 
much sleep as their peers. These difficulties can arise in 
infancy, even before the child has a formal autism spectrum 
diagnosis. Although every day brings behavioral and learning 
challenges, for these families sleep is often the final straw.

Epidemiological studies in children with ASD now lend 
support to the suggestion that their sleep difficulties start at 
a very young age and tend to persist.1,2 Even when children 
with learning difficulties and medical comorbidities are 
excluded, an excess of sleep problems are still found in chil-
dren with ASD.2

Given that the causes of ASD themselves are poorly under-
stood, it comes as no surprise that the origins of sleep disor-
ders in ASD are still unclear. Despite efforts by diagnostic 
systems to classify ASD as a single entity, the evidence is to 
the contrary. Indeed, the symptoms of ASD cluster in dimen-
sions rather than into clear categories, and such an interpreta-
tion is likely to provide an easier framework for exploring 
some of the associated sleep problems.3

A combination of epidemiological and biological studies is 
required to explore potential causal links and answer impor-
tant questions such as: do sleep problems appear as a second-
ary consequence of having an ASD; do early and persistent 
sleep problems cause, or contribute to, the emergence of ASD; 
or, do ASD and its associated sleep problems both share a 
common underlying pathophysiological basis?

Autism is rarely the discrete entity described in many 
research studies. Comorbidity is the rule rather than the 
exception, and it is necessary to appreciate the often additive 
contributions of common comorbidities such as attention 
deficit hyperactivity disorder (ADHD), learning difficulties, 
tics, and seizures, all of which have their own independent 
effects on sleep.

After discussing the prevalence and possible causes of sleep 
problems in ASD, an attempt will be made to review the 
various intervention modalities that are used in treating these 
sleep problems in children. This is an exciting and rapidly 
developing area that challenges researchers and clinicians, not 
just to establish what interventions can work, but also to 
determine how best to deliver them to the large numbers of 
patients. Finally, we will look briefly beyond childhood at 
what is known about the long-term prognosis.

EPIDEMIOLOGY

In general, solid epidemiological studies of sleep patterns, 
sleep behaviors, and sleep quality in patients with ASD are 

lacking. Studies have been small, lacked controls, and have 
often used non-validated diagnostic tools.4

Two complementary research protocols that can be helpful 
are longitudinal cohort studies and controlled cross-sectional 
ones. The former have all the strengths of studying the tem-
poral sequence of sleep problems in young people with ASD, 
and they can shed more light on possible directions of causality. 
However, they are often costly, retaining a cohort for years is 
difficult, and parameters studied are usually subjective. The 
latter are less expensive, they allow for the teasing out of pos-
sible confounders and, if subjects are carefully matched, they 
permit the combination of objective and subjective measures.

Evidence from one of the longitudinal protocols comes 
from the Avon Longitudinal Study of Parents and Children 
(ALSPAC), a prospective study of a cohort of over 14 000 
children born in 1991–2 in southwest England.5 Parental 
reports of sleep duration were collected by questionnaires at 
eight time points from 6 months to 11 years, including from 
86 children with an ASD diagnosis (determined at age 11 
from health and education records).1 Children with ASD 
slept for 15 to 45 minutes less each day compared to contem-
porary controls aged 30 months to 11 years old (Figure 16-1). 
The difference remained significant after adjusting for gender, 
epilepsy, high parity, and ethnicity. The difference in sleep 
duration mostly reflected changes in nighttime rather than 
daytime sleep duration. Nighttime sleep duration was short-
ened because of both later bedtimes and earlier waking times. 
Frequent wakings, defined as three or more times a night, 
were significantly more common in children with ASD from 
30 months of age.

Another population-based cohort study assessed sleep 
problems at two age ranges (7–9 and 11–13 years).2 A screen-
ing questionnaire was used to define autism spectrum prob-
lems and, in this group, the prevalence of chronic insomnia 
was more than ten times that seen in controls; and, in the 
ASD children, the sleep problems were more persistent  
over time.

Evidence from a cross-sectional study comes from a study 
of children between 4 and 10 years of age randomly selected 
from a regional autism center.4 This descriptive cross-sectional 
study compared both subjective and objective measures of 
sleep in an ASD cohort with those of typically developing 
(TD) controls. In this study more than half of the families of 
the children with ASD (57.6%) voiced concerns about sleep 
problems, including the presence of long sleep latencies 
despite a bedtime routine, frequent night wakings, sleep 
terrors, and early risings. Only 12.5% of families of the TD 
cohort reported sleep concerns. Objective actigraphy meas-
urements showed children with ASD took longer to fall 
asleep, were more active during the night, and had the longest 
nighttime duration of a wake episode. However, sleep effi-
ciency, total sleep time, and the number of long wake episodes, 
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of children. Additionally, a first night effect might account for 
part of this finding and, in fact, one two-night study did  
find that REM sleep percentage was lower on night 1 but not 
night 2.12

If REM differences in ASD are real, the potential implica-
tions are intriguing. REM sleep is greatest in the developing 
brain and may represent a protected time for neuroplasticity.13 
REM sleep is involved in memory consolidation and, accord-
ing to several studies, normal cognitive function and process-
ing of emotional memory.14,15 In the autism research field 
where rat and mouse models of autism are being developed, 
it has been shown that REM deprivation in the neonatal rat 
induces social deficiencies in the adult animal.16 The hypoth-
esis elaborated most recently by Buckley et al.11 goes so far as 
to suggest that ‘a primary cholinergic deficiency may simulta-
neously produce deficits in REM sleep in autism and contrib-
ute to the socio-emotional deficits at the core of the autistic 
phenotype …’ There is enough belief in this hypothesis to 
support a recent open-label study, discussed later in this 
chapter,17 designed to pharmacologically increase REM per-
centage in children.

CAUSES OF SLEEP PROBLEMS IN CHILDREN  
WITH ASD

Learning Difficulty
Children with ASD may present with varied language and 
cognitive phenotypes. Young people with high-functioning 
autism and Asperger’s syndrome might have average or  
above-average cognitive abilities, in contrast to non-verbal 
children with profound learning difficulties. This level of  
cognitive impairment, although normally a strong predictor 
for sleep problems, seems less so in ASD where children 
across a wide range of cognitive abilities have been reported 
as having sleep problems at an equally high rate. It is tempting 
to speculate that, although sleep problems in general may  
be equally common among these groups, the specific nature 
of these problems is group-dependent. A high rate of  
anxiety in many of the young people with Asperger’s  
syndrome is often encountered that exacerbates bedtime 
insomnia18 with perseverative rituals that further increase 
sleep latency.19

Sensory Issues
Hypersensitivities are well described in people with ASD.20 
Parents attest to the challenges of trimming nails, cutting hair, 
and even getting their children to wear clothes. The environ-
mental nuances occurring at bedtime, with demands or needs 
around room and bed (e.g., special sheets, particular sounds, 
favorite pajamas) are often marked and problematic for fami-
lies of children with ASD. The theory underlying the reasons 
for using weighted blankets and other weighted items for 
calming purposes on these youngsters is based on the idea of 
sensory integration, a concept initially developed by the occu-
pational therapist Jean Ayres21 and further developed by occu-
pational therapists and other professionals.22 It has been 
hypothesized that the deep pressure provided by weighted 
items provides proprioceptive input to the body resulting in 
an inhibitory response that reduces the body’s physiological 
level of arousal and stress.23 The safety and efficacy of this 
intervention is not known although a large controlled study 

as determined by actigraphy, were not statistically different 
between the ASD and TD cohorts.

Sleep Profiles and Sleep Architecture
Wiggs and Stores6 used sleep questionnaires, parental diaries, 
and actigraphy to describe the profile of sleep disturbance in 
children with ASD. They found that the sleep disorders 
underlying the sleeplessness were most commonly behavioral, 
although sleep–wake cycle disorders and anxiety-related prob-
lems were also seen. They did not find that sleep patterns 
measured with actigraphy differed between those ASD chil-
dren with or without reported sleeplessness. Similar findings 
were reported in studies by Malow et al.7 and Souders et al.4 
They used International Classification of Sleep Disorders-2 
(ICSD-2)8 nomenclature and found the commonest sleep 
diagnoses were behavioral insomnia of childhood – sleep-
onset type and insomnia due to PDD.

Importantly, Wiggs and Stores observed that some children 
with ASD woke at night without alerting their parents, which 
they termed ‘contented sleeplessness.’ This contented behav-
ior contrasts with TD children with sleep association disorder 
who signal or come into their parents’ bedrooms. These 
important differences have contributed to the design of many 
of the current or proposed behavioral interventions discussed 
later in this chapter.

Sleep Architecture and Dreaming in ASD
A small controlled study found that young adults with ASD 
have fewer recollections of dreaming than controls.9 Their 
dream content narratives following REM sleep awakenings 
were shorter with fewer social and emotional experiences. 
Spectral analysis of the same group showed distinctive  
slower alpha EEG patterns and asymmetries in the ASD 
group.10

Objective support for REM differences is still in the early 
stages and is inconsistent. A recent controlled single-night 
PSG study found rapid eye movement (REM) sleep percent-
age was lower in children with ASD compared with both 
children with typical development and children with other 
developmental disorders.11 Although interesting, the numbers 
of children were small and some of the differences found 
might relate to differences in mean age of the different groups 

Figure 16-1 Total mean sleep duration in ASD children compared to total 
cohort. Adapted from Humphreys J et al.1 
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required), full EEG and polysomnography are often essential. 
For additional information on epilepsy and sleep, also see 
Chapter 44.

Co-morbidities in ASD
Unfortunately, much of the sleep and ASD research has 
sought to study pure groups of children with ASD. While this 
approach has certain advantages, it also reduces the generaliz-
ability to the real clinical situation where comorbidity of both 
medical and psychiatric conditions is the rule.35

When the prevalence of current comorbid DSM-IV disor-
ders was carefully assessed in children and adolescents with 
ASD, 72% were diagnosed with at least one comorbid disor-
der.35 Anxiety disorders (41%) and ADHD (31%) were the 
most common, but higher rates of obsessive–compulsive disor-
der, oppositional defiant disorder, and tic disorders were also 
present. Many of these disorders are themselves associated with 
sleep problems (see Chapters 15 and 46), and their frequency 
in children with ASD suggests they should not be ignored. 
Clinically, we have observed that there is often an additive 
effect, where the prolonged sleep latency and bedtime resist-
ance commonly seen in children with ADHD36 is exacerbated 
in ASD by an additional degree of cognitive rigidity and by a 
lack of empathy regarding the sleep of other family members.

Diagnostic Overshadowing – Diagnosing  
Other Sleep Disorders
Diagnostic overshadowing37 – in the context of ASD with sleep 
problems – is the phenomenon of inadvertently over-focusing 
on the child’s ASD (and assuming that the ASD itself is the 
cause of the child’s insomnia), instead of remaining vigilant 
to other potential causes of the sleep disorders.

Obstructive sleep apnea syndrome (OSAS) is common in 
the general pediatric population, and its peak incidence in 
preschool-aged children38 occurs at a similar age to that when 
ASD is often first diagnosed.39 However, there is no convinc-
ing epidemiological evidence to suggest that OSAS is more 
common in ASD, at least once one adjusts for confounders 
such as low muscle tone.40

Parents report an increased frequency of non-rapid eye 
movement (NREM) arousal disorders in children with ASD,41 
although robust studies are still lacking. Much of the time, 
simple clinical history combined with home video is sufficient 
to rule out much rarer nocturnal seizure disorders.42

In ASD, rhythmic movement disorder (RMD), such as 
head banging, can be severe; and, it can also be seen during 
the day – unrelated to sleep – as well as at night. The move-
ments can persist to adulthood.43 There is very little research 
on causes or treatments specific to ASD.

The diagnosis of restless leg syndrome (RLS) in children 
with ASD is difficult because of the child’s cognitive and 
language limitations. In some cases the finding of frequent 
arousing PLMs on PSG can be very suggestive. Low long-
term stores of iron (usually determined by low serum ferritin 
levels) can worsen such a disorder, and iron supplementation 
was shown to improve restless sleep in children with ASD in 
an open-label pilot study.44

REM sleep behavior disorder (RBD) has been reported  
in one case series of children with ASD who were studied 
with PSG12 although a larger polysomnographic study that 
excluded children on psychotropic medication did not docu-
ment RBD or even periods of REM sleep without atonia.7

in the UK is underway (L. Wiggs and P. Gringras, personal 
communication).

Genes, Neurobiological Factors, and Melatonin
Although there have been many attempts to use putative 
genetic and biochemical findings from ASD studies to explain 
the sleep difficulties seen in children with ASD,24 these 
attempts suffer from two fundamental problems: first, there is 
no evidence that ASD exists as a single disorder with a single 
cause, and second, the actual causal pathways that lead to 
ASD are poorly understood.

Although ASD was once thought to be caused by environ-
mental factors, genetic factors are now considered to be more 
contributory to its pathogenesis. These include, for example, 
mutations in certain clock-related genes and in other genes 
that encode synaptic molecules associated with neuronal com-
munication.25 However, epigenetic mechanisms are also likely 
to be important; and, these mechanisms are affected by envi-
ronmental factors (such as nutrition, drugs and mental stress), 
and they control gene expression without changing DNA 
sequence.26 For a more complete review of autism neurobiol-
ogy, the reader is directed to a comprehensive summary by 
Silver and Rapin.27

Perhaps the greatest efforts have centered on the hormone 
melatonin because of its known importance in sleep neurobi-
ology and relevance also to ASD research. Abnormal platelet 
serotonin level remains one of the few consistent biochemical 
findings in children with autism.28 Serotonin is a biochemical 
precursor to melatonin, and there has been considerable 
research into the components of this pathway. Genetic  
abnormalities have been reported in the two melatonin recep-
tors,29 and a variety of mutations have been described in 
acetylserotonin-o-methyltransferase (ASMT), one of the 
enzymes responsible for the synthesis of melatonin from sero-
tonin.29,30 However, the overall numbers of children in these 
studies whose ASD and sleep problems were associated with 
these specific ASMT mutations are very small and the find-
ings have not been replicated in all genetic studies.31

Although the genetic findings still only explain a few case 
findings, there is other evidence that melatonin physiology is 
important in ASD. In one study by Malow and colleagues, 
the level of a melatonin metabolite was directly related to the 
amount of deep sleep in children with ASD.32 The role of 
exogenous melatonin in treating the sleep of children with 
ASD is discussed later in the treatment section of this chapter.

Seizures
When a child (and particularly a very young child) presents 
initially with seizures, the focus of caretakers and clinicians  
is reducing the frequency and intensity of the seizures and 
investigating their causes. It is usually only later, when  
the seizures are under control, that a range of language, cogni-
tive, social, behavioral, and sleep problems emerge or become 
recognized.33 About 30% of children with autism also have 
epilepsy,34 but it is still not known how often a shared underly-
ing cause accounts for both disorders. However, seizures  
are often activated in sleep. So, when evaluating a child  
with autism who experiences unusual repetitive sleep-
associated behaviors (or possible parasomnias), one should 
maintain a high index of suspicion of a possible underlying 
seizure disorder. Despite the technical challenges of studying 
these children (who may well be aversive to the investigations 
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Melatonin in Children with Neurodevelopmental Disorders 
and Impaired Sleep (MENDS) study.52 This booklet was 
designed for children with neurodevelopmental delay as well 
as ASD, and it is freely available on the web.53 Interestingly, 
there was no evidence of any differential response between 
children with and without ASD.

In the US, the Autism Treatment Network (ATN) has 
developed an algorithm and a behavioral sleep medicine 
toolkit for the evaluation and treatment of insomnia in chil-
dren with ASD.54 The algorithm emphasizes screening for 
sleep problems in children with ASD, followed by identifica-
tion and treatment of associated medical comorbidities that 
may affect sleep.

Sensory Interventions in ASD
There is very limited evidence available to support the effec-
tiveness of use of weighted blankets and similar items in the 
treatment of children with presumed sensory integration (SI) 
issues. There is one controlled study using such sensory blan-
kets in children with ADHD that showed a small reduction 
in sleep latency.55 There is no evidence for the efficacy of 
weighted blankets in children with ASD, and – although case 
reports exist – there are safety concerns about their use, and 
the cost of weighted blankets is considerable. Controlled 
studies are now underway in the UK (Wiggs L., personal 
communication), but given that the sensory profile of young 
people with ASD is as varied as are other aspects of their 
phenotype, it will be interesting to see if specific profiles 
(obtained using standardized questionnaires) predict treat-
ment response.

Melatonin and other Pharmacological Interventions 
in ASD
This section will primarily focus on melatonin, as there is so 
little robust evidence for the use of any other medications for 
sleep problems in ASD.

A number of systematic reviews have aimed to determine 
the effect of melatonin on sleep parameters in children with 
autism and other developmental problems (see Table 16.1). 
The trials included within each meta-analysis are heterogene-
ous in terms of patient populations studied, the doses used, 
and the time and durations of treatment. Of methodological 
concern are the number of small trials, suspicions of outcome 
reporting bias within the trials, and the use of a crossover 
design (the suitability of which has been questioned due to 
the impact on the circadian timing system outlasting drug 
washout periods).

Perhaps the main difficulty with meta-analyses is that the 
included studies ignored behavioral interventions that could 
have taken place before or alongside treatment with mela-
tonin. There is good clinical rationale and growing evidence 
that behavioral and psychopharmacological interventions are 
complimentary, and any behavioral intervention should either 
precede, or take place alongside, a pharmacological one.52,56

There are two well-powered studies that shed more light 
on the effects of behavioral interventions and melatonin. The 
MENDS study was a randomized clinical trial (RCT) specifi-
cally designed and powered to assess impact of a systematic 
dose escalation of melatonin on total sleep time over a 
3-month period using subjective and objective assessments of 
sleep.52 Of the 146 children randomized, 63 had autism and 
learning difficulties, and the rest other non-specific causes of 

TREATMENT OF SLEEP PROBLEMS IN ASD

Size of the Problem
Autism is certainly more common than was previously 
thought, and current estimates are of over 1 in 100 children 
being affected.45 As already discussed, over half of these chil-
dren will have significant sleep problems. Although complex 
face-to-face multidisciplinary interventions may be effective, 
they are time-consuming and will fail to reach many young-
sters suffering from a disorder this common. It is for this 
reason that booklet or web interventions are being proposed, 
and perhaps this is why behavioral interventions are often 
neglected in favor of perceived quicker pharmacological 
options.

What and Who are We Trying to Treat?
We need to differentiate those interventions designed to 
improve the sleep and quality of life of family members and 
other caretakers from those that demonstrably improve sleep 
quantity and quality for the child. Often, there is an assump-
tion that, because parents report an improvement on a subjec-
tive sleep questionnaire, there is an actual improvement in the 
child’s objective sleep parameters. In fact, this is rarely the case 
and, with the exception of sleep latency, parental question-
naires in interventional studies do not agree with objective 
findings on PSG or actigraphy.46 This is, of course, not sur-
prising as they are looking at different outcome measures, 
although both are clinically important.

Sleep disturbances in typically developing children are 
known to impact maternal sleep and daytime functioning with 
the extent of sleep disturbance significantly predicting mater-
nal mood, stress and fatigue. There has not been enough 
research on health-related quality of life outcomes for parents 
and siblings in specific ASD groups. In part, this is because 
there is still debate about the best disease-specific quality of life 
measure for caretakers of children with autism.47 Support 
groups have been shown to help the mental health and quality 
of life of mothers of children with ASD, but these have not 
focused on sleep issues alone.48,49

Sleep Behavioral Interventions in ASD
The basic principles of behavioral interventions for children 
and young people with ASD do not differ greatly from general 
principles of sleep environment normalization and appropri-
ate sleep hygiene as discussed in Chapters 8 and 14. Systematic 
reviews highlight the lack of robust studies.50 An often unwrit-
ten aspect of all such interventions is to anticipate the impor-
tant behavioral extinction burst that often occurs on about the 
third night of the intervention and provide enough support 
for the emotionally drained and physically exhausted parents 
to help them be as consistent and persistent as required during 
that period.

Specific parent training workshops for sleep difficulties in 
children with autism have potential to be helpful, and in one 
non-controlled pilot study improvements were found both in 
objective measures (such as sleep latency) and in subjective 
ones (such as ratings of daytime behavior).51 Future studies of 
parenting education interventions will need to be performed 
using controlled studies measuring both subjective and objec-
tive sleep outcomes.

Montgomery et al. showed the effectiveness of a booklet-
delivered intervention51 that has recently been used in the 
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earlier than controls by the end of the 3-month period; this 
finding has not been previously reported in children with 
neurodevelopmental disorders. It is consistent with melaton-
in’s effect in laboratory-controlled studies,60,61 and suggests 
that evening exogenous fast-release melatonin advances sleep 
phase over time – therefore causing children to both fall asleep 
and wake earlier – and explaining the smaller effect on TST. 
Levels of salivary melatonin in some children in the study 
remained high, even when melatonin had not been taken the 
previous evening. It is likely that these children are the well-
described slow metabolizers, those children who seem to ini-
tially respond well to melatonin but then need to have their 
dose lowered.62

Cortesi et al.56 employed a different design where 160 chil-
dren with ASD, aged 4–10 years, suffering from sleep onset  
and sleep maintenance insomnia, were assigned in equal 
numbers randomly to one of four groups: (1) combination  
of controlled-release melatonin and cognitive–behavioral 
therapy; (2) controlled-release melatonin; (3) four sessions of 
cognitive–behavioral therapy; or (4) placebo drug treatment 
condition. Children were studied at baseline and after 12 
weeks of treatment. Treatment response was assessed by actig-
raphy, sleep diary, and sleep questionnaire. Melatonin treat-
ment was mainly effective in reducing insomnia symptoms, 
while cognitive–behavioral therapy had a small positive impact 
mainly on sleep latency, suggesting that some behavioral 
aspects might play a role in determining initial insomnia. The 
combination treatment group showed a trend to outperform 

learning difficulty. One of the standardized parental sleep 
behavioral interventions already discussed51 was used for a 
month prior to any melatonin treatment during which a 
routine bedtime was established. Over half of the subjects on 
this trial improved during this run-in, to the extent their sleep 
problems were no longer severe enough to qualify for the 
pharmacological RCT.

The pharmacological placebo-controlled intervention 
administered 0.5–12 mg immediate-release melatonin in a 
stepwise fashion. The results only showed a small increase of 
23 minutes in total sleep time (TST) but a larger 38-minute 
reduction of sleep latency. For some children these effects 
were seen at the lowest dose (0.5 mg). Melatonin had no 
demonstrable effect on night wakings. There was no evidence 
that exogenous melatonin was differentially more effective in 
children with learning disability and ASD than in children 
with other non-specific causes of learning difficulty. Mela-
tonin was well tolerated and there were no excess adverse 
effects in the treatment group such as, in particular, any 
increase in, or new onset of, epileptic seizures.

The effect of melatonin on sleep latency was consistent 
with other reports of the use of melatonin in typically devel-
oping children (35 minute reduction),57 in children with intel-
lectual disabilities (34 minutes)58 and in children with autism 
(39 minutes).59 In keeping with another study on typically 
developing children,57 the MENDS study found melatonin 
was most effective for those children with the longest sleep 
latency. The study also found that children on melatonin woke 

SYSTEMATIC 
REVIEW

POPULATION TOTAL SLEEP TIME SLEEP ONSET LATENCY AUTHOR 
CONCLUSION

TRIALS1 NO. OF 
CHILDREN

ESTIMATE 
(95% CI)

TRIALS NO. OF 
CHILDREN 

ESTIMATE 
(95% CI)

Buscemi 
et al.66 12 
trials, 7 
cross over

Secondary sleep 
disorders; 
heterogeneous 
population

9 382 WMD2: 15.6 
(7.2 to 
24.0)

6 163 WMD: −13.2 
(−27.3 to 
0.9)

No significant 
effect on SOL 
and a small and 
clinically 
unimportant 
effect on sleep 
efficiency

Braam et al.67 
9 trials, 7 
crossover

Intellectual disability; 
adults and children

7 257 WMD: 49.8 
(34.2 to 
64.8)

7 273 WMD: −33.8 
(−42.97 to 
−24.70)

Decreases SOL and 
increases TST

Rossignol and 
Frye68 5 
controlled 
trials- 5 
crossover, 
57 patients

Autism spectrum 
disorders

5 57 Hedge’s g: 
1.07 
(0.49 to 
1.65)

5 57 Hedge’s g: 
2.46 (1.96 
to 2.98

Improved sleep 
parameters and 
minimal side 
effects. Call for a 
large RCT.  
44 min longer 
TST and 39 min 
shorter SOL with 
melatonin.

5 57 Glass’s Δ: 
0.93 
(0.33 to 
1.53)

5 57 Glass’s Δ: 
1.28 (0.67 
to 1.89)

Philips and 
Appleton69 
3 cross over 
studies, 35 
children

Children with 
neurodevelopmental 
disabilities

No meta-analysis No meta-analysis May be effective in 
reducing SOL. No 
evidence of an 
effect on TST. Call 
for a large RCT

Table 16.1  Results of Systematic Reviews of Melatonin vs Placebo52

1 Trials = number of trials relating to either Total Sleep Time (TST) outcomes, or Sleep Onset Latency (SOL) Trials. Depending on variables captured by each study these will be less, or the same as 
the total number of trials in the systematic review.

2 WMD = weighted mean difference.

Adapted from Gringras P, Gamble C, Jones A, et al. Melatonin for sleep problems in children with neurodevelopmental disorders: randomised double masked placebo controlled trial. 
BMJ 2012;345:e6664.
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the other active treatments. This study demonstrated that 
adding a behavioral intervention to melatonin treatment 
seems to result in a better treatment response, at least in the 
short term.

The use of clonidine, trazodone, and occasionally atypical 
antipsychotic medications has been reported in case series and 
open-label studies as improving sleep of children with 
ASD.63,64 Such medications are often prescribed to also 
address behavioral and mood comorbidities in ASD, and care-
fully designed studies will be required to isolate which effects 
are specific to sleep.

A different approach has been to focus on the limited evi-
dence that REM sleep is decreased in children with ASD, 
and, therefore, to use pharmacological means to try to normal-
ize REM sleep. An open-label trial of donepezil has recently 
shown that REM percentage can indeed be increased phar-
macologically.17 The design of the study, and its duration, 
raise unanswered questions about whether such an interven-
tion may result in clinical benefit or, indeed, cause long-term 
harm.

DO CHILDREN WITH ASD GROW OUT OF THEIR 
SLEEP PROBLEMS?

Well-meaning family members, friends, and professionals will 
often try to reassure an exhausted family that their sleepless 
child with ASD ‘will grow out of it.’ Unfortunately, there is 
no empirical evidence to suggest this is true. Anecdotally, 
parents whose children with ASD had reached young adult-
hood have told us that they simply gave up mentioning it, as 
‘there seemed to be nothing more we could do.’ In addition, 
some young children with ASD eventually enter sheltered 
accommodation, where caretakers are awake at night anyway 
(so without having their own sleep disturbed), and the sleep 
problems of the youngsters under their care are less likely to 
be reported.

In the only adult study with a clear control group, 20 adults 
with Asperger’s syndrome (without medication) were compared 
with 10 healthy controls.18 On subjective questionnaires and 
sleep diaries, the Asperger’s subjects had more frequent difficul-
ties falling asleep, longer sleep latencies, and more frequent early 
morning wakings than did the controls. In another non-
controlled study, objective and subjective measures were used to 
investigate sleep in adolescents and young adults, aged 15 to 25 
years, with autism and Asperger’s syndrome.65 This study found 
that although the sleep questionnaires completed by parents and 
caretakers revealed only a moderate degree of sleep problem, 
greater sleep disturbance was recorded with actigraphy.

This finding suggests that even though subjective com-
plaints of sleep disturbances are less common in adolescents 
and young adults with autism (than they are in younger chil-
dren), this may be due to the caretakers adapting to the sleep 
patterns rather than to an actual reduction in sleep distur-
bances. The adult studies discussed above focus on adults who 
would not have not been exposed to many of the newer behav-
ioral and pharmacological interventions discussed in this 
chapter. Although the hope is that long-term improvements 
in sleep for people with ASD will be possible with current 
treatment options, this will require evidence from controlled 
trials with much longer follow-up periods than those used to 
date.
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•	 Sleep	difficulties	may	emerge	in	infancy	and	precede	a	
formal	diagnosis	of	ASD.

•	 Behavioral	interventions	are	often	effective	and	should	
precede	pharmacological	treatments.

•	 Melatonin	treatment	is	most	effective	when	accompanied	
by	a	behavioral	intervention.

•	 Melatonin	primarily	improves	sleep-onset	difficulties;	it	has	
less	impact	on	total	sleep	duration	and	is	unlikely	to	
improve	nighttime	waking.

•	 Doses	of	melatonin	as	low	as	0.5	mg	will	be	helpful	for	
some	children.

•	 Although	high	doses	of	melatonin	may	promote	its	sedative	
action	in	some	children,	this	may	not	be	the	case	for	slow	
metabolizers.
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METABOLIC SYNDROME

The metabolic syndrome (MetS) was originally described in 
the adult population, with the observance of the tendency  
for the aggregation of a number of cardiovascular risk factors 
that are associated with increased risk for atherosclerotic car-
diovascular disease (ASCVD)1–3 and type 2 diabetes (T2DM).4 
A central, albeit not exclusive, factor in the pathogenesis of 
MetS is insulin resistance.5,6 Other mechanisms that have 
been thought to play a role include the effect of obesity, 
increased inflammatory mediators, aggravated oxidative stress, 
endothelial dysfunction, and elevated cortisol levels. However, 
the exact definition of MetS has continued to be a center of 
debate. Only recently has there been harmonization of the 
definition in the adult population to include cut-off points for 
fasting glucose, HDL cholesterol, triglycerides, waist circum-
ference, and blood pressure.7 Defining the condition in the 
pediatric population is a greater challenge, since it needs to 
incorporate considerations such as criteria across ages, take 
into account physiologic changes in metabolism throughout 
the life-cycle, and the requirement to define morphologic 
scores for truncal obesity. The International Diabetes Federa-
tion published its definition of MetS in 2007 as listed in Table 
17.1 with the following parameters: (1) waist circumference, 
(2) triglyceride level, (3) blood pressure, and (4) fasting 
glucose. Other proposed criteria for MetS are listed on Table 
17.1. A further hindrance to unified criteria is that prevalence 
rates vary greatly from 6% to 39% of the general population.8 
The diagnosis of MetS also appears to be unstable as children 
age.9,10 Nonetheless, there is significant evidence that the pres-
ence of MetS and its attendant cardiovascular risk factors in 
childhood and adolescence are associated with markers for 
early and subclinical atherosclerosis11–14 and increased risk for 
the development of T2DM and ASCVD.15,16

SLEEP AND THE COMPONENTS OF THE METABOLIC 
SYNDROME (see also Chapter 31)

Sleep deprivation and sleep disruption have been observed to 
have associations with many of the parameters of MetS. In 
fact, the inclusion of obstructive sleep apnea (OSA) as a 
component of MetS in the form of syndrome Z has been 
proposed, because of the strength of the association and evi-
dence of increased risk for ASCVD and DM.17 In the pedi-
atric population, Redline et al. found a sixfold increase in risk 
for MetS in adolescents who were obese and had sleep-
disordered breathing (SDB).18 Both sleep fragmentation19 and 
obstructive sleep apnea20 have been observed to be associated 
with insulin resistance. Dysregulation of lipid metabolism and 
its subsequent improvement have been shown with obstruc-
tive sleep apnea. A bidirectional relationship between obesity 
and disrupted sleep has also been demonstrated in models of 
artificial sleep disturbance and clinical OSA, as described in 
later sections.

Insulin Resistance
Insulin resistance has been considered a central mechanism in 
the increased risk for diabetes and ACVD in MetS. Early 
studies on sleep deprivation demonstrated a reduction in 
glucose utilization and insulin sensitivity with acute sleep 
deprivation.21 Epidemiologic data from cross-sectional studies 
have also demonstrated an association between short sleep 
and diabetes;22,23 while prospective studies have supported an 
increase in incident diabetes with baseline short sleep.24,25 
Sleep stage deprivation and fragmentation have been observed 
to present a similar phenomenon. In one particular SWS 
deprivation trial that utilized acoustic stimuli, a 90% reduction 
of SWS over a 3-day period produced approximately a 25% 
reduction in insulin sensitivity without the expected compen-
satory rises in insulin secretion.19 The fragmentation and 
SWS curtailment that was produced during this study can be 
thought to correspond to what can typically be seen in the 
context of OSA.

OSA in the adult population has been demonstrated in the 
Sleep Heart Health Study, a large multicenter population-
based study, to be associated with derangement in various 
aspects of glucose metabolism.26,27 The cross-sectional analy-
sis employed data from fasting serum glucose samples and 
2-hour oral glucose tolerance tests to evaluate utilization and 
responsiveness to a glucose challenge. The study revealed that 
insulin resistance and glucose intolerance were independently 
associated with SDB after controlling for age, sex, race, BMI, 
and waist circumference.27 In a separate sub-analysis involving 
obese/overweight individuals with a sleep-related breathing 
disorder (SDB) and non-obese subjects with SDB, those with 
a SDB had a higher prevalence rate and adjusted odds of 
having impaired fasting glucose (IFG), impaired glucose tol-
erance (IGT), IFG and IGT and occult diabetes, after con-
trolling for the same factors.26 Another large cross-sectional 
study involving over 1000 subjects showed that there was an 
independent association between OSA and incident diabetes 
with increasing severity of OSA linked to higher risk of devel-
oping diabetes.28 As summarized by Tesali and Ip,29 the 
majority of adult cross-sectional investigations have shown 
similar findings with only a few small studies showing con-
tradictory results. Unfortunately, pediatric data has not been 
as consistent and is plagued by small population sizes. An 
observational study from de la Eva et al. demonstrated a sig-
nificant correlation between the apnea–hypopnea index (AHI) 
and fasting glucose, independent of BMI in an population of 
obese subjects.30 Unfortunately, other studies failed to show 
similar associations between SDB and impairment in glucose 
metabolism.31–33 In a study involving non-obese children, 
Kaditis et al. found no significant correlation between SDB 
and insulin resistance, fasting glucose levels or fasting insulin 
after controlling for BMI.32 In an investigation with both 
obese and non-obese children, Tauman et al. failed to show 
significant correlations between AHI, Spo2 nadir, arousal 
index, and parameters of insulin resistance such as the insulin/
fasting glucose ratio (I/G ratio) and the homeostasis model 

Chapter 

17 Metabolic Syndrome and Obesity
Jerome Alonso



134    Principles and Practice of Pediatric Sleep Medicine

treatment of obstructive sleep apnea on profiles of cholesterol 
metabolism. Gozal et al.34 examined the response on the lipid 
profile of children with OSA after having an adenotonsil-
lectomy. The study involved 62 individuals (35 obese and 27 
non-obese) and demonstrated a significant reduction in total 
cholesterol and LDL with a reciprocal increase in HDL cho-
lesterol after a 6–12-month follow-up in both obese and non-
obese children. Similar findings were also seen in two adult 
population studies from Japan that utilized nasal CPAP as the 
primary treatment for SDB. Chin et al.45 observed a reduction 
in LDL and reciprocal increase in HDL with 6 months of 
CPAP therapy for OSA in two groups – a group with signifi-
cant body weight reduction and a group with no significant 
reduction in body weight. This was accompanied with a 
reduction in visceral fat accumulation. In a subsequent study 
from the same group,46 CPAP therapy for 1 month demon-
strated a statistically significant rise in HDL with a reduction 
in LDL. In a study of 32 individuals in Slovakia, nasal CPAP 
was associated with a reduction in total cholesterol and trig-
lycerides without evident improvement in HDL.47 In terms 
of randomized control trials, Robinson et al.48 evaluated the 
response of the lipid profiles of 220 obese adults with severe 
sleep apnea, of which 108 individuals were placed on CPAP 
therapy and 112 were started on sham CPAP. The study 
demonstrated a significant reduction in total cholesterol as 
compared to baseline in those subjects on therapeutic CPAP; 
this difference was not observed with sham CPAP. In compar-
ing CPAP and sham CPAP, the difference between the two 
groups only closely approached statistical significance (mean 
difference in change 0.2 mmol/L, 95% CI 20.12 to 0.41, 
p = 0.06). However, smaller randomized, controlled trials have 
failed to show significant changes to the lipid profile with 
therapy.49–51

Hypertension
Elevated blood pressure (BP) has been demonstrated to have 
contributions from both insulin resistance52 and obesity.53 
Hypertension has a strong association with SDB in adult-
hood, with the condition being present in up to 50% of sub-
jects.54 In children, there are a number of studies that have 

assessment equation (HOMA).33 On the contrary, the same 
group later published an interventional study with 62 children 
(37 obese and 25 non-obese) with SDB who underwent ade-
notonsillectomy that did show an association between param-
eters of SDB and the I/G ratio, and found a significant 
improvement in insulin resistance after treatment.34

Dyslipidemia
The current evidence surrounding the relationship between 
sleep disturbance and dysregulation of lipid metabolism is 
primarily based on SDB and its accompanying hypoxemia. 
Much of it is founded on animal model data and theoretical 
mechanisms, with sparse clinical data partially supportive of 
a direct relationship. Mechanistically, there is evidence that 
intermittent hypoxemia stimulates the production of hypoxia-
inducible factor-1 in the liver, which in turn activates  
sterol regulatory element-binding protein-1(SREBP-1) and 
stearoyl-CoA desaturase-1 (SCD).35 SCD is an important 
enzyme controlled by SRBEP-1 that is instrumental in trig-
lyceride and phospholipid biosynthesis. In the above-cited 
study, in was demonstrated in lean mice that there was an 
increase in total cholesterol, high-density lipoprotein (HDL), 
triglycerides and phospholipids with intermittent hypoxemia 
for 5 days. This was not observed in the opposite arm of the 
study that involved obese mice. In another study involving 4 
weeks of intermittent hypoxemia, there was an observed 
increase in low-density lipoprotein (LDL) levels.36

Cross-sectional data from larger adult studies have demon-
strated a tendency for a decrease in HDL cholesterol and an 
increased in triglycerides with the presence of SDB.37–40 
However, this is inconsistent, with a similar studies showing 
no significant association.41–44 In the pediatric population, 
Tauman et al.33 examined a convenience sample of 135 chil-
dren (64 moderate to severe OSA, 56 mild OSA and 16 
controls) with the complaint of snoring. In their study, they 
failed to demonstrate a difference in those with mild sleep 
apnea, moderate to severe sleep apnea, and matched controls, 
in terms of total cholesterol, triglycerides, HDL and LDL 
cholesterol. There have also been a number of interventional 
studies in adults and children examining the effect of the 

OBESITY GLUCOSE DYSREGULATION TRIGLYCERIDES HDL BLOOD 
PRESSURE

IDF Consensus 
2007

Ages 10 – <16 yrs, 90th 
percentile WC. Age ≥16, WC 
≥94 cm for men and ≥80 cm 
for women

Fasting glucose = 100 mg/dL 
(5.6 mmol/L) or known T2DM

≥150 mg/dL 
(1.7 mmol/L)

≤40 mg/dL 
(1.03 mmol/L)

Systolic ≥130 / 
Diastolic 
≥85 mmHg

Ford et al. 
(2005)149

WC ≥90th percentile for age Fasting glucose ≥110 mg/dL 
(6.1 mmol/L)

≥110 mg/dL ≤40 mg/dL 
(1.03 mmol/L)

≥90th percentile 
for age

De Ferranti 
et al. (2004)150

WC ≥75th percentile for age Fasting glucose ≥110 mg/dL 
(6.1 mmol/L)

≥100 mg/dL 
(1.1 mmol/L)

<50 mg/dL 
(1.3 mmol/L)

≥90th percentile 
for age

Cruz et al. 
(2004)151

WC ≥90th percentile for age Impaired glucose tolerance ≥90th percentile 
for age

≤10th percentile 
for age

≥90th percentile 
for age

Weiss et al. 
(2004)152

BMI Z-score ≥2.0 Impaired glucose tolerance ≥95th percentile 
for age

≤5th percentile 
for age

≥95th percentile 
for age

Cook et al. 
(2003)153

WC ≥90th percentile for age Fasting glucose ≥110 mg/dL 
(6.1 mmol/L)

≥110 mg/dl ≤40 mg/dL 
(1.03 mmol/L)

≥90th percentile 
for age

Table 17.1  Proposed Criteria for the Metabolic Syndrome in Children

WC, waist circumference; T2DM, type 2 diabetes; BMI, body mass index.
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elevation was also noted to be present during wakefulness. 
There was no significant difference in nocturnal dipping.59 In 
comparing children referred to a specialty sleep clinic for 
snoring, Marcus et al. observed that children with obstructive 
sleep apnea had a higher diastolic BP index than those with 
primary snoring alone. There was no significant difference in 
systolic blood pressure index or the magnitude of nocturnal 
BP dipping.56 In a similar study using 24-hour blood pressure 
monitoring examining 19 children between the ages of 8 to 
12 years who referred to a sleep clinic for suspected OSA, there 
was a significant increase in diastolic BP and mean BP, and a 
significant reduction in the degree of BP nocturnal dipping, 
among those with OSA versus primary snorers. In addition, 
the odds of non-dipping in nocturnal blood pressure was 6.66 
times higher in children with OSA.58 A similar investigation 
evaluating data from consecutive patients between the ages of 
6 and 15 years who were also referred for suspected OSA 
divided patients into two groups, high-AHI (>5 events/hour) 
and low-AHI (≤5 events/hour), and demonstrated elevated 
sleep-related diastolic and systolic blood pressures. In their 
sub-analysis of obese children, those with a high-AHI had a 
higher prevalence of hypertension (OR = 6.667; 95% CI, 
1.004–44.284). However, the BMI characteristics for the two 
groups were not described.61 In 90 children between the ages 
of 4.4 and 18.8 years (mean = 10.7), Reade et al. noted a sta-
tistically significant elevation in office-recorded systolic and 
diastolic BP in the obese. However, they noted that children 
with obesity and hypertension had significantly higher hypop-
nea indexes, AHIs, and incidence of OSA, as compared to 
normotensive obese subjects. The BMI score (ratio of BMI to 
95th percentile BMI for age, sex and race) was not significantly 
different between their hypertensive and normotensive obese 
subjects.62 The two latter studies suggest that obesity and OSA 
may have a synergistic effect in causing elevations in diurnal 
blood pressure. In supporting the hypothesis that OSA has a 
causal relationship in the development of hypertension, studies 
have demonstrated a significant reduction in blood pressure in 
subjects with OSA.75–77 Apostolidou et al. evaluated the effect 
of adenotonsillectomy (AT) on blood pressure in 58 subjects 
with OSA and 17 controls who underwent AT for recurrent 
tonsillitis or otitis media. In subjects who were able to attain 
an AHI ≤1 event per hour, there was a significant improvement 
in diastolic BP (p = 0.002).75 In a retrospective study involving 
44 children with OSA who had undergone AT, 24-hour BP 
monitoring demonstrated a significant reduction in diastolic 
BP load (percentage of blood pressure readings above the 95th 
percentile for age, sex and height) in the overall analysis. In 
sub-analysis of 10 subjects who were noted to be hypertensive, 
there was a significant reduction in nocturnal systolic and 
diastolic BP.76 Unfortunately, a recent meta-analysis from 
Friedman et al. has demonstrated only a 59.8% success rate in 
the treatment of OSA with AT.78 Furthermore, AT is not as 
effective in the treatment of OSA in obese children and there-
fore likely to be less effective in the context of MetS.34,79,80

Obesity in the Context of the Metabolic Syndrome
Obesity has been associated with elevations in blood pres-
sure,81 insulin resistance and impaired glucose tolerance,82–84 
inflammatory markers,85–87 elevated triglycerides and low 
HDL,83 and arterial wall stiffness and endothelial dysfunc-
tion.88 Childhood obesity also confers an increased risk of 
future obesity and insulin resistance,89 further weight gain 

also reported an association between SDB and elevated systo-
lic and diastolic blood pressure.55–63 However, evidence of the 
relationship is not extensive, and the magnitude of the blood 
pressure effect appears smaller.

The development of hypertension in the context of MetS 
is predominantly described as arising from the collaboration 
between increased sympathetic nervous system (SNS) tone, 
insulin resistance and derangement in vascular structure or 
function. As a parallel, SDB is also associated with a sympa-
thetic predominance64 and has shown an association with 
insulin resistance, with subsequent reversibility with the treat-
ment of SDB.20,65 Hypoxemia, which is commonly seen in 
SDB, has been postulated to trigger vascular remodeling and 
an increase in inflammatory markers as seen in atherosclero-
sis.66 Affectation of the renin–angiotensin–aldosterone system 
by hypoxemia in OSA has also been postulated, with animal 
trials supporting this model.67 Sleep deprivation and/or frag-
mentation separate from SDB may also play a role in the 
development of hypertension.

The physiologic profile of BP over a 24-hour period is 
characterized by a nighttime reduction described as the ‘noc-
turnal dipping’ phenomenon. This reduction in blood pressure 
has been associated with an overall increase in markers of 
vagal tone, and a decrease in sympathetic tone – even with 
the elimination of the effect of physical activity.68 In compari-
son, wakefulness is characterized by BP variation being pri-
marily reactive to the physical activity and posture,69 while BP 
during sleep is controlled by posture and the transition into 
the stages of sleep.68 Non-rapid eye movement (NREM) sleep 
is associated with an overall reduction in blood pressure with 
an accompanying reduction in sympathetic tone, while rapid 
eye movement (REM) sleep is associated with bursts of sym-
pathetic activation and an overall BP similar to wakefulness.70 
With partial sleep deprivation, there is an increase in mean 
BP during 24-hour BP monitoring, with the finding being 
more pronounced during nighttime sleep – this normalizes 
with subsequent sleep. There is also an increase in early 
morning BP surge with sleep deprivations.71,72 In examining 
the effects of sleep fragmentation and SWS deprivation, there 
is evidence of attenuation in nocturnal arterial blood pressure 
dipping. However, subsequent day ambulatory blood pressure 
is not significantly elevated.73 The effect of poor sleep effi-
ciency and short sleep on blood pressure has also been inves-
tigated in the adolescent population. Javaheri et al. performed 
a cross-sectional analysis of 238 individuals without obstruc-
tive sleep apnea to evaluate the odds of prehypertension 
(≥90th percentile for age, sex and height) for both short sleep 
(≤6.5 hours or sleep) and low efficiency sleep (≤85%). After 
adjusting for sex, body mass index percentile, and socioeco-
nomic status, the odds of prehypertension increased 3.5-fold 
(95% CI, 1.5–8.0) for low sleep efficiency subjects, and 2.5-
fold (95% CI, 0.9–6.9) for short sleepers. In those with a low 
sleep efficiency, there was an average increase in systolic blood 
pressure of 4.0 ± 2.1 mmHg.74 Naturally, short sleep and low 
sleep efficiency can be seen as a surrogate for primary sleep 
disorders such as obstructive sleep apnea.

As described earlier, obstructive sleep apnea in childhood is 
associated with the presence of elevated BP.55–63 In a multi-
center community-based study including 306 subjects between 
the ages of 6 and 13 years, children diagnosed with obstructive 
sleep apnea had significantly higher nocturnal systolic (95% 
CI, 1.4–10.5) and diastolic (95% CI, 1.4–8.1) BP – this 
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food intake.99–101 Buxton and colleagues presented findings in 
adult subjects showing a reduction in resting metabolic rate 
with an extended sleep restriction coupled with a circadian 
disruption.102 The odds of have an elevated BMI in a short 
sleeper have also been demonstrated to increase in the context 
of genetic heritability of elevated BMI, suggesting less envi-
ronmental control of weight with a plausible increase in 
obesity potential with short sleep.103 Behavioral obesogenic 
correlates of insufficient sleep include maladaptive habits such 
as increased snacking104 and general food intake.105 Among 
sleep disorders, obstructive sleep apnea has naturally been 
front and center, with evidence supporting a phenotypic 
subtype with obesity. Other disorders with significant rela-
tionships with obesity include narcolepsy and nocturnal eating 
disorders.

Hart et al.95 recently completed a systematic review of 30 
studies from 16 countries examining the epidemiologic evi-
dence of association between sleep duration and obesity. 
There was significant agreement across the studies, demon-
strating the presence of an inverse relationship between sleep 
duration and obesity risk. There were also six prospective 
studies that helped clarify temporal characteristics of short 
sleepers versus longer sleepers. In a particular study involving 
2281 children between the ages of 3 and 12 years, BMI at 
follow-up was lower by 0.75 kg/m2 for each hour of additional 
sleep during baseline recording.106 In a separate study involv-
ing 1138 children between the ages of 2.5 and 6 years, those 
who were persistent short sleepers (<10 hours a night through-
out follow-up) were 4.2 times more likely to become over-
weight or obese (OR = 4.2; 95% CI 1.6–11.1, p = 0.003).107

Among sleep disorders, obstructive sleep apnea is most 
affected by significantly elevated BMI. Epidemiologic char-
acteristics in the general population suggest that 2% of school-
aged children,108 and 13% of preschool children are afflicted 
by the condition.109 In contrast, 46% to 59% of obese children 
have obstructive sleep apnea.110–112 Contributing anatomic 
factors include adenotonsillar hypertrophy113 and fat deposi-
tion in the lateral fat pads,114 uvula115 and tongue.116 There is 
also increased collapsibility of the upper airway with obesity 

over expected growth, and risk for development of cardiovas-
cular risk factors as young adults.90 In particular, visceral fat 
has more adverse health outcomes in comparison to BMI or 
subcutaneous fat and offers an increase in the odds of develop-
ing MetS.91 Although obesity has been demonstrated to have 
a larger role in the development of insulin resistance in com-
parison to OSA,33,34 there is evidence that OSA in the context 
of obesity may amplify the risk for insulin resistance and 
dyslipidemia.30,34 Gozal et al. demonstrated an improvement 
in insulin resistance with AT in the context of obesity, and 
not in their non-obese subjects, which supports additive inter-
actions between OSA and obesity.34 Figure 17-1 describes a 
mechanistic model of the contribution of OSA and obesity to 
the MetS. Unfortunately, the potential advantages conferred 
by treating OSA might be limited by parallel evidence sug-
gesting that the treatment of OSA is associated with weight 
gain even in overweight populations.92

OBESITY

The significance of obesity in modern-day society cannot be 
overstated, with recent evidence demonstrating 31.7% of US 
children between the ages of 2 and 19 were at or above the 
85th percentile for weight between 2007 and 2008.93 The 
consequences of obesity are broad and far-reaching, with 
implications on physical health and psychosocial well-being. 
As described earlier, there are associations with hyperten-
sion,81 insulin resistance and glucose dysregulation,82–84 
inflammatory markers,85–87 elevated triglycerides and low 
HDL,83 and vascular dysfunction.88 There is also evidence of 
body image dissatisfaction, reduced quality of life and lower 
self-esteem.94 Recent interest has also been placed in the 
relationship between sleep fragmentation and deprivation, 
including a wealth of epidemiologic data supporting an asso-
ciation between short sleep and being overweight or obese.95 
Experimental studies demonstrated an association between 
sleep deprivation and decreased leptin96,97 and elevated 
ghrelin;98 these findings correlate with increased appetite and 

Figure 17-1 Potential contributions of obstructive sleep apnea to the metabolic syndrome. TG, triglycerides; HDL, high-density lipoprotein; BP, blood 
pressure; SNS, sympathetic nervous system; HIF-1, hypoxia-inducible factor-1; OSA, obstructive sleep apnea. 
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with obesity occurred despite decreased food consumption in 
comparison to non-ablated mice.141 The exact mechanism has 
yet to be ascertained, with evidence leading towards a complex 
set of relationships that entail the involvement of neurotrans-
mitters in diurnal activity, feeding and metabolism. In rats, 
the neuropeptide dynorphin is co-localized with hypocretin 
neurons and the loss of these specific neurons is associated 
with hypophagia and obesity in comparison to rodents with 
only a loss of the hypocretin peptide.142 In regards to sleep 
distribution, total sleep has been observed to be similar 
between narcoleptic and non-narcoleptic human subjects, 
with a tendency for more disrupted nocturnal sleep in nar-
coleptics, as well as increased daytime sleep and an earlier peak 
in propensity for daytime sleep as compared to habitual 
nappers.143

Nocturnal eating disorder (NED) and sleep-related eating 
disorder (SRED) are other conditions that have been described 
in the context of obesity. NED involves excessive eating 
during the habitual sleep period while SRED entails recurrent 
episodes of nocturnal awakenings with associated eating, with 
or without recollection. NED is the more common of these 
two conditions and is self-reported in 15.7% of adults enrolled 
in a weight-loss program,144 and in up to 27% of subjects 
having completed bariatric surgery.145 These elevated figures 
are clearly different from the 1.5% prevalence in the general 
population that was recorded through a survey sample.145 
SRED is a less prevalent condition in the general population, 
but has a high propensity in individuals with eating disorders. 
In a study by Winkelman et al. examining a population of 
psychiatric and non-psychiatric subjects, 16.7% of in-patients 
and 8.7% of out-patients with eating disorders were noted to 
have the condition in comparison to 4.6% of a student popula-
tion and 1% of obese controls.146 The condition can be quite 
severe in those afflicted, with up to half of subjects described 
in one study as having daily eating,147 and another citing a 
mean duration period of affliction spanning 15.8 years.148

in terms of the pharyngeal critical pressure of collapse 
(Pcrit).117 Pcrit improves significantly with weight loss.118 
There is also increased work of breathing and lower oxygen 
reserves with truncal obesity.119 With the reverse relationship, 
observational data suggest that obstructive sleep apnea may 
predispose individuals to gain weight by derangement in adi-
pocyte hormone functioning. Levels of the satiety hormone 
leptin are elevated in adults with obesity and OSA – this has 
been postulated to be secondary to leptin resistance.120–122 This 
relationship has also been demonstrated in children, with 
further elevations in leptin with increases in severity of hypox-
emia independent of BMI Z scores.123 In support of a causal 
relationship between OSA and elevations of leptin, a fall in 
leptin has been observed in children with MetS and OSA 
with initiation of CPAP therapy.31 Unfortunately, treatment 
of OSA is complicated and less successful in this population. 
In a recent meta-analysis by Friedman et al., 59.8% of chil-
dren undergoing AT were cured of the condition when cure 
was defined as a residual AHI < 1 event per hour.78 This is 
compared to a 12% cure rate (AHI < 1) demonstrated in a 
meta-analysis of AT in obesity-related OSA.124 Therefore, the 
American Academy of Sleep Medicine supports the imple-
mentation of a repeat polysomnographic study after AT in the 
context of obesity.125 CPAP is the commonly acceptable sec-
ondary treatment modality for residual OSA and has been 
demonstrated to be effective in pediatric OSA.126–129 The use 
of nasal steroids and leukotriene inhibitors is also associated 
with significant improvements in reducing SDB events.130,131 
Their combination also increases the likelihood of resolution 
of residual OSA after AT.132 However, evidence of their 
benefit in the context of obesity needs further clarification. 
Rapid maxillary expansion (RME) is another therapy that 
may be effective in the treatment of OSA133,134 but it will need 
further studies to examine its effectiveness in the context of 
obesity. Guilleminault et al. published a pilot study with a 
randomized cross-over design utilizing RME and AT that 
showed great promise for the use of RME with AT for resid-
ual OSA.135 Naturally, weight loss should be addressed in 
weight-related OSA to impact SDB, secondary metabolic 
consequences, and cardiovascular risk – but the current body 
of evidence does not yet elucidate the effectiveness of this 
strategy in treating OSA in the pediatric population. A case 
series of six young adolescents with morbid obesity demon-
strated reductions in their apnea index from 14.1 events per 
hour to 1.6 events per hour with an average weight reduction 
of 18.7 kg.136 Bariatric surgery in morbidly obese children has 
cautiously been investigated with the inherent concern about 
possible adverse effects on physiologic growth and bone 
maturity. However, evidence from Kalra et al. showed resolu-
tion of OSA in a population of 10 morbidly obese adolescents 
(mean BMI = 60.8 ± 11.07) who underwent laparoscopic Roux 
en Y gastric bypass that resulted in a mean weight loss of 
58 kg (mean AHI at baseline versus follow-up, 9.1 versus 
0.65).110

Narcolepsy has also been associated with obesity, particu-
larly with rapid onset of weight gain in a number of case 
series.137–139A Indeed, rapid weight gain and ultimately obesity 
appear to be a relatively consistent feature of many children 
with narcolepsy, and have been described as far back as in the 
1930s.140 The tendency for obesity has been further demon-
strated in mouse models of the disease in which hypocretin 
(orexin) neurons were genetically ablated. The association 

Clinical Pearls

•	 The	metabolic	syndrome	in	children	has	been	associated	
with	the	development	of	diabetes	and	cardiovascular	
disease.

•	 The	components	of	the	condition	include	impaired	glucose	
metabolism,	lipid	dysregulation,	elevated	blood	pressure	
and	excessive	weight	and/or	visceral	obesity.

•	 Parameters	of	glucose	metabolism	have	shown	inconsistent	
associations	with	SDB	in	children;	however,	there	is	
evidence	of	improvement	in	some	interventional	studies	
involving	OSA.

•	 There	also	appears	to	be	some	degree	of	variability	in	the	
association	between	SDB	and	low	HDL	and	elevated	
triglycerides.

•	 Interventional	studies	have	demonstrated	improvement	in	
total	cholesterol,	HDL	and	LDL.

•	 SDB	has	consistent	associations	with	diastolic	hypertension,	
which	has	been	observed	to	respond	to	adenotonsillectomy	
and	CPAP.

•	 In	regards	to	obesity,	epidemiologic	data	support	an	
association	between	sleep	curtailment	and	obesity.

•	 Prospective	data	support	a	dose–response	relationship	
between	sleep	and	the	degree	of	potential	weight	excess.

•	 Obesity	also	increases	the	risk	of	OSA	and	reduces	the	
success	rate	of	adenotonsillectomy.
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Chapter 18 Narcolepsy
Suresh Kotagal
Narcolepsy with and without cataplexy are two distinct chronic disorders associated with daytime 
sleepiness, neurobehavioral manifestations, and disturbed night sleep. Patients with narcolepsy–
cataplexy are generally positive for the histocompatibility antigen DQB1*0602 and show deficiency 
of cerebrospinal fluid hypocretin. The diagnosis of narcolepsy is usually established on the basis of 
the nocturnal polysomnogram and the multiple sleep latency. The latter test helps document 
pathologic daytime sleepiness and the characteristic transition from wakefulness into rapid eye 
movements sleep. Low cerebrospinal fluid hypocretin (orexin) levels can enable a diagnosis of 
narcolepsy–cataplexy in children who are below the age of 5–6 years as the multiple sleep latency  
test is not valid in preschool-aged children. The differential diagnosis of narcolepsy includes 
idiopathic hypersomnia, delayed sleep phase syndrome, and insufficient nocturnal sleep. 
Psychopharmacological management of daytime sleepiness and cataplexy needs to be combined 
with provision of psychological support for comorbid anxiety and depression and support for life 
stresses.

Chapter 19 Idiopathic Hypersomnia
Michael Kohrman
Idiopathic hypersomnia remains a diagnosis of exclusion, and at times it can be difficult to 
differentiate from the other disorders in Table 20.1. Continued research is necessary to better 
characterize this disorder in children. Treatment should be symptomatic and naps, improved sleep 
hygiene, and stimulants should be used in concert to improve quality of life in affected children. 
While no dosing studies are available for children, both modifinil and methylphenidate appear to be 
safe and effective treatments. The role of histamine in the etiology of idiopathic hypersomnia in 
children requires further exploration and may lead to future treatment in hypersomnias of central 
origin.

Chapter 20 Kleine-Levin Syndrome and Recurrent Hypersomnias
Stephen H. Sheldon
Kleine–Levin syndrome is an unusual disorder characterized by periodic recurrent periods of 
extreme hypersomnia, hyperphagia, and hypersexual behavior beginning in middle adolescence. 
Considerable mood changes also occur during symptomatic periods. When symptoms are not 
present, no apparent pathology of sleep or wake can be identified. The cause is unknown, but it 
generally begins after a flu-like illness. Prevention and treatment are often ineffective. The course  
is quite variable. After several years of recurrent symptomatic episodes, there appears to be 
spontaneous resolution. This chapter reviews past and current understanding of this curious 
syndrome.

Chapter 21 Post-Traumatic and Post-Neurosurgical Hypersomnia
Rafael Pelayo
Traumatic brain injuries are among the most common and tragic events that can befall an otherwise 
healthy child. Children who suffer significant head trauma frequently experience significant sleep 
disturbances after the injury, particularly when the trauma is severe enough to result in major loss of 
consciousness, although sleep disturbances may also follow minor trauma with only a brief loss of 
consciousness. In many of these children hypersomnia will improve over time, although symptoms 
may persist for years in some children. In addition to obstructive sleep apnea, depression and 
anxiety may also be present in these children, leading to complaints of poor sleep. Stimulants have 
been reported to have mixed results in this population but may be helpful if there are concomitant 
cognitive or attention problems. We need specific treatment intervention trials for a wide age range 
of children with various degrees of injury to develop appropriate management protocols.
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Chapter 22 Medication-Related Hypersomnia
Manisha B. Witmans and Rochelle Young
Sleep and wake occur along a complex continuum of biochemical and cellular pathways, the 
distinction between which is fluid rather than categorical. Both prescription and over-the-counter 
medications are widely used to treat medical disorders of which the treatment of sleep disorders is 
no exception. This chapter discusses medications that cause excessive sleepiness or hypersomnia 
either as an intended or unintended consequence of their use or misuse in children and adolescents 
for treatment of sleep disorders or other health problems. Use of over-the-counter and prescription 
medications in and by children and adolescents will be highlighted. Drug classifications associated 
with hypersomnia will be discussed. Key considerations in assessing adolescents for hypersomnia 
are reviewed.
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INTRODUCTION

In 1880, Gelineau coined the term narcolepsie to describe a 
pathologic condition that was characterized by recurrent, brief 
attacks of sleepiness.1 He recognized that the disorder was 
accompanied by falls or astasias, that were subsequently 
termed cataplexy. Narcolepsy is a lifelong neurologic disorder 
of rapid eye movement (REM) sleep in which there are 
attacks of irresistible daytime sleepiness, cataplexy (sudden loss 
of muscle control in the legs, trunk, face or neck in response 
to emotional stimuli such as laughter, fright, anticipation of 
reward or rage), hypnagogic hallucinations (vivid dreams at 
sleep onset), sleep paralysis (momentary inability to move at 
the time of sleep onset), and fragmented night sleep.2 There 
are two main forms of the disorder: narcolepsy with cataplexy 
and narcolepsy without cataplexy. This chapter provides an 
overview of childhood narcolepsy.

EPIDEMIOLOGY

In a community-based survey in Olmsted County, Minnesota, 
the incidence of narcolepsy was 1.37 per 100 000 persons per 
year – 1.72 for men and 1.05 for women.3 It was highest in 
the second decade of life, followed by a gradual decline. The 
prevalence was approximately 56 persons per 100 000 persons. 
In Japan, the prevalence has been estimated at 1 in 600,4 and 
in Israel at 1 in 500 000.5 In Norway, the prevalence of nar-
colepsy with cataplexy has been estimated at 0.022% based on 
a survey of 20- to 60-year-olds.6 The exact prevalence rate of 
narcolepsy in childhood has been difficult to establish. Some 
epidemiologic studies have required the presence of cataplexy 
as a prerequisite for the diagnosis,7 whereas others8 have not 
made this stipulation. This lack of uniformity in clinical diag-
nostic criteria may explain variability in estimations of the 
prevalence of narcolepsy.9 There seems to be a slight male 
predominance for prevalence – in the Olmsted County study, 
the male:female ratio was 1.8 : 1.3 Narcolepsy has been recog-
nized as early as 1 year of age, though most subjects tend to 
be adolescents at the time of diagnosis. A seasonal variation 
in the incidence of narcolepsy has been observed in China, 
with the lowest incidence in November, and the highest inci-
dence in April.10 Further, the data from China also indicate 
an almost threefold increase in the incidence of narcolepsy 
following the 2009 H1N1 influenza pandemic, which might 
suggest a role for immune-mediated dysfunction consequent 
to this infection in the pathogenesis of the disorder.10 Although 
the disorder is most often diagnosed in the third and fourth 
decades, a meta-analysis of 235 subjects derived from three 
studies by Challamel and coworkers10 found that 34% of all 
subjects had onset of symptoms prior to the age of 15 years, 
16% prior to age 10 years, and 4.5% prior to age 5 years 
(Figure 18-1). Increasing awareness of narcolepsy in child-
hood and the avaiability of cerebrospinal fluid hypocretin 

testing is likely leading to diagnosis at progressively earlier 
ages, including in preschool-aged children. A lag period of 5 
to 10 years between the onset of symptoms and diagnosis has 
however been observed in adult subjects.11 Cataplexy, the most 
specific clinical feature of narcolepsy, is present in only 50% 
to 70% of all subjects.

CLINICAL FEATURES

Preschool-Aged Children
In their meta-analysis of 235 children, Challamel and col-
leagues found that 4.6% were below the age of 5 years at the 
time of diagnosis.10 Sharp and D’Cruz have described a 
12-month-old with hypersomnia who was subsequently con-
firmed to have narcolepsy.12 In general, it is difficult to diag-
nose narcolepsy prior to the age of 4 to 5 years, as even 
unaffected children of this age tend to take habitual daytime 
naps and are not able to provide an accurate history of cata-
plexy, hypnagogic hallucinations, or sleep paralysis. The diag-
nosis may, however, be facilitated by documentation of 
cataplexy attacks on video-polysomnography, which shows 
skeletal muscle atonia and bursts of rapid eye movements 
coinciding with low-voltage, mixed-frequency activity on the 
electroencephalogram (EEG). The availability of cerebrospi-
nal fluid (CSF) hypocretin analysis also facilitates the diag-
nosis of narcolepsy–cataplexy in this age group, but this does 
not apply to narcolepsy without cataplexy, as the latter group 
is not associated with reduction in CSF hypocretin levels.

School-Aged Children
Daytime sleepiness is an invariant and most disabling feature 
of narcolepsy. It can manifest itself as early as 5 to 6 years of 
age. There is a background of a constant, foggy feeling from 
drowsiness, superimposed on which are periods of more dra-
matic sleep attacks. Habitual afternoon napping is uncommon 
in healthy children above age 5 or 6 years, and should raise 
suspicion of narcolepsy. Lenn reported a 6-year-old who 
would fall asleep 5 to 10 times a day.13 Wittig and colleagues 
have described a 7-year, 5-month-old boy with narcolepsy 
who tended to fall asleep while watching television for longer 
than a half hour, at the dinner table, and while seated in his 
mother’s lap at a doctor’s office.14 The naps in children with 
narcolepsy tend to be longer than those in adult patients (30 
to 90 minutes), but they are not consistently followed by a 
refreshed feeling.15 These attacks of sleepiness are most likely 
to occur when the patient is carrying out sedentary activities 
such as sitting in a classroom or reading a book. Sleepiness 
occurs regardless of the quantity of night sleep. The daytime 
sleepiness is frequently associated with automatic behavior of 
which the subject is unaware, impaired consolidation of 
memory, decreased concentration, executive dysfunction, and 
school-related learning problems. The irritability and mood 
swings that accompany sleepiness may mimic depression.16,17 
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Hypnagogic halucinations are vivid dreams at sleep onset. 
Hypnopompic halucinations are vivid and sometimes fright-
ening dreams upon awakening from sleep. Sleep paralysis is 
the momentary inability to move the body at sleep onset. 
Halucinations at sleep onset or offset and sleep paralysis are 
a consequence of intrusion of elements of REM sleep on to 
wakefulness.

Night-time sleep is also disturbed in narcolepsy with frequent 
awakenings. Young and colleagues attributed sleep fragmenta-
tion in part to periodic limb movements, which were found 
in five (63%) of eight children with narcolepsy in their series.22 
Periodic limb movements are rhythmic limb muscle contrac-
tions of 0.5 to 5 seconds’ duration, with an intermovement 
interval of 5 to 120 seconds, occurring in series of three or 
more, usually during stage 1 or 2 of non-REM (NREM) 
sleep. They may or may not be associated with EEG evidence 
of cortical arousal. They may be a marker for underlying rest-
less legs syndrome. Sleep fragmentation in narcolepsy may 
also occur unrelated to periodic limb movements or restless 
leg syndrome. Decreased pressure for NREM sleep homeo-
stasis and altered NREM–REM sleep interaction has also 
been proposed as underlying the nocturnal sleep disruption of 
narcolepsy.89

Psychosocial problems in children with narcolepsy have 
been studied.90 They found that, compared to hypersom-
nolent controls, children with narcolepsy showed more behav-
ioral difficulties, depressed mood and impaired quality of 
life.91

Obesity may develop at the onset of narcolepsy–cataplexy 
symptoms, in association with hyperphagia and binge eating. 
It may be related to loss of the physiological rise in leptin 
levels at night (leptin acts as an appetite suppressant), or to 
sedentary behavior and decreased basal metabolism. Obesity 
does not seem to be related to the use of anticholinergic 
medications, as it develops even prior to initiation of drug 
treatment. The obesity may be accompanied by obstructive 
sleep apnea in 9–19% of subjects.92 Precocious puberty may 
also be seen in preteen age boys and girls at onset of 
narcolepsy–cataplexy.

REM sleep behavior can sometimes be a presenting mani-
festation of narcolepsy.93,94 It is characterized by motor dream 
enactment, typically in the form of flailing of arms and legs 
and yelling behavior. Simultaneously obtained polysomno-
gram shows REM sleep without atonia, i.e., persistence of 
muscle tone during sleep.

PATHOPHYSIOLOGY

The study of narcolepsy in humans has been advanced by the 
study of the disorder in animals. Narcolepsy has been studied 
in cats, miniature horses, quarter horses, Brahman bulls,  
and about 15 breeds of dogs. In animals, it shows a mono-
genic, autosomal recessive pattern of inheritance.23–25 Cata-
plexy can be induced in cats by the injection of carbachol  
(an acetylcholine-like substance) into the pontine reticular 
formation.26 Specifically, muscarinic type-2 receptors of ace-
tylcholine have been implicated.27,28 The food-elicited cata-
plexy test, used to study cataplexy in dogs, uses the finding 
that the time taken for the consumption of food by narcoleptic 
animals whose eating is interrupted by cataplexy attacks is 
much longer than in animals without narcolepsy.

Children with daytime sleepiness may be mistakenly labeled 
‘lazy’ and frequently become the target of negative comments 
from their peers. Excessive sleepiness might also be over-
looked by the parents until it starts adversely impacting mood, 
behavior, or academic performance. These behavioral changes 
likely reflect impairment of function of the ventro-lateral pre-
frontal cortex from sleepiness.18 Pollack studied the circadian 
sleep–wake rhythms in subjects with narcolepsy who were 
isolated from their environmental cues.19 He found that the 
major sleep episode was still about 6 hours long, and it 
occurred about once every 24 hours, thus indicating that the 
circadian clock was functioning normally. Pollack confirmed 
that patients with narcolepsy tended to sleep more often, but 
not longer than people without narcolepsy.

Cataplexy, the second most common but most specific 
feature of narcolepsy, consists of a sudden loss of muscle tone 
in the facial muscles, or those of the thighs, back, or neck in 
response to emotional triggers such as fright, rage, excitement, 
surprise, or laughter or the anticipation of reward. It is caused 
by the intrusion of the skeletal muscle atonia of REM sleep 
into wakefulness.20,21 Cataplexy is associated with hyperpo-
larization of spinal alpha motor neurons, with resultant active 
inhibition of skeletal muscle tone and suppression of the 
monosynaptic H-reflex and tendon reflexes. A history of cata-
plexy may be difficult to elicit in young children. The author 
recalls a 6-year-old girl with proven narcolepsy who denied 
any episodic muscle weakness but would repeatedly fall down 
whenever she jumped on a trampoline. Consciousness remains 
fully intact during the cataplexy episodes, which can last 1 to 
30 minutes. Respiration and cardiovascular function remain 
unaffected. Challamel and coworkers10 found cataplexy in 
80.5% of idiopathic narcolepsy and in 95% of symptomatic 
narcolepsy subjects.

Figure 18-1 The age of onset of narcolepsy. Adapted from Challamel MJ, 
Mazzola ME, Nevsimalova S, et al: Narcolepsy in children. Sleep 
1994;17S:17–20.
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a targeted neurodegenerative process. Using a radioimmu-
noassay, Nishino and coworkers42 found that the mean CSF 
level of hypocretin-1 in healthy controls was 280.3 ± 33.0 pg/
mL, and in neurologic controls it was 260.5 ± 37.1 pg/mL, 
whereas in those with narcolepsy, hypocretin-1 was either 
undetectable or below 100 pg/mL. The diagnostic sensitivity 
of low levels (less than 100 pg/mL) was 84.2%. Low to absent 
levels were found in 32 out of 38 patients, who were all HLA 
DQB1*0602 positive. HLA-negative narcolepsy patients had 
normal to high CSF hypocretin-1 levels. In another recent 
study, 92.3% of patients who were both DQB1*0602 and cata-
plexy positive had undetectable CSF hypocretin-1 levels, 
whereas DQB1*0602-negative patients with cataplexy and 
DQB1*0602-negative patients without cataplexy had normal 
levels.43 In a study of narcolepsy with cataplexy, narcolepsy 
without cataplexy and idiopathic hypersomnia, Kanbayashi 
et al.44 found that all nine patients who were hypocretin defi-
cient in the cerebrospinal fluid (CSF) were HLA DR2 (i.e. 
HLA DQB1*0602) positive. In contrast, narcolepsy without 
cataplexy and idiopathic hypersomnia were associated with 
normal levels of CSF hypocretin (Figure 18-2).

The CSF hypocretin assay is most useful when an HLA 
DQB1*0602-positive patient with suspected narcolepsy–
cataplexy is receiving CNS stimulants on initial presentation 
to the sleep specialist, and when discontinuation of medica-
tions for the purpose of obtaining a multiple sleep latency test 
(MSLT) is inconvenient or impractical.

The Two-Hit Hypothesis
The presence of histocompatibility antigen DQB1*0602 is, per 
se, insufficient to precipitate narcolepsy. This is substantiated 
by the fact that DQB1*0602-positive monozygotic twins have 
been incompletely concordant for narcolepsy, with one of the 

In 1999, Lin and coworkers demonstrated that canine nar-
colepsy is caused by a mutation in the hypocretin receptor-2 
(orexin-2) gene.29 Around the same time, Chemelli and col-
leagues established that a null mutation for the hypocretin-1 
and hypocretin-2 peptides in mice produces aspects reminis-
cent of human narcolepsy, including cataplexy.30 The 
hypocretin-containing neurons are located primarily in the 
dorsolateral hypothalamus. They have widespread projections 
to the basal forebrain, amygdala, medial nuclei of the thalamus, 
periaqueductal gray matter, reticular formation, pedunculo-
pontine nucleus, locus coeruleus, raphe nucleus, pontine teg-
mentum, and dorsal spinal cord.29,31 Hypocretins 1 and 2 are 
peptides that are synthesized from preprohypocretin, and have 
corresponding receptors. Although the hypocretin type 1 
receptor binds only to hypocretin-1, the hypocretin type 2 
receptor can bind to both type 1 and type 2 ligands. Hypo-
cretins stimulate food intake, increase the basal metabolic rate, 
and promote arousal.31 Decreased activation of the hypocretin 
system is the underlying theme in canine and murine nar-
colepsy. This receptor down-regulation may occur as a result 
of either exon-skipping mutations in the hypocretin receptors 
(Labrador and Doberman models),30 or after point mutations 
in the Hcrt2 receptor gene, with an amino acid change from 
glutamic acid to lysine in the N-terminus portion of the recep-
tor (Dachshund model).32 Also of significance is the finding 
that the intravenous administration of hypocretin-1 (orexin 
A) in narcoleptic Doberman pinschers reduces cataplexy for 
up to 3 days, increases activity, promotes waking, and reduces 
sleep fragmentation in a dose-dependent manner.33

Histocompatibility Antigens and Human Narcolepsy
In 1984, an association between narcolepsy and histocompat-
ibility leukocyte antigen (HLA) DR2 was reported in Japan 
by Juji and coworkers.34 This association was subsequently 
observed in other geographic regions of the world as well.35,36 
Consequently, an immunologic mechanism was suspected in 
the pathogenesis of human narcolepsy, but this has not been 
established. It was then demonstrated that the association 
with DR2 is only secondary, and that there is a stronger asso-
ciation of narcolepsy with the HLA DQ antigens, specifically 
DQB1*0602 and DQA1*0102, which are present in 95% to 
100% of patients, as compared to a 12% to 38% prevalence in 
the general population.37 In a study of 525 healthy subjects, 
Mignot and colleagues demonstrated that DQB1*0602 posi-
tivity was linked to shorter REM latency, increased sleep 
efficiency, and decreased time spent in stage 1 NREM sleep.38 
Pelin and coworkers have demonstrated that homozygosity 
for these two haplotypes is associated with a twofold to four-
fold increase in the likelihood of developing narcolepsy over 
heterozygotes, but that the presence of these antigens does 
not influence the severity of the disease.39

Hypocretins and Human Narcolepsy
Unlike narcolepsy in dogs and mice, human narcolepsy–
cataplexy is generally not associated with abnormalities in 
hypocretin receptors but rather with low to absent levels of 
cerebrospinal (CSF) hypocretin-1.40 In a postmortem 
study of human narcolepsy, Thannickal and colleagues  
found an 85% to 95% reduction in the number of hypocretin 
neurons in the hypothalamic region,41 whereas melanin-
concentrating hormone neurons, which are intermingled with 
the hypocretin neurons, remained unaffected, thus suggesting 

Figure 18-2 Mean cerebrospinal fluid hypocretin-1 levels in various 
categories of hypersomnia. The narcolepsy-cataplexy group included three 
prepubertal children of ages 6, 7, and 10. Adapted from Kanbayashi T, Inoue 
Y, Chiba S, et al: CSF hypocretin-1 (orexin-A) concentrations in narcolepsy 
with and without cataplexy and idiopathic hypersomnia. J Sleep Res 
2002;11:91–93.
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hypothalamic tumor in a 16-year-old girl who manifested 
hypersomnolence, obesity, and low CSF hypocretin-1 levels, 
without cataplexy.59 Although this patient did not meet the 
criteria for the diagnosis of narcolepsy, the report highlights 
the importance of hypocretins in the regulation of alertness.

DIAGNOSIS

The diagnosis of narcolepsy is established on the basis of the 
history, combined with characteristic findings on the noctur-
nal polysomnogram and a multiple sleep latency test.60 In 
preparation for the sleep studies, the patient should be with-
drawn from all central nervous stimulants, hypnotics, antide-
pressants, and any other psychotropic agents for 2 weeks prior 
to the sleep studies, as these drugs may impact sleep architec-
ture. In the case of drugs with a long half-life, such as fluox-
etine, the drug-free interval may need to be 3 to 4 weeks. In 
preparation for the sleep studies, the patient should maintain 
a regular sleep–wake schedule, which can be verified by wrist 
actigraphy and sleep logs that are maintained by the patient 
for 1 to 2 weeks prior to the sleep studies.61 A general physical 
examination should also be carried out to assess the Tanner 
stage of sexual development, as normal values for nocturnal 
total sleep time, daytime sleep latency, and daytime REM 
sleep latency are closely linked to the Tanner stages.62

During the nocturnal polysomnogram, multiple parameters 
of physiologic activity, such as the EEG (C3-A1, O2-A1 
montage), eye movements, chin and leg electromyogram, nasal 
pressure, thoracic and abdominal respiratory effort, and oxygen 
saturation, are recorded simultaneously on a computerized sleep 
monitoring and analysis system.63 The test helps exclude sleep 
pathologies such as obstructive sleep apnea, the periodic limb 
movement disorder,64,65 and idiopathic hypersomnia66,67 that 
can also lead to daytime sleepiness and mimic narcolepsy.

Patients with narcolepsy may exhibit onset of REM sleep 
within 15 minutes of sleep onset (sleep-onset REM period). 
Gross sleep efficiency is generally high (greater than 90%), 
but there may be fragmentation of sleep from an increased 
number of arousals and periodic limb movements. There is no 
significant disordered breathing or oxygen desaturation. A 
useful clue to narcolepsy in adolescents is the presence of 
decreased nocturnal REM sleep latency (the time between 
sleep onset and the onset of the first 30-second epoch of REM 
sleep). For example, in one study,68 the nocturnal REM sleep 
latency in narcoleptic subjects was less than 67 minutes (mean, 
24.5 minutes; standard deviation, 30; range, 0 to 66.5 minutes; 
n = 8), as compared to a mean nocturnal REM sleep latency 
of 143.7 minutes in age-matched controls (range, 82.5 to 
230.5; SD, 50.9 minutes; P <0.001). A similar conclusion was 
reached by Challamel and coworkers in their meta-analysis of 
235 subjects,10 and in the pioneering work of Carskadon and 
colleagues.69

An MSLT should be started at 2 hours after the final 
morning awakening. It consists of four to five nap opportuni-
ties of 20-minute lengths at 2-hour intervals in a darkened, 
quiet room (e.g., at 1000, 1200, 1400, and 1600 hours).60 Eye 
movements, chin electromyogram and electroencephalogram 
(generally C3-A2, O2-A1) are recorded. The MSLT provides 
quantitative information about the degree of sleepiness and 
qualitative information about the nature of the transition from 
wakefulness into sleep (i.e., wakefulness to NREM sleep, or 

pair developing narcolepsy–cataplexy at age 12 years and the 
other not until after having suffered emotional stress and sleep 
deprivation at the age of 45 years.45 Human narcolepsy is 
therefore best explained on the basis of a two-threshold hypoth-
esis, with an interplay between genetic susceptibility and envi-
ronmental factors – major life events, such as a systemic 
illness, an injury, or bereavement, have been reported to be 
present in 82% of narcolepsy patients, compared with a 44% 
incidence in controls46 (P <0.001). The combination of genetic 
susceptibility and an acquired stress seems to trigger most 
cases of narcolepsy. Recently, there has been documentation 
of narcolepsy–cataplexy development following H1N1 influ-
enza infection or immunization in children and adults who 
were positive for the HLA DQB1*0602 antigen.95

Monoamine Disturbances
Hypocretin deficiency in humans leads to down-regulation of 
arousal-mediating noradrenergic and dopaminergic pathways 
in the brainstem, and to up-regulation of REM sleep-
facilitating cholinergic pathways.47 Montplaisir and cowork-
ers48 measured serum and CSF levels of several biogenic 
amines and their metabolites – dopamine (the metabolite 
homovanillic acid), norepinephrine (the metabolite 3-methoxy-
4-hydroxyphenylethyleneglycol), epinephrine, and serotonin 
(the metabolite 5-hydroxy indoleacetic acid) – in patients with 
narcolepsy, in those with idiopathic hypersomnia, and in 
normal controls. Both narcolepsy and idiopathic hypersomnia 
patients had significantly decreased concentrations of 
dopamine and indoleacetic acid, a metabolite of tryptamine. 
Dopamine and tryptamine are usually present in high con-
centrations in the basal ganglia. A relative deficiency of these 
compounds, probably mediated by down-regulation of hypo-
cretin, is involved in the evolution of sleepiness. Stimulants 
such as dextroamphetamine and methylphenidate, which are 
used in the treatment of hypersomnolence, are known to 
enhance dopamine release from presynaptic terminals. Activa-
tion of selective dopamine D2 receptor agonists also sup-
presses cataplexy.49 This inhibition is believed to be indirectly 
mediated via activation of noradrenergic pathways. A reduc-
tion in central dopamine activity might also underlie the 
periodic leg movements that are common in the night sleep 
of patients with narcolepsy; they are usually relieved by treat-
ment with levodopa or dopamine agonists. A cholinergic dis-
turbance also coexists; physostigmine, a cholinergic agent, 
leads to a transient increase in cataplexy.

Secondary Narcolepsy
Although the majority of narcolepsy is idiopathic, structural 
lesions of the diencephalon or brainstem may, on rare occa-
sion, precipitate secondary narcolepsy in those who are biologi-
cally predisposed, perhaps subsequent to disruption of the 
hypocretin pathways. Cerebellar hemangioblastomas, tempo-
ral lobe B-cell lymphomas, pituitary adenoma, third ventricu-
lar gliomas, craniopharyngiomas, head trauma, viral 
encephalitis, ischemic brainstem disturbances, sarcoidosis, 
and multiple sclerosis have been associated with narcolepsy.50–57 
In such patients, the finding of cataplexy increases the likeli-
hood that the hypersomnolence is narcolepsy-related. Isolated 
cataplexy has also been observed in Niemann-Pick type C 
disease,58 but these patients cannot be labeled as having sec-
ondary narcolepsy as they lack other prerequisite clinical and 
polysomnographic features. Arii and colleagues described a 
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that normal mean sleep latencies in preadolescents may be 
greater than 20 minutes71,72

Serologic testing for the HLA DQB1*0602 haplotype is 
sometimes used as an adjunctive test, but it cannot be used to 
diagnose narcolepsy, as this haplotype is also present in 12% 
to 38% of the general population.38 CSF hypocretin analysis 
is useful in establishing the diagnosis when psychotropic 
medications cannot be discontinued for safety reasons and for 
children below the age of 6–7 years because the MSLT is not 
valid in this age group. Since hypocretin testing is not readily 
available, nocturnal polysomnography and the MSLT remain 
the gold standard at this time for making a definitive diagnosis 
of narcolepsy.

DIFFERENTIAL DIAGNOSIS

By far, the most common disorder leading to excessive daytime 
sleepiness in an adolescent is insufficient nocturnal sleep.73 To 
begin with, there is a physiologic shift in the sleep-onset time 
of most teenagers to between 10:30 and 11:00 p.m.74 Also, the 
physiologic delay in the onset of dim-light melatonin secretion 
to a later time at night and the resultant postponement of sleep 
onset is associated with a corresponding shift to a later morning 
awakening time in most adolescents. Linked to this phase shift, 
Carskadon and coworkers have documented SOREMPs 
during the MSLT of 12 of 25 healthy students.75 Superimposed 
on this may be elements of abnormal sleep hygiene (e.g., use of 
stimulants, late-night television viewing/phone calls/computer 
chats), or circadian rhythm disturbances such as the delayed 
sleep phase syndrome.76,77 The use of prescription drugs or over-
the-counter sedatives such as antihistamines should also be 
considered as a possible cause of sleepiness. A high index of 
suspicion should be maintained for illicit drug use.

It is not uncommon for narcolepsy to present with obesity 
and nocturnal snoring, thus mimicking obstructive sleep apnea. 
The most common causes of childhood obstructive sleep apnea 
are adenotonsillar hypertrophy, neuromuscular disorders, and 
craniofacial anomalies such as Crouzon syndrome and Down 
syndrome.78–80 The upper airway resistance syndrome is another 
under-recognized disorder leading to chronic daytime sleepi-
ness. It is characterized by habitual snoring, an increased 
number of breathing-related microarousals, and increased 
negative intrathoracic pressures on monitoring of esophageal 
pressures during polysomnography using balloons.81

The Kleine–Levin syndrome, or periodic hypersomnia, is char-
acterized by recurrent periods of sleepiness.82 The disorder is 
common in adolescent males, who manifest 1- to 2-week 
periods of excessive sleep, in association with hyperphagia and 
hypersexual behavior. There may be a 2- to 10-pound weight 
gain during the sleepy periods, which then remits spontane-
ously, only to reappear a few weeks later. No specific etiology 
has been found. The disorder subsides gradually over time. 
The nocturnal polysomnogram shows a high sleep efficiency 
and a decreased percentage of time spent in stages 3 and 4 of 
NREM sleep.83 The MSLT shows moderate daytime sleepi-
ness with a shortened mean sleep latency of 5 to 10 minutes, 
but fewer than two SOREMPs.

Idiopathic hypersomnia should also be considered in the dif-
ferential diagnosis of narcolepsy. It is defined as a disorder 
associated with non-imperative sleepiness, long unrefreshing 
naps, difficulty reaching full awakening after sleep, and sleep 

wakefulness to REM sleep). The time interval between ‘lights 
out’ and sleep onset is termed the sleep latency; a mean sleep 
latency is then derived from all the naps. A urine drug screen 
is obtained between the naps if the patient appears to be 
falling asleep very quickly. A concerted effort should be made 
to ensure that the patient does not accidentally fall asleep 
between the naps. Typically, the mean sleep latency is mark-
edly shortened to less than 5 minutes in patients with nar-
colepsy, whereas in controls it is generally 15 to 18 minutes 
(Table 18.1).63

In unaffected children, the initial transition is from wake-
fulness into NREM sleep. Narcolepsy is, however, associated 
with a transition from wakefulness directly into REM sleep 
(sleep-onset REM period (SOREMP) ). This diagnostic feature 
of two or more SOREMPs may not be consistently present 
in the early stages of the disorder in children and young adults, 
and sometimes serial sleep studies are needed to establish a 
definitive diagnosis (Figure 18-3).70 Although the normative 
data derived by Carskadon62 are widely used, it is conceivable 

Figure 18-3 Serial multiple sleep latency tests (MSLTs) in a 13-year-old 
child with evolving narcolepsy. MSLT trials 1 and 2 were carried out 9 
months apart. They are compared with the MSLT findings of a healthy 
control. There is progressive decrease over time in the sleep latencies of the 
patient at 1000, 1200, and 1400 hours, along with an increase in the 
number of sleep-onset rapid eye movement periods. Sleep latencies in the 
final nap (1600 hours) may be physiologically prolonged in children as a 
result of anticipation about going home – the ‘last nap’ effect. Reproduced 
from Kotagal S, Swink TD: Excessive daytime sleepiness in a 13-year old. 
Semin Pediatr Neurol 1996;3:170–172.
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STAGE OF 
DEVELOPMENT

MEAN SLEEP 
LATENCY (MIN)

STANDARD 
DEVIATION

Tanner stage I 18.8 1.8

Tanner stage II 18.3 2.1

Tanner stage III 16.5 2.8

Tanner stage IV 15.5 3.3

Tanner stage V 16.2 1.5

Older adolescents 15.8 3.5

Table 18.1  Normal Values for the Multiple Sleep 
Latency Test
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drunkenness, as well as absence of SOREMPs during the 
MSLT.67,84 Night sleep is quantitatively and qualitatively 
normal. The MSLT shows a short mean sleep latency, gener-
ally in the range of 5 to 10 minutes, but two or more 
SOREMPs, which would be suggestive of narcolepsy, are not 
seen. The author has studied six children with narcolepsy who 
underwent serial nocturnal polysomnograms and MSLTs for 
the assessment of daytime sleepiness.68 Long, unrefreshing 
naps were common. Although the initial battery of sleep 
studies showed shortened mean sleep latencies (less than 10 
minutes), suggesting moderate daytime sleepiness, they lacked 
the necessary (two or more) SOREMPs to diagnose nar-
colepsy. Initially, therefore, they met the diagnostic criteria for 
idiopathic hypersomnia. A repeat battery of sleep studies 
several months later, however, showed the appearance of two 
or more SOREMPs on the MSLT of each subject, character-
istic of narcolepsy. In some children, therefore, idiopathic 
hypersomnia may be a transitional phase that precedes the 
development of classic narcolepsy.

CASE PRESENTATION

A 3-year-old girl was evaluated for a 6-week history of sleepi-
ness and unsteadiness while standing and walking, leading to 
falls, occurring at least 8–10 times per day. The unsteadiness 
was momentary, and was punctuated with long periods of 
stable balance and coordination. Her parents noticed that she 
began to sleep as much as 16 hours per day. She was afebrile. 
The cranial magnetic resonance imaging scan, electroen-
cephalogram, and serum ammonia, electrolytes, and thyroxine 
were normal. A lumbar puncture showed normal cerebrospi-
nal fluid cell count and differential, protein and glucose. Video 
clips of the falls that had been recorded by the father on his 
cell phone were reviewed – they were suspicious for cataplexy. 
She was also positive for the histocompatibility antigen 
DQB1*0602. Consequently, 0.7 mL of residual spinal fluid 
that had been saved and frozen was sent for assessment  
of cerebrospinal fluid hypocretin, which came back low at  
26 pg/mL (reference value is >110 pg/mL). A diagnosis of 
narcolepsy–cataplexy was established. Upon further question-
ing, the parents indicated that she had received immunization 
for influenza A approximately 4 weeks prior to onset of the 
symptoms. She was provided infusions of intravenous immu-
noglubulin G every 2 weeks for 3 months, without any benefit. 
Symptomatic treatment was therefore provided using a com-
bination of methylphenidate 2.5 once a day and sodium 
oxybate, 2 grams at night in two divided doses, with excellent 
results. This has now been maintained for about 18 months 
without any significant side effects.

This case illustrates several aspects of narcolepsy–cataplexy. 
Children of preschool age can have episodes of abrupt muscle 
weakness that may or may not be consistently associated with 
an emotional trigger such as laughter. One needs to keep a 
high index of suspicion in children who are excessively sleepy. 
Also, reviewing video clips recorded by the parents can be 
priceless in pediatric sleep medicine, as exemplified by this 
case. Further, the diagnosis in children below the age of 5–6 
years is problematic because the MSLT can not be applied as 
it will not be able to distinguish physiological napping from 
pathologic sleepiness. If cataplexy is present and the patient 
is positive for HLA DQB1*0602, there is a strong likelihood 

that spinal fluid hypocretin will be low; thus, assessing its levels 
becomes important. It is conceivable that in this patient, who 
was biologically predisposed to develop narcolepsy–cataplexy 
by virtue of her HLA DQB1*0602-positive status, the influ-
enza immunization acted as the ‘second hit’ that triggered an 
immune-mediated degenerative process in the hypothalamus 
that led to reduced central nervous system hypocretin levels 
and precipitation of narcolepsy–cataplexy. This case also illus-
trates the challenges pediatric sleep specialists face in treating 
narcolepsy, as the use of most medications for sleepiness as 
well as cataplexy remains ‘off label.’ In the first decade of life, 
when brain function is most vulnerable and the deleterious 
effects of hypersomnolence on learning most crucial, ironically, 
there are no medications approved by the Food and Drug 
Administration for treating children with narcolepsy!

MANAGEMENT

Because narcolepsy requires lifelong treatment, the nocturnal 
polysomnogram and MSLT findings should be unequivocally 
positive before making the diagnosis. Drugs commonly used 
for treatment are listed in Table 18.2.

General Measures
It is important to maintain regular sleeping and waking 
schedules. One to two planned naps during the day might 
help dissipate sleep pressure and daytime sleepiness. Regular 
exercise during the day might also enhance alertness and 
prevent excessive weight gain. Attention to comorbid obesity 
is important as it may predispose to sleep-disordered breath-
ing. Psychiatric consultation should be sought in case of 
comorbid depression and anxiety.

Daytime sleepiness is countered with stimulants such as 
methylphenidate (regular or extended-release formulations) 
or various preparations of amphetamine.85–88 The half-lives of 
amphetamine and methylphenidate are 10–12 hours and 3–4 
hours, respectively. The side effects of these agents include 
loss of appetite, nervousness, tics, headache, and insomnia. 
Modafinil (Provigil), a drug whose mode of action has not 
been fully defined, but is at least in part related to inhibition 
of dopamine active transporter, has also been reported to be 
effective in enhancing alertness and improving psychomotor 
performance in doses of 100 to 400 mg/day.92 It works best if 
provided in two divided doses. The half-life is 3–4 hours. Its 
racemic form, armodafinil, has a half-life of 10–14 hours and 
is also now widely utilized. The side effects of modafinil and 
armodafinil include headache, nervousness, anxiety, and 
nausea. Stevens–Johnson syndrome is a rare but serious type 
of delayed hypersensitivity reaction with modafinil that is 
characterized by a diffuse and progressive vascilitis that 
involves the skin, mucous membranes and viscera. It requires 
immediate discontinuation of the drug, assessment for hepatic 
or renal involvement, and possible treatment with corticoster-
oids. Modafinil and armodafinil may decrease the potency of 
concurrently administered oral contraceptives.

Cataplexy seems to be mediated by cholinergic pathways in 
the brainstem. Drugs with anticholinergic properties such as 
protryptiline and clomimipramine have been found effective 
for its control. Unfortunately, these drugs carry significant side 
effects such as drowsiness, dryness of the mouth and weight 
gain. Selective serotonin reuptake inhibitors such as fluoxetine 



Narcolepsy    149

SYMPTOM DRUG (TRADE NAME) DOSAGE REMARKS

Daytime 
sleepiness

Modafinil (Provigil)

Armodafinil (Nuvigil)
Methylphenidate (Ritalin)

Methylphenidate (Ritalin Sr)
Methylphenidate (Concerta)

Methylphenidate (Metadate)
Methylphenidate transdermal 

patch (Daytrana)
Dextroamphetamine (Dexedrine)
Amphetamine/dextroamphetamine 

mixture (Adderall)

Lisdexamphetamine (Vyvanse)

100–400 mg /day in 2 divided doses

150–450 mg/day
5–60 mg /day in 2–3 divided doses

20–60 mg /day in 2 divided doses
18–54 mg/day in 2 divided doses up to 

age 12; up to 72 mg for those up to 
age 18 years

20 mg/day, to a maximum of 60 mg/day
10–30 mg; apply 2 hours before need 

and remove 9 hours after application
5–60 mg/day in 1–2 divided doses
10–40 mg/day in 1–2 divided doses

30–70 mg/day in 1–2 divided doses

Side effects: headache, nervousness, anxiety, 
nausea, Stevens Johnson syndrome, 
lowering efficacy of oral contraceptives

Side effects: same as with modafinil
Side effects: anorexia, weight loss, tremor, 

worsening of tics, insomnia, agitation, 
headache – common for all salts of 
methylphenidate

Safety and efficacy not established below age 
6 years

Side effects: anorexia, weight loss, tremor, 
worsening of tics, insomnia, agitation, 
headache – common for all salts of 
dextroamphetamine

Cataplexy Venlafaxine (Effexor) tablets or 
extended release capsules*

Fluoxetine (Prozac)

Sertraline (Zoloft)
Clomimipramine (Anafranil)

Protryptiline (Vivactil)
Sodium oxybate (Xyrem)

37.5–5 mg/day in 1–2 divided doses

10–30 mg/day every morning

25–100 mg/day every morning
25–100 mg /day in 1–2 doses

5–15 mg /day in 1–2 divided doses
3–8 g each night in 2 divided doses, 

with first dose at sleep onset, 2nd 
dose 2–3 hours later

Side effects: nervousness, weight loss, dizziness, 
headache, constipation, xerostomia

Side effects: insomnia, loss of appetite, 
somnolence, tremor, anxiety, worsening of 
depression, suicidal thoughts

Same as with fluoxetine
Side effects: weight gain, constipation, 

nervousness, xerostomia
Same as with Clomimipramine
Use in children is off-label, as it has not been 

approved by the FDA in this age group. Side 
effects: worsening of sleep apnea, sleep 
walking, tremor, constipation, enuresis

Periodic limb 
movements 
/ restless legs 
syndrome

Elemental iron

Gabapentin
Clonazepam
Ropinorole (REQUIP)
Pramipexole (MIRAPEX)

1–2 mg/kg/day with orange juice

100–300 mg at bed time
0.25–0.5 mg at bed time
0.25–0.5 mg at bed time
0.125–0.25 mg at bed time

Side effects: Constipation and abdominal 
discomfort

Use in children is on an off-label basis
Use in children is on an off-label basis

Table 18.2  Drugs Commonly Used in the Treatment of Narcolepsy

* All antidepressants are associated with a risk of increased suicidal ideation.
Periodic follow-up is needed for all subjects to monitor for improvement and side effects.
Patients may need a combination of drugs for optimum control of symptoms.

may also be utilized to treat cataplexy, especially when there 
is coexisting depression. Gamma hydroxybutyrate (sodium 
oxybate) is an endogenous fatty acid with specific affinity for 
endogenous gamma hydroxybutyrate and gamma amino 
butyric acid type B receptors.96 It has a modulating effects on 
gabaergic, dopaminergic, noradrenergic and serotonergic 
neurons.96 The drug is effective against both cataplexy and 
daytime sleepiness. The half-life is 30–60 minutes. It is typi-
cally provided in two dividied doses, with the first dose at bed 
time, and the second dose 2.5–3 hours after initial sleep onset. 
Sodium oxybate has not been approved by the Food and Drug 
Administration for use in children; thus, its use in this popula-
tion is on an off-label basis. Adverse effects include dizziness, 
nausea, enuresis, exacerbation of sleep apnea, sleep walking 
and somnolence.96 Owing to concern about exa cerbation of a 
pre-existing psychiatric condition, its use in narcolepsy–
cataplexy subjects with mood or emotional problems should 
be avoided. It also has a high potential for abuse, and should 
be avoided in patients who might pose a risk in this regard.

The Narcolepsy Network (www.narcolepsynetwork.org) is 
a private, nonprofit resource for patients, families, and  

health professionals. Because of the increased risk of acci-
dents from sleepiness, patients should be cautioned against 
driving long distances and working near sharp, moving 
machinery. Future treatments might consist of hypocretin 
analogs.47

Clinical Pearls

•	 Preschool-aged	children	may	not	provide	accurate	
information	about	cataplexy.	Reviewing	video	clips	
provided	by	parents	may	help	document	cataplexy.

•	 The	manifestations	of	childhood	sleepiness	can	at	times	be	
non-specific,	including	inattentiveness,	mood	swings	and	
apathy.	These	are	manifestations	of	dysfunction	of	the	
prefrontal	cortex	due	to	sleepiness.

•	 Spinal	fluid	hypocretin	levels	may	help	make	a	diagnosis	in	
children	below	the	age	of	5–6	years,	or	when	the	patient	is	
already	receiving	medications	such	as	antidepressants	that	
can	not	be	safely	stopped.

•	 Obesity	may	be	present	at	the	onset	of	childhood	
narcolepsy–catalexy.

http://www.narcolepsynetwork.org
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INTRODUCTION

Excessive daytime sleepiness in the adolescent is epidemic in 
our society. In the adolescent population, hypersomnolence 
manifests primarily as excessive daytime sleepiness. In part, 
symptoms are the result of school and lifestyle pressures. This 
is in combination with changes in circadian phase and total 
sleep time. In contrast, excessive daytime sleepiness manifest-
ing as hypersomnolence is uncommon in young children. The 
primary manifestation of sleepiness in young children is 
hyperactivity. Young children respond to the symptom of 
sleepiness by increasing their motor activity to maintain alert-
ness. However, even in this group, careful questioning does 
reveal symptoms of daytime sleepiness. The clinical definition 
of idiopathic hypersomnolence in childhood must take into 
account this difference in the clinical response of children to 
the same ‘sleep pressure’ manifested as excessive daytime 
sleepiness in adults.

Idiopathic hypersomnia (IH) is characterized by excessive 
daytime sleepiness and normal or long nocturnal sleep times, 
along with frequent and often prolonged naps. Both major 
sleep period and naps are typically unrefreshing.1 PSG and 
MSLT demonstrate the absence of frequent periods of sleep 
onset with REM (SOREMP). The second edition of The 
International Classification of Sleep Disorders: Diagnostic and 
Coding Manual divides IH based on nocturnal sleep time: 
idiopathic hypersomnia with long sleep time (ICD-10-CM 
G47.11) and idiopathic hypersomnia without long sleep time 
(ICD-10-CM G47.11). Table 19.1 contrasts the clinical cri-
teria between these two diagnoses and narcolepsy without 
cataplexy (ICD-10-CM G47.419).1 The key objective differ-
ence between narcolepsy and IH is SOREMP in two or more 
MSLT naps associated with narcolepsy.

Both disorders of IH are associated with difficult awaken-
ings, sleep drunkenness, and unrefreshing primary sleep 
periods/naps.1,2 Guilleminault and Pelayo have divided idio-
pathic hypersomnia into three types based on etiology: those 
patients with a positive family history and positive HLA Cw2 
antigen, a second type with history of viral infection, and a 
third group of those patients not included in the first two 
groups.3 Bassetti and Aldrich divided their patients into three 
groups based on clinical symptoms.2 The ‘classic idiopathic 
hypersomnia’ group tended to have sleepiness that was not 
overwhelming, take unrefreshing naps of up to 4 hours, have 
prolonged nighttime sleep, and difficulty awakening. The 
second group they termed a ‘narcoleptic type’ presented with 
overwhelming excessive daytime sleepiness, took short refresh-
ing naps, and awakens without sleepiness. Their third group 
was a ‘mixed group’ with features of both syndromes.

Idiopathic hypersomnolence is a diagnosis of exclusion. A 
complete evaluation of other causes of hypersomnolence must 
be undertaken. The differential diagnosis of hypersomnolence 
is quite broad, ranging from mood disorders, to narcolepsy, to 
circadian rhythm disturbances or primary sleep disorders that 

cause excessive daytime sleepiness. Table 19.1 provides a 
framework based on etiology for further discussion of the 
differential diagnosis below.

EPIDEMIOLOGY

The incidence of diagnosis at major sleep centers varies from 
approximately 10% to 60% that of narcolepsy.4,5 Anderson et 
al., in their series of 77 patients, noted that hypersomnia 
began at an age of 16.6 ± 9.4 years. Approximately two thirds 
of patients developed symptoms before the age of 18. The 
mean age of diagnosis was 30 years.4 In addition, Anderson 
et al. found 34% had a family history of similar symptoms, 
and, in eight cases, more than one family member was affected. 
Ali et al. in their series of 85 patients, found a familial inci-
dence of 58%.6

Anderson found that 18% of IH patients were positive for 
the HLA DQB1*0602 antigen compared to 98% of patients 
with narcolepsy.4 The Cw2 antigen was observed in 10% of 
IH patients. A case report of three adolescent-onset cases of 
IH in a two-generation family raises the question of auto-
somal dominant inheritance.7

PATHOPHYSIOLOGY

The underlying cause of the sleepiness in IH continues to be 
an active area of inquiry. Kanbayashi et al.8 examined 
CSF levels of histamine in patients with IH, narcolepsy, OSA 
and normal neurologic controls. They found that low  
CSF histamine levels were mostly observed in non-medicated 
patients, and significant reductions compared to controls  
in histamine levels were observed only in non-medicated 
patients with hypocretin deficiency and with IH. In contrast, 
the levels in the medicated subjects with hypocretin deficiency 
and with IH did not differ significantly from those in control 
subjects. The authors also note that hypocretin-1 levels did 
not differ between medicated and non-medicated subjects in 
any of the hypersomnia categories.

Scammell and Mochizuki9 note in an editorial in Sleep that 
reduced histamine signaling is an attractive explanation for the 
sleepiness of idiopathic hypersomnia. Parallel behavior between 
individuals with IH and mice with central histamine knockout 
(humans have great difficulty rousing from sleep in the 
morning, and mice lacking histamine exhibit a reduction in 
wake at the beginning of the usual active period).10 Histamine 
H3 receptors are inhibitory, exclusively located in the CNS.8 
H3 receptor antagonists enhance central histaminergic neuro-
transmission specifically and are reported to enhance alertness 
in mouse models of narcolepsy. Kanbayashi’s finding that low 
CSF histamine levels are observed in hypersomnia of central 
origin, regardless of hypocretin-1 status suggests a wider role 
for this mechanism in the treatment of hypersomnia.8

Chapter 

19 Idiopathic Hypersomnia
Michael Kohrman
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EVALUATION OF SLEEPINESS IN CHILDREN

Objective evaluation of sleepiness begins with a complete 
sleep history and physical examination to eliminate other 
causes of excessive daytime sleepiness (see Box 19-1). Sleep 
logs should be obtained to document sleep times, and actig-
raphy may be utilized to confirm the sleep log data. On the 
night prior to laboratory testing for daytime sleepiness, a 
polysomnogram should be obtained to confirm the absence of 
a primary sleep disorder. Hypersomnolence can be character-
ized quantitatively via the multiple sleep latency test (MSLT)11 
or maintenance of wakefulness test (MWT).12 Both tests 
measure the time to fall asleep during the daytime. The MSLT 
requires the patient to fall asleep while the MWT requires 
the patient to stay awake. The mean adult sleep latency is 18.7 
minutes. It is generally accepted that in the adult population 
the pathologic average sleep latency is 8 minutes or less as the 
result of the MSLT with an average sleep latency of 13.4 
minutes.13 Results from the MSLT and MWT often differ. 
Bonnet and Arand suggest that the MWT measures the sleep 
propensity and also the arousal system secondary to motiva-
tion and posture, while the MSLT is done supine and  
only measures sleep propensity.14 Carskadon and Dement 
have demonstrated that sleep latency in children is age-
dependent.15 Using Tanner stages to group children during 

Box 19-1  Diagnostic Studies to Define Idiopathic 
Hypersomnia

•	 Sleep	log
•	 PSG
•	 Multipe	Sleep	Latency	Test/Maintenance	of	Wakefulness	

Test
•	 Actigraphy
•	 MRI
•	 EEG
•	 Psychological	testing
•	 Pediatric	sleepiness	scale

NARCOLEPSY WITHOUT 
CATAPLEXY

IDIOPATHIC HYPERSOMNIA WITH 
LONG SLEEP TIME

IDIOPATHIC HYPESOMNIA WITHOUT 
LONG SLEEPTIME

Complaint of EDS almost daily for 
more than 3 months

Complaint of EDS almost daily for more 
than 3 months

Complaint of EDS almost daily for more 
than 3 months

Typical cataplexy not reported Prolonged nocturnal sleep greater than 10 h Nocturnal sleep Duration normal (6–10 h)

PSG demonstrates at least 6 h 
sleep and no other cause for EDS

PSG demonstrates at least 6 h sleep and no 
other cause for EDS

PSG demonstrates at least 6 h sleep and 
no other cause for EDS

Mean sleep latency less than 8 min 
and 2 or more SOREMPs

Mean sleep latency less than 8 min and less 
than 2 SOREMPs

Mean sleep latency less than 8 min and 
less than 2 SOREMPs

Hypersomnia not better explained 
by another sleep disorder, 
medical condition, behavioral 
problem or substance abuse

Hypersomnia not better explained by 
another sleep disorder, medical condition, 
behavioral problem or substance abuse

Hypersomnia not better explained by 
another sleep disorder, medical 
condition, behavioral problem or 
substance abuse

Table 19.1  Diagnostic Criteria

Based on American Academy of Sleep Medicine. International classification of sleep disorders 2nd ed. Diagnostic and Coding manual. Westchester Illinois: American Academy of Sleep  
Medicine 2005.

adolescence, they observed a drop in average sleep latency on 
the MSLT of 20% between Tanner stages 1 and 3. This 
decreased sleep latency persisted in later adolescence (Tanner 
4 and 5). In the same subjects, total sleep time and total REM 
time remained constant but total slow wave sleep time 
deceased by 70%. Mean sleep latency of Tanner 1 and 2 chil-
dren (mean age 12 years sleeping their habitual average of 
9.1 h) is 18 min. Compared to the college student (mean age 
19 y, habitual sleep 7.1 h) of less than 5.5 minutes. The defini-
tion of pathological sleepiness in children must account for 
this age difference.

A number of pediatric sleepiness scales have been devel-
oped over the past 10 years. Lewandowski et al. reviewed 21 
measures and found that only six met ‘well-established’ 
evidence-based assessment criteria.16 Of these, only two: the 
Pediatric Daytime Sleepiness Scale (PDSS)17 and the Sleep 
Disturbance Scale for Children (SDSC),18 assessed EDS.

CLINICAL PRESENTATION

Bassetti and Aldrich reviewed 42 cases of idiopathic hyper-
somnia.2 Onset of hypersomnolence was a mean age of 19 ± 8 
years (range 6–43). Onset was associated with insomnia in 
five, weight gain in two, viral illness in four, and minor head 
trauma in three. Forty-five percent of patients snored. Sixty 
percent took one or more involuntary naps during the day. 
Over half the subjects took naps of 30 minutes or longer, and 
¾ reported the naps were unrefreshing. Over half of the 
patients had psychiatric problems. Poly somnographic record-
ings demonstrated short sleep latency of 6.6 ± 5.7 min. Mean 
latency on the MSLT was 4.3 ± 2.1 minutes. In 5 of 12 patients 
who underwent esophageal pressure monitoring were found 
to have upper airway resistance syndrome. None of these 
patients reported improved sleep with CPAP.

In their series of 77 patients with IH, Ali et al.6 found that 
hypersomnia began at a mean ± SD age of 16.6 ± 9.4 years 
(range 0–46 years). Symptoms began before 18 years of age 
in 49 of 77 patients. Some patients and their families believed 
that the symptoms had been present from the first year of life, 
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sleep efficiencies than those without long sleep time. MSLT 
latencies were normal (>8 min) in 71% of IH patients with 
long sleep time.21

DIFFERENTIAL DIAGNOSIS OF IDIOPATHIC 
HYPERSOMNOLENCE

The differential diagnosis of idiopathic hypersomnolesence 
includes those disorders that can produce excessive daytime 
sleepiness. A list based on etiology is seen in Box 19-2. 
History, physical examination, polysomnography, and assess-
ment of daytime sleep latency can usually exclude most of 
these diagnoses. Other chapters in this text cover most of 
these diagnoses and this chapter will only touch on those that 
are outside of the primary sleep disorders.

Primary Sleep Disorders
While diagnostic criteria are well established for the primary 
sleep disorders in adults, normative data on which to base 
clinical decisions are only recently available for children. Thus, 
the reader must apply pediatric normative values when diag-
nosing sleep-disordered breathing22 or restless leg syndrome/
periodic leg movement disorder.23 Insufficient sleep syndrome 
is still the primary cause of daytime somnolence in most 
children. A number of studies have led to conflicting results 
with regards to school start times and daytime somnolence. 
Epstein et al. in Israel found decreased total sleep time and 
increased somnolence in fifth-grade pupils who started school 
at 7:10 a.m. versus 8 a.m.24 A study in Maryland demon-
strated no correlation of total sleep time with academic 
performance.25

Upper airway resistance syndrome remains a diagnosis  
that must be excluded in this patient population. The use of 
esophageal pressure manometry is controversial and consensus 
as to the usefulness of non-invasive measures, nasal pressure, 

and, in 7 cases, worsening occurred over a period of several 
years. The mean age of diagnosis in this group was 30 years.6 
Precipitants were described by three subjects who reported a 
transient viral illness at the time of symptom onset, and one 
subject reported onset of symptoms over a day. The mean ESS 
score at initial presentation prior to treatment was 16.3 ± 3.3 
(range 11–24). In their study, Ali et al. noted that daytime 
somnolence interfered with work and social activities. The 
mean length of nighttime sleep reported was 9.2 ± 1.8 hours, 
and this did not correlate with EES score.6 There was no 
significant difference in MSLT between those with a long 
sleep time and those with a sleep time shorter than 10 hours. 
Seventy-six patients took nighttime sleep and sleep drunken-
ness was not observed.6

Typically, symptoms begin during childhood including pro-
longed nighttime sleep, and awakening difficulties often 
precede the onset of daytime sleepiness. Roth reported con-
tinuous non-imperative sleepiness prolonged unrefreshing 
naps without dreaming and difficult arousal.19 The risk of 
automobile accident or near-miss event was reported in 50% 
of 50 adult patients with IH over a 5-year period in Japan.10

Polysomnographic studies from Baseetti and Aldrich’s 42 
patients demonstrated a sleep efficiency of 93%, mean of 20 
total awakenings greater than 1 minute, 8% slow wave sleep, 
18% REM sleep, automatic behaviors in 61%, and sleep paral-
ysis in 40%.2 Hours of sleep per day were 8.4 ± 1.9 and time 
to activity in the morning 42 min. Forza et al. studied 10 
patients with IH.20 All had onset before age 21. There was no 
statistical difference between IH patients and controls for 
TST or sleep latency. Mean sleep latency was 9.1 minutes. IH 
patients demonstrated decreased SWS and increased REM 
sleep percent with a sleep latency of 5.  ± 0.7 min.

Anderson et al.,4 in their study of 77 IH patients, found a 
mean sleep latency of 11.5 minutes ± 8.2, increased mean slow 
wave sleep of 22.9% ± 8.7, and mean sleep efficiency of 94.3%. 
Ten patients had a sleep efficiency of less than 89%, and none. 
REM sleep latency and percentages of light sleep and REM 
sleep were normal. Results from MSLT in this group of IH 
patients demonstrated that a mean sleep latency in patients 
with idiopathic hypersomnia was 8.3 ± 3.1 minutes, versus the 
narcolepsy group (4.1 ± 2.6; P  <0.001). Comparison of the IH 
grouped by MSLT with sleep latency ≥8 min or <8 min 
demonstrated no differences between these two groups in the 
duration of light sleep, slow-wave sleep, REM sleep, sleep 
latency, sleep efficiency, REM sleep latency, body mass index, 
or untreated ESS.

Ali et al.6 found the median nocturnal sleep latency was 
similar for males and females, but on MSLT, the mean sleep 
latency for males was lower than that for females. Thirteen 
patients had one sleep-onset REM period (SOREMP) on 
either overnight polysomnography or MSLT, but none had 
two or more SOREMPs.

In a study of 75 patients with idiopathic hypersomnia with 
and without long sleep time, Vernet and Arnulf21 found that 
hypersomniacs had more fatigue, higher anxiety and depres-
sion scores, and more frequent hypnagogic hallucinations 
(24%), sleep paralysis (28%), sleep drunkenness (36%),  
and unrefreshing naps (46%) than controls. DQB1*0602 
genotype was similar observed in 19% of controls and 24% of 
IH patients. Comparing the IH patients with long versus 
normal sleep time, those with long sleep time were younger, 
slimmer and more evening type characteristics and higher 

Box 19-2  Differential Diagnosis of Hypersomnolence

•	 Neurologic	disorders
•	 Epilepsy	and	anticonvulsant	therapy
•	 Stroke
•	 Tumor/increased	intracranial	pressure
•	 Narcolepsy

•	 Primary	sleep	disorders
•	 Insufficient	sleep	syndrome
•	 Insomnia
•	 Upper	airway	resistance	syndrome
•	 OSAS
•	 RLS

•	 Circadian	disorders
•	 Delayed	phase	syndrome

•	 Medical	disorders
•	 Infection:	acute	and	chronic
•	 Muscle	diseases
•	 Metabolic	disorders
•	 Prader–Willi	syndrome

•	 Other	disorders
•	 ADHD
•	 Chronic	fatigue	syndrome/fibromyalgia
•	 Kleine-Levin	syndrome
•	 Mood	disorders
•	 Drug	dependance/abuse
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the illness. At times, there may be overlap with Kleine–Levin 
syndrome (see Chapter 20).

Circadian Disorders
Delayed-phase syndrome may also produce hypersomnolence. 
Affected children, however, report normal total sleep times in 
the presence of delayed sleep onset and morning hypersomnia 
(see Chapter 5). Non–24-hour sleep–wake cycles as well as 
advanced sleep-phase syndrome may also produce hypersom-
nolence. Sleep logs and/or actigraphy are often helpful in 
differentiating these problems.

Medical Disorders
Recovery from acute viral or bacterial illness often results  
in hypersomnolence. Hypersomnolence associated with fever 
and stiff neck should alert the examiner to possible meningi-
tis. Stiff neck and other meningeal signs may be absent in 
children under 1 year of age. Lumbar puncture should always 
be performed if any question of meningitis exists. Kuboto et 
al. report a case of acute disseminated encephalomyelitis asso-
ciated with hypersomnolence as the major presenting feature 
and low hypocretin levels in the CSF.31 Arii et al. describe 
hypersomnolence and low hypocretin levels in a child after 
removal of a hypothalamic tumor.32

Metabolic disorders may produce episodic mental status 
changes that produce sleepiness and altered mental status. 
Disorders of ammonia metabolism, lactate and pyruvate 
metabolism, and mitochondrial metabolism can be associated 
with episodic hypersomnia. Acute infection or other meta-
bolic stress often precipitates these episodes. Muscle weakness 
can also be a source of hypersomnolence. In primary muscle 
disease, the dystrophies are often associated with decreased 
respiratory effort secondary to fatigue. Polysomnography 
demonstrates increasing REM-related central apnea as the 
first sign of weakness and need for nocturnal respiratory 
support.33

Prader–Willi syndrome is associated with obesity, cranial–
facial dysmorphyism, hypotonia, hyperphasia, hypersomnia, 
and hypothalamic dysfunction. Manni et al. found sleep-onset 
REM periods in 5 of 10 children with Prader–Willi syndrome 
on MSLT.34 None of the patients was Dr 15 or Dq 6 positive. 
Hypersomnia and SOREMPs could not be accounted for by 
sleep-disordered breathing alone; however, UARS was not 
excluded in these patients.

TREATMENT

The goal in IH is improvement in quality of life and improve-
ment in symptoms of excessive daytime sleepiness. In untreated 
IH patients greater than 20 years of age, Ozaki et al.35 found 
decreased subscale scores in 7/9 domains of the SF-36, com-
pared to normal. The changes did correlate with ESS scores 
in domains of autonomy, in controlling one’s own job sched-
ule, experience of divorce or break-up with a partner due to 
symptoms, experience of being forced to relocate or being 
dismissed due to symptoms and perception of support of 
others. Treatment improved ESS scores. They concluded  
that the decrease of HRQOL could be attributed to psycho-
logical, social, and environmental factors, such as lifestyle or 
social support rather than subjective sleepiness.35 Comparing 
patients with IH and narcolepsy without cataplexy Dauvilliers 

and arterial tonometry has not been established in evaluation 
of upper airway resistance.

Neurologic Disorders
Narcolepsy remains the most difficult clinical syndrome to 
exclude in this group of disorders. It can present as young as 
4 years of age and often cataplexy may not appear until later 
in life. However, the recent understanding that the absence of 
orexin/hypocretin as the pathophysiologic cause will facilitate 
accurate diagnosis of this patient group. CSF assay for the 
absence of orexin is becoming a routine clinical test.26

Heier et al. looked at CSF hypocretin-1 levels in patients 
with IH and those with narcolepsy with or without cataplexy. 
None of the patients with IH, narcolepsy without cataplexy 
and those patients with HLA-negative narcolepsy with cata-
plexy had hypocretin levels less than 200 000 pg/mL. In con-
trast, 31/43 patients in the HLA-positive group had hypocretin 
levels less than 200 000 pg/mL.27

CNS lesions that produce increased intracranial pressure 
can be associated with hypersomnia. Poca et al. determined 
hypocretin levels in 26 patients with idiopathic intra cranial 
hypertension and found no difference in these patients and 
their control group.28 Subdural hematomas can produce an 
indolent syndrome of decreasing mental status and  
lethargy. Headache and vomiting are often associated with 
increased intracranial pressure. Epilepsy can produce a state 
in which the patient becomes lethargic and less responsive, 
the so-called petit-mal status or spike and wave stupor. During 
these periods, a pattern of the atypical continuous spike and 
wave discharges is observed on EEG. Petit-mal status is often 
responsive to valproic acid with rapid return to normal state. 
Anticonvulsants also can produce sedation and excessive 
daytime sleepiness or paradoxical hyperactivity in children. 
Sedation appears to be common with carbamazepine, while 
hyperactivity is more common with phenobarbital.

Other Disorders
Attention deficit hyperactivity disorder is an active area of 
investigation as to its relationship to sleep disruption. While 
both OSAS and RLS/PLMD are associated with hyperactiv-
ity in children, attention deficit hyperactivity disorder is 
multi-factorial in origin and sleep disorders and account  
for the etiology in a significant fraction of children with 
ADHD.

Chronic fatigue/fibromyalgia syndrome is also a diagnosis 
of exclusion. Children often complain of diffuse muscle aches, 
trigger points may be observed. The symptom is described as 
tiredness rather than true hypersomnia. Polysomnography 
may demonstrate an alpha–delta pattern on EEG.29 Depres-
sion and upper airway resistance syndrome must be excluded 
in chronic fatigue patients as well.

Childhood mood disorders are commonly associated with 
sleep difficulties. Symptoms often manifest as insomnia, early 
morning awakenings, daytime sleepiness or hypersomnia. 
Vgontzas et al. found increased sleep latency (54 vs 15 min), 
increased wake time after sleep onset (79 vs 56.8 min), and 
increase total wake time (134 vs 72 min) in patients with 
psychiatric etiologies for their hypersomnia compared to 
patients with idiopathic hypersomnia. In patients with psy-
chiatric disorders, REM sleep was decreased, compared to 
patients with idiopathic hypersomnia.30 Bipolar disorder may 
also present with hypersomnia during the depression phase of 
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the response rate between the two drugs was demonstrated.6 
Adult dosing in this study was 367.4 ± 140.9 mg for modafinil 
and 50.9 ± 27.3 mg for methylphenidate.6 Lavault et al.39 
reviewed response to therapy with modifinil in 104 patients 
with IH (59 with long sleep time compared to patients with 
narcolepsy with cataplexy). They found similar response to 
modifinil in both patient populations. Improvement in ESS 
scores was greater in the IH group without long sleep time 
compared to those with long sleep time. Loss of efficacy and 
habituation were rare. Adult doses of modifinil in this study 
ranged from 50 to 600 mg.39 In 66 patients with IH, Ander-
son et al. found that 11 had spontaneous remission. No clini-
cal characteristics could be identified to differentiate the 
spontaneous remitters.4 In this study, 24/39 patients treated 
with modinifinil had a 4-point or greater reduction in ESS.4

SUMMARY

Idiopathic hypersomnia remains a diagnosis of exclusion, and 
at times it can be difficult to differentiate from the other 
disorders producing hypersomnolence in (see Table 19.1). 
Continued research is necessary to better characterize this 
disorder in children. Treatment should be symptomatic; naps, 
improved sleep hygiene and stimulants should be used in 
concert to improve quality of life in affected children. While 
no dosing studies are available for children, both modifinil and 
methylphenidate appear to be safe and effective treatments. 
The role of histamine in the etiology of idiopathic hypersom-
nia in children requires further exploration and may lead to 
future treatment in hypersomnias of central origin.

et al. found similar results of the Beck Depression Scale and 
SF36 in both groups. These results contrasted with the nar-
colepsy with cataplexy group who demonstrated higher mean 
scores and increased percentage with a score greater than 7 
(31.8% vs 18.1% in the IH group) on the Beck inventory.36

Treatment of idiopathic hypersomnia is focused on 
symptom control, as the primary etiology remains unknown. 
The goal of therapy is to allow the patient to enjoy normal 
alert functioning and restful nocturnal sleep.

The approach to therapy is sleep hygiene, appropriate use 
of stimulant medication and safety for the patient. Sleep 
hygiene measures should include scheduled naps and regular 
sleep periods of 8–10 hours nightly. Medications, drugs or 
alcohol that promote sleepiness should be avoided. Stimulant 
medication should be used at the lowest effective doses toler-
ated. Growth problems secondary to anorexia can be a limit-
ing factor for stimulant use is some children. In addition, a 
balanced plan of stimulant use must be maintained so as not 
to interfere with nighttime sleep. The newer longer-acting 
stimulants (Table 19.2) have been beneficial in management, 
keeping medicine out of the school setting and decreasing the 
need for late afternoon dosing. The American Academy of 
Child and Adolescent Psychiatry has produced a practice 
parameter for stimulant use in children, adolescents, and 
adults.37 In 2007, the American Academy of Sleep Medicine 
produced a practice parameter for the treatment of narcolepsy 
and other hypersomnias of central origin.38 They concluded, 
‘Treatment of hypersomnia of central origin with methylphe-
nidate or modafinil in children between the ages of 6 and 15 
appears to be relatively safe.’ They recommend regular 
follow-up of patients to monitor response to treatment and 
side effects and to enhance the patient’s adaptation to the 
disorder.38

A number of retrospective studies examined modafinil 
versus methylphenidate. Ali et al.6 followed 85 patients for a 
median duration of 2.4 years. In their group, 65% of patients 
demonstrated a ‘complete response’ to pharmacotherapy. 
Methylphenidate was the most commonly used as a first- 
line agent prior to December 1998, but after its approval 
modafinil became the most commonly used first drug. At the 
last visit, 92% of patients were on monotherapy, 51% on 
methylphenidate versus 32% on modafinil. No difference in 

NAME DURATION OF ACTION CONTRAINDICATIONS SPECIAL CONSIDERATIONS

Methylphenidate 4–6 h Increased risk of cardiac arrhythmias

Time release preps 8–12 h Longer action

Dexmethylphenidate 4–6 h Isomer of parent compound

Dextroamphetamines 4–6 h

Time spans 6–12 h

Mixed salts 4–6 h

Extended release preps 8–12 h Longer duration of action

Modafinil 6–8 h Non amphetamine drugs

Armodafinil 6–8 h

Pemoline 12 h High risk of liver disease Rarely used

Table 19.2  Stimulants Used for Treatment of Idiopathic Hypersomnolence

Clinical Pearls

•	 Idiopathic	hypersomnia	is	a	diagnosis	of	exclusion.
•	 Narcolepsy	without	cataplexy	can	be	distinguished	by	

sleep-onset	REM	periods.
•	 Inadequate	sleep	hygiene	is	the	most	common	cause	of	

daytime	sleepiness	in	adolescents	and	adults.
•	 Use	of	actigraphy	may	be	helpful	to	distinguish	the	disorder	

from	the	consequences	of	inadequate	sleep.
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INTRODUCTION

Kleine-Levin syndrome is an unusual disorder of recurrent 
episodes of excessive sleepiness and prolonged total sleep 
time. It is a rare syndrome with an onset typically in late 
adolescence, but younger and older cases have been reported. 
It has been suggested that a predisposing event occurs prior 
to onset of symptoms.1 This may occur in nearly half of the 
reported cases. Most commonly, a flu-like syndrome precedes 
the onset of symptoms.

CLINICAL CHARACTERISTICS

Hypersomnia is the characteristic symptom of the Kleine–
Levin syndrome. Sleepiness is profound and, during spells, 
patients may sleep continuously for more than 20 hours. This 
excessive sleepiness and true hypersomnia can develop sud-
denly. However, symptoms typically have a more gradual 
onset of 1–7 days. During spells of hypersomnia, patients 
rarely leave their beds and sleep continuously. Sleep may be 
calm, but at times agitated, restless sleep occurs and vivid 
dreams are occasionally reported.

In addition to excessively long sleep episodes, abnormal 
behaviors, including but not limited to compulsive and exces-
sive overeating and sexually acting-out behaviors occur. Other 
mental disturbances may be present. Compulsive overeating 
and hypersexuality may not be present with each episode. 
Excessive caloric intake during spells frequently results in 
weight gain by the end of the spell.

Overt expression of hypersexuality may include indiscrimi-
nate sexual advances, masturbation, and/or public display of 
sexual fantasy. Sexually acting-out is reported in approxi-
mately one-third of males with Kleine–Levin syndrome. 
Hypersexuality is less often reported in females. The presence 
of excessive eating and/or hypersexuality is not required for 
the diagnosis of Kleine–Levin syndrome. In many cases, 
hypersomnia and its recurrence may be the only symptom.2 
Psychological symptoms vary considerably. Irritability is 
common. Confusion, visual hallucinations, or auditory hal-
lucinations frequently occur.

Recurrent episodes of hypersomnia may be brief and last less 
than 1 week or may be prolonged and last up to 30 days. Char-
acteristic of the Kleine–Levin syndrome is recurrence of epi-
sodes of hypersomnia and behavioral abnormalities. Patients are 
normal between episodes. Nevertheless, neuropsychological 
sequelae, changes in personality, and decrease in school per-
formance have been reported after a second hypersomnolent 
episode. Physical examination is generally normal.

Although Kleine–Levin syndrome is characterized by the 
triad of recurrent spells of hypersomnolence, hyperphagia, and 

hypersexuality, it is likely that incomplete manifestation is 
more common than the complete triad. Isolated abnormal 
sleepiness and recurrent periods of hypersomnia without asso-
ciated symptoms may be a more common manifestation.

Periods of hypersomnia gradually decrease in frequency as 
the youngster ages. Spells gradually become less severe and 
eventually resolve.3 Nonetheless, patients have been reported 
with recurrent episodes of hypersomnia occurring 20 years 
after the initial onset of symptoms.4,5

Menstruation-associated hypersomnia has been reported in 
female patients. Recurrent periods of hypersomnolence occur 
and are coupled to menses. Occasionally, mental disturbances 
also occur, and also occur with the menstrual cycle.6 (Several 
female patients with recurrent hypersomnia had notable 
absence of symptoms.1) Prognosis of menstrual-related hyper-
somnia is similar to that of the Kleine–Levin syndrome.

ETIOLOGY

The cause of recurrent hypersomnia is unknown. A possible 
viral etiology may be present in some cases. In other cases, there 
may be a suggestion of a local encephalitis in the region of the 
diencephalon.7–9 Recurrent transient episodes of unresponsive-
ness and clearly identified stage 2 sleep pattern with the pres-
ence of sleep spindles has also been reported due to bilateral 
paramedian thalamic infarctions.10 Although the exact cause of 
recurrent hypersomnia and other manifestations is still unclear, 
the symptoms of hypersomnolence, excessive and compulsive 
eating, hypersexuality, recurrence, and absence of any identifi-
able abnormalities between spells is suggestive of a functional 
abnormality at the level of the diencephalon. The hypothalamus 
may also be involved. Indeed, identical symptoms have been 
reported in patients with tumors of the hypothalamus or third 
ventricle and in patients with epidemic encephalitis. Most lit-
erature and case reports suggest that this recurrent hypersomnia 
is caused by dysfunction of the hypothalamus and midbrain 
limbic system. There is also evidence that brainstem dysfunction 
may also be involved. Recurrent hypersomnia associated with 
decreased blood flow in the thalamus on single photon emission 
computed tomography has also been reported.11 During the 
remission period, there were no abnormal data in these tests.

Social and professional consequences are not negligible. 
Students miss classes and young workers may be fired because 
of repeated absences.

Neuroendocrine function in patients with Kleine–Levin 
syndrome has been assessed; however, only a limited number 
of subjects have been investigated and most literature consists 
of case reports. Investigation is complicated by the inability 
to predict timing of episodes, lack of a prodromal period, and 
relatively rapid recovery once symptoms begin.

Chapter 
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psychogenic recurrent hypersomnia complain of extreme 
sleepiness and fatigue, and may spend many hours in bed. 
Continuous night-and-day polygraphic recording often fails 
to demonstrate increased total sleep time despite the com-
plaint of sleepiness.24

EVALUATION

The diagnosis of Kleine–Levin syndrome is typically based 
on clinical features. Laboratory evaluations are occasionally 
useful, since the diagnosis may be one of exclusion of other 
similar pathology. CBC, platelet count, electrolytes, renal and 
liver function tests, calcium, phosphorus, serum protein elec-
trophoresis, immunoglobulins, antinuclear antibodies, rheu-
matoid factor, and serum titers for herpes simplex, Epstein–Barr 
virus, cytomegalovirus, varicella-zoster, mumps, and measles 
have all been found to be normal in patients with Kleine–
Levin syndrome both during episodes and between episodes. 
Cerebrospinal fluid evaluation with cultures for bacteria, 
mycobacterium, virus, and fungi have also been shown to be 
negative.

Routine EEG obtained during attacks may show general-
ized slowing of background activity or may be unremarkable. 
MRI is normal during and between spells of hypersomnia.19 
Prolonged polysomnographic monitoring may reveal the 
increased total sleep time. During symptomatic periods, the 
multiple sleep latency test (MSLT) can reveal abnormal sleep 
latencies and sleep-onset REM periods (SOREMPS). There-
fore, it has been suggested the multiple sleep latency test may 
be useful in diagnosis, especially when the PSG and multiple 
sleep latency test are performed no earlier than the second 
night after the onset of hypersomnolent.25 During asympto-
matic periods polysomnography and MSLT are both normal.26

TREATMENT

Kleine–Levin syndrome is typically treated symptomati-
cally.27,28 Interventions are focused on terminating the hyper-
somnia episode. Amphetamines and methylphenidate, and 
modafinil have been utilized in both treatment and preven-
tion.29 No treatment has been consistently successful. Gabap-
entin has been effective in preventing symptoms in some 
patients.30 Generally, the effectiveness of maintaining wake-
fulness, treating symptoms, and prevention of recurrences 
using a variety of therapeutic approaches does not seem 
effective.

Nonetheless, some abnormal laboratory data reported to 
date include a paradoxical growth hormone response to 
thyroid-releasing hormone stimulation,12 a blunted cortisol 
response to insulin-induced hypoglycemia,13,14 and an absent 
thyroid-stimulating hormone response to thyroid-releasing 
hormone.13 These findings suggest a possible dysfunction 
within the hypothalamic–pituitary axis. However, other basal 
and post-stimulation values of hormones are usually normal 
and laboratory values are normal during the asymptomatic 
periods between spells.

Studies of nocturnal or 24-hour secretory patterns of pitui-
tary hormones have been conducted in a limited number of 
patients. Normal secretory pattern of growth hormone was 
reported in one patient, but the sampling at 4-hour intervals 
was sparse.15 On the other hand, an elevated growth hormone 
secretory pattern was reported in two patients.16 A normal 
secretory pattern of cortisol and somewhat abnormal patterns 
of growth hormone have been identified in four other 
patients.17 Normal 24-hour patterns of melatonin, prolactin, 
and cortisol secretion have been reported.18 Gadoth and col-
leagues found an increased nocturnal prolactin secretory 
pattern and an abnormally flat nocturnal luteinizing hormone 
secretory pattern, whereas follicle-stimulating hormone and 
thyroid-stimulating hormone secretory patterns were normal.12 
Chesson and Levine compared 24-hour secretions in the 
symptomatic and the asymptomatic period and found that 
values obtained during nocturnal sleep showed a significantly 
decreased growth hormone, but increased prolactin and 
thyroid-stimulating hormone, in a direction that supports the 
hypothesis that dopamine tone is reduced during the symp-
tomatic period in Kleine–Levin syndrome.19 However, Mayer 
and colleagues found only minor hormonal changes in five 
patients.20 Altogether, these data suggest some functional dis-
turbance in the hypothalamic–pituitary axis in Kleine–Levin 
syndrome, but the disturbance may be in response to the 
sleep-related and behavioral changes rather than a cause. An 
observation supporting a diencephalic dysfunction is the 
occurrence of dysautonomic features in some patients.21 Dif-
ferentiating Kleine–Levin syndrome from organic etiologies 
is often difficult. Diagnosis is often based on clinical presenta-
tion of recurrence of symptoms with asymptomatic intervals 
and progressive improvement to resolution. In addition, it is 
often a diagnosis of exclusion. Recurrent hypersomnia may 
occur with space-occupying lesions of the central nervous 
system, idiopathic recurring stupor, and certain psychological/
psychiatric conditions.

Tumors in the region of the third ventricle, such as cysts, 
astrocytomas, and/or craniopharyngiomas, may be responsible 
for intermittent obstruction of the third ventricle leading to 
headache, vomiting, sensory disturbances, and intermittent 
impairment of alertness. Less frequently, tumors in other 
CNS locations may result in hypersomnia. Tumors in the 
middle fossa may disrupt the suprachiasmatic nucleus and an 
irregular sleep–wake pattern or a free-running state might 
occur. If a free running state occurs, hypersomnia may alter-
nate with sleeplessness at a regular interval as the pacemaker 
cycles at its inherent rhythm. Recurrent hypersomnia may also 
develop after encephalitis or head trauma. Periodic hypersom-
nia has also been reported in a patient with a Rathke’s cleft 
cyst.22

Major recurrent depression and bipolar affective disorder 
can be associated with excessive sleepiness.23 Patients with 

Clinical Pearls

•	 Kleine–Levin	syndrome	is	an	uncommon	disorder	occurring	
most	often	in	males	(but	can	occur	in	females)	during	
middle	adolescence.

•	 It	is	characterized	by	recurrent	hypersomnia,	hyperphagia,	
and	hypersexual	behavior.

•	 Underlying	etiology	is	unclear	and	the	exact	
pathophysiological	mechanism	is	still	to	be	determined.

•	 Treatment	and	prevention	are	based	on	symptomatology,	
and	therapeutic	response	varies.

•	 Most	often,	there	is	spontaneous	resolution	of	symptoms	
without	noted	sequelae.
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For children with post-traumatic and post-neurosurgical 
hypersomnia the best-fitting diagnosis within the Interna-
tional Classification of Sleep Disorders (ICSD) 2e is hyper-
somnia due to a medical condition.1 By definition, excessive 
sleepiness is described as having a duration of more than 3 
months, although it may be more pragmatic to make this 
clinical diagnosis earlier. References cited in the ICSD are 
more applicable for adults. There is no clear distinction made 
for post-traumatic hypersomnia in children. Children who 
suffer significant head injury frequently experience significant 
sleep disturbances, particularly when the injury is severe 
enough to result in major loss of consciousness. Nonetheless, 
sleep disturbances may follow minor trauma in which a brief 
loss of consciousness occurs. In all instances, sleep patterns 
after the injury vary notably from the pre-trauma sleep habits.

Closed-head trauma is the most common event resulting 
in post-traumatic hypersomnia. Similar symptoms may occur 
after neurosurgical procedures and other brain traumas. It 
appears that the cause is less important than the location. 
Symptomatically, there is a variable period of initial coma that 
evolves into a post-traumatic hypersomnolence and excessive 
daytime sleepiness with or without sleep attacks or uninten-
tional sleep episodes. Nocturnal sleep may or may not be 
prolonged compared with the pre-injury period. When total 
sleep time within each 24-hour day is increased, the term 
‘post-traumatic hypersomnia’ is fitting. Associated symptoms 
are typically due to daytime sleepiness (e.g., concentration 
difficulties, amnesia of recent events, fatigue, and occasional 
visual problems). Chronic headache and minor neurologic 
signs of traumatic brain injury may also be present.

Every year in the United States, 50 000 people die and more 
than 1.4 million seek medical care for traumatic brain injuries 
(TBI). Approximately 5.3 million Americans live with brain-
injury-associated long-term disabilities, such as seizure disor-
ders and cognitive and psychosocial impairments.2 TBI is a 
leading cause of morbidity and mortality in children. Each 
year, almost half a million children seek emergency care 
because of head trauma. Fortunately, the majority of children 
(90%) suffer only from minor injuries. Nevertheless, 37 000 
children require hospitalization, and up to 2685 children per 
year do not survive their sustained injuries.3 The CDC 
(Centers for Disease Control and Prevention in the United 
States) reports TBI-related death rates for the different age 
groups as follows: 5.7/100 000 (0–4 years), 3.1/100 000 (5–9 
years), and 4.8/100 000 (10–14 years). This rate increases 
approximately fivefold (24.3/100 000) for patients between 15 
and 19 years. Pediatric TBI is most commonly caused by falls 
and non-accidental injury in younger children, and road traffic 
accidents (as pedestrians or passengers) in older children and 
adolescents.4

Head trauma has been reported to increase the likelihood 
of sleep-disordered breathing.5 A polysomnogram may be 
necessary to exclude this etiology for the hypersomnia. The 

mechanism by which head trauma may result in sleep-
disordered breathing is not clear. It is hypothesized that a 
whiplash type of injury may damage the pharyngeal nerves, 
which would alter some of the airway reflexes. Performing a 
polysomnogram may not be clinically possible in a child after 
a head injury. Empiric use of positive airway pressure (PAP) 
therapy should be used very cautiously since basilar skull 
fractures are a contraindication to PAP due to potential 
pneumocephaly.

Ideally, quantification of hypersomnia with a multiple sleep 
latency test, MSLT, may be helpful, especially to distinguish 
true sleepiness from fatigue or depression. However, in the 
presence of severe trauma, conducting and interpreting an 
MSLT may not be possible. The ICSD specifically states that 
a clinical complaint of excessive sleepiness is ‘far more impor-
tant’ than a short sleep latency on an MSLT.1

A key question asked by patients and family members when 
addressing post-traumatic or post-neurosurgical hypersomnia 
is how long will the condition last and will it spontaneously 
resolve with time. To evaluate the prevalence and natural 
history of sleepiness following traumatic brain injury, Watson 
and colleagues undertook a prospective cohort study of 514 
young men and adolescents with traumatic brain injury (TBI). 
The TBI group was compared to 132 non-cranial trauma 
controls, and 102 trauma-free controls. Subjects were evalu-
ated at 1 month and 1 year after injury. Sleepiness was meas-
ured subjectively with a self-administered questionnaire from 
which the following four questions were asked: (1) I am sleep-
ing or dozing most of the time – day or night, (2) I sit around 
half-asleep, (3) I sleep or nap more during the day, and (4) I 
sleep longer during the night. At the 1-month time point 
more than half of the TBI subjects reported sleepiness (55%). 
Of interest, 41% of non-cranial trauma controls also reported 
sleepiness, as did only 3% of trauma-free controls. The TBI 
group was not only more likely to report being sleepy but the 
severity of the sleepiness was also greater since a greater per-
centage of subjects with TBI endorsed each of the four sleepi-
ness items than did both the trauma controls and trauma-free 
controls at 1 month. One year following injury, 27% of TBI 
subjects, 23% of non-cranial trauma controls, and 1% of 
trauma-free controls reported sleepiness.2

In this study, patients with TBI were sleepier than non-
cranial trauma controls at 1 month but not 1 year after injury. 
The cause of the residual sleepiness is unclear. One important 
factor in predicting persistent sleepiness is the severity of 
trauma. The brain injury of the majority of patients in this 
study was considered mild. To better understand the role of 
severity, the brain-injured subjects were divided into injury-
severity groups based on time to follow commands (TFC) 
after the injury. The subgroup that was able to follow com-
mands less than 24 hours after injury was less sleepy at the 
1-month measurement than the 7- to 13-day and 14-day or 
longer TFC groups. At 1 year, the non-cranial trauma control 
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= 0, ‘almost never’ = 1, ‘sometimes’ = 2, ‘often’ = 3, and ‘almost 
always’ = 4. Additional data were collected to determine func-
tional outcomes in the areas of adaptive behavior skills and 
activity participation. Parental reports of pre-injury sleep dis-
turbances were compared to reports of post-injury changes at 
3, 12, and 24 months. The average age of the patients was 9 
years. Both cohorts (children with TBI and OI) displayed 
increased sleep disturbances after injury. However, children 
with TBI experienced higher severity and more prolonged 
duration of sleep disturbances compared to children with OI. 
Risk factors for disturbed sleep included mild TBI, psycho-
social problems, and frequent pain. Sleep disturbances emerged 
as significant predictors of poorer functional outcomes in chil-
dren with moderate or severe TBI. The authors found that 
using a multivariate model with demographic and psychoso-
cial factors, mild TBI was a significant predictive factor for 
sleep disturbances in their cohort. The authors proposed as an 
explanation that persons with mild TBI may have increased 
recognition of post-injury impairments, and therefore may be 
more likely to report sleep disturbances as an injury complica-
tion. In children with mild TBI, sleep disturbances may also 
be a symptom of increased awareness of post-injury changes 
subsequently reported by parents and caregivers. The other 
important predictors of sleep disturbances in the TBI  
cohort were frequent pain and the presence of psychosocial 
problems.

An important distinction between children and adults with 
TBI is that the neurosystem is maturing but not yet com-
pletely developed. The timing of the injury relative to the 
child’s age and maturation needs to be considered. Crowe and 
colleagues studied participants injured across various stages of 
childhood to examine the influence of age on recovery and 
see if it fits an early vulnerability or critical developmental 
periods model. A total of 181 children with TBI were catego-
rized into 4 age-at-injury groups – infant, preschool, middle 
childhood, and late childhood – and were evaluated at least 2 
years post-TBI with neurocognitive testing (IQ). The study 
found that overall, the middle childhood group had lower IQ 
scores across all domains. The authors concluded that con-
trary to expectations, children injured in middle childhood 
demonstrated the poorest outcomes which may coincide with 
a critical period of brain and cognitive development.14

A consistent finding in the literature is that children with 
more severe traumatic brain injury have a greater likelihood 
of neurocognitive deficits than children with mild TBI. Lon-
gitudinal data with 10-year post-injury follow-up confirm 
this.15–18 Children with mild TBI tend not to exhibit long-
lasting impairment. However, some children even with rela-
tively mild trauma can have persistent cognitive problems. 
Babikian and colleagues studied predictors of these persistent 
problems. They found that pre-injury variables such as paren-
tal education, premorbid behavior and/or learning problems, 
and school achievement predicted cognitive impairments in 
children with otherwise mild TBI.19 Given this information, 
it might be expected that children with prior subacute sleep 
disturbances are more likely to report sleep problems with 
mild TBI than children who otherwise slept well pre-injury.

In evaluating a child with sleep disturbances after a trau-
matic brain injury, the possibility of confounding depression 
should be considered. Max and colleagues prospectively 
studied 177 children with TBI and measured emergence of 
new-onset depression symptoms 6 months after TBI. The 

group and the ≤24-hour TFC group were less sleepy than the 
14-day or longer TFC group. Overall sleepiness improved in 
many patients in this study, with the TBI group more likely 
to improve than the non-cranial trauma group. Sleepiness 
improved in 84% to 100% of TBI patients as compared with 
78% of the non-cranial trauma control group. However, about 
a quarter of TBI subjects remained sleepy 1 year after injury. 
In addition, patients with more severe brain injuries were 
unable to participate in the study and the authors felt this 
could have resulted in an underestimation of the true extent 
of sleepiness in the TBI group.2

It is of interest that significant and persistent hypersomnia 
was present in the non-brain trauma group even though the 
sleepiness was not as severe as the TBI group. No details about 
the type of trauma in the former group are provided.2 This 
raises the question of what is the cause of the hypersomnia. 
We can speculate that perhaps adolescents’ and young adults’ 
whiplash-type injuries were included in the non-brain trauma 
group which, as mentioned above, can develop sleep-
disordered breathing. Non-brain trauma victims may have 
poor sleep for other reasons that can lead to daytime hyper-
somnia. For example, chronic pain and insomnia may develop 
in this population.

Symptoms resulting from closed-head injury depend on the 
location of injury within sleep-regulating brain areas. Areas 
of the brain expected to be involved are those most commonly 
related to maintaining wakefulness, including but not limited 
to the brainstem reticular formation, posterior hypothalamus, 
and the region of the third ventricle. Shearing forces along 
the direction of main fiber pathways can lead to microhemor-
rhages in these areas. High cervical cord trauma has also been 
known to cause sleepiness and unintentional sleep episodes.6,7 
Whiplash injury may result in hypersomnia, with consequent 
sleep-disordered breathing. In these cases, the hypersomno-
lence appears to be secondary to the respiratory abnormality.5 
Countercoup injuries commonly occur at the base of the skull 
and may result in organic post-traumatic sleeplessness. These 
types of injury occur in areas of bony irregularities (especially 
the sphenoid ridges), with consequent damage to the inferior 
frontal and anterior temporal regions, including the basal 
forebrain.8 Injury to the posterolateral hypothalamus provides 
a potential physiologic explanation for post-injury sleepiness. 
Levels of hypocretin, an alerting neuropeptide, have been 
shown to be lower in patients with acute moderate to severe 
TBI.9,10 Thus, trauma-induced transient reductions in hypo-
cretin may be an unappreciated cause for hypersomnia. This 
would be consistent with case reports of post-traumatic nar-
colepsy and cataplexy.11 Hypersomnia and insomnia are not 
the only sleep symptoms that can develop after a traumatic 
brain injury. Rodrigues and Silva have reported a patient with 
aggressive body movements during rapid eye movement 
(REM) sleep and periodic limb movements after a traumatic 
brain injury consistent with REM sleep-behavior disorder.12

A more recent multi-center prospective study was per-
formed on sleep disturbances in children with TBI by Tham 
and colleagues.13 This study followed 729 children for 24 
months following a TBI) and compared them to 197 children 
with orthopedic injury (OI), who served as controls. Sleep 
disturbance was assessed using only one question from a 
standardized questionnaire completed by the parents. Specifi-
cally, ‘How often did he/she have a problem with trouble 
sleeping in the last 4 weeks?’ Response options include ‘never’ 
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cutaneous adverse reactions.30 Methylphenidate has been 
studied in children with TBI predominantly to treat cognitive 
and behavioral difficulties.26,27,31–33 A small randomized trial 
by Williams and colleagues failed to find a significant improve-
ment of cognitive function in children with TBI using meth-
ylphenidate. These children only received 4 days of treatment.32 
In a treatment trial by Mahalick and colleagues using meth-
ylphenidate in children with TBI a significant improvement 
in attention and concentration on neuropsychological tests 
was found. In this placebo-controlled trial, methylphenidate 
was given for 14 days.33 Clearly, further research is needed 
before the use of stimulants in this pediatric population can 
unequivocally be recommended. A behavioral approach to 
sleep disorders, especially if insomnia is present, may be a 
better alternative.

In the absence of sufficient evidence-based research to 
standardize the treatment of children with post-traumatic and 
post neurosurgical hypersomnia, patients are forced to rely on 
available resources and variable regional sleep medicine exper-
tise. Fortunately, newer techniques such as brain tissue oxy-
genation monitoring are being applied to children after TBI 
to maximize neurological outcome.34 More recent informa-
tion allows us to anticipate, for patients and families, possible 
likelihood of recovery and of persistent symptoms. Given the 
ongoing neurocognitive development of children, we cannot 
continue to merely extrapolate medical decisions based on 
studies in adults! Traumatic brain injuries are among the most 
common and tragic events that can befall an otherwise healthy 
child. We need further research, specifically treatment inter-
vention trials for a wide age range of children to develop 
appropriate management protocols.

population studied was predominately male with a mean age 
of 10 years. The authors found an incidence of 11% of ‘novel 
definite/subclinical depressive disorders.’ Among these chil-
dren, they further identified subsets of children with non-
anxious depression and anxious depression. Emergence of 
depressive disorder was significantly associated with older age 
at the time of injury, family history of anxiety disorder, left 
inferior frontal gyrus (IFG) lesions, and right frontal white 
matter lesions.20

Children with TBI have been described as having symp-
toms consistent with attention deficit hyperactivity disorder 
(ADHD).21 A prospective study of 82 children with TBI with 
a mean age of 5 found that, compared to a control group of 
children with orthopedic injuries, severe TBI was associated 
with significantly greater anxiety problems. In addition, over 
time, children who sustained a severe TBI at an earlier age 
had significantly higher levels of parent-reported symptoms 
of ADHD and anxiety.22 Unfortunately, sleep disorders were 
not specifically evaluated in the methods described.

In the hypersomnolent patient, polysomnography and mul-
tiple sleep latency testing should be considered in order to 
determine the nature of the post-traumatic nocturnal sleep 
disturbances as well as rule out coexisting pathologies such as 
obstructive sleep apnea syndrome and periodic limb move-
ment disorder. Comprehensive treatment of hypersomnia in 
this population will require evaluating the underlying cause 
of hypersomnia. In children with TBI who have lost con-
sciousness or are recovering from coma it may seem obvious 
that the hypersomnia is due to the brain injury. However, a 
careful history must always be taken, and the presence or 
absence of prior sleep disturbances should be determined. 
Other causes of hypersomnolence should also be considered 
in the evaluation of the patient with suspected post-traumatic 
hypersomnia. Hydrocephalus, subdural hematoma, meningi-
tis, encephalitis, and seizure disorders should be considered as 
contributing to sleep disturbances.23 Physical examination can 
reveal the possibility of minor focal neurologic signs, espe-
cially those of brainstem origin. Daytime fatigue may be due 
to insomnia. The possibility of a medication effect should also 
be considered. When comprehensive nocturnal polysomnog-
raphy reveals the presence of sleep-disordered breathing after 
head trauma, the sleep-related breathing disorders must first 
be managed before determining the extent to which each 
comorbid condition contributes to the hypersomnolence. The 
recognition that head trauma can be a precipitating factor to 
syndromes leading to excessive daytime sleepiness is impor-
tant, and a comprehensive evaluation of all patients who 
exhibit excessive sleepiness after head trauma is needed.

Galland and colleagues conducted a systematic literature 
review on interventions for sleep problems in children with 
TBI and found very little evidence-based data in this popula-
tion.24 They did describe a case report of a 6-year-old boy with 
a traumatic right-sided hemorrhage in the basal ganglia with 
pathological crying and poor sleep. The crying decreased and 
the sleep improved with the use of citalopram.25

Given the description of ADHD complaints in children 
with TBI, it is not surprising that the use of stimulants in 
children with TBI has been described and reviewed.26–29 No 
specific trials of stimulants for hypersomnia in children with 
TBI were located. In adults, modafinil for hypersomnia asso-
ciated with TBI has been reported with mixed results.29 The 
use of modafinil in children has been discouraged due to 

Clinical Pearls

•	 Children	who	suffer	significant	head	trauma	frequently	
experience	significant	sleep	disturbances	after	the	injury,	
particularly	when	the	trauma	is	severe	enough	to	result	in	
major	loss	of	consciousness,	although	sleep	disturbances	
may	also	follow	minor	trauma	with	only	a	brief	loss	of	
consciousness.

•	 Head	trauma	has	been	reported	to	increase	the	likelihood	
of	sleep-disordered	breathing.

•	 In	the	presence	of	severe	trauma,	conducting	and	
interpreting	an	MSLT	may	not	be	possible.

•	 Confounding	depression	and	anxiety	should	be	considered	
in	a	child	with	sleep	disturbances	after	a	traumatic	brain	
injury.

•	 No	specific	medication	trials	for	post-traumatic	
hypersomnia	are	available;	however,	stimulants	for	
cognitive	deficits	in	this	population	have	been	reported	to	
have	mixed	results.

References
1. International classification of sleep disorders. 2nd ed. Westchester,  

Illinois: American Academy of Sleep Medicine; 2005.
2. Watson NF, Dikmen S, Machamer J, et al. Hypersomnia following trau-

matic brain injury. J Clin Sleep Med 2007;3:363–8.
3. Pinto PS, Poretti A, Meoded A, et al. The unique features of traumatic 

brain injury in children. Review of the characteristics of the pediatric 
skull and brain, mechanisms of trauma, patterns of injury, complications 
and their imaging findings – part 1. J Neuroimaging 2012;22:e1–e17.

4. Pinto PS, Meoded A, Poretti A, et al. The unique features of traumatic 
brain injury in children. review of the characteristics of the pediatric skull 

http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0025


166    Principles and Practice of Pediatric Sleep Medicine

20. Max JE, Keatley E, Wilde EA, et al. Depression in children and adoles-
cents in the first 6 months after traumatic brain injury. Int J Dev Neurosci 
2012;30:239–45.

21. Levin H, Hanten G, Max J, et al. Symptoms of attention-deficit/hyper-
activity disorder following traumatic brain injury in children. J Dev 
Behavioral Pediatr: JDBP 2007;28:108–18.

22. Karver CL, Wade SL, Cassedy A, et al. Age at injury and long-term 
behavior problems after traumatic brain injury in young children. Rehabil 
Psychol 2012;57:256–65.

23. Grigg-Damberger M. Neurologic disorders masquerading as pediatric 
sleep problems. Pediatr Clin North Am 2004;51:89–115.

24. Galland BC, Elder DE, Taylor BJ. Interventions with a sleep outcome 
for children with cerebral palsy or a post-traumatic brain injury: a sys-
tematic review. Sleep Med Rev 2012;16:561–73.

25. Andersen G, Stylsvig M, Sunde N. Citalopram treatment of traumatic 
brain damage in a 6-year-old boy. J Neurotrauma 1999;16:341–4.

26. Jin C, Schachar R. Methylphenidate treatment of attention-deficit/
hyperactivity disorder secondary to traumatic brain injury: a critical 
appraisal of treatment studies. CNS Spectrums 2004;9:217–26.

27. Nicholls E, Hildenbrand AK, Aggarwal R, et al. The use of stimulant 
medication to treat neurocognitive deficits in patients with pediatric 
cancer, traumatic brain injury, and sickle cell disease: a review. Postgrad 
Med 2012;124:78–90.

28. Castriotta RJ, Murthy JN. Sleep disorders in patients with traumatic 
brain injury: a review. CNS Drugs 2011;25:175–85.

29. Castriotta RJ, Atanasov S, Wilde MC, et al. Treatment of sleep disorders 
after traumatic brain injury. J Clin Sleep Med 2009;5:137–44.

30. Kumar R. Approved and investigational uses of modafinil: an evidence-
based review. Drugs 2008;68:1803–39.

31. Hornyak JE, Nelson VS, Hurvitz EA. The use of methylphenidate in 
paediatric traumatic brain injury. Pediatr Rehabil 1997;1:15–17.

32. Williams SE, Ris MD, Ayyangar R, et al. Recovery in pediatric brain 
injury: is psychostimulant medication beneficial? J Head Trauma Rehabil 
1998;13:73–81.

33. Mahalick DM, Carmel PW, Greenberg JP, et al. Psychopharmacologic 
treatment of acquired attention disorders in children with brain injury. 
Pediatr Neurosurg 1998;29:121–6.

34. Stippler M, Ortiz V, Adelson PD, et al. Brain tissue oxygen monitoring 
after severe traumatic brain injury in children: relationship to outcome 
and association with other clinical parameters. J Neurosurg Pediatr 
2012;10:383–91.

and brain, mechanisms of trauma, patterns of injury, complications, and 
their imaging findings – part 2. J Neuroimaging 2012;22:e18–41.

5. Guilleminault C, Yuen KM, Gulevich MG, et al. Hypersomnia after 
head-neck trauma: a medicolegal dilemma. Neurology 2000;54:653–9.

6. Adey W, Porter RW. EEG patterns after high cervical lesions in man. 
Arch Neurol 1968;19:377–83.

7. Hall CS. Sleep attacks: Apparent relationship to atlantoaxial dislocation. 
Arch Neurol 1975;32:58–9.

8. Ommaya AK, Grubb RL Jr, Naumann RA. Coup and contre-coup 
injury: observations on the mechanics of visible brain injuries in the 
rhesus monkey. J Neurosurg 1971;35:503–16.

9. Baumann CR, Bassetti CL, Valko PO, et al. Loss of hypocretin (orexin) 
neurons with traumatic brain injury. Ann Neurol 2009;66:555–9.

10. Baumann CR, Stocker R, Imhof HG, et al. Hypocretin-1 (orexin A) 
deficiency in acute traumatic brain injury. Neurology 2005;65:147–9.

11. Lankford DA, Wellman JJ, O’Hara C. Posttraumatic narcolepsy in mild 
to moderate closed head injury. Sleep 1994;17:S25–8.

12. Rodrigues RN, Silva AA. [Excessive daytime sleepiness after traumatic 
brain injury: association with periodic limb movements and REM behavior 
disorder: case report]. Arquivos de Neuro-psiquiatria. 2002;60:656–60.

13. Tham SW, Palermo TM, Vavilala MS, et al. The longitudinal course, 
risk factors, and impact of sleep disturbances in children with traumatic 
brain injury. J Neurotrauma 2012;29:154–61.

14. Crowe LM, Catroppa C, Babl FE, et al. Timing of traumatic brain injury 
in childhood and intellectual outcome. J Pediatr Psychol 2012;37: 
745–54.

15. Catroppa C, Godfrey C, Rosenfeld JV, et al. Functional recovery ten years 
after pediatric traumatic brain injury: outcomes and predictors. J Neuro-
trauma 2012;29:2539–47.

16. Anderson V, Godfrey C, Rosenfeld JV, et al. 10 years outcome from 
childhood traumatic brain injury. Int J Dev Neurosci 2012;30:217–24.

17. Anderson V, Godfrey C, Rosenfeld JV, et al. Predictors of cognitive 
function and recovery 10 years after traumatic brain injury in young 
children. Pediatrics 2012;129:e254–61.

18. Anderson V, Catroppa C, Godfrey C, et al. Intellectual ability 10 years 
after traumatic brain injury in infancy and childhood: what predicts 
outcome? J Neurotrauma 2012;29:143–53.

19. Babikian T, McArthur D, Asarnow RF. Predictors of 1-month and 1-year 
neurocognitive functioning from the UCLA longitudinal mild, uncom-
plicated, pediatric traumatic brain injury study. J Int Neuropsychol Soc: 
JINS 2012;1–10.

http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00021-8/sr0175


167

INTRODUCTION

Sleep and wake states occur along a continuum which is a 
complex biological process involving the integration and 
orchestration of neurochemical substances across various 
regions of the human brain. Regulators and modulators within 
the brain may act to either promote sleep or wake states 
depending upon the interactions of multiple biochemical and 
cellular pathways. Hence, the distinction between the neuro-
logical states of wake and sleep is rather more fluid than 
categorical. Despite the essential need for sleep, its true func-
tion remains elusive. What evidence exists suggests that sleep 
plays a role in biological function, cellular repair, memory and 
learning. Investigations into sleep deprivation have yielded 
data that suggest physiological consequences across behavio-
ral, physical and emotional domains in correlational and 
experimental studies. Disorders of hypersomnia, such as nar-
colepsy and the mechanisms involved, have improved our 
current understanding of several neuroanatomic pathways in 
the brain as well as the molecular mechanisms involved in 
sleep–wake regulation. Many commonly used medications 
can similarly affect sleep–wake regulation as sleep disorders 
have been shown to do, either as a treatment of sleep disor-
ders, or those used socially or recreationally. Furthermore, the 
utilization of genetic information and pharmaceutical agents 
has narrowed the target as such that our ability to regulate 
sleep–wake states has become more precise, while minimizing 
unpleasant side effects. The aim of this chapter is to provide 
an overview of medications that cause excessive sleepiness or 
hypersomnia as an intended or unintended consequence of 
their use and/or misuse in children and adolescents for treat-
ment of sleep disorders or other health problems that affect 
sleep–wake regulation. Despite the widespread and common 
use of complementary alternative medications, hypersomnia 
is not a specifically reported side effect despite their use as a 
hypnotic to promote sleep, and therefore will not be reviewed.

HYPERSOMNIA

Hypersomnia is defined as excessive sleepiness out of propor-
tion for age, gender and development in any given individual. 
Features that may be used to describe hypersomnia include 
persistent sleepiness, sleep episodes that may be resistible, 
non-refreshing and long-lasting periods of sleep without asso-
ciated sleep-onset REM periods which characterize nar-
colepsy. The excessive sleepiness may be associated with 
increased sleep time, even sleep drunkenness, or difficulty 
waking. That hypersomnia is a significant finding is under-
scored by the International Classification of Sleep Wake  
Disorders manual (ICSD-2), which includes a section specifi-
cally related to hypersomnia disorders which are not in  
context with sleep-related breathing disorders. Among the 
well-described categories are narcolepsy with and without 

cataplexy, recurrent hypersomnia and idiopathic hypersom-
nia.1 Sleepiness is children and adolescents is more commonly 
related to a multitude of factors (imposed academic, social or 
work-related schedules), actual sleep disorders, such as behav-
iorally induced insufficient sleep syndrome, poor sleep hygiene, 
sleep-related breathing disorder, restless legs syndrome, or 
even circadian rhythm disorder, rather than a disorder of 
sleepiness itself.2 As such, disorders of sleepiness have been 
increasingly recognized by clinicians around the world, par-
ticularly over the past decade. What makes hypersomnia chal-
lenging to recognize is that children may not present clinically 
as adults do, and often the hypersomnia becomes a concern 
only when it interferes with academic performance or societal 
expectations of the child, adolescent or their caregivers. In 
addition to defined disorders of hypersomnia, hypersomnia 
itself can occur due to the ingestion of a drug or substance. 
Related to the use of medications, hypersomnia may be 
observed with the abrupt cessation of excessive stimulant use 
(abuse) or, alternatively, the sleepiness complaint may result 
from previous long-term use of stimulants with termination 
of use (chronic use). Hypersomnia may also result from use 
of sedatives such as benzodiazepines, barbiturates, gamma 
hydroxybutyrate or alcohol. Other medications that may 
result in sleepiness include high doses of anticonvulsant  
medications or even opioid analgesics. Another overlooked 
category are over-the-counter medications such as sedating 
antihistamines, or anti-emetics which are often used as sleep 
aids but also as agents of abuse. In addition, medications used 
in combination may compound the hypersomnia effects such 
as the combinations of alcohol mixed with sedatives. Medica-
tions used for other medical problems that may cause hyper-
somnia such as varenicline (Chantix), a smoking cessation 
medication, or some chemotherapeutic agents will not be 
discussed. The chapter will discuss some of the available evi-
dence related to these medications and highlight important 
clinical considerations. The increasing use of medication in 
general has resulted, predictably, in the unintended uses of 
said medications, possibly increasing the incidence of sleepi-
ness in children and especially adolescents. Many different 
medications have associated reports of hypersomnia as an 
adverse drug event related to their use. The lengthy list of 
potential culprits will not be reviewed here but the interested 
reader can search other sources such as drug monographs or 
drugcite.com.

SLEEP–WAKE CONTINUUM: ANATOMY  
AND ITS SUBSTRATES

From historical experiments involving the introduction of 
brain lesions in animals to facilitate the study of sleep and 
wake behaviors, the field of inquiry has evolved. Findings now 
suggest that sleep and wake states are generated by specific 
neurotransmitters in specific neuronal systems which together 
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anticholinergic activity in the basal forebrain and brainstem. 
There may be many other neuroactive substances such as 
cytokines that alone or in combination with some of these 
established neurotransmitters further mediate sleep and wake 
states. Medications may cause hypersomnia by different 
mechanisms, by either promoting sleep-activating neurons 
(GABA), or inhibiting the wake-promoting regions (antihis-
tamines).4 Medications may cause hypersomnia if they impair 
wakefulness either by the sedating effect lasting longer or 
prolonged action lasting into waking hours. Medications that 
promote alertness may impair sleep continuity. Much of the 
available data on use of these psychoactive medications are 
from adults, and effects on children may not be the same.5 
Table 22.1 provides a simplistic categorization of the neuro-
transmitter role in sleep and wake determination and primary 
anatomic location that is involved. Different classes of medi-
cations and the associated evidence in children and adoles-
cents are discussed below.

ABUSE OR MISUSE OF PRESCRIPTION AND  
OVER-THE-COUNTER MEDICATIONS

The use of medications has climbed steadily over the years in 
all fields of medicine, particularly in sleep medicine, either to 
promote wakefulness or sleepiness, depending on the present-
ing problem. As a result of this, our collective desire to manip-
ulate and regulate sleep–wake cycles as much as we dictate 
personal schedules is rampant across society, and children are 
no exception, either because of parental or societal expecta-
tions or their own in meeting all their social and personal 
demands. Strategic and direct marketing to consumers and 
prescribers has contributed to the widespread use of pharma-
cological agents to manipulate and treat sleep. Compounding 
this problem is that medications are no longer available just 
to those with prescribing authority. Internet access has 
enhanced the spread of drug information as well as the dis-
tribution of medications themselves, fuelling the phenome-
non. One could also surmise that the current cultural ideation 
of a ‘magic pill’ or cure-all for any ailment has resulted in the 
development of a focused pharmaceutical industry promoting 
medications for actual or perceived medical conditions. 
According to the FDA, from 1960 to 2004, the amount spent 
on prescription drugs increased from $2.7 billion to over $200 
billion with no expected reduction, as more sophisticated 
medications are developed for targeted use.6 Most impor-
tantly, the misperception, particularly in adolescents, that 
medications prescribed by physicians and dispensed by phar-
macists are safer than illicit drugs has resulted in a widespread 
epidemic of misuse of prescription and over-the-counter 
medications.7

Society’s ever-increasing use of medications has resulted in 
the intentional abuse of prescribed and over-the-counter 
(OTC) medications to affect mood, performance, and sleep–
wake state. A wide variety of classes of medications contain 
the potential for abuse including: sedatives, opioids and deriva-
tives, stimulants, tranquilizers and muscle relaxants, as well as 
centrally acting agents. Data from the National Survey on Drug 
Use and Health in 2010 showed that almost one-third of 
individuals over age 12 who used drugs for the first time in 
2009 had begun by using a prescription drug non-medically.8 
Data also showed that prescription drugs account for the second 

have widespread projections in the brain. Sleep and waking 
behavior can occur in the absence of the cortex, but the cortex 
is involved in coordination with the ascending reticular acti-
vating system to maintain arousal and alertness. Sleep regula-
tory substances (SRS) are considered to occur apart from these 
mechanisms and felt to be contributing factors to the sleep–
wake continuum. It has been found that wakefulness increases 
SRS production while SRS themselves promote and alter 
sleep. For a substance or neurotransmitter to be considered a 
sleep regulatory factor it must meet the following criteria: (1) 
the substance and/or its receptor oscillates with sleep propen-
sity, (2) sleep is increased or decreased with administration of 
the substance, (3) blocking the action or inhibiting the pro-
duction of the substance changes sleep, (4) disease states, e.g., 
infection, associated with altered sleep also change levels of 
the putative SRS, and finally (5) the substance acts on known 
sleep regulatory circuits.3 Medications may exert their effects 
along various aspects of the same pathway as SRS function to 
inhibit or enhance sleep. The molecular basis of medications 
from microinjection studies are well established from various 
drug classes. What are less well known are the anatomic sites 
where different medications work to induce sleep. Just as a 
single EEG measure is insufficient to differentiate sleepiness, 
various medications uniquely affect the degrees of sleepiness 
in different populations. As a result of hypersomnia, manifes-
tations of sleepiness may include hyperactivity, motor restless-
ness, behavioral problems and poor academic performance, 
particularly in children.

No specific structure of the brain is independently involved 
in the maintenance of sleep or wake states. Rather, it is unique 
types of neurons within the same structure which may be 
playing a role in maintaining the state of sleep or wakefulness. 
Wakefulness and alertness are maintained by neurons within 
the brainstem ascending reticular formation that send  
projections to the thalamocortical pathways via two routes, 
the dorsal pathway and in the posterior thalamus, and the 
basal forebrain in the ventral pathway.3,4 Neurons that are 
involved in activation and wake promotion are concentrated 
in certain regions of the brain including the oral pontine, 
midbrain tegmentum and posterior hypothalamus. In con-
trast, the sleep-promoting regions are in the brainstem, dor-
solateral medullary reticular formation, basal forebrain, and 
anterior hypothalamus ventrolateral preoptic area. Sleep is 
promoted through the inhibitory neurotransmitters, gamma-
hydroxybutyric acid (GABA) and galanin. Experiments in the 
1950s and 1960s showed that acetylcholine is important for 
vigilance and cortical activation. Locus coeruleus neurons 
using norepinephrine project diffusely to the forebrain and 
brainstem to maintain cortical activation. Further studies 
suggest that norepinephrine and adrenergic receptors are 
important for stimulating and maintaining activating pro-
cesses, whereas dopaminergic nuclei in the midbrain ventral 
tegmental areas are important in stimulating behavioral 
arousal. The posterior thalamic neurons have histamine, 
which has been long assumed to play a role in vigilance, and 
have widespread projections to areas of the hypothalamus and 
cortex. Orexin (hypocretin) also has widespread projections 
across the forebrain and cortex is involved in maintaining 
wakefulness. Serotonergic neurons from the raphe nuclei are 
also important in maintaining wakefulness. Adenosine is 
another neurotransmitter involved in sleep–wake regulation 
in the homeostatic process, and may promote sleep through 
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(Data from Priniciples and Practice of Sleep Medicine.)

NEUROTRANSMITTER LOCATION PROJECTION AWAKE REM NREM DRUG CLASS

Gamma aminobutyric 
acid (GABA)

Widespread − − ++ Benzodiazepine receptor 
agonists and antagonists 
promote sleepiness

Serotonin (5-HT) Dorsal raphe and 
median raphe nuclei 
in the midbrain

Diencephalon, limbic 
system and neocortex

+++ − ++ Selective serotonin reuptake 
inhibitors, many can cause 
daytime sedation

5-HT1A −

5-HT2A − ++ Serotonin antagonist/
reuptake inhibitor 
(trazadone and nefazadone)

Norepinepherine throughout the 
brainstem, primarily 
Locus ceoruleus (LC)

Diencephalon, forebrain, 
cerebellum

+++ − ++ Tricyclic antidepressant 
medications

Various receptor types: 
norepinephine alpha-1, 
alpha-2, and beta NE

Preoptic area and basal 
forebrain

+++ ++ − Tricyclic antidepressant 
medications

Histamine Tuberomamillary nucleus 
(TMN) and posterior 
hypothalamus (PH)

Hypothalamus and 
forebrain and neocortex

+++ − ++ Antihistamines

Orexin Midlateral hypothalamus All brain regions including 
brainstem

+++ ++ −

Table 22.1  Neurotransmitters and Neuroanatomic Associations and their Rates of Discharge

most commonly abused category of drugs after marijuana  
but ahead of cocaine, heroin and methamphetamines.9 The 
National Survey on Drug Use and Health revealed in 2010, 
about 22.6 million Americans aged 12 and older had used illicit 
drugs during the past month, including prescription-type psy-
chotherapeutics non-medically.8 When lifetime prevalence of 
misuse of medications is considered, the number is a staggering 
52 million individuals aged 12 and older, representing 20.6% 
of the US population.10 The majority of these medications are 
obtained from friends or relatives (55%), and 17.3% from physi-
cians, 4.4% from strangers; 0.4% reported buying the drug on 
the internet. Non-medicinal use of psychotherapeutics occurred 
in 7.0 million (2.7%) children 12 and older compared to 6.3 
million in 2002.9 The types of medications used non-medicinally 
were: pain relievers (5.1 million), tranquilizers (2.2 million), 
stimulants (1.1 million), and sedatives/hypnotics (374,000). 
The rates of use of these medications do vary by age, with 
increasing prevalence of use with age (4.0% in children age 
12–13 years, to 9.3% in those age 14–15 years, to 16.6% in 
16–17-year-olds).9 These data suggest that use of psycho active 
medications for non-medicinal purposes is common among 
youth. For the clinician, the challenge lies in trying to differ-
entiate not only what the complaint of hypersomnia is as a 
result of the complex interplay of development, socio-cultural 
influence on sleep–wake regulation and a possible sleep disorder, 
but also being able to differentiate iatrogenic causes of sleepi-
ness that may further compound the presenting complaint. For 
example, the multiple sleep latency test may be positive, not 
because of the true hypersomnia or associated disorder, but 
rather the use of the medications that are used in combination 
with the given youth’s circadian rhythm that may be influencing 
the findings. Conversely, use of stimulant medication or 

caffeine, either in the form of energy drinks or excessive use of 
other forms of caffeine, as a countermeasure may mask the true 
sleepiness that is present for the given adolescent. For patients 
on anticonvulsant medications, either as a mood stabilizer or 
for their epilepsy, teasing apart the true sleepiness versus the 
sleepiness resulting from medications or even psychiatric dis-
order can be quite challenging.

The inappropriate use of medications has significant con-
sequences ranging from increased healthcare utilization to 
policy-level regulations for drug dispensation. The overall 
dependence on a specific medication may very well be thera-
peutic regardless of the class of said medication. The chal-
lenge often lies in the distinction and what it means for the 
functioning for the given individual. For example, a person 
may be pseudo-addicted when a patient requiring a stimulant 
for narcolepsy engages in drug-seeking behavior to obtain a 
therapeutic and effective dose of medications. Conversely, a 
drug-addicted person may have underlying medical issues that 
have been untreated, as the person was engaged in abuse to 
self treat the problem without seeking appropriate advice. A 
person on long-term anxiolytics for symptoms related to 
insomnia may turn to other agents such as alcohol to cope 
with the symptoms of withdrawal or for the desired effect of 
sedation.

With increasingly rapid advances in technology, access to 
medical services and information has also advanced. Previ-
ously, prescriptions or medications were either prescribed or 
bought directly from a pharmacy. Presently, any individual 
with access to the internet may order a variety of prescription 
and over-the-counter medications, delivered straight to their 
home. Many sites that sell medications on the internet may 
or may not require a prescription, or have opportunities for 
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CATEGORIES OF MEDICATION THAT RESULT  
IN SLEEPINESS AS EITHER AN INTENDED OR 
UNINTENDED CONSEQUENCE

Sedative-Hypnotics
Sedatives and hypnotics have really transformed from the 
initial agents that used to include barbiturates. Virtually all of 
the sedative, hypnotic and anxiolytic agents bind to GABA 
moieties at the benzodiazepine receptor.19 Barbiturates, for 
example, increase stage 1 sleep, and decrease REM sleep; thus, 
these could affect the findings of the multiple sleep latency 
test, and even either mask or underestimate the severity of 
sleep-disordered breathing. The use of some of these agents 
has, in general, decreased because of the availability of better 
agents with fewer side effects, higher therapeutic window, and 
less toxicity. Chloral hydrate has been widely used in medicine 
for sedating children for procedures and has been used as  
a hypnotic. (However, Chloral hydrate has been discontinued 
in the US.) Excessive doses result in hypersomnia. Respiratory 
depression can occur when combined with other sedatives and 
hypnotics. Case reports of death exist at doses of 100 mg/
kg.20,21 The medication is no+ longer available because of a 
production shortage, and clinicians are faced with a challenge 
of finding suitable alternatives, especially because it is widely 
used for sedated procedures in pediatrics.22 Long-term use has 
been reported in children with neurodevelopmental disabili-
ties. Tolerance may develop to the medication. Notable effects 
of this class of medication include: reduced anxiety, antero-
grade amnesia, and sedation as well as memory impairment.

GABAA Agonists: Benzodiazepines and the 
Non-Benzodiazepines
The 35 benzodiazepine compounds currently available are the 
most widely prescribed and used hypnotic agents in clinical 
practice. This class of medication is typically utilized by prac-
titioners as hypnotics, sedatives and anxiolytics. The receptor 
complex of GABA agonists includes a group of ligand-gated 
ion channels, the mechanism of which is at the benzodi-
azepine binding site on GABAA receptor and its associated 
chloride channel. Each of these compounds displays unique 
aspects pertaining to their individual receptor subtype involved 
in binding and the resultant half-life. As such, GABA agonists 
with a shorter half-life tend to be used in practice as amnestics 
for invasive procedures, such as midazolam, while the longer-
acting medications result in more daytime sleepiness. Given 
these traits, it is not surprising to find that those benzodi-
azepines with longer half-lives are typically prescribed as sleep 
aids. Caution in prescribing should be exercised, as overdose 
of this class of medications can result in respiratory depression, 
especially when combined with other sedative medications or 
alcohol.23 Benzodiazepines may be used in isolation for the 
euphoric effects or combined in different forms to augment 
the effects of other medications.

In particular, two medications in this category deserve 
special mention as they are widely used in the adult sleep 
medicine for the treatment of insomnia.2 Zaleplon (Sonata) 
is a non-benzodiazepine which binds to the benzodiazepine 
receptor with a resulting ultra-short half-life, making it the 
agent of choice for sleep-onset insomnia and may actually 
induce slow wave sleep, unlike the other benzodiazepine 
agents. Zaleplon has been found to have greater efficacy in 
children compared to zolpidem. Zolpidem (Ambien) also has 

individuals to gain inappropriate access to these medications. 
The lack of regulation also does not guarantee that the con-
sumer is getting appropriate or the actual medication that is 
prescribed. There were over 340 online ‘approved pharmacies’ 
in 2010 and many rogue pharmacies (FDA website).11 
Increased travel to countries where access to prescription 
medications is less diligently controlled also increases the 
individual’s chances of obtaining potentially harmful medica-
tions. The widespread availability of these agents not only 
improves access to, but provides more opportunities for those 
who are prone to abuse the medications, to obtain them or 
seek out these agents as substitutes when the drug of choice 
is not available.

A particular abuse of medications in adolescents, referred 
to as ‘pharming,’ warrants special consideration, particularly 
as the prescription and over-the-counter medication abuse of 
cough and cold preparations is becoming more common. 
Factors that promote the likelihood of abuse include the ease 
of accessibility, since most of these medications are widely 
available in homes, are relatively inexpensive, and decreased 
perception of potential harm because they are legal.12 The 
abuse of these drugs is strongly associated with abuse of alcohol 
and other illicit substances.13 Data from a self-administered 
study of 7300 adolescents from grade 7–12 revealed that one 
in five (19%) of 4.5 million reported abusing prescription 
medications to ‘get high’ while one in ten (10% or 2.4 million) 
reported abusing cough medications to ‘get high.’ These find-
ings exceed rates of abuse from illicit substances such as meth-
amphetamines (8%).13 In addition, a nationwide survey among 
50 000 students from grade 8 revealed a higher use of narcotic 
pain relievers than previous years in grades 8 and 10.14 Data 
from the California Poison Control Center showed dexometh-
orphan abuse increased 10-fold from 1999 to 2004, with a 
15-fold increase in adolescents aged 9–17 years.15 Many ado-
lescents obtain these medications from their peers16 or from 
their social network of friends, relatives, physicians.17 These 
medications may be used as sleep aids or study aids. There is 
also less social stigma for use of these medications rather than 
street drugs.13 Prescription medications abused by adolescents 
including opioid analgesic agents, sedative hypnotics and 
stimulants are discussed below.

COMPLEMENTARY ALTERNATIVE MEDICATIONS

Complementary alternative medication (CAM) use has 
increased substantially over the past decade. In sleep medicine, 
many of these agents are used as sleep aids and are discussed 
in the associated relevant chapters. The 2001 National Health 
Interview Survey gathered information on CAM use among 
more than 9000 children younger than 18 years of age. It was 
found that nearly 12% of the children had used some form of 
CAM during the past 12 months. CAM use was much more 
likely to occur among children whose parents also used CAM. 
Adolescents aged 12–17 years, children with multiple health 
conditions, and those whose families delayed or did not use 
conventional medical care because of cost were also more 
likely to use CAM,18 suggesting that CAM use may be more 
common than reported in the literature. Review of multiple 
data sources did not reveal any CAM therapies that list hyper-
somnia as a concerning symptom, either as a cause or side 
effect of the medication.
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technique in neuroimaging, including PET scanning, has 
enabled specific identification of H1 receptor occupancy in 
the brain. This can be linked to cognitive processing to be able 
to determine where and how H1 receptors are activated or 
inhibited and how that might affect the cognitive tasks that 
an individual performs.28 Most first-generation antihista-
mines cause drowsiness, sleepiness or sedation as a side effect 
because they are lipophilic and cross the blood–brain barrier. 
The effects may be augmented when used in conjunction with 
alcohol, sedative hypnotics or narcotic agents. These agents 
are generally regarded as less harmful because they are readily 
available and widely used, but their effects can be profound 
and they do have addictive potential. Diphenhydramine is a 
commonly available antihistaminic drug that is often used 
off-label for sedation and hypnotic for children. Diphenhy-
dramine is typically used for allergy and atopic disorders with 
such regularity by practitioners and the public, and is largely 
regarded as being harmless. Interestingly, in those with a 
genetic predisposition to addiction, this medication is often 
used to ‘get high,’ similar to use of a stimulant, and can be 
associated with significant sequelae.29 In most of the rest of 
the population, it is used as a hypnotic, even in very young 
children for insomnia of childhood. The reported effect can 
be quite inconsistent, ranging from paradoxical excitation to 
somnolence and sedation.

Dimenhydrinate is another over-the-counter antihistamine 
for nausea and is highly valued for its sedative properties. The 
effects are similar to those of diphenhydramine. Dimenhydri-
nate is an H1 histamine receptor antagonist and interacts with 
other neurotransmitters, either directly or indirectly. Some of 
the neurotransmitters it can interact with include: acetylcho-
line, serotonin, norepinepherine, dopamine, opioids, or ade-
nosine.31 Although it is available over the counter, and appears 
to be benign, this drug also has abuse potential and does result 
in hypersomnia.

Hydroxyzine is also a centrally acting H1 histamine recep-
tor antagonist that is used for sedation, as an anxiolytic and 
for atopic disorders for pruritus. Off label, this agent can be 
used for sedation. This medication, like other sedating anti-
histamines, can result in hypersomnia if used inappropriately 
during the day. The newer-generation antihistamines (certi-
rizine, desloratidine, loratidine) are hydrophilic and do not 
cross the blood–brain barrier and are much more selective, 
enabling treatment of atopy without associated sedation.

Dextromethorphan
Dextromethorphan hydrobromide is common in more than 
150 over-the-counter cough and cold remedies in the United 
States.23 Dexamethorphan is a synthetic opioid and is the 
dextroisomer of the codeine analog, levorphenol. This is com-
monly used to treat cough as a cough suppressant at doses of 
15–30 mg. Use of this medication at higher doses, referred to 
as ‘sheeting,’ where upwards of 8–16 tablets are consumed at 
once, has been reported.12,30 At very high doses of 600–
1500 mg, it can result in symptoms similar to phencyclidine 
or ketamine as the dextromethorphan is converted to dex-
trophan, causing dissociative effects by antagonizing 
N-methyl-D-aspartate (NMDA).12 A small portion of Cau-
casian individuals have difficulty metabolizing this medica-
tion, resulting from a genetic polymorphism and may not 
experience the dissociative effects.30 This medication can 
induce addiction and can cause cravings with sustained use.

a relatively short half-life and is another non-benzodiazepine 
agent different from similar drugs in that it binds to the ben-
zodiazepine receptor site, and as a result has excellent hyp-
notic properties. In general, agents with a longer half-life are 
more likely to cause daytime sleepiness, and the inappropriate 
timing of administration can lead to drug-induced hypersom-
nia. In comparison to the other sedative-hypnotics, these 
cause the least amount of sleepiness.

Opioids and Morphine Derivatives
As the management of chronic pain has garnered more atten-
tion and awareness, there has been a steady increase in use of 
prescription pain medications, including over-the-counter 
remedies. The neurobiology of pain is complex and involves 
both central and peripheral mechanisms. Simply, pain dis-
rupts sleep while sleep deprivation may increase pain sensitiv-
ity.24 Opioid peptides may be involved in modulation of 
various biological processes including sleep, which is how they 
mediate their effect, and somnolence is a common side effect.25 
Sleep medicine has also embraced the use of opioids and 
derivatives as second-line agents for treating restless legs syn-
drome or Willis–Ekbom disease. Opioids and their deriva-
tives are the most commonly abused prescription medications, 
resulting in social programs and dispensary interventions to 
stave off the epidemic. In 2009, about 9.7% of 12th-graders 
reported misuse of Vicodin (an opiate narcotic) in the past 
year in a national survey26 while up to 18% of 11th-graders 
used opiates without a prescription.27 Opioids bind to recep-
tors across various regions in the brain, and, in high enough 
doses, cause sleepiness and respiratory depression. Long-term 
use can lead to physical dependence, tolerance and addiction. 
Combination of opioids in addition to other agents such as 
alcohol, antihistamines, or sedatives can result in life-
threatening respiratory depression, coma and death.

Antidepressants
Dependent upon the specific antidepressant agent chosen, 
medications in this category can be either activating or sedat-
ing. Sleep-enhancing antidepressants may result in hypersom-
nia even at clinically therapeutic doses, such as mirtazepine 
(remeron) which is a serotonin 5-HT2A antagonist/reuptake 
inhibitor. This medication has widespread effects on nor-
epinephrine, histamine and alpha adrenergic systems. In con-
trast, nefazadone inhibits norepinephrine reuptake and is 
antagonistic at the 5-HT2A receptor and is a bit more alerting 
in comparison. Trazadone enhances sleep by acting at 5-HT2A 
as an antagonist and blocks histamine receptors and, as a 
result, it is the most sedating antidepressant, often used for 
insomnia. A relatively newer antidepressant, escitalopram 
(Cipralex), is an antidepressant belonging to the selective 
serotonin reuptake inhibitors. Somnolence has been reported 
as a side effect, but less so than with others.4 If combined with 
dextromethorphan, it can cause serotonin syndrome, which is 
an idiosyncratic, potentially life-threatening adverse drug 
reaction, from excess serotonergic activity at the central 
nervous system.

Antihistamines
Antihistamines are available as both prescription and over-
the-counter preparations and are used for treatment of aller-
gies, cold symptoms, and as sleep aids, commonly off-label  
in children because of their sedating properties. A novel 
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significant sequelae including respiratory depression, loss of 
consciousness, coma and death.37–39 The concern for potential 
abuse has resulted in restricted access to the medication by 
way of a central dispensing pharmacy following the intensive 
education of the patient. Even at therapeutic doses, the 
sodium oxybate is associated with confusion, increased para-
somnias, depression and other neuropsychiatric symptoms.40 
Concerns surrounding potential abuse of sodium oxybate 
should be taken into consideration when prescribing this par-
ticular drug.

Dopaminergic Medications
As the precursor of dopamine, dopaminergic agents such as 
levodopa act by repleting dopamine to treat dystonic disor-
ders. They are considered first-line agents for the treatment 
of restless legs syndrome and periodic limb movements (see 
Chapter 43). There is a dopa-decarboxylase inhibitor which 
reduces the peripheral conversion of levodopa to dopamine 
helping to prevent untoward side effects that can occur. In 
addition, the enzymatic breakdown enables the medication to 
be used at lower doses centrally to produce effective outcomes. 
The extracerebral dopa-decarboxylase inhibitor most com-
monly used in children is carbidopa. This has been used in 
dystonias associated with cerebral palsy and certain metabolic 
disorders. Excessive daytime sleepiness and sudden onset of 
sleep can occur with this agent and therefore it should be used 
with caution.4

Atypical Antipsychotic Agents
Some of the more commonly used atypical antipsychotic 
agents including ziprasidone, quetiapine, and olanzepine can 
be significantly sedating. Respiridone, another atypical anti-
psychotic, which is increasingly used in children for agitation 
associated with insomnia, has also been utilized by clinicians 
for the side benefit of sedation. While weight gain is a 
common side effect, atypical antipsychotic agents have much 
fewer side effects than typical neuroleptics used for schizo-
phrenia. Quetiapine has been widely used off-label for its 
sedation properties in children and adolescents because it is a 
dopamine, serotonin, and adrenergic antagonist with potent 
antihistamine properties.41 Lurasidone is an atypical second-
generation antipsychotic agent approved for use in adults for 
long-term symptom control of schizophrenia, but safety and 
efficacy of its use in children has not been established. Like 
other antipsychotic agents, it may impair judgment and can 
result in hypersomnia, hypersomnolence and sedation.42,43

EVALUATING HYPERSOMNIA RESULTING  
FROM MEDICATIONS: CONSIDERATIONS  
FOR THE CLINICIAN

Pharmacological treatments required in the management of 
medical conditions in children and adolescents may result in 
a clinical presentation of hypersomnia. In addition, medica-
tions used for the treatment of disorders of sleepiness and/or 
sleeplessness may confound the clinical picture, leaving the 
sleep specialist with the challenge of evaluating the role of 
medication in relation to sleep–wake regulation. A thorough 
review of prescribed medications, over-the-counter medica-
tion, dosage, frequency and timing and associated counter-
measures used to manage sleepiness, such as caffeine in its 

In addition, many cough syrup preparations contain addi-
tionally significant active ingredients. For example, Coricidin, 
a common and popular over-the-counter antihistamine and 
decongestant, contains dextromethorphan, chlorpheniramine, 
phenylpropranolamine and acetaminophen. Intoxication with 
this medication presenting to the emergency room can be 
associated with sleepiness in up to 24%.23At high doses, the 
effects can be profound and life-threatening.

Amphetamines and Other Stimulants
Amphetamines and stimulants are used primarily for the 
treatment of attention deficit hyperactivity disorder and for 
narcolepsy in conjunction with anti-cataplectic agents. Various 
agents are available including: amphetamine, dextroampheta-
mine, methamphetamine, methylphenidate, or their deriva-
tives. Abrupt withdrawal of amphetamines may unmask 
unwanted symptoms such as depression, irritability, psycho-
motor agitation or even hypersomnia and disturbed sleep. 
Conversely, large doses of amphetamines may also cause 
mental depression, disorientation, hallucinations and even 
coma. In addition to prescription use, these drugs are also 
often used inappropriately for non-medicinal purposes. Ritalin 
has the highest rates of non-medicinal use. The National 
Survey on Drug Use and Health revealed from 2005 that 6.4 
million (2.6%) people aged 12 and older had used prescription 
medications within a month, stimulants were used by 1.1 
million people (512 000 used methamphetamines), and sug-
gested ongoing gradual increase in use of stimulant medica-
tions.9,23 The use of such medications recreationally or socially, 
without a medical indication, makes the issue of evaluating a 
sleep disorder quite challenging because the fragmentation of 
nighttime sleep can result in daytime somnolence, and a dis-
order of hypersomnia may be masked by the use of such 
agents. These medications, when prescribed with others 
which are sedating, also have to be timed appropriately for 
optimal benefit and sleep–wake regulation.

Anticonvulsant Medications and Hypersomnia
Medications used in the treatment of epilepsy have been 
found to be sedating, thus challenging the clinician to distin-
guish sleepiness related to epilepsy control from sleepiness due 
to drug therapy. Several medications in this category include: 
valproic acid (Depakene), carbamazepine (Tegretol) and 
Gabapentin (Neurontin).3 These medications may be used to 
optimize sleep or to induce hypersomnia due to their sedating 
properties.

Sodium Oxybate
Sodium oxybate (gamma hydroxybutyrate: Xyrem) is a central 
nervous system depressant that exhibits potent hypnotic activ-
ity.32,33 Although the exact mechanism of action has not been 
fully elucidated, sodium oxybate is thought to act on GABAB 
receptors.34 Used to treat narcolepsy with cataplexy, sodium 
oxybate has been shown to be an effective treatment,35 and 
has been used off-label for narcolepsy with cataplexy in chil-
dren. No tolerance was reported in a small level-IV evidence 
study of 15 adolescents (mean age 11 years) on sodium oxybate 
with a mean follow-up of 33 months.36 Only one patient 
discontinued the medication because of a dissociative state.36 
The subjects did, however, show a need for less other medica-
tions after the initiation of sodium oxybate for cataplexy. Rec-
reational use of this medication has been associated with 
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various forms, should be undertaken. It is important to con-
sider the medications in view of the circadian factors that may 
enhance or inhibit the effect of medication, such as the use of 
stimulants in the late afternoon versus a morning dosage. 
Teenagers should specifically be asked about use of prescrip-
tion, non-prescription or over-the-counter medications, com-
plementary alterative substances, as well as illicit drug use, in 
a non-threatening or judgmental manner. Given the high 
prevalence of abuse of some of these agents amongst adoles-
cents, additional history about associated mood problems, 
learning disabilities and sleep disorders should be sought. 
Management of the abuse of these medications, either acutely, 
which is often symptomatic, or as a result of chronic use, is 
beyond the scope of this chapter, but other excellent resources 
are available. Teenagers and their parents should be cautioned 
about the safety profile of medications, encouraged to avoid 
sharing medications, and warned about signs suggesting 
abuse, such as frequent prescription refills or altered academic 
performance at school. Pharmacists should equally be vigilant 
in questioning refills, and store the medications appropriately 
behind the counter. Internet shopping for medications should 
be banned for children less than 18 years of age, with strict 
legislation.

SUMMARY

Sleep–wake regulation is a complex process with the potential 
to be further confounded by the use of prescription or non-
prescription drugs. Resulting hypersomnia must be evaluated 
by the clinician in the context of the social, medical and physi-
cal parameters of the presenting patient, with particular dili-
gence applied to the adolescent. With the large number of 
medications available that may result in a presentation of 
hypersomnia, it is the role of medical personnel to remain 
diligent in their assessment of the sleepy patient. Ultimately, 
it is imperative for the clinician to be aware of the different 
classes of medications, their associated effects, and the trends 
of use of these medications by children and adolescents.

Clinical Pearls

•	 The	possibility	of	hypersomnia	associated	with	medications	
should	be	explored	in	children	and	adolescents	presenting	
with	excessive	sleepiness.

•	 Medications	used	to	treat	various	different	medical	or	sleep	
disorders	may	result	in	sleepiness	being	an	intended/
unintended	consequence.

•	 Use	of	medications	by	adolescents	should	prompt	the	
clinician	to	inquire	about	what	pharmacological	or	non-
pharmacological	agents	are	being	used	to	affect	the	
sleep–wake	continuum.

•	 A	detailed	inquiry	will	help	the	physician	determine	
appropriate	targets	for	intervention.
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Chapter 23 Respiratory Physiology and Pathophysiology During Sleep
John L. Carroll and David F. Donnelly
Understanding normal respiratory physiology during sleep is essential to understanding sleep-
related breathing disorders. In addition, appreciation of the effects of sleep on primary pulmonary 
and respiratory system disorders requires knowledge of normal breathing during sleep. All aspects 
of the human respiratory system undergo profound maturation during growth and development, 
including normal breathing and upper airway function during sleep. This chapter reviews respiratory 
physiology during sleep as it relates to age and maturity, from infancy through adolescence. A 
thorough knowledge of normal breathing and upper airway function during sleep is essential in 
clinical practice and greatly strengthens mechanistic insights into sleep-related breathing disorders. 

Chapter 24 Apnea of Prematurity
Christian F. Poets
Apnea of prematurity (AOP) is related to immaturity and thus ultimately a self-resolving problem. It 
may nonetheless threaten neurodevelopment and often requires treatment. This chapter addresses 
data from observational studies to shed some light on its pathophysiology, namely hypoxic 
ventilatory depression, reasons for the close temporal relationship between apnea, bradycardia and 
hypoxemia, and the role of feeding and of chest wall distortion. Based on these data, therapeutic 
options, e.g., prone, head-up tilt positioning, caffeine, and nasal continuous or intermittent positive 
airway pressure will be reviewed. Finally, an incremental treatment approach to AOP will be outlined 
and discussed.

Chapter 25 Apparent Life Threatening Events (ALTE)
Rosemary S. C. Horne
Apparent life-threatening events (ALTE) are events which are frightening to the observer and they 
fear that the infant has died. ALTE is common in infancy and it is frequently difficult to identify the 
underlying cause as infants have usually recovered by the time medical attention is sought. Infants 
under 10 weeks of age and those born preterm are at particular risk of ALTE. Gastroesophageal 
reflux is the most common underlying cause. Several studies have proposed clinical assessment 
pathways and this chapter discusses these.

Chapter 26 Primary Snoring
Susanna McColley and Mark Haupt
Snoring is the most common, and sometimes only, presenting symptom of sleep-disordered 
breathing. The spectrum of sleep-disordered breathing syndromes associated with snoring ranges 
from primary snoring to obstructive sleep apnea. Discriminating between primary snoring and 
obstructive sleep apnea is necessary to provide appropriate treatment. This chapter reviews the 
differences between primary snoring and upper airway resistance syndrome, provides 
comprehensive epidemiologic data, and the diagnostic methods to evaluate children with snoring.

Chapter 27 Obstructive Sleep Apnea Syndrome: Pathophysiology and 
Clinical Characteristics
Asher Tal
Obstructive sleep apnea syndrome (OSA) is a common disorder in children. Children with OSA tend 
to have a narrow upper airway caused by both anatomic and physiologic factors. The consequences 
are increased work of breathing, intermittent hypoxemia, sleep fragmentation and alveolar 
hypoventilation. In addition, OSA may be associated with local and systemic inflammation, obesity 
and asthma. Risk factors for OSA include adenotonsillar hypertrophy, craniofacial anomalies, familial 
predisposition, ethnicity and prematurity. OSA is associated with substantial morbidities, such as 
behavioral and cognitive impairment, growth retardation, and cardiovascular involvement. The 
significant improvement following treatment emphasizes the need for early diagnosis and 
treatment. Understanding the pathophysiology, risk factors, daytime and nocturnal symptoms and 
clinical implications of OSA in children is essential in order to diagnose early and treat this common 
disorder.
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Chapter 28 Diagnosis of Obstructive Sleep Apnea
Eliot S. Katz and Carole L. Marcus
Sleep-disordered breathing (SDB) is a common and serious cause of morbidity during childhood. 
The clinical history and physical examination alone have a poor predictive value. Polysomnography 
represents the gold standard for establishing the presence and severity of SDB in children, and can 
be performed in children of all ages. The pathophysiology of OSA in infants frequently differs from 
that observed in older children with infants having a higher likelihood of congenital anomalies of 
the upper airway, and therefore direct endoscopic visualization of the upper airway is a helpful part 
of the diagnostic work-up in this population. This chapter is concerned with diagnosing the 
spectrum of obstructive SDB, ranging from the frank, intermittent occlusion seen in obstructive sleep 
apnea syndrome (OSAS), to persistent, primary snoring (PS).

Chapter 29 Cognitive and Behavioral Consequences of Obstructive Sleep Apnea
Louise M. O’Brien
Sleep-disordered breathing, ranging from habitual snoring to obstructive sleep apnea, affects a 
significant proportion of children yet it remains underdiagnosed. There is accumulating evidence 
that, left untreated, sleep-disordered breathing is associated with a host of morbidities. This chapter 
summarizes the evidence regarding cognitive and behavioral consequences and reviews potential 
mechanisms for the observed associations. In addition, treatment interventions are discussed and 
arguments for and against a causal role for sleep-disordered breathing in adverse neurocognitive 
outcomes are presented.

Chapter 30 Cardiovascular Consequences of Obstructive Sleep Apnea
Abu Shamsuzzaman and Raouf Amin
The knowledge about the link between sleep-disordered breathing (SDB) and cardiovascular 
dysfunction in children has grown significantly in the last three decades. Small differences in 
cardiovascular functions between children with SDB and healthy controls have been described in 
more recent years. The clinical significance of these observations in terms of cardiovascular 
morbidity, either during childhood or in adult life, has yet to be delineated. This chapter will review 
the recent epidemiological and mechanistic observations and will attempt to put this new 
knowledge in the context of their current health and potential long-term morbidity.

Chapter 31 Metabolic Consequences of Sleep Disordered Breathing
David Gozal
Obstructive sleep apnea (OSA) is a frequent disorder in children and is primarily associated with 
adenotonsillar hypertrophy. The prominent increases in obesity rates in the world, even among the 
youngest of children, have translated into parallel increases in the prevalence of OSA, and will be 
undoubtedly associated with deleterious global health outcomes and life expectancy. Reciprocal 
interactions between OSA and obesity have emerged in recent years, and have revealed the a priori 
involvement of complex sets of inflammatory cascades that interfere with the homeostatic 
regulation of metabolic pathways, all of which may underlie increased risk for hyperlipidemia, insulin 
resistance, hepatic steatosis, and vascular dysfunction, ultimately favoring the emergence of the 
metabolic syndrome. Here, some of the critical evidence supporting proposed associations of OSA 
and the metabolism–obesity complex will be reviewed, as well as the potential amplificatory and 
mutually interactive operational effects of OSA and obesity on metabolism.

Chapter 32 Treatment Options in Obstructive Sleep Apnea
Sally L. Davidson Ward and Iris A. Perez
Adenotonsillar hypertrophy remains the most common cause of OSA in children although increasing 
prevalence of obesity has now changed the clinical landscape. Most children with OSA can be 
treated with surgical adenotonsillectomy in the ambulatory surgery center. Children at high risk for 
postoperative complications require inpatient postoperative monitoring and treatment. In addition 
to AT, OSA can be successfully treated with other surgical approaches and by the use of positive 
airway pressure. Mild OSA due to adenotonsillar hypertrophy can improve with pharmacologic 
therapy. Because OSA has significant concurrent comorbidities and may be a precursor to serious 
adult disease, effective treatment is imperative. Reliance on positive airway pressure as the mainstay 
of long-term therapy requires additional efforts on behalf of the sleep medicine community to help 
our patients achieve optimal adherence. The importance of preventing childhood obesity cannot be 
overemphasized.

Chapter 33 The Otolaryngologist Approach to Obstructive Sleep Apnea
Cecille G. Sulman and B. Tucker Woodson
History and physical examination determine the surgical approach to obstructive sleep apnea. 
Adjunctive tests include flexible laryngoscopy, imaging, and polysomnography. The primary surgical 
intervention is adenotonsillectomy. Techniques to address multilevel obstruction in the nose, 
oropharynx, tongue base, supraglottis and glottis will be discussed. Anesthetic implications 
surrounding surgery for obstructive sleep apnea are highlighted.



Chapter 34 Sleep Disorder Breathing: A Dental Perspective
Kevin L. Boyd and Stephen H. Sheldon
Traditionally, for nearly its entire existence, the dental profession has focused the vast majority of its 
preventive, corrective and research efforts and resources on rectifying major dental public health 
problems related to oral biofilm-mediated (plaque) disease (e.g., dental caries, early periodontal 
disease) and malocclusion (poorly aligned teeth and jaws). Untreated dental caries in early 
childhood (ECC) and/or malocclusion (high/narrow palatal vaults, retro-positioned jaws, crowded 
teeth) in infancy and early childhood can predispose a child to myriad systemic health problems 
such as SDB/OSA. As modern humans (Homo sapiens) have been around for over 200 000 years with 
apparently none of these oral health maladies appreciably plaguing them until around the 
seventeenth century, it is now important to investigate just how and why these particular 
dentofacial problems have so suddenly appeared within the human experience. This chapter offers 
possible explanations for how and why modern environmental conditions and certain lifestyle 
behaviors might negatively impact dentofacial development and associated systemic health 
outcomes such as SDB/OSA and ADD/ADHD.

Chapter 35 Non-Invasive Positive Airway Pressure Treatment
Yakov Sivan and Guy Gut
Non-invasive positive pressure ventilation (NIPPV) is the first line of treatment for SDB in adults. Its 
use in children with SDB is growing, especially in populations where surgical intervention is not a 
good option, such as obese children, children with a variety of craniofacial anomalies or after 
unsuccessful adenotonsillectomy. When applied properly, it is a potent treatment for SDB. However, 
the main obstacle with pediatric NIPPV is poor adherence and compliance. Appropriate personal 
adjustment, titration, education, training and continuous support of the patient and his or her family 
are essentials for successful application of the technique. Starting from simple CPAP, new 
sophisticated hardware and software have promoted the development of advanced NIPPV 
techniques including automated equipment and machines that actively support also during 
inhalation, thus, improving patient’s comfort and compliance and expanding the indications and 
patient population that can benefit from NIPPV. Based on the experience that has been achieved 
with pediatric NIPPV in recent years, the indications, titration and practice with NIPPV are discussed 
as well as the limitations, complications and outcome.

Chapter 36 Novel Pharmacological Approaches for Treatment of Obstructive 
Sleep Apnea
Leila Kheirandish-Gozal
The lymphadenoid tissues within the upper airway are important structures that play significant 
protective roles against foreign pathogens. Adenotonsillar hypertrophy is the primary contributor to 
the occurrence of obstructive sleep apnea (OSA) in prepubertal children, and accordingly, the 
disease is commonly treated by surgical removal of the enlarged adenoids and tonsils. However, an 
increasing body of evidence points toward suboptimal success rates in specific subsets of children 
with sleep apnea. In addition, highly disparate criteria are currently implemented in the surgical 
referral of children between sleep centers, and there is still considerable debate as to whether 
surgery is indeed indicated for children with milder OSA, and whether alternative approaches such 
as anti-inflammatory agents can be contemplated.

A better understanding of the exact mechanisms underlying follicular lymphoid proliferation and 
hyperplasia should allow us to unravel the major players underlying the complex processes leading 
to OSA in children. Such efforts will undoubtedly permit the development of non-surgically based 
treatment strategies aimed at reversing the upper airway dysfunction during sleep. This chapter 
aims to review the current evidence supporting the presence of local and systemic inflammation in 
children with OSA and to examine the evidence on non-surgical alternatives. At present, routine use 
of anti-inflammatory medications in children with OSA have been mostly evaluated by open-label 
studies. However, the cumulatively favorable outcomes of these studies along with corroborative in 
vitro mechanistic studies support the need for further research in well-controlled randomized trials. 
It is very likely that a combination of aerosolized liposome-delivery systems containing 
combinations of siRNA target genes or small molecules aimed against identified specific mediators 
of inflammation in OSA will become the standard of care for these disorders, thereby making 
surgical adenotonsillectomy a seldom-used therapeutic option.

Chapter 37 Congenital Central Hypoventilation Syndrome
Pallavi P. Patwari
Congenital central hypoventilation syndrome (CCHS) is a rare genetic disorder characterized by 
disordered respiratory control and nowadays is primarily viewed as a primary disorder of autonomic 
nervous system regulation. The diagnosis is based on the presence of alveolar hypoventilation in the 
absence of any underlying neuromuscular, lung, cardiac disease, or brainstem lesions that could 
explain the phenotypic presentation as well as the presence of a paired-like homeobox 2B (PHOX2B) 
gene mutation. The relatively recent identification of the genetic etiology in CCHS has shed light on 
the pathophysiology and on genotype–phenotype associations, allowing for anticipatory guidance, 
improved clinical care, and potentially more favorable long-term outcomes.



Chapter 38 Rapid-Onset Obesity with Hypothalamic Dysfunction, Hypoventilation, and 
Autonomic Dysregulation (ROHHAD)
Pallavi P. Patwari and Casey M. Rand
Rapid-onset obesity with hypothalamic dysfunction, hypoventilation, and autonomic dysregulation 
(ROHHAD) is a rare and devastating disorder involving variable dysfunction of control of breathing, 
the endocrine system, and autonomic nervous system (ANS) regulation. Despite distinct clinical 
criteria, the spectrum and complexity of ROHHAD in regards to the multi-system involvement, 
severity, and timing can be quite perplexing. In mild cases and conservative management, children 
can have excellent neurocognitive outcome and be supported with night-only, non-invasive 
positive-pressure ventilation. However, in severe cases, clinical features can reach extremes in 
regards to hypoventilation requiring tracheostomy and 24-hour supported ventilation, marked 
swings in serum sodium levels (hyper- or hyponatremia), body temperature, bradycardia, and 
behavioral problems. Overall, it is expected that in order to reduce morbidity and mortality, these 
children require early diagnosis and periodic comprehensive evaluation with attention to all affected 
systems.
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INTRODUCTION

In mammals, the respiratory pump and upper airway muscles 
are under continuous, dynamic central nervous system (CNS) 
control by neurons that are, in turn, heavily modulated by 
states of wakefulness, NREM and REM sleep. Neural control 
of breathing consists not only of phasic activity driving rhyth-
mic breathing movements, but also tonic modulation of 
muscle activity to maintain optimum thoracic cage configura-
tion, lung volumes and upper airway patency. Central drive to 
respiratory pump and upper airway muscles is modulated 
dynamically by sensory information provided to the central 
(breathing) pattern generator from a complex system of 
mechano- and chemosensors, the input of which may be gated 
by sleep state. The central respiratory pattern generator 
(CPG) itself comprises a highly complex network of interact-
ing neuronal groups that exhibit oscillatory firing behavior 
resulting from their reciprocal, cyclical interactions. The CPG 
is subject to modulation by wakefulness and sleep states not 
only via mechano- and chemoreceptor inputs, but also via 
inputs from other neurons in the brainstem, hypothalamus 
and cortex. Given the extent to which normal breathing is 
dependent on real-time neural modulation, the profound 
effects of sleep on breathing pattern and ventilation are a key 
component of normal respiratory physiology and play an 
important role in sleep-disordered breathing.

All aspects of the human respiratory system, including 
structural, mechanical and neural control, undergo profound 
maturational changes during growth and development. 
Breathing begins before birth, with fetal breathing move-
ments in utero, and respiratory system maturation continues 
throughout childhood, with different developmental time 
frames for individual components, as body size increases ≈20-
fold from infancy to late adolescence. Concurrent maturation 
of the nervous system, including the effect of wakefulness and 
sleep state on respiratory control, imposes another layer of 
important functional changes during growth and develop-
ment. Thus, respiratory system physiology and the effects of 
sleep on breathing vary throughout life, from infancy through 
elderly adulthood, and these changes are highly relevant to 
sleep medicine.

As pointed out by previous authors, several factors frustrate 
attempts to summarize the normal effects of sleep on breath-
ing during postnatal development.1 Although numerous arti-
cles explore respiratory system mechanics and respiratory 
control maturation in sleeping children, there are significantly 
fewer that explore the effects of sleep, per se, on breathing. 
Another frustrating reality is the heavily skewed focus on 
infants, especially preterm infants, while large gaps exist in 

the literature on sleep and breathing in older infants, children 
and adolescents. Studies that span the entire developmental 
age range, from infancy through late adolescence, are rare. The 
methods used to assess state in these studies vary from full 
polysomnography to simple observation, often relying on 
indirect indicators of sleep state. Finally, there is enormous 
variation in the methods and techniques used to assess respi-
ratory system function, which have evolved over time and vary 
between studies. In this chapter we will selectively highlight 
important effects of sleep on normal respiratory physiology 
during childhood.

THORACIC CAGE AND PULMONARY MECHANICS

The mammalian respiratory system consists of a gas exchanger 
(the lungs), which are cyclically inflated and deflated by a 
pump (the diaphragm, rib cage and intercostal, accessory and 
abdominal muscles), via a single partially collapsible intake 
manifold (the nose, mouth and upper airway). The ability of 
the respiratory pump to achieve adequate gas exchange 
depends, in part, on resistive and elastic loads imposed and 
the real-time response of the system. Although the rib cage 
is commonly thought of as a ‘structural’ element of the respi-
ratory system, the muscular components are all under con-
tinuous neural modulation and subject to further modulation 
by state.

Chest Wall Mechanics
Rib cage geometry in infants and children differs markedly 
from that of adults. Openshaw and colleagues, using chest 
radiographs and CT scans from individuals 1 month to 31 
years of age, found that the dome of the diaphragm and head 
of the sternum were higher in children, relative to thoracic 
vertebrae.2 The ribs of infants and young children were more 
horizontal (less downward slope) compared to older children 
and adults, and downward slope of the ribs increased with age. 
These changes occurred primarily between infancy and 2–3 
years. The cross-sectional shape of the thorax also changed, 
being more rounded in infancy and becoming more ovoid 
(adult pattern) by about 3 years of age.2

In infancy, chest wall compliance is several-fold higher than 
lung compliance and is even higher, relative to lung compli-
ance, in preterm infants.3–6 With age, chest wall compliance 
decreases relative to lung compliance; thus, the chest wall 
becomes stiffer with age while lung compliance changes little. 
Chest wall compliance becomes approximately equal to lung 
compliance, as in adults, by the second year of life due to bone 
ossification and increased muscle mass.4,7

Chapter 

23 

Respiratory Physiology and 
Pathophysiology During Sleep
John L. Carroll and David F. Donnelly



180    Principles and Practice of Pediatric Sleep Medicine

markedly increases the probability of hypoxia with brief res-
piratory events, especially given that REM is the predominant 
sleep stage in infants, and O2 stores (primarily the lungs) are 
low relative to metabolic rate.9,10

At what age do normal infants stop exhibiting PIRCM 
during childhood? This is a key question for sleep medicine 
specialists, as PIRCM is considered a sign of increased upper 
airway resistance or obstruction in older children and adults. 
Gaultier and colleagues studied healthy infants between 7 and 
31 months of age using polysomnography and diaphragmatic 
EMG during a daytime nap. The duration of PIRCM during 
sleep decreased as postnatal age increased.15 By 3 years of age, 
PIRCM is ‘rare or absent’ in normal children16 and does not 
occur during REM sleep in normal adolescents.17 Therefore, 
finding PIRCM in a child older than 3 years of age (with 
normal neuromuscular function) should raise suspicion for 
increased upper airway resistance or obstruction. However, it 
is important to note that the amount of measured ‘paradoxical 
breathing’ (PIRCM) might depend heavily on the technology 
used to detect it. In a study of 55 normal children 2–9 years 
of age without sleep-disordered breathing, PIRCM was 
detected in 40% of 30 s sleep epochs when piezo technology 
was used versus only 1.5% of epochs when respiratory induct-
ance plethysmography (RIP) was used to detect thoraco-
abdominal motion.18

Dynamic Maintenance of End Expiratory  
Lung Volume
Inhibition of respiratory muscle tone at any age results in a 
decrease in lung volume.19–22 In other words, lung volume is 
maintained, in part, by respiratory muscle activity. In full-term 
infants, during tidal breathing in NREM sleep, end-expiratory 
lung volume (EEV) is maintained above the passive relaxed 
lung volume (Vr).23 This is accomplished by multiple mecha-
nisms including expiratory ‘braking’ using muscles of the 
upper airway, and post-inspiratory inspiratory activity (PIIA) 
of the diaphragm, which alter expiratory time constant-Te 
relationship such that expiration is terminated (interrupted) 
before reaching Vr.23–25

The high chest wall compliance of the neonate has clinical 
relevance. Passive (relaxed) resting lung volume (Vr) is deter-
mined by the balance between the outward recoil of the chest 
wall and the inward recoil of the lungs. Figure 23-1 shows the 
static volume pressure curves of the lung (L) and chest wall 
(CW) typical of a newborn and an adult.8 Note that lung 
compliance is quite similar at both ages, while the chest wall 
is much less stiff (more compliant) in the newborn (Fig. 23-1, 
left panel). When the chest wall is highly compliant, the 
inward recoil of the lungs (L) is less opposed, resulting in a 
lower resting lung volume (Fig. 23-1, left panel). As the lungs 
are the major reservoir for oxygen, low resting lung volume 
predisposes infants to rapidly developing hypoxemia and 
atelectasis.9,10

Paradoxical Inward Rib Cage Motion (PIRCM)
In normal infants, without lung disease or upper airway 
obstruction, the highly compliant infant chest wall leads to 
the well-known phenomenon of ‘paradoxical inward rib cage 
motion’ (PIRCM; also called thoraco-abdominal asynchrony) 
during the inspiratory phase of breathing. Multiple studies 
during the 1970s showed that the rib cage of otherwise normal 
infants collapses during the inspiratory descent of the dia-
phragm and is associated with deflation of the rib cage, inde-
pendent of upper airway obstruction.11–13 The degree of 
thoraco-abdominal asynchrony is significantly greater in 
preterm versus full-term infants.

As expected, given the normal atonia that occurs during 
REMa sleep, PIRCM is more likely to occur during REM 
sleep. Even in full-term normal infants, PIRCM occurs 
during REM sleep and is associated with a lower and more 
variable PaO2.14 In mature, healthy, full-term infants with 
PIRCM during REM sleep, thoracic gas volume (TGV) was 
31% reduced compared to TGV during NREM sleep.13 As 
noted above, such a large decrease in TGV during REM sleep 

Figure 23-1 Pressure volume curves of the respiratory system. The solid line represents the compliance of the respiratory system (RS). The chest wall 
(CW, dash-dot line) is highly compliant in the newborn compared to the adult, while lung compliance (dashed line) changes little with age. Adapted from 
Agostoni E, Mead J. Statics of the respiratory system. In: Fenn WO, Rahn H, eds. Handbook of Physiology. Washington, D.C.: American Physiological Society; 
1964:401.
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aSleep is typically staged as ‘active’ and ‘quiet’ in infants and ‘REM’ and ‘NREM’ in older 
children and adults. However, for clarity, in this chapter we use the terms REM and NREM for 
all ages.
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RESPONSE TO MECHANICAL LOADING OF THE 
RESPIRATORY SYSTEM DURING SLEEP

Elastic and resistive loads on the respiratory system are intrin-
sic to the normal lungs, chest wall and upper airway. In adults, 
nasal and upper airway resistance increases during normal 
sleep, although with considerable individual variation.30–32 
Numerous disorders impose additional loading on the respira-
tory system, including lung disease and sleep-related upper 
airway obstruction, and the normal respiratory system 
responds with load compensation strategies that vary with 
type of load, age, position and state.

An added load is typically defined as anything that requires 
increased respiratory muscle effort in order to maintain 
minute ventilation. The ability of the system to compensate 
for increased loading can be studied using externally imposed 
elastic or resistive loads. Unfortunately, although most of the 
available studies in children have been performed during sleep, 
few have examined the effects of sleep per se on the respiratory 
system response to loading. In addition, it is difficult to 
compare studies due to the variety of methodologies used. 
Nevertheless, these studies have relevance in the context of 
sleep-disordered breathing, which imposes abnormal mechan-
ical loads on the respiratory system. The key points high-
lighted here are (1) developmental changes in compensation 
for resistive loading and (2) how load compensation is affected 
by sleep.

Resistive Loading
Awake, normal adults are able to compensate for added resis-
tive loads and maintain minute ventilation (VE) and tidal 
volume (VT).33,34 This compensatory ability depends on the 
adequacy of the respiratory control system response as well as 
chest wall stability and respiratory muscle strength.33,35 During 
REM and NREM sleep in normal adults, progressive addition 
of inspiratory resistive loads decreases VE, largely due to inad-
equate prolongation of inspiratory time (TI) in the presence 
of increased inspiratory resistance.34

The much greater compliance of the chest wall during 
infancy, especially in preterm infants, predicts that infants may 
not cope well with inspiratory resistive loading. Preterm and 
full-term infants during NREM sleep exhibited similar lung 
resistance and compliance, although the preterm infants 
exhibited greater thoraco-abdominal asynchrony prior to 
loading compared to full-term.35 When presented with an 
inspiratory resistive load, full-term infants were able to main-
tain VE and VT with little effect on thoraco-abdominal syn-
chrony. In contrast, identical inspiratory loading in preterm 
infants resulted in decreased VT and VE as well as increased 
chest wall asynchrony, suggesting that the preterm infant is 
less able to compensate due to chest wall instability.35

Resistive loading alters vagally mediated reflexes that 
modify mechanical and neural inspiratory duration. For 
example, in a study of full-term, 2–3-day-old infants during 
NREM sleep, application of increasing inspiratory resistive 
loads (to a single breath) resulted in progressive prolongation 
of TI, shortening of expiratory time (TE) and decreasing VT.36 
These changes were also reflected in ‘neural’ VT, TI and TE as 
measured by EMG.36 In the same group of infants (during 
NREM sleep), increasing expiratory resistive loading was 
associated with progressive decrements in VE and prolonga-
tion of (neural and mechanical) TE, with little effect on TI.37 

The strategy of maintaining EEV above Vr is sleep-state-
dependent. Several studies of EEV in full-term infants were 
performed during behavioral NREM sleep but did not study 
the effects of sleep per se. When sleep state was studied, TGV 
was found to be greater in NREM sleep compared to REM 
sleep in full-term infants, suggesting that EEV was better 
maintained in NREM sleep.13 Preterm infants also maintain 
EEV above passive Vr, also with clear sleep-state dependency. 
Preterm infants ≈32 weeks’ gestational age were studied 
during the first week of life during REM and NREM sleep. 
In NREM sleep, a shortened expiratory time (TE) and dia-
phragmatic braking resulted in maintenance of EEV above Vr. 
In contrast, during REM sleep, Te was longer and expiratory 
braking was reduced such that EEV approached Vr.25

The dynamically maintained EEV, which helps maintain 
SpO2 in infants, may be lost during apnea. Preterm infants 
≈29 weeks’ gestational age were studied during central apnea 
using intercostal muscle and diaphragm surface EMG activity 
as well as anterior–posterior (AP) diameter of the rib cage and 
abdomen (as a measure of EEV).21 During apnea, decreased 
activity of the respiratory muscles correlated with loss of EEV. 
The apnea-related drop in EEV was greater during NREM 
sleep, suggesting that EEV was better maintained during 
NREM compared to REM sleep.21 Thus, infants are able to 
compensate for their ‘mechanical disadvantage’ by maintain-
ing EEV above passive Vr during sleep, although they do this 
less effectively during REM sleep. This has important clinical 
implications, given the importance of lung O2 stores in infants 
for maintaining normal SpO2. The loss of EEV in infants 
during apnea increases the probability of, and potentially the 
rapidity of, O2 desaturation.

How long does the active maintenance of EEV above Vr 
persist during infancy? In healthy infants and children aged 1 
month to 8 years, studied using RIP-derived tidal breathing 
flow-volume loops to assess breathing strategy, the flow-
volume pattern during expiration was ‘interrupted’ up to 6 
months of age, consistent with dynamic maintenance of an 
elevated EEV during this period.26 Between 6 and 12 months, 
expiratory flow-volume patterns were a mixture of ‘inter-
rupted’ and ‘uninterrupted,’ indicating a transitional period. 
After 1 year of age, expiratory flow-volume patterns were 
‘uninterrupted,’ consistent with relaxed or passive end expira-
tory lung volume.26 Thus, the transition from dynamic main-
tenance of EEV to the mature, adult-like, passive or relaxed 
EEV occurs during the second half of the first year of life.

Relative Contribution of Rib Cage and Abdomen  
to Tidal Volume
Postnatal developmental changes in chest wall compliance 
and active maintenance of EEV predict that the relative con-
tributions of the rib cage (RC) and abdomen (ABD) to tidal 
volume, and the effects of sleep, are likely to change with 
maturation. In studies of normal supine adults, the average rib 
cage contribution to Vt fell by 25–32% during REM sleep 
compared to waking, consistent with the normal skeletal 
muscle atonia that occurs during REM sleep.22,27 Similarly, in 
healthy term infants, the RC contribution to Vt was found 
to be lower in REM versus NREM sleep.28 As anticipated, 
based on normal maturation of chest wall compliance, the 
contribution of the rib cage to VT during NREM sleep (meas-
ured using RIP) increases during infancy between 1 and 26 
months of age.29
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timing effects of total airway occlusion in children will be 
highlighted here. In 1868, Breuer and Hering described the 
role of the pulmonary slowly adapting stretch receptors (fibers 
carried in the vagus nerves) in determining the rate, depth 
and timing of tidal breathing.42 The HB reflexes are classically 
elicited in several ways; occlusion of the airway at the begin-
ning of inspiration prolongs TI, while airway occlusion at end 
inspiration prolongs TE. The HB reflexes can be elicited in 
normal, unsedated adults, but volumes larger than the normal 
tidal volume range are required and evidence for the persist-
ence of HB reflexes beyond infancy is controversial.43 In spite 
of multiple early studies suggesting that the HB reflexes par-
ticipate in controlling tidal breathing during infancy, their role 
during postnatal development remains controversial.36,37,44,45

In full-term infants 2–3 days of age, during NREM sleep, 
total occlusion of the airway during inspiration (for a single 
breath) resulted in marked prolongation of mechanical and 
neural (EMG) TI, as expected due to removal of vagally 
mediated feedback from pulmonary slowly adapting stretch 
receptors, without effect on TE.36 In the same group of infants, 
total airway occlusion during expiration (for a single breath) 
led to marked prolongation of TE, without effect on TI.37 
Beyond the newborn period, prolongation of TE by end-
inspiratory occlusion persisted throughout the first year, 
although the magnitude of the TE prolongation decreased 
with age.46,47

Studies in preterm infants indicate that reflex effects of 
inspiratory airway occlusion on timing depend on gestational 
age at birth and chronological age. In one study of preterm 
infants, ≈30 weeks’ gestational age and ≈8 days old, the pro-
longation of TI was similar to that seen in term infants.48 
Closer examination of the effects of maturity and age yielded 
different results. Preterm infants born at 27–32 weeks’ gesta-
tional age and studied within the first 3–4 days exhibited wide 
variation in the response to inspiratory occlusion.49 TI was 
prolonged in some and shortened in others, while the overall 
magnitude of prolongation was much less than the ≈30% 
prolongation of TI observed in full-term infants.49 In the same 
group of infants, the response to inspiratory occlusion was still 
immature at 7–10 days, but was similar to the full-term 
response by 14 days. In preterm infants born at 33–36 weeks’ 
gestational age, the TI prolongation with inspiratory occlusion 
was mature by 7–10 days, suggesting that the rapidity of 
maturation depends on the degree of maturity at birth.49

Sleep may profoundly affect Hering–Breuer reflexes in 
infants. In a study of preterm infants 30–36 weeks’ ‘postcon-
ceptual age’ (sic), using observational sleep staging, occlusion 
of a normal tidal breath at end inspiration resulted in an 
average TE prolongation of 87% in NREM sleep compared 
to 419% in REM sleep.45 However, another study, using 
single-breath inspiratory occlusions in term newborns, found 
increased Hering–Breuer activity in NREM compared to 
REM sleep.50

Caution should be exercised in the interpretation of studies 
using mechanical loading or total airway occlusion. As noted 
above, most studies only studied infants during NREM sleep. 
Many studies only examined the effects of occlusion for brief 
durations, even a single breath or parts of a breath. Reflex 
effects during longer occlusions may lead to increasing  
compensatory adaptations over time. In addition, these 
methods may evoke other reflex effects from face masks used 
and some authors have suggested that the upper airway 

In summary, both inspiratory and expiratory resistive loading 
decrease minute ventilation in infants, but effects on breathing 
pattern differ. In addition, the effects of mechanical loading 
on respiratory timing in infants tend to be more pronounced 
with resistive loads versus elastic loads.36–38 Unfortunately, 
although studies were often performed during sleep, the 
effects of sleep per se were typically not examined.

Very few studies have reported the effects of respiratory 
mechanical loading in older normal children. Marcus and 
co-workers studied the effects of inspiratory resistive loading 
in normal children ≈9 years of age.39 When presented with a 
flow-resistive load for 3 minutes during sleep, in both REM 
and NREM sleep there was an immediate fall in VT and VE, 
which was proportional to the magnitude of the resistance and 
associated with a small increase in the ratio of TI to total 
breath time (TTOT) due to shortening of TE.39 A similar study 
of inspiratory resistive loading during NREM sleep in normal 
young adults (mean age 20.5 years) also reported a marked 
drop in VT (and VE), proportional to the magnitude of the 
resistive load.40 This was associated with significant prolonga-
tion of TI and increase of TI/TTOT, with no change in respira-
tory rate.40

Elastic Loading
Although there are multiple ways to impose an elastic load on 
the respiratory system, a common approach is to have the 
subject breathe from a closed volume reservoir (elastic load 
varies with the size of the reservoir). In normal adults, during 
wakefulness, application of an inspiratory elastic load is com-
pensated immediately such that VT and VE are preserved.41 
However, during NREM sleep, sustained inspiratory elastic 
loading caused a sustained drop in VT and VE until they were 
restored by increasing PCO2.41 Thus, during NREM sleep in 
adults, compensatory responses to elastic loading only occur 
when respiratory effort is increased by chemical stimuli.

In full-term, quietly sleeping infants, application of an 
elastic load during inspiration caused a marked fall in VT and 
prolongation of TI, with little effect on TE.36 Application of 
an elastic load during expiration in infants of the same age 
also caused a marked drop in VT and prolongation of TE, with 
little effect on TI.37 Similarly, in preterm infants ≈31 weeks’ 
gestational age and ≈8 days’ postnatal age, addition of external 
elastic loads caused a marked drop in VT and prolongation of 
TI and TE, the magnitude of which increased progressively 
with the magnitude of the elastic load.38

When application of respiratory elastic loading during 
sleep is prolonged in term and preterm infants, VT initially 
drops but progressively increases during subsequent breaths, 
indicating a compensatory response.12 In both term and 
preterm infants, load compensation was more effective during 
NREM sleep. During REM sleep, elastic loading increased 
rib cage distortion, which limited compensation.12 Increased 
respiratory elastic load occurs in numerous clinical conditions, 
including hyperinflation, obesity and neuromuscular disor-
ders, and compensatory responses may be blunted by sleep, 
especially REM sleep.

Complete Airway Occlusion – Effects on Breathing 
during Sleep
Although review of the extensive literature on the Hering–
Breuer (HB) and other lung-inflation reflexes is beyond the 
scope of this chapter, several points about the respiratory 
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and jaw position as well as lung volume.53 As these muscles 
are modulated by state, sleep may profoundly affect pharyn-
geal patency and reflex responses (e.g., to negative pressure).

A full review of normal upper airway structure, physiology 
and its development is beyond the scope of this chapter. The 
reader is referred to several excellent reviews of upper airway 
structural development during childhood.55–57 Here, we review 
what is known about the physiology of upper airway collaps-
ibility in infants and children, how it can be measured, how 
airway patency is affected by sleep and the effects of puberty 
and age.

Critical Closing Pressure, Pcrit

The human upper airway behaves as a Starling resistor, 
modeled as a tube with rigid segments on either end and a 
collapsible segment in a sealed box in between (representing 
the collapsible pharynx and surrounding tissue mass).58 The 
patency of the collapsible segment is determined by the 
mechanical factors noted above and by the activity of upper 
airway muscles. Pcrit, the critical closing pressure of the collaps-
ible segment, is the pharyngeal lumenal pressure when col-
lapse occurs (Figure 23-2). In this model, the upstream (nasal) 
and downstream (hypopharyngeal/tracheal) segments have 
defined resistances and fixed diameters.

During inspiration, diaphragm contraction and thoracic 
cage expansion lower pressure in the downstream segment, 
creating a pressure gradient for inspiratory airflow. The degree 
of inspiratory airflow limitation (if any) depends on the pres-
sure gradient between the upstream segment (Pus) and Pcrit, 
and is independent of downstream pressure (Pds). Pus at the 
nares is atmospheric pressure (zero cmH2O, reference) and 
Pcrit, in normals, is typically less than −10 cmH2O. Therefore, 
although there is a small pressure drop across the upstream 

negative pressure and other reflexes may contribute, poten-
tially confounding interpretation.51

MAINTENANCE OF UPPER AIRWAY PATENCY 
DURING SLEEP IN NORMAL CHILDREN

The pharyngeal airway, extending from the nasal choanae to 
the epiglottis, is a collapsible tube composed of muscle and 
soft tissues, without support from bony structures except for 
the posterior pharyngeal wall.52 Pharyngeal patency depends 
on mechanical factors (muscle mass, connective tissue, sub-
mucosal fat, mucosal edema, perfusion, position, etc.) as well 
as activity of the muscles that compose and surround the 
airway.52,53 The pharyngeal muscles may act to stiffen the 
airway soft tissues, making them less deformable by intra-
luminal negative pressure, or actively dilate the airway and 
change its caliber.52

The pharyngeal airway is bounded by the posterior pha-
ryngeal wall, anchored at the top by the palatal muscles (mus-
culus uvulae, palatoglossus, palatopharyngeus, tensor veli 
palatine and levator veli palatine), at the bottom by the hyoid 
muscles (thyrohyoid, mylohyoid, stylohyoid, geniohyoid and 
sternohyoid) and anteriorly by the genioglossus muscle.52,54 
The activity of these muscle groups is largely responsible for 
the maintenance of airway patency during sleep. It is impor-
tant to note that, although most studies to date have focused 
on the genioglossus muscle, innervated by the hypoglossal 
nerve (XII), upper airway tone is influenced by input from 
other motoneuron groups including the motor vagus (X), 
glossopharyngeal (IX), facial (VII) and motor trigeminal 
(V).53 In addition, motoneurons of the cervical ventral horn 
may contribute to airway patency via their influence on neck 

Figure 23-2 The upper airway modeled as a Starling 
resistor; airflow through a tube with rigid upstream 
(nasal airway) and downstream (hypopharyngeal 
airway) segments, and a collapsible segment in a 
sealed box in between (pharyngeal airway). The 
upstream and downstream segments have defined 
resistances and fixed diameters. Pus = pressure 
upstream. Pds = pressure downstream. The patency of 
the collapsible segment depends on the pressure 
exerted by the surrounding tissues (Pcrit). See text for 
explanation. From Kirkness JP, Krishnan V, Patil SP, 
Schneider H. Upper Airway Obstruction in Snoring and 
Upper Airway Resistance Syndrome. In: Randerath WJ, 
Sanner BM, Somers VK, eds. Sleep Apnea. Basel: Karger; 
2006:79–89.
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segment, in normal subjects upstream pressure remains suf-
ficiently greater than the pressure in the collapsible segment 
such that inspiratory airflow is unimpeded (Figure 23-2, 
upper panel).58,59

Any condition that increases Pcrit (upper airway dilator 
muscle hypotonia, sedation, anesthesia, obesity, edema) may 
reduce the difference between Pus and Pcrit, with resulting 
inspiratory airflow limitation (Figure 23-2, middle panel). 
When Pcrit exceeds Pus, complete obstruction occurs (Figure 
23-2, lower panel).52,53,58,59 In simple terms, when pharyngeal 
critical closing pressure is positive to atmospheric pressure, 
complete airway collapse occurs during inspiration and 
upstream (nasal) positive pressure (greater than Pcrit) is required 
to restore pharyngeal patency (e.g., nasal continuous positive 
airway pressure (CPAP)). In normal infants, children and 
adults, Pcrit is negative during wakefulness and sleep, usually 
≤10 cmH2O, and the pharyngeal airway is always patent, with 
no inspiratory airflow limitation.

Variations in Pcrit during wakefulness and sleep are due 
largely to its dependence on upper airway dilator muscle activ-
ity. During normal breathing, airway patency is heavily influ-
enced by state-dependent activity of the upper airway dilator 
muscles. In addition, upper airway dilator muscles are acti-
vated by negative pressure in the airway, sensed by negative 
pressure receptors primarily in the larynx.52,60 Finally, the 
negative pressure reflex and respiratory drive to the upper 
airway dilator muscles are strongly influenced by the levels of 
chemical respiratory drive (PaO2 and PaCO2) from the 
peripheral and central chemoreceptors.61–65 All of these factors 
combine to make Pcrit dynamic, varying with position, sleep 
state, levels of chemical stimuli and other factors that affect 
pharyngeal deformability.

Measurement of Upper Airway Collapsibility
Upper airway collapsibility can be well-characterized by two 
values: (1) the slope of the linear relationship between maximal 
inspiratory flow (y-axis) and upstream (nasal) pressure (x-
axis), and (2) Pcrit, the x-axis intercept (zero flow). The rela-
tionship between upper airway maximal inspiratory flow 
(VImax) and nasal pressure (PN) may be termed VImax/PN and is 
also termed ‘SPF’ (slope of the pressure–flow relationship) in 
the pediatric literature.66 Pcrit and VImax/PN can be determined 
experimentally in individual subjects to obtain numerical 
measures of upper airway collapsibility. Their classic labora-
tory measurement yields values that ‘characterize’ upper 
airway collapsibility during sleep for a particular sleep stage 
and specific method of measurement, in an individual subject. 
Pcrit and VImax/PN are typically measured during slow wave 
sleep and are difficult to measure during wakefulness or REM 
sleep.

In humans, Pcrit of the upper airway is typically measured 
during tidal breathing, using a nasal mask attached to source 
of negative or positive pressure. A pneumotachograph is used 
to measure inspiratory airflow and PN is measured at the 
mask.67,68 In normal subjects there is no inspiratory flow limi-
tation when nasal pressure is zero (atmospheric pressure), so 
negative pressure is applied via the nasal mask and made more 
negative in steps to produce a VImax vs. PN relationship as 
shown in Figure 23-3. When maximal inspiratory airflow (for 
tidal breaths at a given pressure) is plotted versus nasal mask 
pressure, a linear relationship is obtained and extrapolated to 
zero flow. The slope of the VImax/PN relationship (aka ‘slope of 

Figure 23-3 Typical measurement of pharyngeal critical closing 
pressure in a normal subject. The slope of the pressure–flow relationship 
(in mL/sec/cmH2O) represents airway conductance and the x-axis intercept 
(zero flow) represents critical closing pressure (Pcrit). From Litman RS, 
McDonough JM, Marcus CL, Schwartz AR, Ward DS. Upper airway 
collapsibility in anesthetized children. Anesth Analg 2006;102:750–4.
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the pressure–flow relationship’ (SPF) in the literature) repre-
sents the collapsibility of the upper airway and the x-axis (zero 
flow) intercept represents Pcrit (Figure 23-3). This approach 
has been used to characterize upper airway collapsibility in 
numerous studies of normal children69 and adults.67,68 In chil-
dren with sleep-disordered breathing (SDB), when airflow 
limitation or obstructive apnea are already present at baseline 
(nasal mask pressure = 0), a linear pressure–flow relationship 
can be obtained in a similar manner by applying positive pres-
sure via nasal mask, increasing in steps until airflow limitation 
is abolished.

Dynamic Upper Airway Negative Pressure Reflexes: 
Active Versus Passive Pcrit

In normal children during neuromuscular paralysis Pcrit is 
about −7.5 cmH2O,70 much higher than the Pcrit of normal 
children during sleep, which is about −25 cmH2O using the 
‘gradual’ method of measurement (see below).66,71,72 Loads 
imposed on the upper airway that generate negative pressure 
in the pharynx and larynx may cause reflex activation of upper 
airway dilator muscles to stiffen and/or alter the caliber of the 
airway.52 This has very important implications for the meas-
urement of the VImax/PN relationship and Pcrit. When upper 
airway collapsibility is measured in the classic way, by progres-
sively stepping down nasal (mask) pressure, the upper airway 
dilator muscles are reflexly activated as nasal pressure is 
decreased (made more negative). Figure 23-4 shows a normal 
subject, in stage 2 NREM sleep, starting from a nasal mask 
holding pressure of 5 cmH2O.73 The left panel shows the 
‘gradual’ approach, in which PN is decreased 1–2 cmH2O 
every 10 minutes, without returning to baseline holding pres-
sure. This results in recruitment of compensatory upper airway 
dilator muscle activity, as evidenced by the marked genioglos-
sus muscle EMG activity (Figure 23-4). The Pcrit and VImax/
PN relationships measured using the ‘gradual’ approach include 
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Figure 23-4 Comparison of the two methods of measuring upper airway collapsibility in a control subject. Left panel: ‘Gradual’ method. Left upper: From 
holding pressure of 5 cmH2O during stage 2 NREM sleep, nasal mask (PN) pressure is lowered in steps about every 10 minutes. Left lower: At −3 cmH2O nasal 
pressure, inspiratory flow limitation occurs and compensatory dilator muscle activity (EMGGG) is markedly increased. Right panel: ‘Intermittent’ method. Right 
upper: Starting from the same holding pressure (5 cm H2O) in stage 2 NREM sleep, nasal mask pressure is lowered intermittently for five breaths only and then 
returned to the baseline holding pressure. Right lower: At −3 cmH2O, in sharp contrast to the ‘gradual’ method (left), there is no compensatory upper airway 
dilator muscle activation. Modified from McGinley BM, Schwartz AR, Schneider H, Kirkness JP, Smith PL, Patil SP. Upper airway neuromuscular compensation 
during sleep is defective in obstructive sleep apnea. J Appl Physiol 2008;105:197–205.
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Figure 23-5 Example of ‘gradual’ versus ‘intermittent’ method of 
measuring upper airway pressure–flow relationships in a child. With 
the ‘gradual’ method compensatory muscle responses decreased airway 
collapsibility. With the intermittent technique, compensatory dilator muscle 
responses are not activated; resulting in a higher Pcrit and steeper slope 
(SPF). From Marcus CL, Fernandes Do Prado LB, Lutz J, et al. Developmental 
changes in upper airway dynamics. J Appl Physiol 2004;97:98–108.
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the effects of compensatory dilator muscle activity and are 
therefore also known as ‘active’ or ‘activated’ pressure–flow 
measurements.66

The ‘intermittent’ method of measuring the VImax/PN rela-
tionship and Pcrit was developed to avoid the effects of upper 
airway dilator muscle recruitment during the measurement. 
This method, shown in the right panel of Figure 23-4, also 
starts from a holding pressure but decreases PN for only 5 
breaths and then returns to baseline holding pressure. In the 
example shown in Figure 23-4, right panel, nasal mask pres-
sure was lowered without activation of compensatory upper 
airway dilator muscle activity, as indicated by the absence of 
genioglossus muscle activation (EMGGG).73 The ‘intermittent’ 
approach is also known as the ‘passive’ or ‘hypotonic’ method, 
as it characterizes upper airway collapsibility without the 
effects of compensatory dilator muscle activity.66

When both the ‘gradual’ and ‘intermittent’ methods of 
upper airway pressure–flow measurement are used in the same 
individual, important additional information is gained. Dif-
ferences in Pcrit and the slope of VImax/PN, measured using the 
‘gradual’ and ‘intermittent’ method, reflect the magnitude of 
compensatory upper airway dilator muscle responses. As illus-
trated in Figure 23-5, use of the intermittent method results 
in a higher (less negative) Pcrit and steeper slope of the VImax/
PN relationship, compared to the gradual method. In sharp 
contrast, the gradual method applied to the same child results 
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The VImax/PN relationship in infants is relatively flat, Pcrit is 
much more negative compared to adult values, and neither is 
affected by the ‘gradual’ versus ‘intermittent’ method (Figure 
23-6, left panel). This indicates that the infant upper airway 
is far less collapsible compared to the adult airway, in spite of 
being narrower.66 The lack of difference between the ‘gradual’ 
and ‘intermittent’ approaches in infants (Figure 23-6, left 
panel) should not be interpreted as a lack of compensatory 
upper airway muscle activity during infancy. Indeed, the 
infant airway is heavily dependent upon dilator muscle activ-
ity.76 The reason that the ‘gradual’ versus ‘intermittent’ VImax/
PN curves are about the same in infants is likely due to very 
rapid activation of compensatory responses, within 1–2 
breaths of negative pressure application, such that both curves 
reflect activated upper airway dilator muscles.77,78 In other 
words, the ‘gradual’ versus ‘intermittent’ approach does not 
work for infants, as a way to separate ‘activated’ versus ‘hypo-
tonic’ responses, because the timing of their compensatory 
responses to negative pressure is so rapid.66

Upper airway collapsibility in school-aged children is 
strongly influenced by compensatory dilator muscle responses 
to negative pressure, as indicated by the large difference 
between the ‘gradual’ versus ‘intermittent’ approach to VImax/
PN and Pcrit measurement (Figures 23-5 and 23-6, middle 
panel).66,72 Adolescents also exhibit a marked difference, 
between ‘gradual’ and ‘intermittent’ measurement approaches, 
in the slope of the upper airway VImax/PN relationship and Pcrit, 
which increases with age.79 The increase in adolescent upper 
airway collapsibility with age, approaching adult values by late 
adolescence, is independent of Tanner stage.80 Normal, non-
snoring obese adolescents exhibit normal, vigorous upper 
airway neuromotor responses to negative pressure loading 
(using the ‘gradual’ and ‘intermittent’ methods) that are nearly 
identical to those of lean controls.79

In summary, with increasing age, from infancy through 
adolescence, Pcrit becomes less negative and the slope of the 
VImax/Pn relationship becomes steeper. Thus, compared to 
adults, the upper airway of infants and children is relatively 
resistant to collapse, largely due to highly effective compensa-
tory neuromotor responses to negative pressure during sleep. 
This may explain, in part, why children have less obstructive 

in a much flatter slope of the VImax/PN relationship and Pcrit is 
shifted far to the left (more negative) (Figure 23-5).66 Thus, 
when the gradual method was used, upper airway dilator 
muscle recruitment preserved VImax in spite of increasingly 
negative PN, indicating strong dynamic regulation of airway 
patency.

Pcrit and the slope of the VImax/PN relationship have been 
studied extensively in normal adults and children and in sub-
jects with SDB, before and after airway surgery, pre- and 
post-weight loss, before and after puberty and a variety of 
other conditions. Both measures of upper airway collapsibility 
correlate strongly with apnea–hypopnea index (AHI) in sub-
jects with SDB and improve with interventions that reduce 
AHI. Upper airway collapsibility in children with pathologi-
cal conditions is discussed in Chapters 27 and 28.

Upper Airway Collapsibility in Normal  
Children – Effects Of Age
Early studies, using the ‘gradual’ method to determine Pcrit 
and the slope of VImax/PN, revealed a striking difference 
between normal adults and children. In adults, the VImax/PN 
relationship was relatively steep and Pcrit was approximately 
−5 to −30 cmH2O.74 In sharp contrast, the slope of the VImax/
PN relationship in normal children was nearly flat, making it 
difficult to obtain a Pcrit value by extrapolation to zero flow. 
This indicated that normal children have a remarkable ability 
to maintain upper airway patency in spite of increasingly 
negative pressure in the airway lumen. The slope of the VImax/
PN relationship averaged ≈8.5 mL/s/cmH2O in children com-
pared to ≈30 mL/s/cmH2O in adults.74

Later studies covered a larger age range and used both the 
‘gradual’ and the ‘intermittent’ methods for determining upper 
airway collapsibility. In adults, the VImax/PN relationship is 
steeper than in children, indicating that the adult airway is 
more collapsible compared to infants and children (Figure 
23-6).66 Figure 23-6, right panel, shows that the method used 
(‘gradual’ vs. ‘intermittent’) had little effect on the slope or on 
Pcrit in adults. Other studies in normal adults suggest that Pcrit 
is slightly left-shifted (more negative) by 5–10 cmH2O, with 
little change in slope, using the ‘gradual’ versus ‘intermittent’ 
approach.73,75

Figure 23-6 Median VImax/PN relationships for normal infants, children and adults using the ‘gradual’ and ‘intermittent’ methods. See text for explanation. 
From Marcus CL, Fernandes Do Prado LB, Lutz J, et al. Developmental changes in upper airway dynamics. J Appl Physiol 2004;97:98–108.
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highly variable between individuals.87 In another study, ado-
lescents exposed during NREM sleep to ‘gradual’ stepping 
down of nasal pressure or the ‘intermittent’ method showed 
greater activation of EMGGG using the ‘gradual’ method com-
pared to the ‘intermittent’ approach. Normal, non-snoring 
obese adolescents showed much greater activation of EMGGG 
during sleep compared to lean controls, suggesting that they 
maintain upper airway patency during sleep via increased 
compensatory upper airway neuromotor activity compared to 
lean controls.79

Effects of Chemical Stimuli on Upper  
Airway Collapsibility
The effect of chemical stimuli on the upper airway muscles is 
a complex topic, beyond the scope of this chapter. Suffice it 
to say that both hypoxia and hypercapnia increase the activity 
of some (but not all) of the upper airway dilator muscles.52,88,89 
In humans, although stimulation of the upper airway muscles 
by CO2 in adults is greatly reduced during sleep (compared 
to wakefulness), this response appears to be preserved during 
sleep in children.66 The main effect of increased PCO2, studied 
in normal school-aged children during NREM sleep, using 
the ‘gradual’ approach for measuring upper airway collapsibil-
ity, was an increase in inspiratory flow at a given nasal pres-
sure. This effect was greatest for mild negative nasal pressures 
and diminished with increasingly negative PN.66

VENTILATION DURING SLEEP IN NORMAL CHILDREN

Respiratory Frequency
Breathing pattern becomes more regular with age. Parmelee 
et al. studied a group of premature infants from 30 weeks’ 
gestation and a group of term infants. In preterm infants, 
regular breathing occurs only 10% of the time at 36 weeks’ 
gestation and 30% of the time in infants at 40 weeks’ gesta-
tion.90 For both premature and term infants, respiration 
became more regular over the 8-month period studied. In 
general, respiratory rate is lower during sleep than during 
wakefulness.91 There is a general consensus that the respira-
tory rate,50,92–96 and particularly the variability of respiratory 

SDB and snore less than adults, in spite of having a smaller, 
narrower upper airway. Indeed, defective upper airway neuro-
motor responses to loading are believed to be a major factor 
in the pathophysiology of obstructive SDB in children.81,82

Effects of Sleep Stage on Maintenance of Upper 
Airway Patency
It is well known that obstructive sleep-disordered breathing 
usually occurs during REM sleep in children,83 possibly 
related to decreased upper airway dilator muscle activity,84–86 
decreased sensitivity of upper airway reflexes to chemical 
stimuli,63 or other factors. Unfortunately, little is known about 
the physiology of upper airway collapsibility during REM 
sleep. The earliest studies in this area found that arousal tends 
to occur with negative pressure or occlusion challenges during 
REM sleep and therefore studies are typically performed only 
during stage 2 NREM sleep.69 Therefore, most data on effects 
of wakefulness, REM and NREM sleep on upper airway 
physiology have been performed using non-challenge proto-
cols, typically by measuring genioglossus muscle EMG during 
sleep. In normal, non-snoring, asymptomatic children studied 
using EMGGG during polysomnography, tonic EMGGG activ-
ity was highest during wakefulness, decreased to 65% of wake-
fulness level during NREM sleep and further decreased to 
about half of wakefulness level during REM sleep.84 In normal 
children, no phasic EMGGG activity was observed during 
sleep.84

Dynamic Neuromotor Responses to Upper Airway 
Negative Pressure Loading
Dynamic upper airway responses have been studied in normal 
children (≈9–16 years of age) using negative pressure chal-
lenges (via nasal mask) during polysomnography, while 
recording EMGGG.87 As illustrated in Figure 23-7, the upper 
airway neuromotor responses to negative pressure may develop 
quite rapidly. In this example, phasic EMGGG activity can be 
observed even on breath 1 of the negative pressure challenge 
(Figure 23-7). As EMGGG activity increases progressively 
breath by breath, inspiratory flow limitation decreases until 
flow limitation is abolished by breath 5 (Figure 23-7). These 
rapid-onset EMGGG responses to negative pressure were 

Figure 23-7 Dynamic, breath-by-breath response to negative pressure challenge in a normal child. See text for explanation. From Katz ES, Marcus CL, White 
DP. Influence of airway pressure on genioglossus activity during sleep in normal children. Am J Respir Crit Care Med 2006;173:902–9.
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sleep;17 in another, respiratory frequency was not different 
between NREM and REM sleep.107

Tidal Volume
In preterm infants ≈31 weeks’ gestational age, studied at ≈3 
weeks of age, average tidal volume during sleep was 
6.7–7.0 mL/kg during sleep and did not differ between REM 
and NREM sleep.108 Average tidal volume for term infants 
during the first week of life is about 4.6–4.9 mL/kg.93,109 In 
contrast to respiratory frequency, generally no significant dif-
ference was observed in tidal volume between REM and 
NREM sleep in babies50,92,93 or only a slight decrease in VT 
was observed.93 This is perhaps surprising since the chest wall 
and abdominal wall are more synchronous in NREM sleep, 
but during REM sleep abdominal wall and chest wall are 
asynchronous, and tidal volume is negatively correlated with 
the phase shift between the two.

In older babies at 2 months of age, using barometric 
plethysmography, VT was greater in NREM sleep than REM 
sleep.102 In adolescents, tidal volume was not significantly 
changed between wakefulness, NREM sleep and REM 
sleep.17

Minute Ventilation
As expected for an increase in breathing frequency and little 
or no change in VT, minute ventilation is generally increased 
in REM sleep compared to NREM sleep,50,92,93,108 but this was 
not found uniformly in all studies.94,102 This is perhaps sur-
prising because of the thoraco-abdominal asynchrony in 
REM sleep, but an increase in minute ventilation is even 
observed in preterm infants in which the chest wall is most 
compliant.109 As expected from the greater variability of res-
piratory frequency in REM sleep, minute ventilation also 
showed higher variability in REM sleep.92

In adolescents, minute ventilation decreased by 8% in going 
from wakefulness to NREM sleep and increased by 4% in 
going from NREM to REM sleep.17 In another study of older 
children, minute ventilation was not different between NREM 
and REM sleep.107 In adults, data from numerous studies 
indicate that VE falls about 15–18% in NREM and REM 
sleep, due largely to a decrease in VT without a change in 
respiratory rate, although variability is higher between 
studies.110 Some of the variation between studies may be due 
to measurement of respiratory rate during tonic versus phasic 
REM sleep.

Duty Cycle
In newborn babies during NREM sleep, there is a positive 
correlation between VT and TTOT, between TI and TE and 
between VT and TI.93 However, Ti/TOT does not vary with 
sleep state,102 but the variability of Ti/TTOT was increased in 
REM sleep.94 With age, there is a general increase in most 
duty cycle parameters: VT, VTOT, TI, TE, VT/TI and VT/TTOT.102 
Above 2 months of age, VT/TTOT was smaller in NREM 
sleep.102 In adolescents, the TI/TTOT was not significantly dif-
ferent among sleep states.17

Sighs
Sighs or augmented breaths are spontaneous deep breaths 
several times larger than regular tidal breaths. Some sighs 
appear to be a ‘breath on top of a breath,’ which is character-
ized by a biphasic respiratory pattern; a long inspiratory 

frequency,92 is higher in REM sleep compared to NREM 
sleep. This is likely due to direct stimulation of brainstem 
respiratory neurons during REM sleep.97 Breathing frequency 
is not different between sexes,98–100 at least in the first weeks 
of life. However, the range of respiratory frequencies is quite 
large, ranging from 40–60 breaths/min for infants less than 
10 days old.96,98–100 In addition to variability in recording 
methodologies and time of day of recordings, ambient tem-
perature and even the type of feeding101 may have influenced 
the measurement and contributed to the large range of 
observations.

Over the first year of life, there is a general trend towards 
lower respiratory rates,102 an increase in regular breathing,90 
and a smaller difference in respiratory frequency between 
NREM and REM sleep.90 For instance, in one longitudinal 
study respiratory frequency declined from 41 breaths/min at 
1 month of age to 31 breaths/min at 5–6 months for both 
sleep states101 but others have found the decrease in respira-
tory rate is primarily in REM sleep.103 In another study, which 
examined 57 normal infants, respiratory frequency was higher 
at 2–5 weeks, and 6–10 weeks compared to newborns or 
11–18-week-old infants.95 Beyond 1 month of age, males 
breathe more rapidly than females, suggesting a slower matu-
ration of the respiratory control system in males.104

A recent, large, multicenter study of over 200 Caucasian 
children 1–18 years of age, found that respiratory rate during 
NREM sleep declined steadily over the entire age range, from 
1 to 18 years (Figure 23-8).105 Average respiratory frequency 
declined from ≈22 breaths/min at 1–1.5 years to ≈15 breaths/
min at 16–18 years of age. The scatter in normal respiratory 
rate values was large over the entire age range, such that there 
is substantial overlap in the normal range for a normal 
1-year-old and 17-year-old (Figure 23-8).105

In older children between 9 and 13 years, respiratory rate 
is highest in wakefulness and stage 1 sleep and lowest in stage 
2 sleep.106 While the average respiratory rate is the same in 
males and females, the variance of rate is higher in males.102,106 
In a study of adolescents, respiratory rate decreased in going 
from wakefulness to NREM sleep and increased during REM 

Figure 23-8 Respiratory rate in normal children 1–18 years of age and 
results of linear regression. From Scholle S, Wiater A, Scholle HC. Normative 
values of polysomnographic parameters in childhood and adolescence: 
cardiorespiratory parameters. Sleep Med 2011;12:988–96.
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Apneas become less common at older ages121 and cannot 
be reliably predicted from recordings from the first week of 
life.91 By 1 year of age, no apneas greater than 20 seconds were 
observed in a population of infants.120 Here, the time and 
duration of recording may play a role since greater recording 
times are associated with an increase in apnea index, perhaps 
due to the influence of circadian rhythms.128 Again, there 
appears to be a prevalence of central apneas over obstructive 
apneas in children 2–9 years old with an apnea index of 0.08/
hour for central apneas and 0.01/hour for obstructive apneas.18

In normal children 9–13 years of age, apnea lasting five 
seconds or longer was observed in all subjects, ranging from 
3 to 40/night, with an average of about 18/night.106 Some of 
these central pauses lasted up to 25 seconds and were most 
prevalent in stage 1 and REM sleep compared to stages 2–4.106 
In children 1–18 years old, the prevalence of central apneas 
lasting longer than 10 seconds was 30%.129 No mixed apneas 
were observed in any normal children or adolescents.129

In contrast to obstructive apnea, central apneas lasting 
>10 s occurs frequently in children and occur slightly more 
commonly in NREM sleep compared to REM sleep.129 Often, 
central apnea was not associated with significant O2 desatura-
tion, which was observed with only 19% of central apneas.130 
The lowest O2 desaturation observed was 88%. There was no 
apparent difference between children demonstrating apneas 
and those that did not. Both groups spent the same amount 
of time in REM sleep (18% of total sleep time).

In a study of normal children aged 1–18 years, 18% had 
obstructive apneas, but they were rare; averaging only 0.1 
obstructive apneas per sleep hour, never longer than 10 
seconds duration and not correlated with age.129 In normal 
children 1–15 years of age, central apneas were much more 
common compared to obstructive apneas (89% incidence).130 
Obstructive apneas were observed in only 4% of normal chil-
dren and were not associated with a specific sleep stage.130 Of 
those normal children exhibiting obstructive apneas, the 
apnea index was about 0.37130 to 0.56.129 Compared to normal 
children, obstructive apneas in adults are more common and 
increase with advancing age.131

The physiologic and clinical importance of normal apnea 
pauses is uncertain. Analysis of event recording in infants 
(about 6–7 months of age) demonstrates that out of 1306 
apneic events lasting longer than 15 seconds, only 14.9% were 
associated with bradycardia.132 Follow-up on patients who 
demonstrated prolonged apneas, some exceeding 25 seconds, 
indicated that none had subsequent life-threatening events.132 
In older children (9–13 years), apneas lasting greater than 5 
seconds also occurred frequently.106 These pauses were most 
frequent in stage 1 and REM sleep compared to stages 2, 3 
and 4,106 and most occurred in association with sigh or move-
ment.17 Another study in adolescents recorded 5.5 central 
apneas lasting longer than 10 s per night,17 but these were not 
associated with an O2 desaturation below 90%.129

Over multiple studies, the overall apnea index is near 
1,130,133 which is considerably less than that observed in 
adults.131 This underscores the conclusion that normative data 
developed in adults do not well apply to the pediatric popula-
tion,134 although it may apply to adolescents in some cases.135

Periodic Breathing
Periodic breathing, characterized by periodic respiratory 
pauses, is common in the newborn period, especially in 

duration with an abrupt change in inspiratory flow rate 
halfway through the inspiratory phase.111 These intermittent 
deep breaths are believed to serve an important function in 
re-expanding collapsed lung segments. Sighs are common in 
the newborn period, particularly during REM sleep, and are 
associated with periodic breathing which occurs in about half 
the subjects and is unrelated to sleep stage.112 The frequency 
of sighs decreases with postnatal age.111,113 It is unclear whether 
they are more numerous in NREM sleep – one study con-
cluded that they are114 while another concluded that they are 
not.113 Retarded expiratory flow, possibly due to post-
inspiratory inspiratory diaphragmatic activity, is also mostly 
encountered in NREM sleep.114 Spontaneous sighs appear to 
increase the probability of a subsequent apnea along with 
oscillatory respiratory efforts.115

Normal Apnea
Apneas are common in the newborn period,91,116,117 decrease 
in frequency with age,96,118 and are often associated with body 
movements.112 They are especially prevalent in preterm new-
borns,116,119 they occur more often in REM than NREM 
sleep,95,100,101,120–124 and last longer in REM sleep.101 Apnea also 
appeared to occur more commonly in breast-fed infants101 and 
may occur more in females than males beyond 1 month of 
age.101,104,122

Apnea durations of 6–10 s are especially common during 
infancy, generally considered to be normal,91,112,125 and are 
more likely to occur during REM sleep (Figure 23-9).96 Most 
apneas are central apneas and obstructive or mixed apneas are 
infrequent in the newborn period,121 but increase between 3 
and 6 weeks and then diminish by 3 months.118 Their inci-
dence is affected by sleep position, being more common in 
the prone position.126 Others have found that in young infants 
obstructive apneas are more common than central apneas.124 
In a study of 88 full-term healthy infants between 12 and 18 
months/age, apnea density (minutes of apnea/100 min of 
quiet time) remained constant at 0.5 and did not differ across 
ages or between sexes.127

Figure 23-9 Frequency of apneic intervals lasting greater than 4 sec as a 
function of age and sleep state. Adapted from Adamson TM, Cranage S, 
Maloney JE, Wilkinson MH, Wilson FE, Yu VY. The maturation of respiratory 
patterns in normal full term infants during the first six postnatal months. II: 
Sleep states and apnoea. Australian Paediatric Journal 1981;17:257–61.
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>50 mmHg 0.5% of the time. Despite the hypoventilation, as 
indicated by CO2 values, desaturation events (lower than 92%) 
are very rare in the normal population and may represent the 
most accurate parameter to determine whether respiratory 
pathology exists.129,147 While being different in sleep, the ven-
tilatory response to CO2 was the same in both NREM and 
REM sleep.108

NORMAL AROUSAL FROM SLEEP

Arousal from sleep represents an important defense response 
against an ongoing respiratory challenge. Spontaneous arous-
als are a normal part of REM and NREM sleep.148 For 
instance, in preterm and term infants, arousals (as defined by 
behavior) not associated with apnea occurred at a rate of 0.23/
minute.149 The frequency increased to 0.59/minute in sleep 
periods with apnea and was significantly higher during long 
apneic periods, during mixed versus central apnea and during 
severe versus mild apnea.149 The arousal frequency may be 
influenced by sleep position. In healthy term infants, during 
REM sleep the prone position is associated with significantly 
fewer arousals compared to supine; however, the rate of arousal 
is the same (prone versus supine) in NREM sleep.150 Overall, 
the rate of arousals is lower in the prone compared to supine 
positions at 3 months of age.151

Despite their association with apnea termination, arousal 
may not be essential since most apneic events appear to ter-
minate without arousals, at least in younger infants.149 In older 
(pre-pubertal) children during NREM sleep, termination of 
obstructive apnea events was associated with EEG arousal in 
only 12%, with movement in the rest.152 Here, movement 
occurred in the absence of EEG changes. In comparison, all 
REM sleep apneas were terminated with a movement.152 
Thus, arousal as defined by EEG changes does not appear to 
be a prerequisite for apnea termination.

Hypercarbia is a strong stimulus for arousal and probably 
plays a critical role in apnea termination. In a group of normal 
infants aged 7.3 weeks, the arousal threshold to increased CO2 
was 48.4 torr.153 An even lower arousal threshold, 40.1 torr, 
was reported for 1–25 months of age.154 This CO2 threshold 
is only slightly above the normal resting level of CO2. Simi-
larly, in children 9 weeks of age, raising CO2 to 60 torr by 
adding CO2 to the inspired air caused arousal in all chil-
dren.155 In older children at 4.4 years of age, every child 
aroused when CO2 was increased to 60 torr.156 Although most 
of the ventilatory drive due to CO2 is due to central chemo-
receptors, arousal from sleep due to increased CO2 appears to 
be dependent on peripheral chemoreceptors, at least in experi-
mental models where it may be reduced by carotid sinus nerve 
section or hyperoxia.157,158

In comparison to hypercarbia, hypoxia appears to be a 
weaker stimulus for arousal. In normal infants, arousal was 
observed 70% of the time when FiO2 was decreased to 0.15.153 
In another study, an FiO2 of 0.15 caused arousal in only 32% 
of the trials.159 In infants of 9 weeks of age, hypoxia (80 torr) 
failed to cause arousal in most cases, and in a group of infants 
averaging 12 weeks of age, hypoxia (80 torr) caused arousal in 
only 8 of 18 infants.155 Arousal to hypoxia appears to occur 
more frequently in the older infant. In infants 1–25 months 
(average age 8 months) arousal to hypoxia (78 torr) occurred 
in all instances.154 Position also has a significant influence. 

preterm infants.90 As with apnea, periodic breathing is more 
common in REM sleep compared to NREM sleep.136 The 
incidence of periodic breathing appears to decrease over the 
first 3 months of life.100,121

CONTROL OF VENTILATION DURING SLEEP

Ventilatory Response To Hypoxia
The hypoxic ventilatory response normalized to weight 
decreases with age, from −0.035 L⋅kg−1⋅min−1⋅SaO2

−1 in chil-
dren to −0.024 L⋅kg−1⋅min−1⋅SaO2

−1 in adults, similar to the 
age-dependent decrease in hypercapnic ventilatory response.137 
This may serve an important purpose in promoting respira-
tory stability since high levels of peripheral chemoreceptor 
responsiveness are correlated with respiratory instabilities, 
particularly apnea and oscillatory breathing patterns.138,139 
This is consistent with an age-dependent decrease in periph-
eral chemoreceptor drive to breath which continues at least 
through 28 years.140

In adult men, the hypoxic ventilatory response decreased to 
two-thirds of waking value in NREM sleep and to one-third 
of waking value in REM sleep,141 although another study 
found similar values in NREM sleep and wakefulness.142 The 
response appears to be state-dependent. Stimulation of 
breathing with 15% O2 caused a biphasic response in wakeful-
ness and REM but a sustained increase in NREM sleep.143

Ventilatory Response to Hyperoxia
In premature infants, the response to reducing peripheral 
chemoreceptor input by breathing 100% O2 caused ventilation 
to drop by 28% in wakefulness, 39% in REM sleep and 37% 
in NREM sleep and often caused an apnea lasting 8–11 
seconds.143 In older infants, the drop in minute ventilation in 
response to a step increase in inspired O2 is similar in REM 
and NREM sleep, primarily due to a decrease in VT compared 
to F.92

Ventilatory Response to Hypercapnia
The absolute ventilatory response to hypercapnia during 
wakefulness increases with the weight of the subject over the 
period of 4–49 years, but when normalized to body weight, 
the ventilatory response decreases with age.137,144 The normal-
ized ventilatory response in children was 0.056 L⋅kg−1⋅min−1⋅torr 
PETCO2

−1 and in adults was 0.032 L⋅kg−1⋅min−1⋅torr PETCO2
−1. 

The ventilatory response to CO2 is generally linear and, thus, 
may be extrapolated to the point where ventilation is zero, the 
CO2 threshold. The CO2 threshold was also lower in children 
compared to adults, 36 versus 40 torr. When normalized to 
weight, there are no significant ventilatory differences between 
males and females, except for a slightly lower CO2 threshold 
in females.137 The decrease in hypercapnic ventilatory response 
is paralleled by a decrease in airway occlusion pressure (P0.1) 
during hypercapnic stimulation, a measure of ventilatory 
drive, which also decreases with age.145

Control of PaCO2 appears to be sleep-stage-dependent. 
End-tidal CO2 for older children (1–15 years) exceeds 
45 mmHg about 1.6–2% of total sleep time.130 PETCO2 was 
>50 mmHg for 0.3% total sleep time130 similar to the conclu-
sion of Brouillette et al., who consider 45 mmHg to be the 
upper limit of normal.146 This is less than earlier values, where 
Marcus et al.129 found >45 mmHg some 7% of the time and 
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loading of the respiratory system reveals infant vulnerability, 
especially in preterm newborns due, in part, to their high chest 
wall compliance. Infancy is also a time of respiratory control 
immaturity and instability, frequent central apnea and periodic 
breathing, all of which resolve or decline with maturation.

Childhood, between infancy and adolescence, continues to 
be a time of rapid growth, and maturation of neural respira-
tory control continues across childhood. Ventilatory drive 
decreases with age. Ventilatory responses to both hypoxia and 
hypercapnia (adjusted for body weight) decrease with age. 
Although the upper airway is smaller in young children and 
increases in size throughout childhood, the upper airway is 
much less collapsible in infants and children compared to 
adults. This is due to robust, dynamic, reflex regulation of 
upper airway collapsibility, likely mediated by negative pres-
sure reflexes that persist throughout childhood and into ado-
lescence, but are greatly reduced in adults. Central apnea 
continues to occur normally in children, but is less frequent 
than in the newborn. Obstructive apnea is uncommon in 
infants and children but becomes more common in adults and 
continues to increase with age throughout the entire lifespan, 
into elderly adulthood.

Adolescence is a time of physiological transition as children 
literally become adults over a 6–7-year time period. Thus, 
there may be very large differences in normal respiratory 
physiology between a 13- and an 18-year-old. The upper 
airway, for example, is ‘child-like’ in early adolescence and 
collapsibility (e.g., as characterized by VImax/PN and Pcrit) pro-
gressively increases during adolescence to ‘adult-like’ values by 
late adolescence.

Understanding normal respiratory physiology during sleep 
is absolutely essential to advance understanding of sleep-
related breathing disorders, as well as to understand the effects 
of sleep on pulmonary and respiratory system disorders. A 
deep understanding of normal respiratory physiology during 
sleep is also clinically useful and greatly strengthens mecha-
nistic insights into sleep-related breathing disorders. Taken 
together, the studies reviewed in this chapter constitute an 
impressive wealth of important knowledge and paint a rela-
tively clear picture of normal respiratory physiology matura-
tion. However, as noted in the introduction, there are still 
major gaps and inconsistencies, in part due to the enormous 
variation in and lack of standardization of definitions, experi-
mental approaches, methodologies, etc. The increasing 
number of mechanistic studies and life-spanning studies from 
infancy to late adolescence are, perhaps, promising signs.
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INTRODUCTION

Apnea of prematurity (AOP) affects almost every extremely 
low gestational age neonate (ELGAN) and also many less 
immature infants. Its pathophysiology, however, is incom-
pletely understood. This chapter reviews observational studies 
better to understand the pathophysiology of AOP, focusing 
on bradycardia and hypoxemia because they, and not apnea 
duration, are relevant to the well-being of an infant. Based on 
these data, current strategies to treat or prevent AOP will be 
reviewed.

PATHOPHYSIOLOGY

The Role of Upper Airway Obstruction
Traditionally, apnea is divided into central, obstructive and 
mixed. Many apparently ‘central’ apneas, however, involve a 
loss of airway tone that results in intermittent airway obstruc-
tion,1 while active glottic closure, similar to that preventing 
outflow of lung water during in utero apnea,2 has also been 
observed in AOP, potentially preserving lung volume during 
apnea also ex utero. Airway obstruction may also prolong 
initially short respiratory pauses.3 Thus, the narrow upper 
airways of preterm infants might be actively maintained open 
via a respiratory center input, and it simply depends on which 
component of this input is activated first (diaphragm or  
upper airway) whether an apnea will appear as central or 
obstructive.4

Relationship between Apnea, Bradycardia  
and Desaturation
Apnea, bradycardia and desaturation during AOP are closely 
temporally related.5 According to the author’s data on 80 
preterm infants, 83% of bradycardias (heart rate less than 
two-thirds of baseline) were accompanied by an apnea (≥4 s), 
86% by a fall in pulse oximeter saturation (SpO2) to ≤80%, 
and 79% by both apnea and desaturation.6 The interval 
between apnea and bradycardia was extremely short (median, 
4.8 s), as was that between bradycardia and desaturation 
(median, 4.2 s). This was predominantly because the interval 
between the onset of apnea and that of desaturation, corrected 
for the time it takes for the blood to travel from the lung to 
the pulse oximeter sensor site, was only 0.8 s (Figure 24-1).6

These observations support the concept that hypoxemia 
causes bradycardia, e.g., via stimulation of peripheral chemo-
receptors,7 the occurrence of which is facilitated by the 
absence of the pulmonary inflation reflex during apnea. The 
latter would also explain why, despite a similar severity of the 
accompanying hypoxemia, bradycardia is more common with 
central than with mixed or obstructive apnea.8

Changes in Lung Volume, Apnea and Desaturation
Why is the interval between apnea and desaturation onset so 
short? This may be related to a reduced functional residual 
capacity (FRC). In preterm infants, relaxation volume is only 
10–15% of total lung capacity and thus very close to residual 
volume, predisposing them to the development of peripheral 
airway closure.9 To compensate for this disadvantage, these 
infants actively maintain their end-expiratory lung volume 
above relaxation volume, which is one reason for their high 
respiratory rate.10 In fact, lung volume is 20% lower after an 
apnea than after a sigh, i.e., apnea results in a loss of FRC, 
which is restored by a sigh. This suggests that one of the main 
functions of sighs in preterm infants is to reverse falls in lung 
volume caused by apneas.11,12

During periodic apnea, SpO2 falls twice as fast as during 
isolated apneas.5 Although a reduced mixed venous SO2 fol-
lowing a prior fall in SpO2 may also contribute to this, another 
reason for this is a progressive fall in lung volume during the 
repeated apneas, resulting in peripheral airway closure. The 
complex interrelations of the factors influencing the speed of 
the fall in SpO2 during AOP have recently been modeled 
mathematically.13

A loss in lung volume may also be decisive for the develop-
ment of hypoxemia following abdominal muscle contractions 
in ELGANs, being involved in 80% of their desaturations to 
<75% SpO2 in one study, and being associated with an average 
decrease in resting lung volume by 69% of tidal volume.14

A potential consequence of a reduction in lung volume is 
a (further) inhibition of respiration via activation of the 
Hering–Breuer deflation reflex. In term infants, this vagally 
mediated reflex terminates expiration while initiating inspira-
tion. In preterm infants, however, induction of this reflex via 
chest compression resulted in a shortening of inspiratory time 
and a tendency to have short apneas (2–5 s).15 The same may 
occur if lung volume falls spontaneously, e.g., during apnea.

Conversely, an increase in lung volume was recently found 
to stabilize breathing by reducing loop gain, i.e., the sensitivity 
of the negative feedback loop of the chemoreflex control of 
the respiratory system, while a reduced lung volume will 
increase the instability of the respiratory control system, as 
evident during periodic breathing.16

These considerations provide a theoretical basis for the 
effectiveness of strategies that increase lung volume in reduc-
ing the frequency and/or severity of AOP in preterm infants.17

The Role of Feeding and Gastro-Esophageal Reflux
Symptoms of AOP often increase in relation to feeding. We 
studied the effect of bottle feeding, as compared to slow (1 h) 
and bolus (10 min) gavage feeding, on AOP and found three 
times more desaturations to ≤80% with bottle than with bolus 
gavage feeding, but no further reduction with slow gavage 
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CR signals were analyzed for apneas (≥4 s), desaturations to 
≤80%, and bradycardias to ≤100 bpm. A temporal relation-
ship between GER and a CR event was considered present if 
both commenced within 20 s of each other. We found a high 
rate of both apnea and GER, but the apnea frequency within 
20 s of a reflux episode was not significantly different from 
that during reflux-free epochs (mean, 0.19/min. vs. 0.25/min); 
the same was true for desaturations and bradycardias. Also, 
GER occurred similarly often before as after an apnea. Only 
in the few apneas (3.5%) that were associated with GER 
reaching the pharyngeal level, significantly more (45 vs. 26) 
occurred after rather than before GER. Thus, while both CR 
events and GER were common, they did not, with few excep-
tions, appear to be temporally related.19 Similar results have 
since been reported by others.20,21 Thus, the widespread prac-
tice22 of giving antireflux medications to infants with AOP is 
futile.

Chest Wall Distortion, Anatomic Dead Space and 
Diaphragmatic Fatigue
Chest wall distortion, clinically apparent as paradoxical 
breathing, is common in infants and is especially visible in 
preterm infants. It has been suggested that this distortion 
increases the volume displacement of the diaphragm during 
inspiration.23,24 In longitudinal studies, Heldt showed that the 
minute volume displacement of the diaphragm was almost 
twice as large as pulmonary ventilation at 29–30 weeks’ ges-
tational age (GA) and fell to approximately 90% of pulmonary 
ventilation at 36 weeks’ GA. Concomitantly, diaphragmatic 
work was almost halved.24 The author speculated that this 
additional workload may represent not only a significant 
calorie expenditure in these infants, but contributes to the 
development of diaphragmatic fatigue and apnea.24 Further 

feeding. There were always significantly more desaturations 
in the hour feeds were given than during the following 2 
hours, but the effect of feeding method persisted throughout 
these 3-h feeding intervals. Interestingly, there was no signifi-
cant effect of feeding technique on the frequency of apnea or 
bradycardia (Figure 24-2).18

Thus, bottle feeding may confer a significantly increased 
risk of episodic desaturation, which may be quite long-lasting. 
It is puzzling that slow gavage feeding offered no advantage 
over bolus gavage feeding. Might gastro-esophageal reflux 
(GER), occurring with either feeding method, be an explana-
tion for this?

With the new multiple intraluminal impedance (MII) 
technique, GER can now be detected, independent of acidity, 
via changes in impedance caused by a liquid bolus inside the 
esophagus. We recorded MII, together with cardiorespiratory 
(CR) signals, in 19 infants with AOP.19 MII signals were 
analyzed, independently of CR signals, for reflux episodes. 

Figure 24-1 Example for the close temporal relationship between apnea, 
bradycardia and desaturation. The delay caused by the time it takes for the 
blood to travel from the lung to the pulse oximeter sensor attached to the 
foot can be estimated from the delay between the first breath following an 
apnea and the onset of the recovery in SpO2 (D to E). This must be 
subtracted from the interval between the onset of apnea and that of 
desaturation (A to B) and from the interval between the onset of 
bradycardia and that of desaturation (B to C). Reproduced from Poets CF. 
Pathophysiology of Apnea of Prematurity: Implications from Observational 
Studies. In: Mathew OP. Respiratory control and its disorders in the newborn. 
Marcel Dekker, Inc, New York 2003,295–316, with permission.
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Figure 24-2 Apnea, bradycardia (Brady) and desaturation (Desat) rates 
during the hour feedings were given compared to the following 2 hours in 
30 preterm infants studied at 34 wk (SD 1.4) gestational age. * p < 0.05, 
** p < 0.01. Reproduced from Poets C. Apnea of Prematurity. In: 
Kheirandish-Gozal L, Gozal, D., editor. Sleep-Disordered Breathing in 
Children: A Comprehensive Clinical Guide to Evaluation and Treatment.  
New York: Humana press, Springer; 2012. p. 263–78, with permission.
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speculate that the much earlier onset of the hypoxic ventila-
tory depression in this age group is related to a decreased 
availability of PCr in the neonatal brainstem.

Brainstem slices from pups of creatine-fed mice (2 g/kg/d) 
did indeed show higher phosphocreatine contents and signifi-
cantly less hypoxic ventilatory depression (−14% vs. −41%), 
than those from non-supplemented control animals. This cor-
responded to nearly constant cerebral ATP levels in the former 
versus a 54% decrease in the latter animals after 30 min of 
anoxia.42 Also, measurements of the maximal respiratory 
amplitudes in such pups during hypoxia showed an increase 
by 51%, compared to 22% in control animals.43 A randomized, 
controlled trial of creatine supplementation (200 mg/kg/d) to 
preterm infants with AOP, however, starting at around 2 wk 
of age and being administered for 14 d, showed no effect at 
all on AOP,44 although this could have also been due to an 
insufficient dose and/or duration of treatment. This issue 
deserves further study.

Relevance of the pCO2 Apneic Threshold
Respiratory drive also depends on CO2. A baseline concentra-
tion of pCO2 is essential for breathing to occur; conversely, if 
pCO2 falls considerably below its eupneic baseline, apnea sets 
in. The pCO2 value at which this occurs is called the apnea–
hypopnea threshold; it is approximately 3.5 Torr below 
eupneic pCO2 in healthy adults.45 The closer this eupneic 
pCO2 is to apneic threshold pCO2, the more unstable breath-
ing likely gets, as minor behavioral changes in ventilation 
would be sufficient to propel the pCO2 to below threshold, 
inducing apnea.45 The spontaneous pre-apneic threshold in 
term and preterm neonates is only 1–1.3 mmHg below 
eupneic values, potentially destabilizing respiration in neonates 
compared to older subjects.45 The logical clinical consequence 
of these findings, namely CO2 inhalation as a treatment for 
AOP, was recently tested and shown to be effective, but less 
than treatment with theophylline.46

Influence of the Thermal Environment
There are several case studies suggesting that overheating 
causes apnea in infants,47,48 but there have been surprisingly 
few studies to prove the opposite, i.e., that cold stress stimu-
lates breathing. One study, performed in three preterm infants, 
showed that apnea was more likely to occur during a decrease 
rather than an increase in incubator temperature.49 Recently, 
Tourneux et al. measured energy expenditure and apnea rate 
in 22 preterm infants at thermoneutrality (32.5°C) and at 
ambient temperatures 2°C below and above this level. Apneas 
were less frequent and shorter in duration with cold exposure 
(during which oxygen consumption increased), but there was 
no association between body temperature and apnea rate.50 
Thus, the likelihood of apnea to occur seems to be inversely 
related to metabolic drive, although not necessarily to ambient 
temperature.

Termination of Apnea
As important as the question of what causes an apnea is that 
of what terminates it. In adults, recovery from apnea is usually 
associated with arousal from sleep, probably via activation of 
peripheral chemoreceptors. In preterm infants, the situation 
is more complex as here, motor activity may precede the onset 
of apnea and continues during apnea, i.e., apnea occurs after 
arousal rather than resulting in it.51 In contrast, when looking 

contributing is that, because of their relatively large head size, 
anatomic dead space is approximately 45% of tidal volume in 
neonates, but only 25% in adults.25,26

Circumstantial evidence that muscle fatigue may indeed be 
involved in neonatal apnea stems from the time course  
of apnea in term and preterm infants. AOP becomes more 
problematic towards the end of the first or during the second 
week of life,27 while chemoreceptor resetting, which other-
wise might also explain this phenomenon, is essentially  
complete within approximately 24–48 h after birth.27 We con-
firmed this observation for desaturation rates in both term 
and preterm infants.28,29 A mechanism through which labored 
breathing may produce apnea in preterm infants is the 
intercostal–phrenic inhibitory reflex. This may be elicited 
both by rib cage distortion30 and respiratory loading,31 and is 
known to inhibit respiratory effort in infants.

Thus, it is conceivable that similar to the obstructive sleep 
apnea syndrome in adults, where an increased work of breath-
ing resulting from upper airway obstruction may lead to an 
increased rate of central apneas, the same mechanism may also 
play a role in AOP.

Hypoxic Ventilatory Depression
Fetal breathing is diminished if oxygen supply via the placenta 
is reduced.32 For the fetus, respiratory movements are a waste 
of energy that cannot be afforded if oxygen supply via the 
placenta is reduced. This behavior, however, although coun-
terproductive ex utero, continues after preterm birth,33,34 
switching to a mature hypoxic ventilatory response only at 
approximately 35 weeks’ PCA. This correlates well with the 
natural course of AOP.35 While the classic hypoxic response 
is biphasic, consisting of an initial increase followed by a 
decrease in ventilation,33,35 ELGANs show an immediate 
reduction in minute ventilation during hypoxia, which is 
mainly due to a fall in respiratory rate.36

The clinical relevance of this maturational phenomenon 
was recently demonstrated in a substudy of SUPPORT, a 
large multicenter study comparing the effects of a high 
(91–95% SpO2) versus a low (85–89%) target range for SpO2 
in ELGANs.37 By recording desaturation rates until 36 wk 
PCA in infants randomized in their center, the authors found 
significantly (2–3 times) more desaturations to ≤80% for 
≥10 s in the first 11 days of life and again between 8 weeks 
of age and reaching 36 wk PCA in those infants who had 
been randomized to the lower SpO2 target group.38 This 
observation is best explained by the effects seemingly small 
decreases in baseline SpO2 have on hypoxic ventilatory 
depression.39

As mentioned above, an important question is which 
molecular mechanisms are responsible for the hypoxic ventila-
tory depression. One candidate is the creatine–phosphocreatine 
(PCr) system. In the absence of oxidative phosphoryli-
zation, provision of phosphate for generation of adenosine-
triphosphate (ATP) relies predominantly on the PCr pool, 
before anaerobic glycolysis, with increased production of 
lactate and H+, is activated.40 This is particularly relevant to 
tissues with a high energy metabolism such as the central 
nervous system. A fall in intracellular ATP is an important 
trigger for hypoxia-induced neuronal damage, and mainte-
nance of ATP levels is therefore of fundamental importance 
for neuronal protection from hypoxic insult.41 The neonatal 
brain is relatively deficient in creatine, and it is tempting to 
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and desaturation was 50% lower with the latter device than 
with N-IPPV.58 Thus, use of a technique that reduces the 
work of breathing, or synchronized N-IPPV, may be key to 
success for nasal ventilatory support to improve AOP.61

Caffeine
Methylxanthines increase chemoreceptor sensitivity as well as 
respiratory drive and can also improve diaphragmatic func-
tion. Of the substances available, caffeine has a wider thera-
peutic range and fewer side effects than theophylline. In the 
large randomized Caffeine for Apnea of Prematurity (CAP) 
study, caffeine (or placebo) was started during the first 10 days 
of life in infants of 500–1250 g birth weight until no longer 
considered necessary for AOP treatment. Mechanical ventila-
tion, CPAP, and oxygen administration could be discontinued 
7–10 days earlier in infants treated with caffeine. Most impor-
tant, however, are the data on the primary outcome, i.e., death 
or disability at 18 months corrected age. These showed that 
caffeine was associated with a 23% reduction in this outcome 
(OR 0.77; 95% CI 0.64–0.93). This benefit was particularly 
strong for cerebral palsy: 4.4% versus 7.3% of infants had this 
outcome (RR 0.58; 0.39–0.87).62 Somewhat unexpectedly, 
and not primary end points, were the findings of a 40% lower 
risk of bronchopulmonary dysplasia (BPD; 36% vs. 47%; OR 
0.6; 95% CI 0.5–0.8), a 30% lower risk of developing a symp-
tomatic patent ductus arteriosus (OR 0.7; 0.5–0.8), and a 40% 
reduction in the risk of developing stage 4 or 5 retinopathy of 
prematurity (ROP) or requiring treatment for ROP (5 vs. 8%; 
OR 0.6; 0.4–0.9) in the caffeine group.63 Recently, data from 
the 5-year follow-up to this study showed that the preventive 
effect of caffeine on motor impairment persists even into 
middle childhood.64

In subgroup analyses, the effect of caffeine on the primary 
outcome was found to be restricted to infants requiring res-
piratory support at randomization; i.e., caffeine had no effect 
on death or disability in infants not requiring CPAP or IPPV.65 
Interestingly, the reduced duration of the need for ventilatory 
support was only evident in those who were randomized 
within their first 3 days of life.

Because of the above data, and because ≥90% of infants 
<1250 g birth weight are considered candidates for caffeine 
administration, the latter may be considered within the first 
3 days of age in any infant <1250 g who requires respiratory 
support and suffers from, or is likely to develop, AOP (i.e., is 
very immature and still being ventilated). It is important, 
however, also to consider when to discontinue caffeine treat-
ment. Here, CAP study infants received caffeine up to a 
median GA of 34 wk. It is possible, however, that a longer 
duration of treatment will be even more beneficial, particularly 
given that the more mature brain is less tolerant to the detri-
mental effects of intermittent hypoxia, but longer duration of 
treatment may equally well be detrimental. This must there-
fore be tested in further RCTs.

In the CAP study, a loading dose of 10 mg/kg caffeine base 
(IV or orally) and a maintenance dose of 2.5–5 mg/kg once 
daily were used. Subgroup analysis, however, revealed that the 
reduction in death or disability was more pronounced in 
infants receiving an average dose of >3.5 mg/kg/d than it was 
in infants receiving caffeine at a lower dose.66 Another RCT 
compared a loading dose of 40 mg/kg caffeine base (mainte-
nance dose 10 mg/kg/d) with a ‘conventional’ 10/2.5 mg/kg 
regimen in 234 infants born at a mean GA of 27 wk. Infants 

for signs of behavioral arousal in sleep-related apneas, this 
may be more likely to occur with longer (>15 s) compared to 
shorter (5–15 s) apneas, with those that are associated with 
hypoxemia (SpO2<80%) or bradycardia (HR<100/min), and 
with mixed compared to central apneas.52 Thus, several factors 
may affect the occurrence of arousal during apneas in preterm 
infants: sleep state, severity of hypoxia/hypercapnia, airway 
afferent input and sleep fragmentation/habituation resulting 
from previous apneic episodes.52 Whatever the precise mecha-
nism, it seems that chemoreceptor activation, but not cortical 
arousal, is required for apnea termination.

TREATMENT

For space constraints, this review will focus on interventions 
for AOP that have already been proven beneficial, except for 
Doxapram (see below).

Prone Head-Elevated Positioning
In the prone position, the chest wall is stabilized and thoraco-
abdominal asynchrony reduced. Several studies have demon-
strated that the prone position reduces the apnea rate in 
preterm infants.53,54 A 15° head-elevated tilt prone position 
was even associated with a 49% reduction in desaturations to 
<85%.55 Recently, however, two studies re-investigated the 
issue, and found only a slight (−13%) reduction in the fre-
quency of desaturation/bradycardia compared to the horizon-
tal position; one found no advantage even for the head-up tilt 
position.56,57 This much less clear advantage of the head-up 
tilt position may be due to the fact that infants in the earlier 
study55 had received no other treatment for AOP, whereas in 
the more recent ones all had received caffeine, and most 
CPAP. Thus, positional effects on AOP may be less pro-
nounced in infants already receiving caffeine. The prone, 
head-up tilt position may therefore be considered as a first-
line intervention for AOP, but offers little additional effect in 
infants already treated with caffeine or CPAP.

Continuous Positive Airway Pressure and 
Synchronized Nasal Ventilation
Continuous positive airway pressure (CPAP) has been shown 
to reduce extubation failure in preterm infants, despite the fact 
that most systems currently available do not reduce the work 
of breathing.58 CPAP can be applied via a nasopharyngeal 
tube or (bi-)nasal prongs. Reintubation rates are 40% lower 
with the latter devices (relative risk (RR) 0.59 (0.41;0.85), 
number needed to treat (NNT) 5).59 They are thus the pre-
ferred mode when applying CPAP. An extension to CPAP is 
nasal intermittent positive pressure ventilation (N-IPPV), 
which has a high effectiveness over CPAP in preventing extu-
bation failure (RR 0.21 (0.10–0.45), NNT 3).60 Typically, an 
inspiratory pressure of 15–20 cmH2O, applied at a rate of 
10–20/min, is combined with a CPAP level of 5–6 cmH2O. 
There is theoretical concern that this might result in gastric 
distension, but this has not been confirmed in meta-analysis.60 
Importantly, studies showing superiority of N-IPPV in meta-
analysis used synchronized N-IPPV. When we compared non-
synchronized N-IPPV, the only mode currently available  
with most ventilators, with nasal CPAP delivered via a  
variable flow device that reduces the work of breathing 
(InfantFlow, EME, Brighton, UK), the rate of bradycardia 
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in the high-dose group had only half the risk of failing extuba-
tion within 48 h of caffeine loading or to require reintubation 
and mechanical ventilation or doxapram within 7 d of caffeine 
loading (15.0 vs. 29.8%, RR 0.51 (0.31–0.85)).67 This better 
efficacy was not at the expense of an increased risk of side 
effects. Given the extremely sparse data on doxapram (see 
below), clinicians may consider to give an extra dose of caffeine 
if AOP persists at the standard dose in an occasional infant. It 
has to be kept in mind, however, that caffeine may also be 
neurotoxic.68 Higher doses and a 12-h dosing interval may be 
necessary in infants approaching term-equivalent age because 
of a more rapid caffeine metabolism in this age group.69

Doxapram
Doxapram stimulates peripheral chemoreceptors at low and 
central ones at high doses. It shows a clear dose–response 
curve, with a 50% reduction in apnea rate occurring in 47%, 
65%, 82% and 89% of infants at doses of 0.5, 1.5, 2.0 and 
2.5 mg/kg/h, respectively.70 Most studies used a continuous 
intravenous infusion, although some suggest that the IV solu-
tion might also be given orally at twice the dose with good 
effect (enteral absorption is approximately 50%).71 Short-term 
side effects become quite common at doses above 1.5 mg/kg/h 
and include irritability, myoclonus, elevated blood pressure and 
gastric residuals. Of concern is the fact that the long-term 
effects of doxapram are unknown. This is particularly worrying 
given that in a study on factors associated with poor develop-
ment in extremely low birth weight infants, the only difference 
found was that infants with a mental development index 
(MDI) <70 had received a mean cumulative doxapram dose of 
2233 mg, compared to 615 mg in matched controls without 
developmental delay (p < 0.01).72 Although such a retrospec-
tive analysis cannot distinguish whether this reflects sequelae 
of severe AOP (for which doxapram had been given) or a direct 
drug effect, it clearly raises concern. In the CAP trial,63 infants 
in the placebo group had not only been more likely to develop 
cerebral palsy, but were also three times more likely to receive 
doxapram. Given these data (or lack thereof ), doxapram 
cannot be recommended as a standard treatment for AOP.

In summary, treatment for AOP may follow an incremental 
approach, starting with infant care procedures such as  
prone positioning, followed by caffeine and CPAP/N-IPPV  
(Box 24-1). We urgently need data on how much intermittent 
hypoxia/bradycardia can be tolerated in an individual infant 
without putting her/him at risk of developmental impairment, 
and on the efficacy and side effects of pharmacological treat-
ments such as high-dose caffeine or doxapram, or new treat-
ment modalities that may be based on the pathophysiology of 
this condition, as summarized above.

Clinical Pearls

•	 Understanding	that	the	respiratory	pattern	of	the	preterm	
neonate	largely	resembles	the	fetal	breathing	pattern	will	
help	better	to	understand	many	of	the	phenomena	seen	
with	apnea	of	prematurity	(AOP).

•	 Our	treatment	approach	should	keep	this	in	mind,	i.e.,	it	
should	be	directed	at	reducing	chest	wall	distortion,	
avoiding	hypoxia	(and	thereby	hypoxic	ventilatory	
depression)	and	preserving	lung	volume.

•	 Pharmacologically,	caffeine	citrate	is	the	only	substance	used	
for	AOP	that	has	been	thoroughly	studied	and	shown	to	be	
neuroprotective,	at	least	in	infants	of	<1250	g	birth	weight;	it	
may	thus	be	considered	in	any	such	infant	at	risk	of	AOP.

•	 Otherwise,	treatment	should	be	incremental,	starting	with	
prone,	head-up	tilt	positioning,	moving	on	to	caffeine	and	
nasal	continuous	or	intermittent	airway	pressure.

**Caffeine	at	a	higher	dose	or	doxapram	may	be	considered	by	some	
neonatologists	prior	to	intubation,	but	data	are	insuffient	to	give	a	clear	
recommendation.

*Consider	caffeine	as	first-line	treatment	in	infants	<29	weeks	GA/<1250	g.

Box 24-1 Suggested Incremental Treatment Plan 
for AOP

•	 1st	step:	Prone,	15°	head-up	tilt	position
•	 2nd	step:	Caffeine*
•	 3rd	step:	Variable	flow	CPAP	or	synchronized	N-IPPV
•	 4th	step:	Intubation	and	mechanical	ventilation**
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DEFINITION OF APPARENT LIFE-THREATENING 
EVENTS (ALTE)

In the 1970s, it was thought that apparent life-threatening 
events (ALTE) were precursors to the sudden infant death 
syndrome (SIDS). These events, which were characterized by 
an acute and unexpected change in behavior with or without 
witnessed apnea, were referred to as near-miss for SIDS 
events.1 In 1987, an expert panel sponsored by the National 
Institutes of Health developed the now widely accepted defi-
nition of ALTE as ‘an episode that is frightening to the 
observer and that is characterized by some combination of 
apnea (central or occasionally obstructive), color change 
(usually cyanotic, but occasionally erythematous or plethoric), 
marked change in muscle tone (usually marked limpness), 
choking, or gagging.’2 The term ALTE has been adopted to 
replace the term near-miss for SIDS as no substantial evi-
dence has been found to link the two conditions.2 During the 
1980s and 1990s, numerous studies were carried out investi-
gating infants who presented with ALTE to try to identify 
causes and risk factors for SIDS; however, a link between the 
two has never been proven and there is substantial evidence 
that the two conditions are, in fact, not related.

RELATIONSHIP BETWEEN ALTE AND SIDS

There is no evidence that ALTE is a precursor to SIDS.2,3 
This lack of association is evidenced by a number of findings 
including the temporal occurrence of the two events. SIDS 
invariably occurs during sleep and this finding has been 
included in the recent definition of the event.4 An ALTE can 
occur during sleep, when awake or during feeding,5 and in 
contrast to SIDS, most ALTE have been reported to occur 
during the daytime6–8 and whilst awake.9 In most cases, 
observers of an infant experiencing an ALTE report that the 
event appeared life-threatening or that they thought that the 
infant had died, but that prompt intervention resulted in 
normalization of the child’s appearance.5

This lack of association is further supported by the evidence 
that SIDS incidence has significantly decreased since the early 
1990s in Western countries where campaigns to reduce the 
risks were introduced, while the incidence of ALTE has 
remained unchanged.10 In a study of 153 cases of ALTE that 
were enrolled in the Collaborative Home Infant Monitoring 
Evaluation (CHIME) between 1994 and 1998 it was reported 
that ALTE infants differed significantly from SIDS infants 
in four respects.8 Fewer ALTE infants (9%) were small for 
gestational age at birth compared with 19% of SIDS infants,11 
fewer ALTE infants (19 %) were born to teenage mothers and 
this distribution was similar to the general population com-
pared to 25% of SIDS mothers,11 and ALTE infants were of 

a younger age, 74% under 2 months of age compared to 27%12 
and 24%.13 SIDS and ALTE infants had similar rates of 
prematurity (≈20%) and exposure to maternal smoking 
(ALTE infants 36%8 and SIDS infants 30–66%).11–15 One 
estimate has suggested that 7% of SIDS cases are preceded 
by ALTE;2 however, in the CHIME study only 1 of 153 
ALTE infants subsequently died8 and in a review of 8 studies 
and 643 infants 5 deaths (0.8%) were reported, with all infants 
having an underlying medical problem.16

Although ALTE is not a precursor to SIDS, one study 
found that the SIDS rate for infants with ALTE was 10% and 
in those infants who had experienced multiple ALTE it rose 
to 28%.17 The two entities do, however, share some common 
risk factors. In a study of 244 SIDS cases and 868 SIDS 
controls, the incidence of ALTE was 1.9% in SIDS controls 
compared to 7.4% in the infants who subsequently died of 
SIDS.18 Furthermore, 33.3% of infants with ALTE who sub-
sequently died from SIDS where exposed to both prenatal 
smoking and the prone sleeping position compared to 13% of 
ALTE survivors.18 The study suggested that there may be a 
subpopulation of ALTE infants who do not go on to die from 
SIDS because they were sleeping supine and not exposed to 
maternal smoking. In a recent study of 35 ALTE infants and 
19 healthy control infants who underwent overnight poly-
somnography at 2–3 months, 5–6 months and 8–9 months of 
age, arousal characteristics were examined.19 All infants were 
born at term and were usual supine sleepers, and 18 of the 
ALTE infants had mothers who smoked. During non-rapid 
eye movement (NREM) sleep the ALTE infants had fewer 
total spontaneous arousals, cortical arousals and subcortical 
activations at both 2–3 and 5–6 months of age than control 
infants. ALTE infants with mothers who smoked had more 
obstructive apneas and more subcortical activations during 
rapid eye movement (REM) sleep. The same authors had 
previously reported that infants who subsequently died from 
SIDS had fewer cortical arousals and more subcortical activa-
tions, especially during REM sleep;20 thus, they concluded 
that ALTE and SIDS victims had distinctly different arousal 
characteristics. In contrast, another polysomnographic study 
of 26 ALTE infants and 36 age-matched control infants 
studied at 3 months of age found that ALTE infants exhibited 
enhanced arousal mechanisms and increased NREM sleep 
discontinuity compared to controls.21 Furthermore, normal 
infants showed a significant increase in cyclic alternating 
pattern (CAP) rate and a decrease in arousal index with age, 
while the ALTE infants showed no such correlation. The 
differences between the studies may have been due to the 
much lower incidence of maternal smoking (1/26) and the 
higher frequency of respiratory events (obstructive sleep apnea 
and periodic breathing) in the Miano et al. study.21 Despite 
these differences, both studies identified that ALTE infants 
demonstrated an immaturity of sleep EEG patterns that was 
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Children’s Hospital between 1996 and 2006 for ALTE a 
similar proportion of 21% were born preterm.24 Furthermore, 
the relative risk of having an extreme event (either a central 
apnea lasting >30 s or an extreme bradycardia HR <60 bpm 
for 10 s) in infants <44 weeks post conceptional age (PCA) 
and HR <50 bpm for 10s in infants ≥44 weeks PCA whilst 
on a cardio-respiratory monitor was 6.3 (95% CI 3.6–11.0) 
for preterm born infants. Other risk factors include exposure 
to second-hand cigarette smoke, exposure to pertussis, respi-
ratory syncytial virus or recent general anesthesia.16,22,42

ALTE IN THE FIRST 24 HOURS AFTER BIRTH

Recently, there have been reports of infants with ALTE 
within the first day of life. A nationwide retrospective German 

Adapted from Kahn A. Recommended clinical evaluation of infants with an apparent 
life-threatening event. Consensus document of the European Society for the Study and 
Prevention of Infant Death, 2003. Eur J Pediatr. 2004;163(2):108–115; Fu LY, Moon RY. 
Apparent life-threatening events: an update. Pediatr Rev. 2012;33(8):361–368; quiz 368–
369 and Samuels MP. Apparent Life-Threatening Events: Pathogenesis and Management. 
In: C.L Marcus JLC, D.F. Donnelly, G.M. Loughlin, editor. Sleep and Breathing in Children. 
Second ed. New York: Informa Healthcare; 2008. p. 229–254.

Most Common Causes

Gastro-esophogeal reflux
Infection (septicaemia, urinary tract infection, gastroenteritis)
Volvulus
Intussusception
Dumping syndrome
Chemolaryngeal reflex
Aspiration and choking

Neurological Problems

Convulsive disorders
Intracranial infection
Intracranial hypertension
Vasovagal reflexes
Congenital malformations of the brainstem
Muscular problems
Congenital central alveolar hypoventilation

Respiratory Problems

Apnea of infancy/breath-holding spells
Airway and pulmonary infection (respiratory syncytial virus, pertussis, 

pneumonia)
Congenital airway abnormalities
Airway obstruction
Obstructive sleep apnea

Cardiovascular Problems

Heart rhythm problems
Urea cycle defects
Galactosemia
Leigh or Reye syndrome
Neisidioblastosis
Menkes syndrome

Other Conditions

Excessive feeding volumes
Medications
Accidental smothering or asphyxia
Accidental carbon monoxide intoxication
Drug toxicity
Child abuse
Munchausen by proxy syndrome
Idiopathic ALTE

Table 25.1 Common Causes of ALTEmost marked in NREM sleep, and both showed significant 
differences in arousal patterns from previous studies of SIDS 
infants.

THE INCIDENCE OF ALTE

The incidence of ALTE has been estimated to be between 0.6 
and 2.46 per 1000 live births.10,22,23 ALTE account for 0.6% to 
1.7% of all emergency department visits of patients less than 1 
year of age22–24 and 2.3% of pediatric hospitalizations in the 
USA.25 The majority of ALTEs occur in infants younger than 
1 year of age, with a median age of 1–3 months16,26,27 and pre-
maturely born infants are at increased risk.28

CAUSES OF ALTE

Over 80% of infants with ALTE appear to have no acute 
distress when they are seen at the emergency department29 
and no specific diagnosis can be found in up to 30% of those 
infants seen.26 The common causes of ALTE are listed in 
Table 25.1.

In a systematic review of 23 publications with 20 different 
cohorts from 9 different countries and a total of 6849 infants 
presenting with ALTE, 3.2% of infants were diagnosed with 
a serious bacterial infection, 5.0% with seizures, 0.4% as  
child abuse and 0.3% with a metabolic disorder.30 In another 
systematic review of eight non-randomized descriptive 
studies22,23,31–35 the most common diagnoses were gastro-
esophageal reflux disease (GERD), which was reported in all 
studies and comprised 31% of total diagnoses, lower respira-
tory tract infection (LRTI) including ‘pertussis’ and ‘respira-
tory syncytial virus infection’ were reported in 5 studies and 
8% of all diagnoses, and seizure was reported in 7 studies and 
11% of diagnoses.16 Other diagnoses were problems with ear, 
nose and throat (3.6% of all diagnoses), cardiac problems 
(0.8%), urinary tract infection (1.1%), metabolic disease 
(1.5%), ingestion of drugs or toxins (1.5%), breath holding 
(2.3%), and factitious illness (0.3%). Only five ALTE episodes 
(0.7%) were completely benign. Unknown diagnoses were 
reported in 7/8 studies and made up 23% of all diagnoses, and 
this varied widely from 9% to 83% between studies.16

When investigating the underlying causes of ALTE, child 
abuse should also be considered, as studies have reported 
figures of up to 11%,36 although other studies have reported 
the incidence to be around 2%.37,38 In a study of infants diag-
nosed with abusive head trauma, over 30% of infants had been 
seen in the previous 3 weeks for other complaints including 
ALTE.39

RISK FACTORS FOR ALTE

Studies have consistently identified a number of risk factors 
for ALTE. ALTE typically affects infants under the age of 1 
year and usually under 10 weeks of age, and there is a predis-
position for more male infants to be affected.40 Premature 
infants are at twice the risk, with a national survey in the 
Netherlands reporting that 29.5% of ALTE infants were born 
preterm compared with 13% being born preterm in the general 
population.41 In a study of 625 infants admitted to Montreal 
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giving their children the medications, which were not recom-
mended in children under 2 years of age.

Around 30% of ALTE cases are attributed to GERD16 and 
about 25% of children admitted for ALTE undergo an upper 
gastrointestinal fluoroscopy or swallowing test.49 These tests 
are useful for diagnosing anatomical abnormalities which 
could contribute to ALTE but, as many normal infants suffer 
from reflux, they are not specific to ALTE. Esophageal pH 
monitoring with concurrent cardio-respiratory monitoring 
can identify periods of reflux associated with apnea and/or 
hypoxemia. As these tests are uncomfortable for the patient 
and not inexpensive, it has been suggested that these tests only 
be recommended if the ALTE infant history indicated fre-
quent bouts of reflux, if the event was immediately following 
a feed, or if gastric contents were noted in the infant’s mouth 
or nose by the caregiver during the event.49

In a review of 36 children’s hospitals across the USA, there 
was large inter-hospital variability in all aspects of ALTE 
infant care; however, the most common tests requested  
after an ALTE were a full blood examination (70%) and 

Adapted from McGovern MC, Smith MB. Causes of apparent life threatening events 
in infants: a systematic review. Arch Dis Child. 2004;89(11):1043–1048 and Al Khushi N, 
Cote A. Apparent life-threatening events: assessment, risks, reality. Paediatr Respir Rev. 
2011;12(2):124–132

If the Event was:

• the first the infant had experienced
• was short
• the infant recovered spontaneously
• associated with feeding
• infant was awake
• physical examination was normal

Recommend that the infant be discharged home after parent’s fears 
have been addressed, notify the family primary care physician and 
advise follow-up, advise to re-consult if recurrence.

If Event was as above but Physical Examination was Not Normal:

• carryout investigation and manage as clinically indicated, usually with 
admission for at least 24 hours:
• cardio-respiratory monitoring and saturation recording
• complete blood count and differential
• C-reactive protein levels
• sodium and potassium
• glucose and electrolytes
• magnesium and calcium
• blood glucose levels
• serum lactate
• urinalysis
• toxicology screen
• blood culture
• chest X-ray
• ECG, CT or MRI
• consider dilated fundoscopy or swallowing test or esophageal pH 

monitoring

If Event was Prolonged, Infant had had Repetitive Events and 
Perceived need for Strong Stimulation to Terminate Event:

• as above
• if infant has fever or lethargy and does not appear normal on 

examination
• also consider brain imaging
• blood ammonia level
• full metabolic work-up

Table 25.2 Recommendations for Initial Assessmentstudy reported a rate of 2.6 per 100 000 live births of severe 
ALTE requiring resuscitation and SIDS in the first 24 hours 
after birth.43 Of the 17 infants who met the inclusion criteria 
7 infants died; 3 after unsuccessful resuscitation and 4 had 
initially been resuscitated but had treatment discontinued 
because of severe hypoxic brain damage. Of the 10 survivors, 
6 were neurologically abnormal on discharge. Twelve infants 
were found lifeless, lying on their mother’s breast/abdomen or 
very close to and facing her, two were supine in their cots, two 
were being held by their fathers and one was lying supine next 
to their mother. Among the 26 cases excluded from the analy-
sis, 4 were preterm but otherwise met the inclusion criteria. 
A further 3 infants were resuscitated with vigorous stimula-
tion only. Another study published in the same year reports 6 
cases of healthy term newborns (all with Apgar scores of 10 
at both 5 and 10 minutes) who suffered an ALTE within 2 
hours of delivery whilst in skin-to-skin contact with their 
mother; 3 of 6 infants died.44 A prospective French regional 
study reported a rate of ALTE and SIDS of 0.032 deaths per 
1000 live births within the first 2 hours after birth.45 These 
studies highlight that there are risks associated with early 
skin-to-skin contact or breast feeding, especially when infants 
are not being closely observed by healthcare professionals.

INITIAL ASSESSMENT FOR ALTE

In a consensus statement from the European Society for the 
Study and Prevention of Infant Death in 2004 it was con-
cluded that, ‘There was no standard minimal workup in the 
evaluation of ALTE.’5 The assessment of an infant who 
presents with an ALTE has been well reviewed in the litera-
ture recently.5,9,30,46–49 A number of protocols for the initial 
examination have been published.5,9,30,46,49–51 Details of the 
recommendations for the initial assessment are provided in 
Table 25.2.

In summary, any evaluation should always start with a 
careful history of the event as reported by the observer, a 
review of the infant’s past medical history and a physical 
examination focusing on any evidence that might have caused 
or contributed to the event. Details of questions to be asked 
about the history of the ALTE infant and the event are listed 
in Table 25.3. If the event fits the definition of an ALTE, a 
full blood examination, blood glucose, serum electrolytes 
including calcium and blood gases with serum bicarbonate 
and lactate should be done as soon as possible. A urinary 
analysis and culture should also be performed. In most reviews 
a chest X-ray and tests to identify common respiratory viruses 
are also recommended. These tests are aimed at identifying a 
potential cause such as infection, hypocalcemia, hypomag-
nesemia, hypo- or hypernatremia leading to seizures or hypo- 
or hyperkalemia leading to cardiac arrhythmias. Metabolic 
disorders account for 2–5% of all cases of ALTE and, if not 
identified and treated, can lead to long-term sequelae. As 
these serum biochemistry tests are routinely available and 
relatively inexpensive, they are recommended.49 Urine toxicol-
ogy screening is also important to identify both intentional 
and unintentional poisoning.49 In a retrospective study of chil-
dren under 2 years of age presenting with ALTE, 8.4% had 
been given a medication that could have caused apnea, with 
4.7% of children receiving over-the-counter cough and cold 
medication.52 Importantly, none of the parents admitted to 
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Adapted from Kahn A. Recommended clinical evaluation of infants with an apparent life-threatening event. Consensus document of the European Society for the Study and Prevention 
of Infant Death, 2003. Eur J Pediatr. 2004;163(2):108–115; Scollan-Koliopoulos M, Koliopoulos JS. Evaluation and management of apparent life-threatening events in infants. Pediatr Nurs. 
2010;36(2):77–83; quiz 84; and Fu LY, Moon RY. Apparent life-threatening events: an update. Pediatr Rev. 2012;33(8):361–368; quiz 368–369.

Personal and Family History:

• details of pregnancy, gestation at birth, delivery and neonatal health, usual sleeping and feeding habits, method of feeding
• any medical or surgical problems and previous evaluations
• characteristics of other siblings with an ALTE, early death, SIDS, family history of genetic, metabolic, cardiac or neurological problems
• parents’ age, smoking and drinking habits. Usual medical treatments in the past 7 days. Details also of any other care giver

Daily Routine:

• usual sleep conditions, including position put down and when found if event occurred during sleep. Bed/cot and bedding, sleep attire room 
temperature, use of dummy/pacifier or any sedative medications

• in breast feeding mothers, did they take any prescription, over-the-counter or herbal remedies within 24 hours of the event?

Events Immediately Preceding ALTE:

• the events and minor symptoms that preceded the ALTE
• including any episodes of fever, illness, medications, immunization, sleep restriction, or change in daily routine

Detailed Description of the ALTE Event:

• precise timing of ALTE
• relationship to feeding
• exact place of ALTE (child’s cot, parent’s bed, car seat, parent’s arms)
• the state of the infants when the event began – awake or asleep
• if asleep, infant’s body position, type of bedding, whether face was covered or not. Specific details of the sleeping arrangements, own cot, parental bed, 

sofa, pram, etc. Was the infant in a co-sleeping situation?
• if awake, whether the infant was being fed, handled, crying, being bathed
• the reason the event was noticed – infant cry or other noise
• did the infant fall or experience any other trauma?
• who discovered the infant or witnessed the event?
• the infant’s appearance when found: were they conscious or not, muscle tone (rigid or floppy), vomiting, foreign body or milk in mouth or nose, 

sweating, skin temperature, lethargy, pupil size?
• color (pallor, red, purple, blue), location of color changes – peripheral, whole body, around the mouth, tongue and palate, symmetric or asymmetric
• respiratory effort – none, shallow, chocking, gasping, increased effort, nasal flaring, stridor, wheeze
• movement and muscle tone – rigid, floppy, limp, jerking, convulsions
• interventions – the event resolved spontaneously, required gentle stimulation, blowing air on face, vigorous stimulation, CPR
• child’s response to intervention
• estimated time to recovery and duration of event
• was there anything unusual about the child before the event?

Table 25.3 Details to Record of the History of the ALTE

electrolytes (65%), chest X-ray (69%), electrocardiogram 
(36%) and upper gastrointestinal fluoroscopy or swallow 
testing (26%).25

Previously, McGovern and Smith16 recommended inclu-
sion of an EEG assessment in the initial investigation of 
ALTE based on the findings of their study that 11% of infants 
were diagnosed with seizures. However, in their review only 
two of seven revealed that the diagnosis of epilepsy was made 
from EEG. In a more recent study, only 3.6% of ALTE 
infants were diagnosed with epilepsy36 and EEG only had a 
sensitivity for diagnosis of 15%. The majority of infants diag-
nosed had recurrent ALTE events within 1 month (71%) and 
41% were diagnosed as having seizures within 1 week of the 
initial event. Recent recommendations suggest that, given the 
difficulty of obtaining an EEG in the emergency department 
setting and the low sensitivity for diagnosing epilepsy,  
EEG monitoring be reserved for infants presenting with 
recurrent ALTE events.49 In addition to EEG, neuroimaging 
can be used to help diagnose chronic epilepsy by identifying 
underlying brain anatomical abnormalities. Neuroimaging  
is also useful for identifying abusive head trauma. However, 
in a study by the Bonkowsky et al., when combined all 

neuroimaging techniques (cranial computed tomography 
(CT), magnetic resonance imaging (MRI) and ultrasound) 
they only had a sensitivity of 6.7% for detecting chronic epi-
lepsy.36 Head CT is the most commonly ordered imaging 
study to investigate ALTE,49 and one study found that order-
ing a head CT for all asymptomatic ALTE infants actually 
saved money from a medical payer perspective for identifying 
abusive head trauma.53 However, as only 1–3% of all ALTE 
cases are due to abusive head trauma, many infants would be 
subjected to unnecessary irradiation if this practice was to be 
adopted, and it has been recommended that this assessment 
only be performed where abuse is suspected.49 Two separate 
studies have identified that discrepancies in the reported 
history of the ALTE by different caregivers, or that the history 
changes over time or is confusing, was highly predictive of 
physical abuse.54,55 In addition, delays in seeking medical 
attention, vomiting and irritability were also predictive. It has 
been suggested that having multiple emergency department 
staff taking the history, looking for inconsistencies and for 
other symptoms of abuse such as retinal examinations and 
recent fractures, may help identify those infants who should 
be referred for CT scans.49
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first ALTE experienced, when infants were not premature, had 
suffered a single event which was brief, not severe and self-
resolving and if there was a probable cause such as GERD, it 
was reasonable for the infant not to be admitted.49

LONG-TERM FOLLOW-UP – HOME MONITORING

If it is decided that cardio-respiratory monitoring is required 
after discharge home, it should be aimed at assisting with diag-
nosis and management of ALTE.59 It is therefore important to 
use monitors that record respiration and heart rate in conjunc-
tion with oxygen saturation so that central and obstructive 
respiratory events can we distinguished. In the CHIME study, 
the majority of significant events had a central component.60

There is still debate as to whether or not polysomnography 
should be routinely requested when investigating ALTE.5,59 
Disadvantages of polysomnography are that it is not readily 
available in all centers where ALTE infants might present, it 
frequently cannot be arranged immediately after admission, it 
is only for one night in duration and it is costly to perform. 
It is, however, the gold standard for distinguishing central and 
obstructive events.

There is also still debate as to whether or not ALTE infants 
should be sent home on cardio-respiratory monitors. In the 
1980s, home cardio-respiratory monitoring became widely 
used in order to try to prevent SIDS; however, it is now no 
longer recommended.3 Furthermore, the frequency of false 
alarms has the undesired effect of causing more anxiety for 
parents. For those infants who have suffered severe ALTE at 
home and who have underlying cardio-respiratory abnormali-
ties which are not immediately treatable, home monitoring 
may be beneficial. Short periods of home monitoring with 
devices in which events can subsequently be downloaded can 
also assist with diagnosis. It has been documented that sei-
zures, metabolic disorders and Munchausen by proxy syn-
drome can be distinguished in infants who have had recurrent 
ALTE.61,62

SUMMARY

ALTE is common in infancy and it is often difficult to diag-
nose the cause, as most infants appear well by the time they 
present at the emergency department. The definition of ALTE 
is also very subjective and depends on the first-hand report of 
the event by parents/caregivers and this adds to the difficulty 
of diagnosis. A thorough history and details of the event 
together with a careful physical examination of the infant may 
provide clues to the underlying cause. Most frequently, no 
cause can be determined and it is therefore difficult for clini-
cians to decide how intensively the infant should be investi-
gated and for how long they should be monitored. The most 
common causes of ALTE are gastro-esophageal reflux, lower 
respiratory tract infection and seizure. Premature infants and 
those exposed to second-hand smoke are at increased risk. 
Most ALTE do not result in a serious diagnosis, and a single 
episode in a young infant usually does not require prolonged 
investigation. If the infant has had recurrent events and/or 
required vigorous stimulation, then admission and a battery 
of appropriate tests are required. It is no longer recommended 
that infants be monitored at home long-term.

SHOULD ALL ALTE INFANTS BE ADMITTED?

The question of whether an infant presenting at the emer-
gency department with ALTE routinely requires hospital 
admission is controversial. In the past, as it was thought that 
infants who had experienced an ALTE might subsequently 
go on to die from SIDS, infants were routinely admitted to 
hospital for diagnostic monitoring and frequently discharged 
home on an apnea/bradycardia monitor.56 Some recent reviews 
of treatment for ALTE still strongly recommend admis-
sion.22,50 It has been reported that in the USA the average 
length of hospital stay of an ALTE infant is 4.4 ± 5.6 (SD) 
days with total charges of $15 567 ± $28 510 (SD).25 In a ret-
rospective study of 625 infants admitted following an ALTE, 
13.6% had a subsequent extreme cardio-respiratory event and 
85% of these occurred within the first 24 hours after admis-
sion and were attributed to respiratory tract infection.24 In a 
prospective study of 66 infants, 14 of whom had perinatal risk 
factors and 16 had had a previous ALTE, 12% had recurrent 
events within 24 hours of admission, 9% had events requiring 
moderate stimulation and 3% required resuscitation.57

In the majority of cases presenting in the emergency depart-
ment, the infants appear normal after a suspected ALTE at 
home, and there have been few studies to evaluate the benefit 
of hospital admission. In a recent multicenter observational 
cohort study of 832 infants, 84.4% of infants appeared well in 
the emergency department and 16.5% obviously required 
patient admission.9 Criteria for ‘obviously needed admission’ 
were: required supplemental oxygen for non-self-resolving 
hypoxia, intubation, ventilation, intravenous antibiotics for 
confirmed serious bacterial infection, antiepileptic drugs or a 
positive test for respiratory syncytial virus or pertussis. Nearly 
80% of infants were admitted, with more than 40% admitted 
to a monitored bed. Together with this criterion, two other 
factors, significant medical history and >1 ALTE in 24 hours, 
identified 89% of infants who ultimately had justifications for 
hospitalization. The use of the authors’ published decision tree 
would have potentially reduced the number of admissions by 
27% while missing 2% of patients who required hospital 
admission. In another large study of 300 infants, 76% were 
admitted but only 12% required significant intervention.26 
None of the infants died during their hospital stay or with 72 
hours of discharge. Logistic regression identified prematurity, 
abnormal result on physical examination, color change to cya-
nosis, absence of symptoms of upper respiratory tract infec-
tion, and the absence of choking as predictors of significant 
intervention. When these predictors were used to form a clini-
cal decision rule, 64% of infants could have been discharged 
home safely from the emergency department, reducing the 
hospitalization rate to 36%.26 In an earlier smaller study of 59 
patients, two ‘high-risk’ factors that predicted the need for 
hospital admission were age less than 1 month and multiple 
ALTE in the past 24 hours.58 They concluded that infants 
older than 1 month who had experienced a single ALTE could 
safely be discharged from the emergency department.

From the above literature, it can be seen that there is still 
debate regarding whether or not all ALTE infants should be 
admitted. A recent review suggested that, in the light of findings 
that repeat events usually occurred within 24 hours, the majority 
of ALTE infants should be admitted for at least 23 hours with 
continuous cardio-respiratory monitoring, ideally with pulse 
oximetry and event recording.49 However, if the event was the 
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Clinical Pearls

•	 Apparent	life-threatening	events	(ALTE)	are	relatively	
common	in	infancy,	particularly	in	infants	under	10	weeks	
of	age	and	those	born	preterm.

•	 Diagnosis	of	the	underlying	cause	is	difficult.
•	 A	thorough	case	history	and	detailed	description	of	the	

event	are	essential.
•	 Most	ALTE	do	not	result	in	a	serious	diagnosis	and	a	single	

episode	in	a	young	infant	usually	does	not	require	
prolonged	investigation.
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PRIMARY SNORING

Snoring is an inspiratory noise produced by vibration of the 
soft tissues of the oropharyngeal walls that occurs because of 
changes in the configuration and properties of the upper 
airway during sleep (Figures 26-1 and 26-2). Snoring is the 
most common, and sometimes, the only presenting symptom 
of sleep-disordered breathing (SDB). A spectrum of SDB 
exists and is viewed on a continuum of severity based on the 
degree of upper airway narrowing, arousals, and gas exchange 
abnormalities. The spectrum ranges from primary snoring to 
the upper airway resistance syndrome (UARS) to obstructive 
sleep apnea syndrome (OSAS).

Primary snoring (PS) is traditionally defined as nightly  
or frequent snoring that is not associated with hypoxemia, 
hypercapnia, sleep disruption or daytime symptoms.1 For the 
child with habitual snoring, it is essential to discriminate PS 
from OSAS so that appropriate treatment can be provided. 
By definition, the diagnosis of PS is made by polysomno-
graphic criteria with objective measurement of sleep and res-
piratory function, as clinical history alone cannot differentiate 
PS from OSAS.2

In a study of 83 snoring children referred to a tertiary pedi-
atric sleep clinic, parents completed a standardized, nurse-
administered questionnaire that asked questions regarding 
snoring frequency, observed apnea, struggling to breathe, and 
other daytime and nighttime symptoms. Children then under-
went nocturnal polysomnography to assess for sleep-disordered 
breathing. Although there were several differences in symptom 
frequencies between the children with PS and those with 
OSAS, both single and multiple questions showed poor  
sensitivity and specificity in differentiating PS and OSAS. 
Other studies demonstrate a similar inability of clinical history 
to differentiate PS from OSAS.3–8

Upper Airway Resistance Syndrome
Although PS is a polysomnographic diagnosis, the diagnosis 
of PS suggests that it is a benign condition, without adverse 
sleep-related or daytime sequelae since there are no aberra-
tions in gas exchange abnormalities or sleep architecture. In 
other words, children with primary snoring have no disrup-
tion of normal sleep patterns, no cardiorespiratory compro-
mise, and no neuropsychological morbidity. Since snoring 
affects approximately 10% of children, the presence of snoring 
without consequence is likely to occur. However, the original 
descriptions of PS occurred prior to description of the upper 
airway resistance syndrome (UARS) as a distinct clinical 
entity. Although the consensus on the definition of UARS is 
still lacking, interpretation of the literature can be difficult, 
since some children previously characterized as having PS 
may have actually had UARS.

UARS is defined as partial upper airway obstruction that  
is not associated with gas exchange abnormalities but is 
accompanied by increased respiratory effort (initially meas-
ured by changes in intrathoracic pressure via esophageal 

manometry) terminated by electroencephalographic arousal 
and responds positively to treatment in the same manner as 
OSAS.9 Snoring occurs in most affected individuals, but 
physiologic findings of UARS have been noted in patients 
without snoring, particularly in those who have had palatal 
surgery for upper airway obstruction. UARS is associated with 
increased upper airway collapsibility during sleep.10 Guillemi-
nault and colleagues reported the clinical and polysomno-
graphic characteristics of UARS in 25 children who were 
referred for snoring, excessive daytime somnolence, and 
behavioral problems.11 They demonstrated marked difference 
in the referred group compared to 25 healthy control children. 
Subsequently, numerous studies have demonstrated these 
polysomnographic findings of UARS in adults with daytime 
somnolence. Daytime somnolence in adults with UARS is 
significantly improved with nasal continuous positive airway 
pressure therapy, as objectively measured by the multiple sleep 
latency test.12

In adults, excessive daytime somnolence has a number of 
significant sequelae, including an increased risk of motor 
vehicle and work-related accidents and impaired mood. 
Hypertension is also frequently seen in adults with UARS. 
Children identified as having UARS have a variety of daytime 
symptoms, including symptoms of attention deficit hyperac-
tivity disorder and academic problems. Most studies of snoring 
have not defined or described UARS as a distinct clinical 
entity and the true prevalence of UARS is unknown.9 However, 
studies now suggest significant neurocognitive abnormali-
ties in children with habitual snoring occur, including atten-
tion deficit hyperactivity disorder, academic problems and  
behavior problems.13–15 Children with polysomnographically 
confirmed PS may demonstrate reduced neurocognitive capa-
bilities, particularly in the domains of attention, memory and 
intelligence,16 and decreased performance in several measures 
of language and visuospatial ability.17 Available data, however, 
do not allow clear separation between patients with UARS 
and those with OSAS.

Although sleep physiologists often view sleep-disordered 
breathing as a spectrum with primary snoring being the 
mildest and OSAS the most severe form, no studies demon-
strate a clear relationship between the degree of sleep-
disordered breathing and symptoms or physiologic sequelae. 
Furthermore, although the diagnosis of primary snoring has 
traditionally been made on the basis of polysomnographic 
findings alone, available evidence suggests the absence of 
daytime somnolence should be an additional diagnostic crite-
rion. In addition, children with primary snoring may demon-
strate daytime symptoms in the form of habitual mouth 
breathing or a dry mouth, symptoms that might reduce quality 
of life.18,19

Epidemiology
A number of epidemiological studies from diverse geographic 
locations have been published describing the prevalence  
of snoring in children. Most of these have used parental  
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had no snoring. It is notable that 28% of the children in the 
study were obese. Racial and ethnic differences also contribute 
to varying prevalence of snoring in a given population.7

Natural History
Limited data are available regarding the natural history of 
primary snoring in children. Marcus and co-workers repeated 
polysomnography in 20 children 1 to 3 years after the initial 
diagnosis of PS; none had undergone airway surgery.21 All of 
these children had persistent snoring; in 20% snoring had 
increased, and in 70% there had been no change. Overall, 
there was no change in apnea index, oxyhemoglobin satura-
tion, or peak end-tidal Pco2. However, two children had mild 
OSAS on repeat testing. The authors concluded that most 
children with PS do not progress to having OSAS, and those 
who do progress have only mild OSAS. Daytime symptoms 
in persistently snoring children were not reported.

Topol and Brooks studied nine children with primary 
snoring 3 years after initial polysomnographic diagnosis of 
PS; a control group of nine age-matched, non-snoring sub-
jects was studied for comparison.22 As in the study by Marcus 
and colleagues, there was no overall change in respiratory 
parameters between the first and second polysomnogram; one 
snoring subject had significant worsening of the respiratory 

report by way of either questionnaire or interview format. 
Most have not included objective measurements of respira-
tion during sleep, or they have included such measures on  
only a subset of children felt to be at high risk for OSAS. 
Additionally, there is no universally accepted, clear definition 
of snoring. Thus, the prevalence of the condition may differ 
based on varying interpretations of the term ‘snoring’ across 
cultures.9

A summary of representative epidemiological studies of 
snoring in children is presented in Table 26.1. A recent meta-
analysis by Lumeng and Chervin suggests the overall preva-
lence, as reported by parents, is 7.45%,9 contrasting the 40% 
frequency of regular snoring in adults. The same authors 
reported that prevalence of habitual snoring ranges from a 
minimum of 2.4% in Turkey to a maximum of 34.5% in Italy. 
Within the same meta-analysis, the prevalence of OSAS is 
0.1% to 13%. The study presenting the prevalence of OSAS 
as 13% is a significant outlier, with the diagnosis of OSAS 
based on oxygen desaturation index rather than standard 
measures. Excluding the 13%, the prevalence of OSAS ranges 
from 0.1% to 5.7%. None of these epidemiological studies has 
attempted to distinguish UARS from PS. Rosen20 studied 326 
otherwise healthy children with snoring. Fifty-nine percent 
of children had OSAS, 25% had PS, 6% had UARS and 10% 

Figure 26-1 Thirty-second epoch in N3 sleep from a 4-year-old girl referred for evaluation of snoring. Note the presence of snore artifact present in the Chin 
EMG. This epoch demonstrates primary snoring without classic changes on EEG suggestive of an arousal. 
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Figure 26-2 Thirty-second epoch in N2 sleep from the same 4-year-old girl as in Figure 26-1. Snore artifact is again noted in the Chin EMG. However, theta 
bursts are associated with the snoring, suggestive of arousal and upper airway resistance. 

disturbance index. Interestingly, the control group had signifi-
cantly better sleep efficiency and fewer brief arousals than  
the snoring group, which suggests that some of the children 
with PS may actually have been affected by UARS. Support-
ing the notion that PS may affect sleep architecture, O’Brien 
and colleagues recently demonstrated that children with PS 
exhibited a lower percentage of rapid eye movement (REM) 
sleep.17

Urschitz and colleagues presented similar findings from a 
large-scale questionnaire-based study of 1144 preschool chil-
dren in Germany who were followed over a 1-year period.19 
Ten percent of the children in this particular study demon-
strated habitual snoring. Forty-nine percent of respondents 
continued to snore after 1 year. Predictors of long-term habit-
ual snoring included decreased maternal education, the pres-
ence of a smoker in the household, loud snoring and surgical 
intervention for snoring since the initial survey.

While most children with primary snoring demonstrate 
resolution of their symptoms, Gozal and Pope demonstrated 
that a ‘learning debt’ may develop in children who snore 
during early childhood.15 In this large survey-based study, 
children in the bottom quartile of their seventh- or eighth-
grade class were more likely to have snored during early child-
hood (OR 2.79, confidence interval: 1.88–4.15) and required 

a tonsillectomy for snoring as compared to the top-performing 
quartile members of their class. The authors suggested that 
children who experienced sleep-disordered breathing during 
a period traditionally associated with major brain growth and 
substantial acquisition of cognitive and intellectual capabili-
ties may in part undermine their capacity for future academic 
achievement. These findings are consistent with the principle, 
suggested by Topol and Brooks, that some children may be 
experiencing UARS or that PS may have more significant 
consequences than originally appreciated.

Along with the potential long-term neurologic effects of 
PS, cardiovascular disturbances may be associated with PS. 
Initial conflicting studies regarding blood pressure changes  
in primary snoring exist. Kwok et al. demonstrated signifi-
cantly increased systolic, diastolic and mean blood pressure  
in 30 children with PS as compared to age-, sex- and body-
size-matched healthy controls.23 The TuCASA Study, a 
community-based sample of 239 white and Hispanic preado-
lescent children, demonstrated an association between sleep-
disordered breathing, as diagnosed by unattended home 
polysomnography, and elevated blood pressure.24 Kaditis 
et al.25 and Amin et al.26 demonstrated no association between 
sleep-disordered breathing and blood pressure. However, each 
of these studies had design limitations.
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*All questionnaire and interview data were obtained from parents.

OSAS, obstructive sleep apnea syndrome; PSG, polysomnography.

‡Habitual snoring is defined as frequent or nightly snoring, or snoring at least 3 nights per week, in the absence of upper respiratory infection.

FIRST AUTHOR 
(YEAR)

NUMBER (AGE 
RANGE)

COUNTRY METHODS* HABITUAL 
SNORING‡ 

PREVALENCE

OSAS 
PREVALENCE

Corbo (1989)31 1615 (6–13 yr) Italy Self-administered questionnaire 7.3% Not examined

Teculescu (1992)39 190 (5–6.4 yr) France Interview Questionnaire 10% Not examined

Ali (1993)40 782 (4–5 yr) England Postal questionnaire; home overnight 
video and oximetry in a subset of ‘high 
risk’ and control

12.1% 0.7%

Ali (1994)41 504 (7–10 yr) England Follow up study of children in preceding 
study; repeat postal questionnaire only

11.4% Not examined

Gislason (1995)42 454 (6mo–6 yr) Iceland Postal questionnaire; overnight 
respiratory monitoring in children 
suspected of having sleep apnea

3.2% 2.9%

Hultcrantz (1995)43 500 (4 yr) Sweden Interview; PSG in children with habitual 
snoring

6.2% Data incomplete

Smedje (1999)44 1844 (5–7 yr) Sweden Self-administered questionnaire 7.7% Not examined

Ferreira (2000)45 976 (6–11 yr) Portugal Self-administered questionnaire 8.6% Not examined

Corbo (2001)46 2209 (10–15 yr) Italy Self-administered questionnaire 5.6% Not examined

Anuntaseree (2001)47 1008 (6–13 yr) Thailand Self-administered questionnaire; PSG in 
patients snoring ‘most nights’

8.5% 0.7%

Zhang (2004)38 996 (4–12 yr) Australia Self-administered questionnaire 15.2% Not examined

Tafur (2009)48 1193 (6–12 yr) Ecuador Self-administered questionnaire 15.1% Not examined

Li (2010)49 6349 (5–14 yr) China Self-administered questionnaire 7.2% Not examined

Goldstein (2011)7 346 (2–6 yr) United States Self-administered questionnaire 13.9% Not examined

Table 26.1  Epidemiology of Snoring in Children

Li and colleagues27 evaluated 190 children aged 6 to 13 
years via overnight attended polysomnography and ambula-
tory blood pressure monitoring. Systolic blood pressure, 
diastolic blood pressure and mean arterial pressure were sig-
nificantly increased in snoring subjects with PS as compared 
to healthy controls. As the severity of SDB increased, blood 
pressure abnormalities worsened. Particularly notable was the 
increase in nocturnal diastolic blood pressure in children with 
PS, which the authors attributed to an increase in sympathetic 
tone, similar to what is seen in OSAS. The authors conclude 
by stating that PS should no longer be considered entirely 
benign. Furthermore, there are now data to suggest that 
growth hormone secretion is impaired in children with PS,28 
illustrating a point made by Guilleminault and Lee: ‘chronic 
regular snoring always has had a health impact when we have 
investigated a child appropriately.’29

Diagnosis
History and Physical Examination
A sleep history that includes questions regarding nocturnal 
snoring should be included in health maintenance and well-
child care visits.30 The hallmark of PS is nightly or near-
nightly snoring without physiologic or neurologic consequences. 
Verifying the latter, however, may be difficult without objec-
tive neuropsychological testing. Once a history of habitual 
snoring is elicited, additional history taking and physical 
examination serve to assess sleep-related or daytime symp-
toms that may be associated with significant upper airway 

obstruction during sleep. The sleep history should include 
questions about labored breathing during sleep, observed 
apnea, restless sleep, diaphoresis, enuresis, cyanosis, and 
behavior or learning problems. A history of recurrent otitis 
media or typanostomy tube placement may suggest habitual 
snoring.31 A history of allergic rhinitis, wheezing, tonsillitis 
within the last 12 months, maternal education, atopy and a 
parent with habitual snoring are risk factors for habitual 
snoring and should be identified.19,32,33 An environmental 
history should be solicited for environmental tobacco smoke 
exposure and other particulate matter as air pollutants are 
associated with snoring.31,33 Children who have numerous 
episodes of observed obstructive apnea, daytime somnolence, 
and problems with behavior, attention, or school performance 
require prompt referral for diagnostic testing and treatment 
for OSAS or UARS.

The physical examination may be normal, or it may reveal 
signs of upper airway obstruction such as mouth breathing 
and tonsilar hypertrophy. Dolichocephaly and midface hypo-
plasia are associated with snoring and OSAS. Obesity is a 
predisposing factor to both snoring and OSAS, whereas 
growth failure may signify severe sleep-disordered breathing.

Nocturnal Polysomnography
Primary snoring is defined by polysomnographic criteria. To 
differentiate PS from OSAS or UARS, it is important to 
carefully evaluate sleep staging and the frequency of electro-
encephalographic arousals. It is also essential to use pediatric 
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scoring criteria as pediatric normative values are different 
from those of adults. Normal polysomnographic findings, 
including the absence of increased arousal frequency or abnor-
mal tachypnea during sleep, suggest PS. Although the gold 
standard for diagnosis of UARS is measurement of esophageal 
pressure, this technique is invasive. Other techniques have 
been evaluated but are not in widespread clinical use. There 
is evidence, however, suggesting the flattening of nasal pres-
sure signal may be a useful tool in identifying upper airway 
resistance.34 The diagnosis of UARS is suggested by the pres-
ence of frequent arousals during the night. A diagnosis of 
UARS should not be dependent only on the presence of visual 
EEG changes. Sophisticated assessments demonstrate sym-
pathetic surges, EEG spectral power or CAP score may 
change in the absence of typical EEG changes suggestive of 
an arousal.35–37 Careful interpretation of the polysomnogram 
is necessary to appreciate these changes and distinguish 
between primary snoring and UARS. An otherwise asympto-
matic snorer who has a normal polysomnogram is diagnosed 
with PS. Normal cardiorespiratory function with frequent 
arousals is consistent with UARS. We propose that a child 
with normal polysomnographic findings and abnormal 
daytime symptoms be given a working diagnosis of UARS, 
and treatment should be considered.

Treatment
By definition, primary snoring requires no specific treatment. 
Because of the rare progression from primary snoring to 
OSAS, children should be monitored clinically and reevalu-
ated if symptoms increase over time. Because pediatric sleep-
disordered breathing is a spectrum, individual treatment 
decisions must be based on individual symptoms and physical 
findings, not on polysomnographic findings alone.

FUTURE DIRECTIONS

Further studies of snoring in children are needed. The wide 
variability in published prevalence may be secondary to the 
influence of ethnicity and environment in different popula-
tions; further definition of prevalence differences would be 
useful in identifying patients at risk and in public health policy 
decisions. Better definition of the clinical consequences of 
snoring, and specific comparisons between patients with PS 
and those with UARS, are needed. Given the current, but 
limited, evidence of the long-term sequelae of snoring in 
children, more prospective studies are necessary to better 
identify and treat at-risk children.

Clinical Pearls

•	 Snoring	is	the	most	common	presenting	symptom	of	
sleep-disordered	breathing	in	children.

•	 A	spectrum	of	snoring	exists,	ranging	from	primary	snoring	
to	upper	airway	resistance	syndrome	to	obstructive	sleep	
apnea	syndrome.

•	 History	alone	cannot	distinguish	primary	snoring	from	
obstructive	sleep	apnea	syndrome.

•	 Careful	evaluation	and	treatment	of	snoring	in	children	is	
necessary	to	avoid	long-term	sequelae.
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INTRODUCTION

Sleep-disordered breathing (SDB) represents a spectrum of 
breathing disorders ranging from habitual snoring to obstruc-
tive sleep apnea that disrupt nocturnal respiration and sleep 
architecture.

DEFINITIONS

The spectrum of obstructive sleep-disordered breathing 
(SDB) ranges from habitual snoring to upper airway resist-
ance syndrome (UARS), obstructive hypoventilation to inter-
mittent occlusion of the upper airway as seen in obstructive 
sleep apnea syndrome (OSAS). Habitual snoring (‘always,’ 
‘frequently,’ or ≥3 nights per week) may be associated with 
increased respiratory effort, without apnea, sleep disruption, 
or gas exchange alteration. The upper airway resistance  
syndrome (UARS) is characterized by increasingly negative 
intrathoracic pressures during inspiration that lead to arousals 
and sleep fragmentation, in the absence of readily perceived 
apneas, hypopneas, or oxygen desaturations. Obstructive 
hypoventilation is a pattern of persistent partial upper airway 
obstruction associated with hypercapnia and/or hypoxemia 
rather than cyclic discrete obstructive apneas.

Obstructive sleep apnea syndrome (OSA) is defined by the 
American Thoracic Society (ATS)1 as ‘a disorder of breath-
ing during sleep characterized by prolonged partial upper 
airway obstruction and/or intermittent complete obstruction 
(obstructive apnea) that disrupts normal ventilation during 
sleep and normal sleep patterns.’

Sleep apnea in children was well described as early as 1976 
by Guilleminault et al.2,3 Sleep-disordered breathing occurs in 
children of all ages, from neonates to adolescents, with a peak 
prevalence between 2 and 8 years of age. Habitual snoring 
occurs in 5% to 12% of children; the prevalence of SDB is 
estimated at 4% to 11%,4 and the prevalence of OSA is esti-
mated at 1% to 4%.5–7 SDB is more common among boys and 
among children who are heavier.4

PATHOPHYSIOLOGY

Transition to the sleep state normally results in elevation of 
upper airway resistance, mainly due to reduction in airway 
diameter, resulting from the reduced tone of the pharyngeal 
dilator and constrictor muscles. Normal sleep is characterized 
by relative hypoxemia and hypercapnia, particularly during 

REM sleep, when compared to wakefulness. This normal 
phenomenon is magnified in patients with underlying pulmo-
nary (such as nocturnal asthma) or upper airway (such as 
OSA) disease. This is the result of the following physiologic 
factors:8
• Functional residual capacity is reduced during sleep mainly 

during rapid eye movement (REM) sleep, leading to more 
rapid hypoxemia with apnea. This is due to decreased inter-
costal and upper airway muscle tone, particularly during 
REM sleep.

• Central ventilatory drive regulating upper airway tone and 
ventilatory response to hypoxia and hypercapnia decrease 
during normal sleep.

• Upper airway resistance increases during sleep, as a result 
of the decrease in upper airway tone. Small increases in 
upper airway resistance can have a significant impact on 
breathing.

Children with OSA tend to have a narrow upper airway. The 
patency of the upper airway is determined by both anatomic 
and physiologic factors. The site of obstruction in children 
tends to be more distal than in adults, typically involving the 
oropharynx and hypopharynx. Magnetic resonance imaging 
of upper airway structures confirmed that children with OSA 
have significantly larger adenoids and tonsils than those of 
controls.9 Arens et al. described the region in which these two 
lymphoid tissues overlap to constitute the site with the small-
est airway diameter as the ‘overlap region.’ The upper airway 
is rich in neural receptors, which play a part in controlling 
baseline muscle tone. Any loss in this tone, as occurs at sleep 
onset, contributes to increased pharyngeal resistance. During 
inspiration, many dilator upper airway muscles exhibit phasic 
respiratory activity. This phasic activation of the muscles of 
the nose, pharynx, and larynx occurs before diaphragm and 
intercostal muscle activity, suggesting pre-activation of the 
upper airway muscles in preparation for the development of 
negative pressure.

The Starling Resistor Theory
Under conditions of negative inter-luminal pressure, collapse 
of the upper airway occurs variably during inspiration. The 
pattern of flow on the driving pressure occurs in ‘Starling 
resistors,’ which are a specific model of ‘collapsible tube’ 
behavior (Figure 27-1).8 The model predicts that, under con-
ditions of flow limitation, maximal inspiratory airflow is 
determined by the pressure changes upstream (nasal) from the 
collapsible site of the upper airway and is independent of the 
downstream (hypopharyngeal and tracheal) pressure gener-
ated by the diaphragm. The upper airway can be represented 
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to more airway collapse in these subjects, including: decreased 
motor tone, increased airway compliance, and excessive 
inspiratory driving pressures caused by proximal airway nar-
rowing. This increased propensity of the airway to collapse 
should be reflected by increased motion of airway boundary 
during respiration as negative upper airway intraluminal pres-
sure is increased. Using respiratory-gated magnetic resonance 
imaging to quantify changes in shape and airway cross-section 
area during tidal breathing in children with OSA, compared 
with control subjects, it has been shown that fluctuations in 
airway area during tidal breathing are significantly greater in 
subjects with OSA compared with control subjects.11

Resistive pressure loading is a probable explanation, 
although increased airway compliance may be a contributing 
factor. Studies using denervated upper airways have shown 
that when upper airway muscle function is decreased or 
absent, the airway is more prone to collapse.12,13 Children have 
active upper airway dynamic responses to both negative pres-
sure pulses and hypercapnia during sleep.14 Normal children 
compensate for their smaller upper airway by increasing the 
ventilatory drive to their upper airway muscles. This compen-
satory mechanism may be absent or diminished in children 
with OSA.

PHYSIOLOGICAL CONSEQUENCES OF OSA

Intermittent hypoxemia during sleep is common in children 
with OSA. Intermittent hypoxemia may contribute to the 
increase in pulmonary pressure and the development of cor 
pulmonale; however, this effect will probably be more promi-
nent with chronic hypoxemia. The more potentially serious 
consequence of intermittent hypoxemia is the behavioral and 
cognitive adverse effect on the brain. The relationship between 
the degree and duration of hypoxemia and neurological and 
cardiopulmonary outcome is not yet known.

Sleep fragmentation is a well-established consequence of 
OSA in adults, but is much less determined in children. While 
arousal from sleep is a protective reflex mechanism that 
restores breathing, an increase in the number of arousals per 
hour of sleep (arousal index) may cause sleep fragmentation 
and sympathetic activation.

Alveolar hypoventilation or ‘obstructive hypoventilation’ is 
the result of long periods of increased upper airway resistance 
and hypercapnia, with or without hypoxemia. Intermittent 
elevations in PCO2 can exacerbate the effect of intermittent 
hypoxemia on neural tissue, and can affect cerebral circulation 
and vasomotor activity.

THE ETIOLOGY OF OSA

The etiology of OSA in children is multifactorial, and is prob-
ably a combination of abnormal airway structure, decreased 
neuromuscular control, and other factors such as genetic, hor-
monal, and metabolic (Figure 27-2).

Airway structure is an important factor in pediatric OSA. 
Bony structure and soft tissue are two major contributing 
factors in determining upper airway patency.

Genetic syndromes that are associated with OSA include 
those producing micrognathia and those producing midfacial 
hypoplasia.

as a tube with a collapsible segment, the resistance of which 
is zero. The segments upstream and downstream from the 
collapsible segment each have a fixed diameter, resistance, and 
pressure. The upstream pressure can be approximated by the 
nasal pressure and the downstream pressure can be approxi-
mated by the hypopharyngeal pressure. In this model of the 
upper airway, inflow pressure at the airway opening (the nares) 
is atmospheric, and downstream pressure is equal to tracheal 
pressure. Collapse occurs when the pressure surrounding the 
collapsible segment of the upper airway (critical tissue pres-
sure = Pcrit) becomes greater than the pressure within the col-
lapsible segment of the airway. In normal subjects with low 
upstream resistance or sub-atmospheric critical tissue pres-
sure, hypopharyngeal pressure never drops to critical pressure; 
thus, airflow is not limited and is largely determined by nega-
tive tracheal pressure. However, if hypopharyngeal pressure 
falls below critical pressure, maximal inspiratory flow reaches 
its maximum limitation, and becomes independent of down-
stream pressure swings. Under these circumstances, nasal 
resistance and critical pressure determine maximal inspiratory 
flow as described by the following equation:

VI P P /RN crit Nmax ( )= −

where VImax is maximal inspiratory flow; PN is nasal pressure; 
Pcrit is critical tissue pressure; RN is nasal resistance. Airflow 
will become zero (i.e., the airway will occlude) when nasal 
pressure falls below critical pressure.

Normal infants and children have a narrower upper airway 
than adults. Nevertheless, they snore less and have fewer 
obstructive apneas. This could be due to either structural dif-
ferences or differences in neuromotor regulation of the upper 
airway. It is difficult to determine critical pressure in normal 
children, as their upper airway is very resistant to collapse. 
Marcus et al. have shown that Pcrit in children correlated with 
the severity of OSA.10

The upper airway in children with OSA is more collapsible 
compared with control subjects during wakefulness and sleep, 
and under general anesthesia. Several mechanisms might lead 

Figure 27-1 Starling resistor model of the upper airway. The upper 
airway is represented as a tube with a collapsible segment. The upstream 
(nasal) and downstream (trachea) segments have fixed diameters and 
resistance (RUS, RDS) and pressures (PUS, PDS). Collapse occurs when the 
pressure surrounding the airway (Pcrit) is greater than that within the airway. 
Redrawn with permission from Marcus CL. Pathophysiology of OSAS in 
children. In: Loughlin GM, Carrol JL, Marcus CL editors. Sleep and breathing 
in children, A developmental approach. Marcel Dekker Inc. NY; 2000.  
p. 601–24.
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incidence of muscle hypotonia, or nasal obstruction following 
prolonged intubation.20

Adenotonsillar hypertrophy is the most common etiology 
of OSA in children, making adenotonsillectomy the first-line 
treatment at this age. The fact that most children significantly 
improve following surgery21 proves their role in the etiology 
of OSA in children. However, the fact that cure is not achieved 
in all children22 indicates that other factors are involved. The 
tonsils and adenoids increase in size from birth to about 12 
years of age, and are largest in relation to the underlying upper 
airway size between 3 and 6 years of age.23 The correlation 
between adenotonsillar size and OSA is not strong. While the 
severity of obstructive events was related to the size of the 
adenoids in one study,24 other studies have failed to show a 
correlation between adenotonsillar size and OSA severity.25

OSA AND OBESITY

The steadily increasing incidence of childhood obesity in 
Western countries dictates the need to distinguish between 
obese and non-obese children. The presence of obesity in 
children significantly increases the risk of developing OSA.26 
The risk for residual OSA after adenotonsillectomy is mark-
edly greater in obese children.27 In addition, obesity-induced 
childhood OSA is different from OSA in otherwise healthy 
children with adenotonsillar hypertrophy. These observations 
resulted in a proposed differentiation between type I OSA 
associated with marked lymphadenoid hypertrophy without 
obesity, and type II OSA associated with obesity with only 
mild lymphadenoid hypertrophy.28

OSA AND ASTHMA

Obstructive sleep apnea has been identified as a risk factor  
for severe asthma in adults.29 Asthma and obstructive sleep 
apnea (OSA) in children share multiple epidemiological risk 
factors and the prevalence of snoring is greater in asthmatic 
children. Asthma and OSA may coexist in children due to a 
shared relationship with atopy. Sleep-disordered breathing 
was recently reported as a modifiable risk factor for severe 
asthma in children.30,31 The treatment of OSA appeared to be 
associated with substantial improvements in the severity of 
the underlying asthmatic condition.32

OSA AND INFLAMMATION

Recent research indicates that adults and children with SDB 
present with local (upper airway apparatus) inflammatory 
changes and systemic correlates.33 The measured inflamma-
tory changes reflect activation of specific pathways such as the 
lipoxygenase pathway, which is involved in other inflamma-
tory conditions that affect children and adults, such as asthma 
and allergic rhinitis. Goldbart et al.34 suggested that an 
inflammatory process involving leukotrienes (LT) expression 
and regulation occurs in children with OSA.34–36 The main 
evidence of systemic inflammation associated with childhood 
OSA was the finding of elevated C-reactive protein (CRP) 
plasma levels. Tauman and others reported on increases in 
plasma CRP levels among American children with SDB, 

Pierre Robin sequence, consisting of micrognathia and pos-
terior displacement of the tongue and soft palate, is frequently 
associated with sleep-disordered breathing, presenting in early 
infancy, in the first few weeks of life.

Treacher Collins syndrome, caused by mutations in the region 
of 5q32-32.2 that codes for the treacle protein, is character-
ized by mandibular hypoplasia, malar hypoplasia, antimongol-
oid slanting palpebral fissures, malformation of the auricles, 
and coloboma of the eyelid.

Midfacial hypoplasia syndromes include Crouzon syndrome, 
Apert syndrome, and Pfeiffer syndrome.

Achondroplasia, an autosomal dominant skeletal dysplasia, 
is associated with OSA as the most common respiratory com-
plication. About two-thirds of patients with achondroplasia 
present OSA.

Children with Down syndrome frequently present OSA 
because of their craniofacial structure: maxillary hypoplasia 
and small nose with low nasal bridge. In addition, recurrent 
upper airway infections result in adenotonsillar hypertrophy.15 
Children with Arnold–Chiari malformation may be at risk 
for developing both central and obstructive sleep apnea due 
to brainstem compression affecting respiratory drive, and/or 
activation of the pharyngeal and laryngeal muscles that are 
enervated by the ninth and tenth cranial nerves.

Children with Prader–Willi syndrome, consisting of hypoto-
nia, obesity, hypogonadism, and mental retardation, might 
also present OSA. In children with mucopolysaccharidoses, 
OSA is caused as a result of deposition of mucopolysaccha-
rides in the airways, including the tongue, pharynx, trachea, 
and bronchi.

The high prevalence of habitual snoring in first-degree 
relatives of children with OSA, and documented familial 
aggregation of OSA, suggest a familial predisposition to this 
condition.16,17 African-Americans are at greater risk than 
Caucasians when controlling for age, sex, and BMI, indicating 
ethnicity as another risk factor for OSA.18

Prematurity was also identified as a risk factor for OSA.5,19 
Former preterm infants are at increased risk to develop OSA 
in early infancy, possibly due to facial asymmetry, greater 

Figure 27-2 Obstructive sleep apnea syndrome (OSA) in children may 
result from a combination of factors. With permission from Marcus CL. 
Pathophysiology of OSAS in children. In: Loughlin GM, Carrol JL, Marcus CL 
editors. Sleep and breathing in children, A developmental approach. Marcel 
Dekker Inc. NY; 2000. p. 601–24.
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These first three symptoms are the most sensitive and spe-
cific for children with OSA. In the early 1980s, Brouillette 
et al.45 used these to create an ‘OSA Score’ that practically 
showed that a child who snores every night, presents difficul-
ties in breathing during sleep, and whose parent reported 
witnessing apneas suffers from OSA. Unfortunately, while the 
positive predicted value of the OSA Score is high (50–75%), 
its negative predicted value is low (25–80%).

Restless sleep is the result of frequent arousals. Parents 
usually describe a child who disarranges his or her sheets and 
blankets, moves a lot during sleep, and is found in strange 
postures during sleep, mainly with the neck hyperextended.

Frequent awakening and night sweating are also common 
parental complaints in children with OSA.

Nocturnal enuresis is reported in 8–47% of children with 
OSAS.46 A recent study reported two-thirds of children with 
OSA with primary enuresis, and one-third with secondary 
enuresis. The findings of a high prevalence of nocturnal enu-
resis in children with mild OSA indicate an increased risk of 
enuresis in children with sleep-disordered breathing, even 
without OSA. Retrospective data indicated a remarkable 
decrease in enuresis soon after adenotonsillectomy.47–49

Daytime Symptoms
In many children with OSA, the presenting symptoms may 
be the result of disrupted sleep, namely abnormal daytime func-
tioning. While daytime sleepiness is a common symptom of 
OSA in adults, only the minority of pediatric OSA patients 
(<15%) present it. In fact, sleepiness and fatigue may present 
in young children as irritability, nervousness, and aggressive-
ness, as well as attention deficit hyperactivity disorder and 
poor school performance. This aspect of the impact of OSA 
in children is discussed in detail in Chapter 32.

Children with hypertrophied adenoids and tonsils may 
present with mouth breathing, recurrent upper respiratory 
infections, and hearing and speech problems. Morning head-
aches, a common complaint in adult patients with OSA, are 
much less common in children.

CLINICAL CONSEQUENCES OF OSA

The clinical consequences of OSA are probably the result of 
a combination of intermittent hypoxia, sleep fragmentation, 
and inflammation that are associated with the sleep-disordered 
breathing. There is increasing evidence to support the associa-
tion between OSA, SDB, and habitual snoring and attention 
deficit hyperactivity disorder (ADHA) in children.50 Neurocog-
nitive consequences associated with OSA are described in 
detail in Chapter 32.

Pulmonary hypertension is the most common cardiovascular 
complication in children with OSA. Initial case reports in  
the early 1960s indicated that in untreated cases of chronic 
nasopharyngeal obstruction, cardiomegaly, cor pulmonale, 
and pulmonary edema may develop.51 Right ventricular dys-
function in children with OSA is reversible soon after ade-
notonsillectomy.52 Cardiovascular consequences of OSA are 
described in Chapter 33.

Failure to thrive and growth retardation have been known as 
complications of OSA since the very first publications  
on this syndrome.3 Three main factors contribute to the 
growth retardation: (1) low caloric intake: children with 

which correlated with apnea hypopnea index, arterial oxygen 
saturation nadir, and arousal index measures.37

Several other inflammatory biomarkers were reported in 
children with OSA: interleukin-6,38 interferon-gamma and 
IL-8 levels, TNF-alpha, and fibrinogen.39,40 The distinction 
between inflammatory mechanisms leading to SDB as 
opposed to the systemic/local inflammation resulting from the 
presence of SDB is difficult. The importance of understand-
ing the inflammatory mechanisms involved in the etiology of 
OSA is recognizing the potential role of anti-inflammatory 
drugs as an alternative, non-surgical treatment of OSA in 
children: intranasal corticosteroid spray, and leukotriene 
modifiers.41,42

CLINICAL CHARACTERISTICS

OSA may present with nocturnal and/or diurnal symptoms 
(Box 27-1).

Nocturnal Symptoms
Snoring is the most characteristic presenting symptom of 
OSA in children.43,44 Worsening is usually reported with 
upper respiratory tract infections. In young children, com-
pared with adults, snoring occurs in any position, and is not 
necessarily worse in the supine position. Habitual snoring 
alone is not a specific symptom of OSA. Most children with 
habitual snoring do not progress to having OSA, and those 
who do so have only mild OSA. Several recent reports have 
indicated a significant impact of habitual snoring on behav-
ioral and cognitive functions, even without polysomnographic 
evidence of OSA.

Difficulty in breathing during sleep: Parents usually describe 
paradoxical respiratory movements with ‘the abdomen going 
down when the thorax goes up.’

Witnessed apnea is described either spontaneously or after a 
direct question. The prevalence of parent-reported apneic 
events during sleep is in the range of 0.2% to 4%.4 Many 
parents describe the acoustic result of the sudden disappear-
ance of snoring ending with a snort or gasp.

Box 27-1 Symptoms of Obstructive Sleep Apnea 
Syndrome in Children

Nocturnal
•	 Snoring
•	 Difficulty	in	breathing	during	sleep
•	 Witnessed	apnea
•	 Restless	sleep
•	 Frequent	awakenings
•	 Night	sweating
•	 Nocturnal	enuresis

Diurnal
•	 Behavior	problems

•	 Irritability
•	 Aggressiveness

•	 Impaired	cognitive	function
•	 Poor	school	performance

•	 Poor	appetite
•	 Daytime	sleepiness



Obstructive Sleep Apnea Syndrome: Pathophysiology and Clinical Characteristics     219

References
1. American Thoracic Society. Standards and indications for cardiopulmo-

nary sleep studies in children. Am J Respir Crit Care Med 1996; 
153:866–78.

2. Guileminault C, Eldridge F, Simmons FB, et al. Sleep apnea in eight 
children. Pediatrics 1976;58:28–31.

3. Guilleminault C, Korobkin R, Winkle R. A review of 50 children with 
obstructive sleep apnea syndrome. Lung 1981;159:275–87.

4. Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep 
apnea. Proc Am Thorac Soc 2008;5:242–52.

5. Rosen CL, Larkin EK, Kirchner HL, et al. Prevalence and risk factors 
for sleep-disordered breathing in 8- to 11-year-old children: association 
with race and prematurity. J Pediatr 2003;142:383–9.

6. Corbo GM, Forastier F, Agabiti N, et al. Snoring in 9- to 15-year-old 
children: risk factors and clinical relevance. Pediatrics 2001;108: 
1149–54.

7. Tang JP, Rosen CL, Larkinn EK, et al. Identification of sleep-disordered 
breathing in children: variation with event definition. Sleep 2002;25: 
72–9.

8. Marcus CL. Pathophysiology of OSAS in children. In: Loughlin GM, 
Carrol JL, Marcus CL, editors. Sleep and breathing in children, A devel-
opmental approach. New York: Marcel Dekker; 2000. p. 601–24.

9. Arens R, McDonough JM, Costarino AT, et al. Magnetic resonance 
imaging of the upper airway structure of children with obstructive sleep 
apnea syndrome. Am J Respir Crit Care Med 2001;164:698–703.

10. Marcus CL, Carrol JL, Koerrner CB, et al. Determinants of growth in 
children with obstructive sleep apnea syndrome. J Pediatr 1994;125: 
556–62.

11. Arens R, Sin S, McDonough JM. Changes in upper airway size during 
tidal breathing in children with obstructive sleep apnea syndrome. Am J 
Respir Crit Care Med 2005;171:1298–304.

12. Smith PL, Schwartz AR, Gauda E, et al. The modulation of upper 
airway critical pressure during sleep. Prog Clin Biolo Res 1990;345: 
253–8.

13. Brouillette RT, Tach BT. A neuromuscular mechanism maintaining 
extrathoracic airway patency. J Appl Physiol 1979;46:772–9.

14. Marcus, CL, Fernandes Do Prado LB, Lutz J, et al. Dynamic responses 
to both negative pressure pulses and hypercapnia during sleep. J Appl 
Physiol 2004;97:98–108.

15. Marcus CL, Keens TG, Bautista DB, et al. Obstructive sleep apnea in 
children with Down syndrome. Pediatrics 1991;88:132–9.

16. Pillar G, Lavie P. Assessment of the role of inheritance in sleep apnea 
syndrome. Am J Respir Crit Car Med 1995;151:688–91.

17. Redline S, Tishler PV, Schuchter M, et al. Risk factors for sleep-
disordered breathing in children: association with obesity, race, and res-
piratory problems. Am J Respir Crit Care Med 1999;159:1527–32.

18. Palmer LJ, Buxbaum SG, Larkin EK, et al. Whole genome scan for 
obstructive sleep apnea and obesity in African-American families. Am J 
Respir Crit Care Med 2004;169:1314–21.

19. Greenfeld M, Tauman R, DeRow A, et al. Obstructive sleep apnea 
syndrome due to adenotonsillar hypertrophy in infants. Int J Pediatr 
Otorhinolaryngol 2003;67:1055–60.

20. Sharma PB, Baroody F, Gozal D, et al. Obstructive sleep apnea in the 
formerly preterm infant: an overlooked diagnosis. Front in Neurol 
2011;2:75.

21. Tal A, Bar A, Leiberman A, et al. Sleep characteristics following ade-
notonsillectomy in children with obstructive sleep apnea syndrome. 
Chest 2003;124:948–53.

22. Tauman R, Gulliver TE, Krishna J, et al. Persistence of obstructive sleep 
apnea syndrome in children after adenotonsillectomy. J Pediatr 2006; 
149:803–8.

23. Jeans WD, Fernando DCJ, Maw AR, et al. A longitudinal study of the 
growth of the nasophaynx and its content in normal children. Br J Radiol 
1981;54:117–21.

24. Brooks LJ, Stephens B, Bacevic AM. Adenoid size is related to severity 
but not the number of obstructive apnea in children. J Pediatr 
1998;132:682–6.

25. Lam YY, Chan EY, Ng DK, et al. The correlation among obesity, apnea–
hypopnea index, and tonsil size in children. Chest 2006;130:1751–6.

26. Verhulst SL, Schrauwen N, Haentiens D, et al. Sleep-disordered breathing 
in overweight and obese children and adolescents: prevalence, characteris-
tics and the role of fat distribution. Arch Dis Child 2007;92:205–8.

27. Bhattacharjee R, Kheirandish-Gozal L, Spruyt K, et al. Adenotonsil-
lectomy outcomes in treatment of obstructive sleep apnea in children: a 
multicenter retrospective study. Am J Respir Crit Care Med 2010;182: 
676–83.

hypertrophied tonsils often present with poor appetite and 
dysphagia, resulting in poor caloric intake; (2) high energy 
expenditure due to increased work of breathing during 
sleep;10,53 (3) growth hormone (GH) secretion is impaired in 
children with OSA. Insulin growth factor-I (IGF-I) was 
found to be low in children with OSA. Respiratory improve-
ment after adenotonsillectomy results in weight gain and 
restores IGF-I and GH secretion.54,55

Children with OSA are heavy users of healthcare services, 
indicating higher morbidity.56 Children with OSA who 
were diagnosed at the age of 4 years have greater respiratory 
morbidity and healthcare costs, starting from the first year of 
life.57 After adenotonsillectomy, healthcare cost significantly 
decreases as a result of reduced morbidity.58 The reasons for 
higher costs before treatment are the result of an increase in 
the rates of hospitalization, emergency room referrals, and use 
of medications. Respiratory tract infections (upper and lower 
respiratory infection) are the most common causes of morbid-
ity in children with OSA. We have recently reported that 
OSA represents a predisposing risk for community-acquired 
alveolar pneumonia in children <5 years old.59

SUMMARY

Obstructive Sleep Apnea Syndrome (OSA) is a common 
disorder in children. Children with OSA tend to have a 
narrow upper airway caused by both anatomic and physiologic 
factors. The consequences are increased work of breathing, 
intermittent hypoxemia, sleep fragmentation and alveolar 
hypoventilation. In addition, OSA may be associated with 
local and systemic inflammation, obesity and asthma. Risk 
factors for OSA include adenotonsillar hypertrophy, cranio-
facial anomalies, familial predisposition, ethnicity and prema-
turity. OSA is associated with substantial morbidities, such as 
behavioral and cognitive impairment, growth retardation, and 
cardiovascular involvement. The significant improvement fol-
lowing treatment emphasizes the need for early diagnosis and 
treatment. Understanding the pathophysiology, risk factors, 
daytime and nocturnal symptoms and clinical implications of 
OSA in children is essential in order to early diagnose and 
treat this common disorder.

Clinical Pearls

•	 Obstructive	sleep	apnea	in	children	is	caused	by	a	
combination	of	abnormal	airway	structure,	decreased	
neuromuscular	control,	and	other	factors	such	as	genetic,	
hormonal,	and	metabolic.

•	 Physiological	consequences	of	OSA	include	increased	work	
of	breathing,	intermittent	hypoxemia,	sleep	fragmentation,	
and	alveolar	hypoventilation.

•	 Clinical	characteristics	include	nocturnal	symptoms	(most	
specific	are	snoring,	labored	breathing	during	sleep,	and	
witnessed	apnea)	and	daytime	symptoms	(hyperactivity,	
attention	deficit,	and	learning	problems).

•	 Children	who	snore	on	a	regular	basis	and	present	any	of	
the	characteristic	symptoms	need	further	investigation	to	
rule	out	OSA,	especially	if	one	of	the	clinical	consequences	
is	reported	(behavior	and/or	cognitive	impairment,	failure	
to	thrive,	obesity,	hypertension).

http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0140


220    Principles and Practice of Pediatric Sleep Medicine

44. Gisalson T, Benediktsdottir B. Snoring, apneic episodes, and nocturnal 
hypoxemia among children 6 months to 6 years old. Chest 1995;107: 
963–6.

45. Broullette R, Hanson D, David R, et al. A diagnostic approach to sus-
pected obstructive sleep apnea in children. J Pediatr 1984;105:10–14.

46. Brooks LJ, Topol HI. Enuresis in children with sleep apnea. J Pediatr 
2003;142:515–18.

47. Weider DJ, Sateia MJ, West RP. Nocturnal enuresis in children with 
upper airway obstruction. Otolaryngol Head Neck Surg 1991;105: 
427–32.

48. Weissbach A, Leiberman A, Tarasiuk A, et al. Adenotonsillectomy 
improves enuresis in children with OSAS. Int J Pediatr Otolaryngol 
2006;80:1351–6.

49. Jeyakumar A, Rahman SI, Armbrecht ES, et al. The association between 
sleep-disordered breathing and enuresis in children. Laryngoscope 2012. 
doi: 10.1002/lary.23323. [Epub ahead of print].

50. Chervin RD, Ruzicka DL, Giordani BJ, et al. Sleep-disordered breath-
ing, behavior, and cognition in children before and after adenotonsil-
lectomy. Pediatrics 2006;117:e769–78.

51. Sofer S, Weinhouse E, Tal A, et al. Cor pulmonale due to adenoid or 
tonsillar hypertrophy or both in children. Chest 1988;93:119–22.

52. Tal A, Leiberman A, Margulis G, et al. Ventricular dysfunction in chil-
dren with obstructive sleep apnea: Radionuclide assessment. Pediatr Pul-
monol 1988;4:139–43.

53. Bonuck K, Parikh S, Bassila M. Growth failure and sleep disordered 
breathing: a review of the literature. Int J Pediatr Otorhinolaryngol 
2006;70(5):769–78.

54. Bar A, Tarasiuk A, Segev M, et al. The effect of adenotonsillectomy on 
serum insulin-like growth factor-1 and growth in children with obstruc-
tive sleep apnea syndrome. J Pediatr 1999;135:76–80.

55. Nieminen P, Lopponen T, Tolonen U, et al. Growth and biochemical 
markers of growth in children with snoring and obstructive sleep apnea. 
Pediatrics 2002;109:e55.

56. Tarasiuk A, Greenberg-Dotan S, Simon-Tuval C, et al. Elevated Mor-
bidity and Health Care Utilization in Children with Obstructive Sleep 
Apnea Syndrome. Am J Respir Crit Care Med 2007;175:55–61.

57. Tarasiuk A, Greenberg-Dotan S, Simon-Tuval T, et al. Elevated morbid-
ity and health care utilization in children with obstructive sleep apnea 
syndrome. Am J Respir Crit Care Med 2007;175:55–61.

58. Tarasiuk A, Simon T, Tal A, et al. Adenotonsillectomy in children with 
obstructive sleep apnea syndrome reduces health care utilization. Pediat-
rics 2004;113:351–6.

59. Goldbart AD, Tal A, Givon-Lavi N, et al. Sleep-disordered breathing is 
a risk factor for community-acquired alveolar pneumonia in early child-
hood. Chest 2012;141(5):1210–15.

28. Dayyat E, Kheirandish-Gozal L, Gozal D. Childhood obstructive sleep 
apnea: one or two distinct disease entity? Sleep Med Clin 2007;2: 
433–44.

29. ten Brinke A, Sterk PJ, Masclee AA, et al. Risk factors of frequent exac-
erbations in difficult-to-treat asthma. Eur Respir J 2005;26:812–18.

30. Ramagopal M, Scharf SM, Roberts DW, et al. Obstructive sleep apnea 
and history of asthma in snoring children. Sleep Breath 2008;12(4): 
381–92.

31. Ross KR, Storfer-Isser A, Hart MA, et al. Sleep-disordered breathing is 
associated with asthma severity in children. J Pediatr 2011. [Epub ahead 
of print].

32. Kheirandish-Gozal L, Dayyat EA, Eid NS, et al. Obstructive sleep apnea 
in poorly controlled asthmatic children: effect of adenotonsillectomy. 
Pediatr Pulmonol 2011;46:913–18.

33. Goldbart AD, Tal A. Inflammation and sleep-disordered breathing in 
children: A state of the art review. Pediatr Pulmonol 2008;43:1151–60.

34. Goldbart AD, Goldman JL, Li RC, et al. Differential expression of 
cysteinil leukotriene receptors 1 and 2 in tonsils of children with obstruc-
tive sleep apnea syndrome or recurrent infection. Chest 2004;126: 
13–18.

35. Goldbart AD, Goldman JL, Veling MC, et al. Leukotriene modifier 
therapy for mild sleep-disordered breathing in children. Am J Respir Crit 
Care Med 2005;172:364–70.

36. Goldbart AD, Krishna J, Li RC, et al. Inflammatory mediators in exhaled 
breath condensate of children with obstructive sleep apnea syndrome. 
Chest 2006;130:143–8.

37. Tauman R, Ivanenko A, O’Brien LM, et al. Plasma C-reactive protein 
levels among children with sleep-disordered breathing. Pediatrics 
2004;113:e564–9.

38. Gozal D, Kheirandish-Gozal L, Sans Capdevila O, et al. TNF-alpha 
plasma levels are increased excessively in sleepy school-aged children 
with obstructive sleep apnea. Sleep 2008;31:186.

39. Tam CS, Wong M, McBain R, et al. Inflammatory measures in children 
with obstructive sleep apnoea. J Pediatr Child Health 2006;42:277–82.

40. Kaditis AG, Alexopoulos EI, Kalampouka E, et al. Morning levels of 
fibrinogen in children with sleep-disordered breathing. Eur Respir J 
2004;24:790–7.

41. Brouillette RT, Manoukian JJ, Ducharme FM, et al. Efficacy of flutica-
sone nasal spray for pediatric obstructive sleep apnea. J Pediatr 2001; 
138:838–44.

42. Goldbart AD, Greenberg-Dotan S, Tal A. Montelukast for children with 
obstructive sleep apnea. a double-blind placebo-controlled study. Pediat-
rics 2012;130(3):e575–80.

43. Ali NJ, Piterson DJ, Stradling JR. Snoring, sleep disturbance, and behav-
iour in 4–5 year olds. Arch Dis Child 1993;68:360–6.

http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0300
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0300
http://refhub.elsevier.com/B978-1-4557-0318-0.00027-9/sr0300


221

INTRODUCTION

Sleep-disordered breathing (SDB) is a common and serious 
cause of morbidity during childhood. This chapter is  
concerned with diagnosing the spectrum of obstructive  
SDB, ranging from the frank, intermittent occlusion seen in 
obstructive sleep apnea syndrome (OSAS), to persistent, primary 
snoring (PS). OSAS is characterized by recurrent episodes of 
partial or complete airway obstruction resulting in hypoxemia, 
hypercapnia, and/or respiratory arousal (Figure 28-1). The 
sleep fragmentation and gas exchange abnormalities observed 
with OSAS may produce serious cardiovascular and neurobe-
havioral impairment. The upper airway resistance syndrome 
(UARS) is characterized by brief, repetitive respiratory effort-
related arousals (RERA) during sleep in the absence of overt 
apnea, hypopnea, or gas exchange abnormalities.1 It has been 
linked to significant cognitive and behavioral sequelae in chil-
dren including learning disabilities, attention deficit, hyperac-
tivity, and aggressive behavior.2 Obstructive hypoventilation 
(OH) features prolonged increased upper airway resistance 
accompanied by gas exchange abnormalities, but not frank 
apnea or hypopnea.3 Children with PS may have increased 
respiratory effort, but lack identifiable arousals, including 
respiratory-effort-related, EEG and subcortical arousals.4 
Though PS has been traditionally defined as a benign condi-
tion, without polysomnographic abnormalities,5 recent 
evidence suggests that the increased respiratory effort in PS 
per se may be associated with untoward neurobehavioral 
consequences.6–9

Habitual snoring has been reported in 3–12% of the general 
pediatric population, although only 1–3% will have OSAS.10–12 
Early recognition of SDB is important insofar as treatment 
with adenotonsillectomy or continuous positive airway pres-
sure is effective. Establishing strict criteria for OSAS diagno-
sis and severity is the basis for optimizing the surgical and 
medical management of this condition.13 The diagnosis and 
management of pediatric OSAS continues to evolve as more 
precise measures of flow limitation and sleep fragmentation 
are introduced. Both the intermittent hypoxemia and sleep 
fragmentation characteristic of OSAS pose a risk to the vul-
nerable developing brain. The increased recognition of subtle 
neurocognitive impairments in children with SDB has forced 
clinicians to rethink the threshold level of disease requiring 
intervention.

The optimal methodology and criteria for the diagnosis of 
OSAS in children has not been validated with outcomes data. 
Categorizing OSAS severity with threshold levels of the 
apnea–hypopnea index, gas exchange abnormalities, or sleep 
fragmentation have proven unsatisfactory, since they fail to 
account for the individual trait susceptibility to the neurocog-
nitive, cardiovascular, and metabolic sequelae of OSAS. That 

is, the threshold amount of OSAS associated with adverse 
consequences varies widely among children.

HISTORY AND PHYSICAL EXAMINATION

The high incidence of OSAS in children mandates that 
screening inquiries about sleep disturbances should be a 
routine part of the primary care interview14 (Table 28.1). 
Particular attention should be given to conditions known to 
exacerbate SDB such as craniofacial abnormalities, neuromus-
cular weakness, and genetic conditions. A parent typically 
provides the clinical history, with the patient oblivious to their 
condition, other than sometimes the complaint of excessive 
daytime sleepiness. Nightly snoring is observed in most chil-
dren with OSAS. However, snoring may be absent in the 
setting of craniofacial abnormalities in infants.15 A parental 
report of a snoring child is an accurate predictor of polysom-
nographic snoring, but not of OSAS.16 In addition, a 
population-based study using home-based polysomnography 
found that loud snoring one to two times per week during the 
last month was absent in at least 25% of children with docu-
mented OSAS.17 Snoring is often accompanied by labored 
breathing, hyperextension of the neck, and witnessed apneic 
pauses. Subjective reports of excessive daytime sleepiness are 
less common in young children with OSAS, although they 
are often present in adolescents. A recent study reported that 
only 7.5% of children with polysomnographically proven 
OSAS had a history of EDS.18 Using an objective measure of 
sleepiness, such as the multiple sleep latency test, reveals that 
only 13% of children with OSAS have a sleep latency <10 
minutes.18 However, the incidence of objective sleepiness is 
higher in obese children with OSAS.19,20 Also, although not 
considered sleepy by adult standards, children with SDB may 
be relatively sleepier than normal children.21 Increasing BMI 
and apnea index (usually greater than 15–20 events/hour) 
have been independently correlated with shorter sleep 
latencies.18

The use of standardized screening questionnaires for OSAS 
has been disappointing. Brouillette et al. presented a ques-
tionnaire aimed at distinguishing children with OSAS from 
normal controls.22 However, subsequent application of this 
and other questionnaires to a population of snoring children 
demonstrated a wide-ranging positive predictive value, 48.3–
76.9%, and negative predictive value, 26.9–93%.22–25 Although 
children with OSAS are statistically more likely to have 
reported symptoms such as witnessed apnea, cyanosis, and/or 
labored breathing, no questionnaire has a sufficiently high 
positive predictive value and negative predictive value to be 
used as a primary diagnostic tool.25,26 Thus, the clinical history 
alone is insufficient to diagnose OSAS amongst a population 
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Figure 28-1 A 60-second epoch from a 16-year-old with snoring and excessive daytime sleepiness. Note flow limitation and reduction in the amplitude of 
the nasal pressure tracing leading to an EEG arousal. Inspiration is upward. Flow, thermistor; NAF, nasal pressure; Tho, thorax; Abd, abdomen; Body, body 
position; RS, right side; SpO2, pulse oximetry. 
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SLEEP WAKEFULNESS

Snoring Poor school performance

Witnessed apnea Aggressive behavior

Choking noises Hyperactivity

Increased work of breathing Attention deficit disorder

Paradoxical breathing Excessive daytime sleepiness

Enuresis Morning headaches

Mouth breathing Age-inappropriate napping

Restless sleep Difficult to arouse from sleep

Diaphoresis Depression

Hyperextended neck

Frequent awakenings

Dry mouth

Table 28.1  Clinical History in OSAS

of snoring children. Questionnaires have also been developed 
that incorporate questions relating to the consequences of 
OSA, including hyperactivity and behavior. An affirmative 
response to at least one-third of these questions on the 
22-question Pediatric Sleep Questionnaire had a sensitivity of 
0.85 and a specificity of 0.87.27,28

Physical examination of children with OSAS is most often 
normal, with the exception of adenotonsillar hypertrophy or 
craniofacial abnormalities (Box 28-1). The majority of chil-
dren with OSAS are of normal height and weight, although 
both obesity and failure to thrive may occur. Cardiovascular 
sequelae of SDB such as cor pulmonale and congestive heart 
failure are infrequently observed in current clinical practice, 
as heightened awareness has facilitated earlier diagnosis. 

Although blood pressure is statistically elevated in children 
with OSAS, the wide range of normal makes this measure-
ment a poor screening tool.29 The neurocognitive conse-
quences of OSAS are non-specific, such as poor school 
performance,30 aggressive behavior, and hyperactivity.31

IMAGING AND LABORATORY EVALUATION

The diagnosis of SDB is firmly established using polysom-
nography, and ancillary testing is rarely indicated. Further 
screening may be useful to facilitate the perioperative care  
and to exclude underlying conditions (Box 28-2). For  
example, concern regarding right ventricular dysfunction may 

Box 28-1  Physical Examination in OSAS

General
•	 Sleepiness
•	 Obesity
•	 Failure	to	thrive

Head
•	 Swollen	mucous	

membranes
•	 Deviated	septum
•	 Adenoidal	facies

•	 Infraorbital	darkening
•	 Elongated	midface
•	 Mouth-breathing

•	 Tonsillar	hypertrophy
•	 High	arched	palate
•	 Overjet

•	 Posterior	buccal	cross-bite
•	 Crowded	oropharynx
•	 Macroglossia
•	 Glossoptosis
•	 Midfacial	hypoplasia
•	 Micrognathia/retrognathia
•	 Increased	neck	

circumference

Cardiovascular
•	 Hypertension
•	 Loud	P2

Extremities
•	 Edema
•	 Clubbing	(rare)
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necessitate an EKG or echocardiogram. Occasionally, chronic 
intermittent hypoxemia may induce polycythemia, while per-
sistent hypercarbia can elevate serum bicarbonate. Routine 
pulmonary function testing is not indicated in children sus-
pected of having OSAS unless restrictive or obstructive lung 
disease is suspected. A fluttering pattern in the flow volume 
loop has been described in adults with OSAS.32 Magnetic 
resonance imaging (MRI) of the upper airway in children 
with OSAS compared to normal controls reveals a statistically 
smaller upper airway luminal volume and elongation of the 
soft palate, as well as enlarged tonsils and adenoids.33 However, 
there is considerable overlap between the groups, rendering 
MRI a poor screening tool. The measurement of the ratio of 
the width of the tonsil to the depth of the pharyngeal space 
on a lateral neck radiograph was reported to have a good 
sensitivity and specificity for distinguishing mild from 
moderate/severe OSAS in a small number of patients.34 Ade-
noidal enlargement measured by cephalometry was present in 
over 80% of children with OSAS but also in 42% with primary 
snoring.35 Though neck radiographs may be suggestive of 
adenoidal hypertrophy, direct visualization of the adenoids 
remains the diagnostic standard.36 Dynamic fluoroscopy 
under sedation may demonstrate glossoptosis, particularly in 
children with macroglossia, micrognathia, or neuromuscular 
weakness.37 Anatomical localization of the site of obstruction 
with cine MRI may alter the therapeutic approach in some 
children with residual OSAS following adenotonsillectomy or 
craniofacial anomalies.38 Other promising but understudied 
tools for identifying OSAS in children include nasal rhinom-
etry39 and acoustic pharyngometry.40

Video/Audio Recordings
Diagnosing OSAS using home audio recordings, in addition 
to a standard clinical history and physical examination, 
revealed a sensitivity of 71–92% and a specificity of 29–80%.41,42 
Subtle forms of SDB are particularly difficult to evaluate 
using this technique. However, computer-aided processing of 
audio signals for regularity may improve predictive value.43 
Frequency domain analysis of the snoring signal has also 
shown promise in distinguishing OSAS from PS.44 Video 

recordings can also yield a noninvasive measure of movement 
and therefore arousal.45–47 Video is also a useful adjunct to a 
comprehensive polysomnogram to evaluate body and head 
positioning, paradoxing, snoring, and mouth breathing. 
Studies correlating video scoring systems to standard poly-
somnography have been encouraging.47 Future research will 
be necessary to validate the utility of a particular domiciliary 
video/audio study in a population with a well-characterized 
symptomatology.

Overnight Polysomnography
Polysomnography represents the gold standard for establish-
ing the presence and severity of SDB in children, and can be 
performed in children of all ages. An expert consensus panel 
from the American Academy of Pediatrics has recommended 
overnight polysomnography as the diagnostic test of choice 
in evaluating children with suspected SBD.14 Guidelines for 
performing laboratory-based polysomnography in children 
have been established.48,49 The sleep laboratory should be a 
non-threatening environment that comfortably accommo-
dates a parent during the study. Personnel with pediatric train-
ing should record, score, and interpret the study. The use of 
sedatives50 and sleep deprivation51 may worsen SDB, and is 
therefore not recommended. To the extent possible, sleep 
studies should conform to the child’s usual sleep period. 
Infants may reasonably be studied during the day, while ado-
lescent studies should generally start later at night. The poly-
somnographic montage will vary with the patient’s suspected 
disorder (Box 28-3).

Electroencephalogram
Consensus guidelines for analyzing sleep architecture have 
been established in infants,48,52,53 children,48,52 and adults.48 
Standard practice is to apply adult EEG criteria to children 
older than 2–3 months of age. Sleep staging establishes that 
an adequate amount of total sleep time (TST) and sufficient 
REM sleep was obtained on the night of the study, and dem-
onstrates the presence or absence of sleep fragmentation. In 
addition to sleep staging, the EEG tracing is useful for scoring 
cortical arousals and detecting epileptiform discharges. By 
consensus, an electrocortical (EEG) arousal is defined in 
adults as an abrupt 3-second shift in EEG frequency.48 These 
criteria appear to be appropriate for use in children as well.54 
However, visible EEG arousals are present in only 51% of 
obstructive events in children,55 complicating the diagnosis of 

Box 28-2  Ancillary Diagnostic Studies in OSAS

Serum Markers
•	 Hematocrit
•	 Serum	bicarbonate

Imaging
•	 Brain	MRI
•	 Anteroposterior	and	lateral	neck	radiograph
•	 Upper	airway	CT/MRI	(craniofacial)
•	 Cine	MRI
•	 Dynamic	fluoroscopy

Sleep Monitoring
•	 MSLT

Miscellaneous
•	 Echocardiogram
•	 Neurocognitive	testing
•	 Electrocardiogram
•	 Flow–volume	loop

Box 28-3  Example of Polysomnogram Montage

Electroencephalography	(C4-M1,	O2-M1,	F4-M1)
Electromyogram	(chin,	both	legs)
Electrooculogram	(right/left)
Electrocardiogram
Abdominal	and	thoracic	excursion
Oximetry	(3	second	averaging),	pulse	waveform
End-tidal	PCO2	(peak	value,	waveform)
Flow:	nasal	pressure,	oronasal	thermistor
Snore	volume
Body	position	sensor
Esophageal	pressure	(in	special	circumstances)
Video	and	audio	taping
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UARS in children. Frequency domain analysis of the EEG 
tracing may further enhance the sensitivity of detecting res-
piratory events or arousal.56,57 Initial reports indicated that 
children with snoring58 or even severe OSAS may have normal 
sleep state distribution.59 However, a large cohort (n = 559) 
comparing normal children to children with OSAS revealed 
that OSAS patients have increases in slow-wave sleep (23.5 
vs. 28.8% TST) and decreases in REM sleep (22.3 vs. 17.3% 
TST).60 Furthermore, these authors observed a decline in the 
spontaneous arousal index in OSAS patients versus controls 
(8.4 vs. 5.3), suggesting a homeostatic elevation in the arousal 
threshold.60

Arousal
Arousal from sleep is a protective reflex mechanism that 
restores airway patency through dilator muscle activation. 
Both mechano- and chemoreceptors have a role in initiating 
the arousal response. Though arousals reverse the airway 
obstruction, they result in the untoward consequences of sleep 
fragmentation and sympathetic activation.61 Polysomno-
graphically, arousal may be associated with EEG changes,57 
increased airflow, elimination of airflow limitation, cessation 
of paradoxical breathing, tachycardia, movement,45 blood 
pressure elevation,62 and autonomic activation. In children, 
however, approximately 50% of obstructive events do not 
result in an EEG arousal.55 In infants, EEG arousals are even 
less common.55 Thus, depending on the EEG arousal index 
for the diagnosis of UARS is unreliable. Frequency domain 
analysis may reveal evidence of EEG arousal not readily 
visible, and may be a clinically useful tool in the future.56,57 
Obstructive events that terminate with autonomic activation 
are termed subcortical arousals. Autonomic measures include 
heart rate variability,63 blood pressure elevations,62 pulse transit 
time,4 and peripheral arterial tonometry.64 The pulse transit 
time was reported to be a more sensitive measure of respira-
tory arousal compared to 3-second EEG arousals.4 As a 
screening tool for OSAS, the pulse transit time had a sensitiv-
ity of 81% and a specificity of 76%.65 Subcortical arousals 
alone have been demonstrated to result in neurocognitive 
impairment in adults.66

Measures of Respiratory Movements
A variety of methodologies to categorize central and obstruc-
tive respiratory events is amenable to overnight polysomnog-
raphy. Thoracic and abdominal excursion is measured most 
commonly with respiratory inductive plethysmography (RIP). 
The classification of central and obstructive apneas is achieved 
by determining whether respiratory efforts are present during 
intervals of reduced flow. Uncalibrated RIP tracings may also 
be used as an index of thoraco-abdominal asynchrony. The 
highly compliant chest wall in children results in asynchronous 
motion between the thoracic and abdominal tracings, termed 
paradoxical breathing. This disparity may be quantified using 
phase angle analysis that is independent of the relative con-
tribution of the two compartments.67 Thoraco-abdominal 
asynchrony has been demonstrated in children with increased 
respiratory effort due to upper airway obstruction and 
OSAS.67,68 Paradoxical breathing is normally seen in infants 
due to the high compliance of their chest wall, particularly 
during REM sleep, but is rare after 3 years of age.69

Esophageal manometry (Pes) represents the gold standard 
for quantifying respiratory effort and permits the detection of 

subtle, partially obstructive events that may produce sleep 
fragmentation.70 However, Pes monitoring is uncomfortable 
and may itself alter the frequency of respiratory events.71 The 
introduction of non-invasive, nasal pressure measurements 
has largely supplanted Pes in establishing the diagnosis of 
UARS (see Figure 28-1). Nevertheless, esophageal manom-
etry peak amplitude and percent of time spent lower than 
−10 cmH2O has been reported to have a better correlation 
with behavioral outcomes than the traditional apnea–hypopnea 
index with or without respiratory-effort-related arousals.72 
Current practice is to reserve Pes monitoring for rare cases of 
children with diagnostic uncertainty even after standard over-
night polysomnography.

Measures of Airflow
Airflow can be quantitatively measured using an oronasal 
mask and pneumotachograph. However, mask breathing is 
uncomfortable and has been shown to alter respiratory 
mechanics. Practically speaking, this methodology is restricted 
to research settings and continuous positive airway pressure 
(CPAP) titration studies. Thermistors provide qualitative 
measures of oronasal airflow by measuring the temperature of 
expired air. Though thermistors accurately indicate complete 
cessation of flow, they are not an accurate measure of tidal 
volume and therefore hypopnea.73 Another drawback of the 
thermistor is its long time constant that obscures the nuance 
of the flow profile, making the evaluation of flow limitation 
impossible.73

Nasal cannula pressure recordings provide a minimally 
invasive, semi-quantitative measure of airflow.74,75 The result-
ing signal has been shown to be proportional to flow squared. 
Since nasal pressure measurements have a fast time constant, 
it is possible to detect flattening of the inspiratory nasal pres-
sure signal, termed flow limitation, that occurs in a collapsible 
tube when flow becomes independent of driving pressure 
(Figure 28-2). Limitations of the nasal cannula pressure 
recordings include obstruction of the tubing with secretions, 
mouth breathing (especially in children with adenoidal hyper-
trophy), and the possible increase in nasal resistance due to 
obstruction of the nares. In children, the reported signal 
quality has varied in laboratory-based studies. Trang et al. 
reported an overall uninterpretable nasal cannula signal during 
only 4% of total sleep time.76 However, 17% of subjects had 
uninterpretable signals for more than 20% of total sleep time. 
In contrast, Serebrisky et al. reported adequate nasal cannula 
flow signals (>50% of total sleep time) during sleep in only 
71.8% of patients.77 In a domiciliary study, the nasal cannula 
channel was not available overall for more than 50% of the 
night.78 Verginis et al. compared the combination of the ther-
mistor and nasal pressure measurement with either modality 
alone and found the combination significantly lowered the 
scoring of false-negative and false-positive obstructive 
events.79

Airflow may be approximated using RIP by considering 
that lung volume can be approximated by a two-compartment 
model (thoracic and abdomen excursion). RIP may be cali-
brated using an isovolume maneuver or a statistical technique 
and used to derive a ‘sum’ channel proportional to tidal 
volume.80,81 Thus, the time derivative of the sum channel is 
proportional to flow. The RIP signal may therefore be ana-
lyzed for apnea, hypopnea, and flow limitation.82 Our current 
practice is to combine RIP, nasal cannula pressure, 
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capnometry, and an oronasal thermistor in our laboratory-
based studies to ensure that a flow signal is likely to be avail-
able throughout the night.

Gas Exchange
Pulse oximetry, which is based on the absorption spectra of 
hemoglobin, is the standard polysomnographic measure of 
hypoxemia. The relationship between the arterial oxygen 
tension and the SpO2, the oxyhemoglobin curve, is sigmoidal. 
Patients with normal pulmonary function, whose baseline 
SpO2 is on the flat portion of the curve, require large changes 
in PaO2 to affect their SpO2. By contrast, patients with paren-
chymal lung disease may be operating on the steep portion of 
the oxyhemoglobin curve, thereby experiencing a profound 
decline in SpO2 with small decrements in PaO2. In sickle cell 
disease, the oxyhemoglobin curve is variably shifted, thus lim-
iting the utility of SpO2 measurements in some patients.83

The adequacy of ventilation can be assessed non-invasively 
during sleep by sampling CO2 tension in respired air, termed 
capnography. Expired gas initially consists of dead space ven-
tilation in the measuring apparatus as well as the physiologic 
dead space. In the setting of normal lungs, the terminal 
expired concentration of CO2 reaches a plateau and reflects 
alveolar gas. The concentration of CO2 in a given alveolus is 
predicated on the ventilation–perfusion relationship. In sub-
jects with normal lung mechanics, end-tidal PCO2 (PETCO2) 
is approximately 2–5 mmHg below the arterial PaCO2 level.84 
However, in diseases with uneven ventilation–perfusion or 
altered alveolar time constants, such as cystic fibrosis, the 
PETCO2 will not be an accurate measure of PaCO2. Also, the 
rapid respiratory rates characteristic of infants may not permit 
the alveolar CO2 to plateau, and therefore may underestimate 
the true CO2 value.85 The capnometry signal is prone to 

artifact due to nasal secretions obstructing the sampling 
cannula. Morielli et al. reported that 27% of polysomno-
graphic epochs in their laboratory had a poor PETCO2 
waveform, stressing the importance of careful attention to 
technique.85 Transcutaneous CO2 (TcCO2) monitors might 
be valuable in patients in whom PETCO2 is not accurate, such 
as infants or patients with parenchymal lung disease.85 Though 
absolute values of TcCO2 are variable, the trend is propor-
tional to the PaCO2 with a lag of several minutes. Sleep is 
normally associated with a 4–6 mmHg increase in TcCO2.

Normative Polysomnographic Data
Normative data for the EEG and respiratory parameters of 
sleeping children are shown in Table 28.2.59,60,86–88 In infants, 
longitudinal arterial oxygen saturation monitoring revealed a 
median SpO2 baseline of 98%, but the SpO2 was <90% during 
0.51% of epochs.89 Marcus et al. presented the respiratory 
data of 50 normal, non-obese children between 1 and 18 years 
of age (mean 9.7 ± 4.6), using a thermistor and PETCO2 moni-
toring.88 Nine subjects had at least one obstructive apneic 
event. One ‘normal’ child had an apnea index of 3.1/h, though 
he had a sibling with OSAS. Including this outlier, an obstruc-
tive apnea index >1/h was determined to be statistically 
abnormal. However, the threshold level at which the apnea 
index becomes clinically significant has not been established. 
Only 15% of normal children had any hypopneas, with the 
mean hypopnea index being 0.1 ± 0.1 (range 0.1–0.7).90 Acebo 
et al. also reported that hypopneas were rare in older children 
and adolescents.87 Normative data using nasal pressure during 
sleep have not been presented in children. Experience from 
our laboratory indicates that hypopneas and respiratory-
effort-related arousals occur infrequently in normal young 
children (<1.5/hour).

Figure 28-2 Nasal cannula pressure tracing demonstrating that flow becomes independent of driving pressure during flow-limited breaths (Reproduced 
with permission from Hosselet JJ, Norman RG, Ayappa I, Rapoport DM. Detection of flow limitation with a nasal cannula/pressure transducer system. Am J 
Respir Crit Care Med. 1998;157:1461–1467).
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Normative data for esophageal manometry (ΔPes) from 10 
normal subjects in our laboratory, aged 2–11 years, showed 
that control subjects had a mean ΔPes of −8 ± 2 cmH2O (range 
−6 to −12), a peak ΔPes of −12 ± 3 cmH2O (range −9 to 
−19 cmH2O), and had a ΔPes ≥−10 cmH2O for 8 ± 12% of 
breaths (range 3–61%).4 Other investigators have considered 
ΔPes swings of −8 to −14 cmH2O as normal,91 and suggested 
that normal children spend ≤10% of the night with inspira-
tory esophageal pressure swings ≤−10 cmH2O.70 However, 
our data showed that two control patients spent 21% and 61% 
of the night with a ΔPes ≤−10 cmH2O. Thus, normative data 
from non-snoring controls reveal considerable variability in 
respiratory effort. ΔPes is lower in normal infants, 5–6 cmH2O.92

Domiciliary and Nap Studies
Attended overnight polysomnography in a designated pedi-
atric sleep laboratory represents the gold standard for the 
diagnosis of SDB in children.49 However, such comprehensive 
testing is expensive, labor-intensive, and not widely available. 
Recognizing that only 10–20% of children who snore will 
have OSAS10,11 has prompted considerable interest in limited, 
nap or unattended domiciliary studies. Choosing the most 
appropriate evaluation is predicated on understanding the 
relative risks of OSAS and its treatments. Testing is indicated 
to determine the presence and severity of SDB, the type of 
treatment, the perioperative care, and necessary follow-up.

Polysomnography during a daytime nap may underesti-
mate the degree of SDB.93,94 REM sleep often does not occur 
during naps. Furthermore, obstructive respiratory events 
worsen as sleep progresses.59 Thus, although the positive pre-
dictive value of an abnormal nap study is 100%, the negative 
predictive value is only 20%.93,94 Home study devices may 
range in complexity from oximetry alone95,96 to multi-channel 
recordings.97 Ambulatory studies may be used to evaluate 
oxygenation in infants with chronic lung disease, cystic fibro-
sis, restrictive lung diseases, and neuromuscular conditions. 
Jacob et al. compared laboratory and domiciliary studies in a 
population of symptomatic children with adenotonsillar 
hypertrophy.98 The multi-channel monitor used in that study 
included saturation, waveform, electrocardiogram, RIP, and 
video recording, and therefore cannot be compared to com-
mercially available ambulatory systems.98 Similar indices of 
apnea–hypopnea, desaturation and arousal were observed 
during attended laboratory-based polysomnograms and domi-
ciliary studies.98 Goodwin et al. performed a home-based 

study that was set up by a technician and then was completed 
unattended, with an excellent success rate of 91%.99 Similarly, 
Rosen et al. performed 850 abbreviated home studies with 
94% yielding technically satisfactory data.17 A subset of 55 
children also underwent laboratory-based polysomnography 
and the sensitivity and specificity of the home study to detect 
OSAS as defined by an AHI >5/hour on the laboratory study 
were 88% and 98%, respectively.17 Overall, the utility of ambu-
latory studies depends on the age group and channels acquired.

Documenting oximeters should include an algorithm for 
artifact reduction such as a plethysmograph waveform or heart 
rate detected by the oximeter. The oximetry channel alone has 
been compared to full polysomnography in a population of 
snoring children with adenotonsillar hypertrophy suspected to 
have SDB with adenotonsillar hypertrophy.100 One study 
reported that oximetry demonstrated an excellent positive 
predictive value, 97%, but a poor negative predictive ability, 
53%.100 By contrast, Kirk reported that overnight oximetry 
alone has a poor correlation with laboratory-based polysom-
nography.101 Many children with SDB and clinically signifi-
cant respiratory-effort-related arousals will not demonstrate 
oxygen desaturation.1,70 Similar observations have been made 
regarding the limitations of using oximetry as a screening tool 
for adult OSAS.95,96 Oximetry is inadequate to diagnose a 
considerable percentage of pediatric SDB in which arousal or 
hypoventilation, rather than hypoxemia, predominate.101

Night-to-Night Polysomnographic Variability
A single overnight polysomnogram is a well-recognized diag-
nostic tool used to determine the presence and severity of 
OSAS in symptomatic children.49 However, in adults an 
adaptation effect of the sleep laboratory environment, termed 
the ‘first night effect,’ has been reported to disrupt sleep archi-
tecture102 and perhaps underestimate respiratory distur-
bance.103,104 There are several pediatric studies that have 
documented the excellent consistency in the diagnosis of 
OSAS from night to night.102,105–107 In children, the clinical 
diagnosis of either OSAS or primary snoring remained the 
same in two polysomnogram studies 1–4 weeks apart.105 
Although the overall classification of subjects was unchanged, 
there were minimal changes in OSAS severity between nights. 
This supports the view that a single polysomnographic night 
is sufficient for the diagnosis of OSAS in otherwise normal, 
snoring children with adenotonsillar hypertrophy. No night-
to-night systematic bias has been observed in any of the mean 

SLEEP RESPIRATORY

EEG arousal index, n/h 7 ± 2 2 Obstructive apnea Index, n/h TST 0.0 ± 2 0.1

Sleep efficiency, % 84 ± 2 13 Obstructive hypopnea Index, n/h TST 0.1 ± 2 0.1

Stage 1, %TST 5 ± 2 3 Central apneas with desaturation n/hr TST 0.0 ± 2 0.1

Stage 2, %TST

Slow wave sleep, %TST 51 ± 2 9

26 ± 2 8 Duration of Hypoventilation (PETCO2 ≥45 mmHg), %TST 1.6 ± 2 0.8

REM sleep, %TST 19 ± 2 6 Peak PETCO2, mmHg 46 ± 2 3

REM cycles, n 4 ± 2 1 SpO2 Nadir, % 95 ± 2 1

Table 28.2  Polysomnographic Data in Normal 5–10-year-old Children

Data, Mean ± 2 SD; see references47,48,70,72
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intersubject respiratory parameters.102,105 The intrasubject res-
piratory parameters, however, demonstrated considerable 
variability, particularly in children with severe disease. The 
variability in respiratory parameters could not be accounted 
for by changes in body position or percentage REM time. 
Among the sleep variables, a first night effect including 
increased wakefulness and a reduction of REM sleep was 
observed as the result of adaptation to the sleep laboratory 
environment.102 Circumstances in which a single study night 
may not be sufficient include studies with inadequate REM 
time, technical limitations in acquiring key channels, or if the 
parents report that the particular study night did not reflect a 
typical night’s sleep. However, studies primarily performed to 
assess sleep architecture (usually only in a research context) 
require adaptation nights in the sleep laboratory.

Diagnostic and Event Classification
The optimal definition for respiratory events and clinical clas-
sification has not been established in children. There are few 
clinical studies evaluating the relative merit of specific event 
definitions in relation to clinical outcomes. The polysomno-
graphic criteria for event scoring and clinical diagnosis, based 
on our clinical experience, are summarized in Tables 28.3 and 

28.4. However, well-designed outcomes studies are desper-
ately needed to validate these criteria. Additional abnormal 
breathing patterns, including tachypnea and increased respira-
tory effort have been described in children with OSAS.108 
Normative data for respiratory-effort-related arousals and 
flow limitation are scant in children, but these events appear 
to be uncommon. Nevertheless, the clinical classification of 
symptomatic children cannot be exclusively based on the 
apnea–hypopnea index alone. Consideration of the AHI, flow 
limitation, SpO2, PETCO2, work of breathing, and arousal 
indices, in conjunction with the clinical picture, also contrib-
ute to the diagnosis of OSAS. Thus, diagnostic interpretation 
of pediatric PSG will continue to require consideration of all 
respiratory parameters.

Special Considerations in Infants
The pathophysiology of OSAS in infants frequently differs 
from that observed in older children, with infants having a 
higher likelihood of congenital anomalies of the upper airway 
including larngomalacia, choanal atresia, laryngeal webs, and 
pyriform aperature stenosis, in addition to gastroesophageal 
reflux, hypotonia and other issues.109 Therefore, direct endo-
scopic visualization of the upper airway is a helpful part of the 

Table 28.3  Respiratory Pattern Scoring
Obstructive

Apnea Reduction of oronasal thermal airflow by ≥90% lasting at least 2 missed breaths with persistent respiratory effort

Hypopnea Fall in the nasal pressure amplitude >50% for at least a 2-breath duration with persistent respiratory effort 
accompanied by a desaturation ≥3%, awakening, or arousal

Respiratory effort-related 
arousal

Discernible fall in the amplitude of the nasal pressure signal <50% of baseline or flattening of the signal contour 
lasting at least 2 breaths duration. Evidence of increased work of breathing, snoring or elevation of CO2

Flow limitation Flattening of the inspiratory limb of nasal pressure channel

Snoring Coarse, low-pitched inspiratory sound

Hypoventilation End-tidal or transcutaneous CO2 >50 mmHg for >25% TST

Central

Apnea Absence of oronasal airflow for ≥20 seconds duration without respiratory effort. Alternatively, the event lasts at 
least 2 missed breaths duration and is associated with arousal, awakening or ≥3% desaturation

Periodic breathing Succession of >3 central apneas of >3-second duration separated by <20 seconds of normal breathing

Mixed apneas Reduction of oronasal thermal airflow by ≥90% lasting at least 2 missed breaths. Absent respiratory effort during 
the initial portion only

(ONE OR MORE OF THE FOLLOWING)

APNEA INDEX 
(Events/h)

SpO2 NADIR (%) PETCO2 PEAK 
(Torr)

PETCO2 > 50 
Torr (%TST)

AROUSALS 
(Events/h)

Primary Snoring ≤1 >92 <53 <10% EEG <11

Upper Airway Resistance Syndrome ≤1 >92 <53 <10% RERA >1
EEG >11

Mild OSAS 1–4 86–91 >53 10–24% EEG >11

Moderate OSAS 5–10 76–85 >60 25–49% EEG >11

Severe OSAS 10 ≤75 >65 ≥50% EEG >11

Table 28.4  Diagnostic Classification and Severity of SDB

Arterial oxygen saturation, SpO2; End tidal Pco2, PETCO2; EEG, electrocortical; RERA, respiratory effort related arousal; Total sleep time, TST
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diagnostic work-up to establish nasal size, adenoidal volume, 
laryngeal stability/anatomy, mucosal swelling, and vocal cord 
function. Infants with OSA may not snore,15 and many 
snoring infants do not have OSA.110 Therefore polysomnog-
raphy should be performed to confirm the diagnosis and 
establish the severity. Polysomnographically, normative data 
are different in infants with respect to REM sleep percentage, 
respiratory rate, oximetry, and the arousal index compared to 
older children.109 A few scored obstructive apneas and hypop-
neas may be observed in otherwise normal infants.

16. Preutthipan A, Chantarojanasiri T, Suwanjutha S, et al. Can parents 
predict the severity of childhood obstructive sleep apnoea? Acta Paedi-
atr 2000;89:708–12.

17. Rosen CL, Larkin EK, Kirchner HL, et al. Prevalence and risk factors 
for sleep-disordered breathing in 8- to 11-year-old children: association 
with race and prematurity. J Pediatr 2003;142:383–9.

18. Gozal D, Wang M, Pope DW Jr. Objective sleepiness measures in 
pediatric obstructive sleep apnea. Pediatrics 2001;108:693.

19. Gozal D, Kheirandish-Gozal L. Obesity and excessive daytime sleepi-
ness in prepubertal children with obstructive sleep apnea. Pediatrics 
2009;123:13–18.

20. Marcus CL, Curtis S, Koerner CB, et al. Evaluation of pulmonary 
function and polysomnography in obese children and adolescents. 
Pediatr Pulmonol 1996;21:176–83.

21. Melendres MC, Lutz JM, Rubin ED, et al. Daytime sleepiness and 
hyperactivity in children with suspected sleep-disordered breathing. 
Pediatrics 2004;114:768–75.

22. Brouilette R, Hanson D, David R, et al. A diagnostic approach to 
suspected obstructive sleep apnea in children. J Pediatr 1984;105: 
10–14.

23. Carroll L, McColley A, Marcus L, et al. Inability of clinical history to 
distinguish primary snoring from obstructive sleep apnea syndrome in 
children. Chest 1995;108:610–18.

24. Rosen CL. Clinical features of obstructive sleep apnea hypoventilation 
syndrome in otherwise healthy children. Pediatr Pulmonol 1999;27: 
403–9.

25. Spruyt K, Gozal D. Screening of pediatric sleep-disordered breathing: 
a proposed unbiased discriminative set of questions using clinical sever-
ity scales. Chest 2012;142:1508–15.

26. Suen JS, Arnold JE, Brooks LJ. Adenotonsillectomy for treatment of 
obstructive sleep apnea in children. Arch Otolaryngol Head Neck Surg 
1995;121:525–30.

27. Chervin RD, Hedger K, Dillon JE, et al. Pediatric sleep questionnaire 
(PSQ): validity and reliability of scales for sleep-disordered breathing, 
snoring, sleepiness, and behavioral problems. Sleep Med 2000;1: 
21–32.
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naire: prediction of sleep apnea and outcomes. Arch Otolaryngol Head 
Neck Surg 2007;133:216–22.
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obstructive sleep apnea. Am J Respir Crit Care Med 1998;157: 
1098–103.

30. Gozal D. Sleep-disordered breathing and school performance in chil-
dren. Pediatrics 1998;102:616–20.
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snoring: evaluation of the effects of sleep related respiratory resistive 
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Clinical Pearls

•	 Obstructive	sleep-disordered	breathing	in	children	includes	
non-apneic	and	non-hypopneic	patterns	including	
sustained	increased	respiratory	effort	and	respiratory-	
effort-related	arousals.

•	 The	threshold	level	of	OSAS	severity	that	necessitates	
treatment	varies	widely	among	children.

•	 Subjective	reports	of	sleepiness	are	most	often	not	present	
in	pre-pubescent	children	with	OSAS.

•	 Direct	endoscopic	visualization	of	the	airway	is	an	essential	
part	of	the	work-up	in	infants	with	OSAS.
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INTRODUCTION

Sleep-disordered breathing (SDB) describes a range of breath-
ing problems during sleep from habitual snoring to obstruc-
tive sleep apnea (OSA). It is a frequent condition characterized 
by repeated events of partial or complete upper airway obstruc-
tion during sleep, resulting in disruption of normal ventila-
tion, hypoxemia, and sleep. A recent systematic review found 
that the estimated population prevalence for SDB by varying 
constellations of parent-reported symptoms on questionnaire 
is 4–11% while OSA diagnosed by varying criteria on diag-
nostic studies, is approximately 1–4%.1 Although OSA was 
first described by McKenzie over a century ago,2 it was not 
until the mid 1970s that it was recognized in children.3 Using 
polysomnography in 8 children aged 5–14 years Guillemin-
ault et al. published the first detailed report of children with 
adenotonsillar hypertrophy and OSA and suggested that 
surgery may eliminate their clinical symptoms.3 Since this 
initial report there has been considerable research effort in this 
area and it is now clear that OSA in children is a distinct 
disorder from the OSA that occurs in adults, in particular with 
respect to gender distribution, clinical manifestations, polys-
omnographic findings, and treatment.4,5 OSA is frequently 
diagnosed in association with adenotonsillar hypertrophy, and 
is also common in children with craniofacial abnormalities 
and neurological disorders affecting upper airway patency.

Snoring is the primary symptom of OSA and while snoring 
is not normal, as it indicates the presence of heightened upper 
airway resistance, many snoring children may have primary 
snoring, i.e., habitual snoring without alterations in sleep 
architecture, alveolar ventilation and oxygenation. Nonethe-
less, definitive criteria that allow for reliable distinction 
between primary snoring and OSA and the threshold at 
which morbidity occurs remain elusive. Polysomnography 
remains the gold standard for the definitive diagnosis of OSA, 
since clinical history and physical examination are insufficient 
to confirm its presence or severity.6 However, alternative 
screening methods and novel technological advances may 
improve diagnostic accuracy in the future.7–13

The implications of SDB in children are multifaceted and 
potentially complex. If left untreated or, alternatively, if treated 
late, pediatric SDB may lead to substantial morbidity that 
affects multiple target organs and systems, and that may not 
be completely reversed with appropriate treatment. There is 
now a wealth of literature showing strong and significant 
associations between parental report and/or objective meas-
ures of SDB with a range of neurobehavioral, cognitive, and 
psychiatric problems. The potential consequences of SDB in 
children include behavioral disturbances and learning defi-
cits,14–24 psychiatric symptoms,25–28 autonomic dysfunction,29,30 
and hypertension.31,32 This chapter will focus on behavioral 
and cognitive consequences of SDB.

BEHAVIOR

Behavioral dysregulation is the most commonly encountered 
comorbidity of SDB, and the vast majority of studies consist-
ently report, mostly robust, associations between SDB symp-
toms, or objective measures of SDB, and hyperactivity, 
impulsivity, and ADHD-like symptoms.15,33–35

Hyperactivity
Hyperactivity is frequently reported in both children with 
habitual snoring,14,15,18,21,33,36–41 as well as those in whom SDB 
was formally diagnosed by polysomnography (PSG).17,20,35,42–47 
Despite differences in definition of snoring or PSG-confirmed 
SDB, many studies support the relationship between snoring/
SDB and hyperactive behaviors even when hyperactivity is 
measured with a range of parent-report tools, including the 
Conners’ Parent Rating Scales,15,42,43,45 the Child Behavior 
Checklist,20,35,42,44,47 or the Behavioral Assessment Scale for 
Children.23,46 In a survey of over 800 families using validated 
instruments,15 symptoms of SDB were associated with hyper-
active behaviors with a trend toward a dose–response relation-
ship between reported snoring frequency and behavior. Only 
a small number of studies have failed to find associations with 
SDB and hyperactive behaviors.48–50

Inattention
Attention, which is a prerequisite to optimal learning, is a 
critical behavior arising from brain mechanisms and can be 
categorized as sustained, selective, and divided attention, thus 
representing a cluster of variables, each of which contributes 
to learning and memory. Inattentive behaviors identified by 
parental report have been observed in children with habitual 
snoring15,21,37,51 and PSG-defined SDB20,23,46–49 although this 
finding is not as robust as the associations with hyperactivity. 
Different categories of attention, for example, selective and 
sustained attention, can also be measured using objective 
assessments such as auditory or visual continuous perform-
ance tests (CPT) and therefore may provide more robust 
assessment than parental report. Such studies have shown that 
even children with mild SDB exhibit some deficits in atten-
tion compared to controls.52–54

A small study of Australian children found that both selec-
tive and sustained attention measured objectively using the 
auditory CPT were found to be impaired in children with 
habitual snoring compared to controls.55 Similarly, in New 
Zealand, Galland et al.56 found that in comparison to a normal 
population, children with objectively confirmed SDB, com-
pared to those without, had significantly higher scores on a 
visual CPT for inattention and impulsivity albeit within the 
average range of a normal non-clinical score.

Impaired auditory and visual attention has also been 
reported in children with objectively confirmed SDB 
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Recently, Kohler et al.70 performed a direct comparison of 
parent and teacher reports in children with SDB. They found 
that both parents and teachers report more problematic 
behavior, which is predominantly internalizing such as anxious 
and withdrawn behavior, somatic complaints, and social and 
affective problems. In addition, parents reported a greater 
severity and range of behaviors. Overall, the concordance for 
individual children was poor. The limited number of studies 
that have collected teacher reports, the different tools used, 
and the sample sizes involved make it difficult to reach con-
clusions regarding classroom behavior. However, despite the 
inconsistencies, the teacher-report studies published to date 
appear to support a role for SDB in at least some areas of 
behavioral regulation.

SDB and ADHD
Attention deficit hyperactivity disorder (ADHD) is the most 
commonly diagnosed pediatric mental health disorder in 
North America, and sleep problems are one of the most fre-
quently reported comorbidities in these children. The major 
features of ADHD (e.g., inattention, hyperactivity, and 
impulsivity) are also frequent manifestations of childhood 
SDB and, conversely, comorbid sleep problems are highly 
prevalent in ADHD. Therefore it is unsurprising that the 
relationship between SDB and ADHD is of great interest. 
Multiple studies have shown that children with ADHD dem-
onstrate a number of parentally reported sleep problems,71–74 
with a frequency up to five times greater than that of other-
wise healthy children.75 Children with ADHD have been 
reported to snore more than their peers,76,77 with some studies 
suggesting that snoring is more common in those with the 
hyperactive/impulsive subtype of ADHD.78 However, poly-
somnographic data are less clear in terms of an association 
between SDB and ADHD.79

Methodological issues may be at least in part related to such 
inconsistencies, particularly since the majority of studies did 
not use criteria from the diagnostic and statistical manual of 
mental disorders (DSM) for ADHD but instead relied on 
parental report of hyperactivity symptoms. In one study of 
school-aged children that did use formal criteria, diagnoses of 
ADHD were found in almost a third of children.53 However, 
a recent meta-analysis,25 which included studies utilizing rig-
orous criteria for ADHD, suggested that the apnea–hypopnea 
index (AHI) in the three objective studies retained in the 
meta-analysis80–82 were not very elevated (1.0, 5.8, and 3.57, 
respectively). Nonetheless, using a pediatric AHI threshold of 
1,83 these values suggest that SDB may indeed be more fre-
quent in children with ADHD compared to controls. Inter-
estingly, children with ADHD and an AHI between 1 and 5 
have been reported to improve more following adenotonsil-
lectomy than after stimulant treatment.26,84 This raises ques-
tions about appropriate screening and intervention in these 
children. A recent working group report has suggested key 
areas for future research in this field.85

COGNITION

Studies of the associations between SDB and behavioral defi-
cits are vast and demonstrate robust associations86,87 but the 
cognitive impact of SDB is less well understood. Cognition 
is a mental act or process by which knowledge is acquired, 

compared to standardized norms.57 Recently, event-related 
potential (ERP) recordings using a high-density array during 
an oddball attention task have shown objective evidence of 
impaired attention in children with SDB.58 Since ERP pat-
terns strongly correlate with learning, reading and school per-
formance, the authors postulated that their findings suggest 
that brain changes associated with pediatric SDB have the 
potential to be used to determine which children might require 
earlier diagnosis or treatment. Nonetheless, some studies fail 
to observe differences in visual attention.46,59 Emancipator 
et al.60 proposed that the CPT might either not be sufficiently 
sensitive in children who are not obviously sleepy or possibly, 
with the increase in time children now spend playing video 
games, such CPT tools might be less discriminating.

Aggressive Behaviors
In addition to hyperactivity and inattention, aggressive and bul-
lying behaviors are beginning to receive more attention in the 
SDB literature. Estimates suggest that up to 25% of children in 
elementary schools are affected,61 with a higher prevalence in 
boys.62 Aggressive behaviors present a major challenge not only 
for schools, which often have local, state, and national programs 
to address this issue, but also for society, as aggressive children 
are at high risk for future psychiatric symptoms, violence, sub-
stance abuse, and criminality,63 while the victims of bullying also 
suffer. Clearly, the causes of aggressive behaviors are complex 
and include social, biological, and cultural factors; however, there 
is now emerging evidence that sleep problems might play a role.

In a large population-based study of over 3000 5-year-old 
children, those with symptoms of SDB were twice as likely to 
have parentally reported aggressive behaviors,33 which is 
similar to a study that also adjusted for comorbid hyperactivity 
and stimulant use.64 A recent report from our group, the first 
specifically designed to query parents of aggressive elementary 
school children as well as non-aggressive controls about 
symptoms of SDB, found that aggressive children were twice 
as likely to have SDB symptoms compared to non-aggressive 
children.22 Notably, daytime sleepiness rather than snoring 
appeared to drive the relationship with aggressive behavior, 
which suggests that other causes of daytime sleepiness, such 
as poor sleep hygiene, are also important.

Of note, short sleep duration – which perhaps might par-
tially explain sleepiness – and sleep difficulties have been 
found to be associated with aggressive behaviors in young 
children65,66 and suicidal ideation in adolescents.67 In children 
with objectively confirmed SDB, aggressive behaviors are 
more frequent than in children without SDB48 even when 
SDB is mild.20 Children with aggressive behaviors also have 
EEG slowing during wakefulness,68 which might reflect defi-
cient levels of arousal or excessive daytime sleepiness, likely 
mediated via the prefrontal cortex.69

Parent versus Teacher Report of Behavior
There are conflicting findings on the association between 
SDB and behavior depending on whether behavioral reports 
are provided by parents or teachers. The literature regarding 
teacher reports is small compared to parental reports. Some 
studies report elevated hyperactive behaviors on both parent 
and teacher scales,14,17,46 while others found only elevated 
hyperactive behaviors on parent scales.23,37 Our own data have 
shown that teacher-reported bullying behaviors did not show 
associations with symptoms of SDB but parent reports did.22
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assessment as well as a follow-up assessment the following 
day. Notably, the children with SDB also demonstrated 
declines in recall performance, which suggests that children 
with SDB require more time and additional learning oppor-
tunities to reach immediate and longer-term recall perform-
ance and that these children may have slower information 
processing and/or secondary memory problems perhaps due 
to inefficient encoding.106 Indeed, changes in basic perceptual 
processes that underlie higher-order functions have been 
shown to be impaired in pediatric SDB even when perform-
ance is not altered on standard measures of memory.107

Academic Performance
Good academic performance is often essential for future 
career success and many studies have reported on deficits in 
academic performance in children with SDB. The term ‘aca-
demic performance’ encompasses a range of achievements/
abilities and it can be assessed by various means including 
mathematical abilities, spelling, reading, writing, and overall 
school grade. In a landmark study of first-grade children, 
Gozal16 found a 6–9-fold increase in gas-exchange abnormali-
ties in the lowest-performing tenth percentile.

Several studies have reported lower grades in mathematics, 
spelling, reading, and science51,108,109 in children with SDB 
compared to controls, even when intermittent hypoxemia is 
absent,110 which suggests that primary snoring may impact 
academic achievement. It is also possible that the presence of 
hypoxemia may affect the threshold of respiratory events asso-
ciated with performance deficits, as the threshold for respira-
tory disturbances associated with learning problems may be 
lower in the presence of hypoxemia.111 For example, in the 
absence of hypoxemia, a respiratory disturbance index >5 has 
been associated with parent-report of learning problems in 
young children; however, when the presence of hypoxemia was 
used to define the respiratory event, a respiratory disturbance 
index >1 was associated with learning problems.111 Children 
with SDB have also been found to perform lower than con-
trols on a phonological processing test,49,112 which measures 
phonological awareness, a skill that is critical for learning to 
read. In addition, processes mentioned earlier106,107 that may 
underlie memory encoding and storage will also impact aca-
demic performance.

We should also be reminded that the vast majority of 
current literature focuses on young school-aged children and 
does not include adolescents, a unique developmental stage 
where challenges differ considerably from young children and 
where any SDB-associated behavioral difficulties may result 
in significant impairment in school performance at a critical 
time for future success.23 In addition to verbal problems, poor 
academic achievement may also be affected by inattention 
difficulties due to the complex brain associations involved. 
Measurement of school performance is inherently difficult, 
and the role of SDB difficult to tease out, as it really represents 
a number of factors, which include age, SES, home environ-
ment, genetics, behavior, and cognition.23 Unsurprisingly, 
when some of the latter variables are accounted for, a number 
of studies fail to find evidence of an association between SDB 
and academic performance.50,60,113,114

Executive Functions
Executive function encompasses cognitive processes, includ-
ing memory, planning, problem solving, verbal reasoning, 

including awareness, perception, intuition, and reasoning. It 
is often used interchangeably with intelligence; however, cog-
nitive processes can be influenced by intelligence and gener-
ally show an age-dependent performance increase whereas 
intelligence typically refers to developmental differences 
between individuals.88 Lower-order cognitive processes, which 
include perceptual motor learning, visual short-term memory, 
and selective attention, can be measured by tasks such as reac-
tion times or problem solving. Intelligence, on the other hand, 
is indirectly inferred typically via psychometric testing. A 
detailed discussion of the associations between sleep, cogni-
tion, and intelligence can be found in a recent article.89

One of the fundamental roles of sleep is believed to involve 
learning, memory consolidation, and brain plasticity;90 thus, 
sleep disruption has the potential to impair cognition during 
wake. Indeed several studies – but not all91 – find differences 
in cognition of children with and without SDB. Of note, 
however, the vast majority of studies in this area are from a 
limited age range, often elementary school age, thus limiting 
the conclusions that can be drawn.

Intelligence
The intelligence quotient (IQ) is often reported in studies of 
SDB although findings are not consistent. Lower IQ scores 
have been reported in children with SDB compared to con-
trols, although these scores are typically still within the normal 
range.19,21,49,50,55,59,92–96 One study in children awaiting ade-
notonsillectomy found that compared to healthy non-snoring 
children, the snoring children had a 10-point reduction in 
IQ.95 Of course, the clinical significance of this remains to be 
shown for a high-functioning child, but a 10-point IQ differ-
ence could be rather significant in children performing at a 
lower level. Several studies fail to support findings of differ-
ences in full-scale IQ,44,91,97,98 although some have found lower 
scores for verbal IQ (language skills) in children with SDB.44,97

Lack of robust findings between SDB and IQ is perhaps 
not surprising given that measurement of IQ is complex and, 
in essence, measures performance across several tasks rather 
than a focus on a particular area of cognition. Standardized 
vocabulary tests, as a proxy measure of IQ and an excellent 
predictor of cognition and academic success,99 have demon-
strated that the difference in scores between children with and 
without SDB may be equivalent to the impact of lead expo-
sure.100 These findings clearly have great clinical significance 
for a child’s future if indeed they are supported by additional 
studies. Nonetheless, there are many other factors which 
clearly impact a child’s IQ and which require consideration in 
studies of SDB, including genetics, parental education level, 
as well as biological and environmental factors.23,101,102

Memory
Multiple studies have failed to find evidence for memory 
impairment in children with SDB.21,49,103 In those that have 
reported memory deficits50,55,104 only one has reported a dose–
response effect.105 Inconsistencies in memory findings are 
likely related to the type of memory measured (such as verbal 
memory or working memory). In addition, many reports 
provide only a cumulative memory score rather than address 
specific processes involved in memory acquisition.

A recent study of memory recall in children with  
and without SDB104 found that memory recall to a picture 
was impaired in children at both an immediate memory 
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first grade and also during follow-up in second grade; children 
who had evidence of SDB and had received treatment had 
significantly improved school grades, whereas those who had 
declined treatment did not have significant improvement. The 
same group117 showed that middle-school children with aca-
demic performance in the lowest 25% of their class were more 
likely to have snored during their preschool years and to have 
required adenotonsillectomy for snoring compared with 
schoolmates in the top 25% of class.

In the past decade, there have been a number of treatment 
intervention studies, typically adenotonsillectomy, showing 
that cognitive function appears to improve at follow-up, 
approximately 6–12 months later on multiple subtests includ-
ing general conceptual ability, verbal and non-verbal ability, 
phonological processing and naming,119 IQ,120 attention, as 
measured by continuous performance assessment,53,17 visual 
attention and processing speed,121 matrix analogies, sequential 
and simultaneous processing scales, and mental processing 
scales,122 with medium to large effect sizes.122

However, not all studies report significant improvement in 
cognitive measures following treatment.56,123 A recent study 
from Australia showed a wide range of cognitive deficits in 
3–12-year-old children at baseline, including IQ, language 
and executive function which did not improve to control levels 
following adenotonsillectomy.95 The magnitude of the deficits 
persisted at the 6-month follow-up with a mean full-scale IQ 
difference of 10 points between children with SDB and con-
trols. Of particular note, the fluid reasoning, knowledge, 
quantitative reasoning, visuospatial and working memory 
composite scores, as well as corresponding verbal and nonver-
bal subtest scores, were all significantly reduced in children 
with SDB compared to controls at both baseline and follow-up. 
In addition, composite scores for attention/executive function 
(specifically planning, inhibition, auditory and visual atten-
tion), language (phonological processing), sensorimotor func-
tion and memory (especially narrative memory) were 
significantly reduced in children with SDB at both baseline 
and follow-up. The finding that measures of executive func-
tion remain significantly lower in children with SDB follow-
ing adenotonsillectomy is supported by another study,121 
although mean postoperative scores in the latter study were 
lower than preoperative scores.

Lack of improvement post adenotonsillectomy may be 
somewhat unexpected given the increasing number of studies 
showing improvement towards control levels. However, it 
should be noted that children undergoing adenotonsillectomy 
for non-SDB reasons as well as SDB perform worse on spe-
cific cognitive measures such as short-term attention, visuo-
spatial ability, memory, and arithmetic academic achievement 
compared to control children.124 Interestingly, children 
without SDB had more consistent as well as larger deficits 
compared to those with SDB. At 12-month follow-up meas-
ures of verbal abstraction ability, arithmetic calculations, visual 
and verbal learning, verbal delayed recall, sustained attention, 
and another measure of visual delayed recall demonstrated 
declines in ability, measures of executive function and aca-
demic performance improved, while other measures did not 
improve over time.125 The authors suggested that their find-
ings question the expectation that adenotonsillectomy resolves 
the majority of deficits in children with SDB, which has  
the potential to translate into significant life-time impact later 
in life.

inhibition, mental flexibility, and multi-tasking that are crucial 
for normal psychological and social development. Executive 
function is complex and it is difficult to isolate certain execu-
tive functions from other cognitive abilities; despite this, 
executive dysfunction is often reported in children with SDB 
compared to controls.44,46,57,93 A recent study in snoring 
preschool children found substantially lower performance  
on executive function dimensions such as inhibition, working 
memory, and planning compared to controls,115 which 
highlights the need to identify SDB risk in very young 
children.

CAUSALITY

The vast majority of studies to date provide cross-sectional 
data on associations between SDB and learning and behavior. 
Clearly such cross-sectional data cannot prove that SDB 
causes the observed deficits. Evidence for causality can only 
be provided by data from randomized, controlled intervention 
trials. To date, none have been published although a multi-
center randomized, controlled trial is currently underway.116 
However, a number of longitudinal and treatment interven-
tion studies have been published, which are described in the 
following paragraphs.

Longitudinal Evidence
The vast majority of published studies report cross-sectional 
findings, which while important, provide no information on 
the direction of the proposed relationships. Data from a case-
control study of seventh- and eighth-grade children with poor 
school performance have demonstrated that these children 
were more likely than others in their grades to have snored 
frequently and loudly during their early childhood.117 In a 
prospective 4-year follow-up study, snoring and symptoms of 
SDB were strong risk factors for the future development or 
exacerbation of hyperactive behaviors, with habitual snoring 
at baseline increasing the risk for hyperactivity at follow-up 
by more than fourfold, especially in boys. Results were inde-
pendent of hyperactivity at baseline and stimulant use as well 
as SDB symptoms at follow-up.

In support of these findings, a recent study from the Avon 
Longitudinal Study of Parents and Children118 examined the 
effects of snoring, apnea, and mouth-breathing patterns on 
behavior, from infancy through 7 years in more than 11 000 
children. By 4 years, symptomatic children were 20–60% more 
likely to exhibit behavioral difficulties consistent with a clini-
cal diagnosis; by 7 years, they were 40–100% more likely, even 
after controlling for 15 major confounders.41 Furthermore, 
SDB effects at 4 years were as predictive of behavioral difficul-
ties at 7 years, and the worst symptoms were associated with 
the worst behavioral outcomes, with hyperactivity being most 
affected. Taken together, these findings suggest that damage 
done years earlier may be visible as a behavioral phenotype 
only years later, and alludes to the belief that there may be a 
‘window of vulnerability’ in developing humans.

Treatment Interventions
In one of the first intervention studies, first-grade children in 
the lowest tenth percentile were screened for SDB and parents 
were advised to seek treatment if their child had gas-exchange 
abnormalities.16 Children’s school grades were obtained in 
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of definitive data in the form of randomized, controlled trials, 
in light of increasing cross-sectional and intervention studies, 
it would appear pertinent to ensure that education and aware-
ness regarding SDB reaches healthcare providers, parents, and 
indeed, children themselves.

Despite the persuasive arguments above, it should be noted 
that there are some arguments against a causal relationship 
between SDB, behavior and cognition. Importantly, as dis-
cussed earlier, there is no consistent phenotype, there is a lack 
of expected relationships as well as dose–response across 
studies, and the response to treatment is not entirely clear. In 
addition, there is added complexity that arises from the devel-
opmental context in which these studies are conducted, as 
compensatory mechanisms to an insult may occur in these 
children.

POTENTIAL MECHANISMS

The most plausible mechanisms of behavioral and cognitive 
deficits in children with SDB include intermittent hypoxia 
and sleep fragmentation, the two main components of SDB 
which likely impact the prefrontal cortex. The importance of 
executive dysfunction and the involvement of the prefrontal 
cortex in SDB have been reviewed126 and a model linking 
sleep disruption, hypoxemia, and disruption of the prefrontal 
cortex was proposed. The prefrontal cortex is believed to play 
a critical role in the regulation of arousal, sleep, affect, and 
attention in children.127 Indeed, disturbances of prefrontal 
inhibitory functions have been implicated in deficits observed 
in children with ADHD,128 and neuroimaging studies in 
ADHD have supported specific impairments in prefrontal 
cortical functioning.129,130

Hypoxemia even in the absence of SDB is known to impact 
cognition.131 Animal models demonstrate that intermittent 
hypoxia during sleep induces neuronal cell loss and impairs 
spatial memory132–134 and that early development might be a 
particularly vulnerable time.135 Interestingly, data from a brain 
imaging study have shown that neuronal metabolites are 
altered in children with SDB in the hippocampal and right 
frontal cortical regions,93 the very areas that are implicated in 
executive function and cognition.

Similarly, sleep fragmentation or deprivation does not only 
affect those with SDB and such disruption in the absence of 
SDB has also been shown to impact behavior and cognition 
in several adult studies.136–139 In a recent pediatric study, chil-
dren with daytime sleepiness were significantly more likely to 
have hyperactivity, inattention, and conduct problems as well 
as worse measures of processing speed and working memory.140 
In addition, we have shown that aggressive elementary school 
children were more likely to have daytime sleepiness than 
their peers.22 Sleep disruption has been associated with 
inflammatory markers,141–143 and rodent models have shown 
associations with sleep deprivation and oxidative stress,144 
hippocampal-dependent learning,145,146 and dysfunction of 
systems that are involved in learning, goal direction, and 
attention.147

SUMMARY

There is now a wealth of robust data that supports a role for 
SDB in behavioral deficits in children, as well as less consist-
ent evidence to support its role in cognitive deficits. Current 
data are mixed with regards to the reversibility of such dys-
function with treatment, perhaps due to brain plasticity or 
genetic/environmental interactions. Despite the current lack 

Clinical Pearls

•	 Habitual	snoring	and	obstructive	sleep	apnea	are	
associated	with	neurobehavioral	morbidity	in	children.

•	 Insults	may	manifest	phenotypically	years	later,	suggestive	
of	a	window	of	vulnerability	in	developing	children.

•	 Treatment	interventions	such	as	adenotonsillectomy	may	at	
least	partially	reverse	some	of	the	neurobehavioral	deficits.
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INTRODUCTION

Our knowledge about the link between sleep-disordered 
breathing (SDB) and cardiovascular dysfunction in children 
has grown significantly in the last three decades.1–4 Cardio-
vascular research in children with SDB has primarily focused 
on disease mechanisms and has been relatively limited on 
defining the end points that provide unequivocal evidence of  
cardiovascular morbidity. Nevertheless, small differences in 
cardiovascular functions between children with SDB and 
healthy controls have been described in more recent years. 
The clinical significance of these observations in terms of 
cardiovascular morbidity either during childhood or in adult 
life has yet to be delineated. It is also worth noting that the 
changes in structure and functions of the cardiovascular 
system are not universally observed across affected popula-
tions, with substantial variance occurring in the context of 
ethnic background, socioeconomic status and body habitus. 
Therefore, future research that focuses on better understand-
ing the putative contributions of environmental factors, 
genetic variance, and socioeconomic conditions will be critical 
to reinforce and explain the observations made to date. This 
chapter will describe the most recent evidence-based under-
standing of cardiovascular dysfunction in children with SDB. 
Proposed hypothetical mechanisms of cardiovascular disease 
in SDB and evidence of end-organ damage in childhood  
SDB that have been investigated to date will be discussed 
(Figure 30-1).

NORMAL SLEEP AND CARDIOVASCULAR SYSTEM

Normal sleep is associated with cardiovascular and autonomic 
changes that exhibit sleep stage dependency.5,6 Progressive 
reduction of heart rate (HR), blood pressure (BP) and stroke 
volume during non-rapid eye movement (NREM) sleep 
occurs synchronously with reduced sympathetic nervous 
system activity (SNA).7 During REM sleep, sympathetic 
drive increases markedly with consequent increases in vascular 
resistance, resulting in elevations of BP and HR.7 Although 
the exact significance of cyclical and rhythmic alterations in 
cardiovascular functions during NREM and REM sleep cycle 
remains unclear, it is believed to be critical for normal cardio-
vascular health.

Sleep-Disordered Breathing and the  
Cardiovascular System
Repetitive apneas during sleep disrupt the homeostatic bal-
ance of the cardiovascular and autonomic nervous systems.8–10 
Increased SNA during episodes of apnea is associated with 
increased systemic BP, pulmonary arterial pressure and left 
ventricular (LV) afterload (Figure 30-2).9,11 Hypoxemia and 

hypercapnia during SDB events are major contributors for 
chemoreflex-mediated increases in SNA and cardiovascular 
changes.9 Negative intrathoracic pressures during upper 
airway obstruction in SDB events affect intrathoracic hemo-
dynamics including LV transmural pressure and LV after-
load.12 LV relaxation and LV filling might also be affected 
by the exaggerated negative intrathoracic pressure swings.13,14 
In addition, negative intrathoracic pressure alters aortic pres-
sure, inducing stretch of the aortic wall, activating aortic 
baroreceptors, and thus buffering sympathetic activation 
during obstructive apnea.15,16 Upon resumption of breathing, 
increased venous return distends the right ventricle, reduces 
LV compliance due to leftward shift of the interventricular 
septum and thus alters LV diastolic filling.12 Increased 
stroke volume upon resumption of breathing, at a time when 
systemic vascular resistance is highest, elicits further increases 
of BP. SDB events are commonly associated with arousals 
from sleep, although such might not be as frequent in  
young children. Nevertheless, arousal may also contribute to 
the acute increases in BP at termination of SDB events.17 
Repetitive nocturnal arousals cause sleep fragmentation that 
might also be associated with daytime cardiovascular 
dysfunction.

Mechanisms of Cardiovascular Diseases in SDB
A number of neural, inflammatory and hormonal abnormali-
ties are evident in children with SDB. These are implicated 
in the initiation and progression of cardiac and vascular 
disease conditions.

Neural Mechanisms
Neural control of the circulation represents the integrated 
response to diverse reflexes including baroreflex, chemoreflex 
and low-pressure cardiopulmonary reflexes. The interaction 
between cardiovascular and respiratory variables constitutes an 
important influence on neurally mediated changes in cardiac 
and vascular control (Figure 30-3). Interactions between these 
reflexes in conditions of hypoxemia and hypercapnia during 
episodes of OSA are implicated as the primary mechanisms 
of cardiovascular dysfunction in children with SDB.

Chemoreflex and Cardiovascular System
The chemoreflexes exert profound effects on respiratory, auto-
nomic and cardiovascular functions during apnea events.18 
The central chemoreceptors are widely distributed across the 
central nervous system, are preferentially situated in brainstem 
regions, and are vital for cardiorespiratory control.19,20 The 
peripheral chemoreceptors are located within the carotid 
bodies that respond primarily to hypoxemia and hypercapnia 
to elicit hyperventilation, tachycardia, and increased sympa-
thetic vasoconstrictor activity.21,22 Activation of peripheral 
chemoreceptors as a result of cessation of airflow during OSA 
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also greater during combined hypoxia and hypercapnia than 
the magnitude of the responses induced by either of the 
stimuli alone. During OSA, combined hypoxemic–hypercapnic 
stimuli potentiate the chemoreflex-mediated neural and cir-
culatory responses. Hyperactivity of the peripheral chemore-
ceptors significantly contributes to the pathogenesis of 
hypertension in adult patients with OSA.25 In addition, 
the peripheral chemoreceptors have a greater role in hypoxic 
responses in young children compared to adults, suggest-
ing that attenuation of peripheral chemoreceptor function  

elicits simultaneous activation of vascular sympathetic and 
cardiac vagal drives with consequent cardiac slowing and 
increased BP. Hypercapnia primarily acts through the central 
chemoreceptors in the brainstem, but also in part through  
the peripheral chemoreceptors, to produce hyperventilation 
and increased sympathetic traffic to peripheral blood vessels.23 
Interestingly, hypercapnia does not induce vagally medi-
ated bradycardia as seen during hypoxia. Hypoxemia and  
hypercapnia administered simultaneously induce synergistic 
increases in minute ventilation.24 Sympathetic activation is 

Figure 30-1 Mechanisms of Cardiovascular Disease in SDB. The schematic showing hypothetical mechanisms of cardiovascular diseases in SDB and 
cardiovascular dysfunction in children with SDB. 
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Figure 30-2 Acute effects of apnea during sleep on sympathetic nerve activity (SNA) and BP. Apnea is associated with progressive arterial deoxygenation 
and sympathetic activation. Resumption of breathing and arousal at the end apnea increases stroke volume and HR and consequent increase in arterial 
pressure. From Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural mechanisms in obstructive sleep apnea. J Clin Invest 1995;96(4):1897–904.
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attenuated when chemoreflex activation and apnea occur in a 
setting of increased baroreflex activation. Thus, the arterial 
baroreflex inhibits not only the chemoreflex-mediated sym-
pathetic vasoconstrictor response, but also the vagal brady-
cardic response.30 The normal buffering influence of the 
baroreflex may be diminished in patients with SDB,30 result-
ing in excessive potentiation of chemoreflex sensitivity with 
consequent exaggerated sympathetic activation and/or brady-
dysrhythmias during hypoxemia and apnea. Interaction of 
chemoreceptor and baroreceptor reflexes during repeated epi-
sodes of OSA could be a mechanism for increased BP and 
promoting hypertension in OSA.31 Decreased baroreflex sen-
sitivity is a potential mechanism of BP elevation in children 
with SDB.32 Evidence of abnormal baroreflex function in 
children with SDB will be discussed in the section on SDB-
related cardiac dysfunction.

Cortical Modulation of Baroreflex and Chemoreflex
Central command continuously modulates the baroreflex- 
and chemoreflex-mediated cardiovascular and autonomic 
functions.33,34 This modulation is important for BP variability 
during sleep and daytime activities. Several cortical and sub-
cortical brain sites have direct neural projections to the auto-
nomic centers located in the brainstem and modulate their 
functions. These specific regions in the hypothalamus, amyg-
dala, periaqueductal gray matter and parabranchial nucleus 
primarily modulate the autonomic drive to the heart and 
blood vessels to control HR and BP (see Figure 30-3). The 
interactions between cortical and subcortical brain areas and 

develops during maturation.26 Thus, alterations in chemore-
ceptor-mediated responses in children with SDB and the 
effects of gas-exchange abnormalities on the developing brain, 
heart and kidney might be associated with increased risk of 
cardiovascular morbidity.

Baroreflex and Cardiovascular System
The baroreflex provides critical negative feedback control of 
arterial pressure.18 Arterial baroreceptors are nerve endings 
innervating large arteries. Changes in arterial pressure in  
the aorta and carotid arteries alter the stretch status of the 
vessels, and result in changes in the frequency of baroreceptor 
inhibitory impulses to the brainstem cardiovascular centers. 
Increased baroreceptor activity during a rise in BP triggers 
reflex inhibition of sympathetic activity, parasympathetic acti-
vation, and subsequent decrease in vascular resistance and 
HR.27,28 Conversely, a decrease in arterial pressure reduces 
baroreceptor afferent discharge and triggers a reflex increase 
in sympathetic activity, parasympathetic inhibition and 
increase in vascular resistance and HR. Thus, reduced barore-
flex function may be associated with abnormal control of 
autonomic and circulatory functions.

Baroreflex and Chemoreflex Interactions
Baroreflex activation inhibits both ventilatory and vasocon-
strictor responses to peripheral chemoreflex stimulation.29 
Increased BP activates arterial baroreceptors and causes 
bradycardia.30 Chemoreflex activation in the setting of 
apnea also elicits bradycardia. The bradycardic response is 

Figure 30-3 Interaction of baro- and chemoreflex for central nervous system control of the cardiovascular and renal system. 
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mechanical trauma induced by large intraluminal pharyngeal 
pressure swings, tissue vibration, and eccentric muscle con-
traction. Recent studies on the relationship between local 
inflammation and airway collapsibility suggest an important 
role of surface tension of upper airway lining fluid for genera-
tion of a force which hinders airway opening.54,55 However, 
the exact mechanisms underlying the up-regulation of inflam-
matory processes within the upper airway are not clear.

Oxidative Stress and Coagulation in  
Sleep-Disordered Breathing
Hypoxemia and reperfusion during repetitive nocturnal 
apneas may generate highly reactive free oxygen radicals.56 
Ischemia–reperfusion injury to the vascular wall may result in 
increased risk for atherosclerosis.57 Low oxygen tension is a 
trigger for activation of polymorphonuclear neutrophils and 
monocytes, and increases the production and release of free 
oxygen radicals. In SDB, repeated cycles of arterial oxygen 
desaturation and reoxygenation occur in response to apneas 
followed by hyperventilation. Treatment of OSA reduces pro-
duction of free radicals.58 Increased platelet and platelet aggre-
gability occurs in patients with OSA and is reduced after 
treatment of SDB.59,60 Increased hematocrit, nocturnal and 
daytime fibrinogen levels and blood viscosity in SDB might 
also contribute to any predisposition to clot formation and 
cardiovascular morbidity.61 Treatment of SDB reduces factor 

the brainstem autonomic centers are important for the control 
of circulatory functions. Intermittent hypoxemia in SDB 
might affect the CNS integration of baroreflex function,  
especially in the developing brain of children.

Renin–Angiotensin–Aldosterone System (RAS) Activation
The RAS is important for the regulation of extracellular fluid 
volume and thus BP (see Figure 30-3).35 Angiotensin II 
(ANG-II) is a potent vasoconstrictor which acts directly on 
vascular smooth muscle cells, causing vasoconstriction. 
ANG-II also regulates blood volume by increasing aldoster-
one production. Combined effects of ANG-II on vascular 
resistance and extracellular fluid volume play an important 
role on BP regulation. Renin released from the kidney is regu-
lated by renal sympathetic nerves. Hypoxia is associated with 
an increased level of sympathetic nerve and angiotensin II.36,37 
OSA patients have higher angiotensin II concentrations com-
pared to healthy subjects.38 Recent studies suggest that resist-
ant hypertension in adults with OSA is associated with 
activation of the RAS system.39,40 The RAS system also affects 
24-hour ambulatory BP in children.35 The role of RAS for 
BP regulation in children with OSA is poorly understood.

Systemic and Local Inflammation in  
Sleep-Disordered Breathing
The evidence of increased systemic inflammatory markers in 
children with SDB is emerging.41 Chronic low-grade inflam-
mation has been linked to the pathophysiology of cardiovas-
cular diseases in SDB.42,43 Patients with OSA have increased 
levels of interleukin-6, TNF-alpha and C-reactive protein.44 
The combination of hypoxemia and sleep deprivation/
fragmentation in patients with SDB might lead to increased 
levels of inflammatory markers. C-reactive protein might 
itself contribute to vascular disease by inhibiting nitric oxide 
synthase and increasing cell adhesion molecule expression.45,46 
P-selectin, C-reactive protein, fibrinogen, interleukin-8, and 
interferon levels were found to be higher in children with 
snoring and/or SDB compared with control subjects. Levels 
of these cytokines and of circulating adhesion molecules may 
be reduced by CPAP. A recent study in 143 adolescents 
reported an elevated level of C-reactive protein in SDB and 
the levels were directly related to the severity of nocturnal 
hypoxemia independent of BMI (Figure 30-4).47 Although 
the majority of the available studies reported significant asso-
ciations between C-reactive protein serum levels and SDB 
severity,48 not all studies demonstrated such a relationship.49,50 
The conflicting results were in part attributed to the differ-
ence in the degree of adiposity and to genetic variance between 
the study populations.

Local inflammation of the upper airway has an important 
role in modulating airway patency.51 Sputum in children with 
SDB showed increased neutrophils compared to controls and 
the level of neutrophil density correlated significantly and 
positively with the severity of SDB.52 Infiltration of inflam-
matory cells in the muscular layer of the pharynx has also been 
described in patients with SDB.53 Active processes of nerve 
degeneration and regeneration and muscular damage in 
patients with SDB suggest that inflammation might nega-
tively impact the function of upper airway tissues. However, 
its role in modulating upper airway collapsibility in patients 
with SDB has not been fully investigated. Local inflammatory 
response in the upper airway might be associated with 

Figure 30-4 Plasma CRP levels in adolescents with OSA and normal 
controls. Adolescents with OSA, particularly with severe OSA (AHI >5 events/
hour) have significantly higher CRP levels. Elevated CRP levels in these 
patients are directly proportional to the severity of OSA as measured by AHI. 
*Values are geometric means (95% confidence limits) of CRP (mg/L) values 
in unadjusted and adjusted models. †Adjusted for age, sex, race. ‡Adjusted 
for age, sex, race, BMI percentile, (BMI percentile2). From Larkin EK, Rosen CL, 
Kirchner HL, et al. Variation of C-reactive protein levels in adolescents: 
association with sleep-disordered breathing and sleep duration. Circulation 
2005;111(15):1978–84.
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VII clotting activity suggesting that SDB may indeed be caus-
ally related to increased coagulability.62 Oxidative stress and 
inflammatory markers in the exhaled breath condensate are 
increased in children with SDB.63 Oxidant and antioxidant 
defense mechanisms are altered in children with obstructive 
adenotonsillar hypertrophy, and this alteration improves after 
tonsillectomy.64

SDB-RELATED CARDIAC AND  
VASCULAR DYSFUNCTION

Unlike adults, children with SDB exhibit much more subtle 
evidence of cardiovascular dysfunction, and such manifesta-
tions primarily include abnormalities in BP regulation and 
changes in cardiac structure and endothelial function.

Elevated Systemic Arterial Pressure and 
Hypertension in Sleep-Disordered Breathing
Children with SDB are at higher risk of developing elevated 
BP compared to healthy children during nighttime sleep and 
even during the daytime when awake in resting conditions 
(Figure 30-5).65–69 Habitual snoring in children without SDB 
is also associated with a higher risk for increased daytime 
resting BP. The degree of increased systolic and diastolic BP 
in these patients is associated with the respiratory disturbance 
index.68 Increased 24-hour BP variability during wakefulness 
and sleep is also associated with the presence of SDB in chil-
dren.66 In addition, SDB severity measured by desaturation 
indices during sleep and the AHI are also associated with 
increased daytime and nocturnal BP variability.66 It is very 
important to note that the level of BP in children with SDB 
reported in several cross-sectional studies did not reach the 

70

75

80

85

Time in hours (0=sleep onset)

M
ea

n 
BP

 (m
m

H
g)

90

0 2 4 6 8 10 12 14 16 18 20 22 24

90

100

110

Sy
st

ol
ic

 B
P 

(m
m

H
g)

120

0 2 4 6 8 10 12 14 16 18 20 22 24

70

75

80

85

Time in hours (0=sleep onset)

Ac
tiv

ity
 le

ve
l (

ar
bi

tra
ry

 u
ni

ts
)

90

0 2 4 6 8 10 12 14 16 18 20 22 24

50

60

70

D
ia

st
ol

ic
 B

P 
(m

m
H

g)

80

0 2 4 6 8 10 12 14 16 18 20 22 24

Mild OSA Severe OSAControl

P=0.0001

P=0.0003

P<0.0001

P=0.002

P=0.01

P=NS

P=NS

P=NS

Figure 30-5 Elevated BP during 24-hour activated adjusted ambulatory BP monitoring in children with mild and severe SDB. Children with severe OSA have 
significantly higher BP compared to control during nighttime sleep and daytime activity. From Amin R, Somers VK, McConnell K, et al. Activity-adjusted 
24-hour ambulatory blood pressure and cardiac remodeling in children with sleep disordered breathing. Hypertension 2008;51(1):84–91.



244    Principles and Practice of Pediatric Sleep Medicine

Figure 30-6 Decreased baroreflex sensitivity during awake and sleep in children with SDB, particularly in children with severe SDB. From McConnell K, 
Somers VK, Kimball T, et al. Baroreflex gain in children with obstructive sleep apnea. Am J Respir Crit Care Med 2009;180(1):42–8.
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level that is considered compatible with the current definitions 
of clinically significant hypertension.70 Unlike adult patients 
with SDB, hypertension in children and adolescents is not 
independently associated with SDB. However, severe SDB 
may be associated with hypertension in children. The BP load 
is a measure of hypertension and is defined as the percentage 
of BP measurements that exceed the 95th percentile during 
24-hour BP monitoring.66 A recent study in 140 children with 
AHI >5 events/h, nightly snoring and tonsillar hypertrophy 
reported increases in BP load and morning BP surges.66 Sig-
nificant reductions in 24-hour ambulatory BP are observed 
after treatment of SDB with adenotonsillectomy.71 Although 
the exact mechanisms of increased BP in children with SDB 
are not clear, reduced baroreflex during nighttime and daytime 
is a likely contributing factor (Figure 30-6).32 It is unlikely 
that the relatively modest increases in BP and BP variability 
in children with SDB will lead to significant cardiac dysfunc-
tion during childhood. However, it remains unclear whether 
early childhood SDB may predispose to BP deregulation later 
in life.

Elevated Pulmonary Arterial Pressure and Pulmonary 
Hypertension in Sleep-Disordered Breathing
The evidence linking pulmonary hypertension to SDB in 
children is limited. Several case reports and studies with  
small sample sizes have thus far suggested that statistically 

significant increases in pulmonary arterial pressures occur in 
SDB.72,73 However, these studies are further limited by either 
the procedures employed for the diagnosis of SDB or by  
the techniques utilized in the measurements of pulmonary 
arterial pressures. Increased prevalence of echocardiographic 
diagnosis of cor pulmonale has been reported in children with 
adenotonsillar hypertrophy and snoring.73 Presence of comor-
bid conditions, such as congenital heart diseases, in these 
children might be linked to the presence of SDB. Although 
both the absence74 and presence75 of pulmonary hypertension 
in children with adenotonsillar hypertrophy and OSA have 
been reported, improvements in pulmonary hypertension 
after treatment of SDB occur.72,76 Direct measurements of 
pulmonary artery pressure by cardiac catheterization reported 
the presence of pulmonary hypertension in children with SDB 
who also suffered from underlying genetic disorders and heart 
failure. A recent study demonstrated decreases in pulmonary 
artery pressure measured by echocardiography after treatment 
of SDB.77

Cardiac Remodeling: Structural and Functional 
Changes of the Heart in Sleep-Disordered Breathing
Left ventricular hypertrophy has been described in children 
with SDB.78 LV mass and relative wall thickness are signifi-
cantly greater in normotensive children with OSA compared 
to children with primary snoring (Figure 30-7).78 An AHI of 
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Figure 30-7 Cardiac modeling in children with SDB. Children 
with OSA have significantly elevated LV mass and relative wall 
thickness compared to matched children with primary snoring. 
From Amin RS, Kimball TR, Bean JA, et al. Left ventricular 
hypertrophy and abnormal ventricular geometry in children 
and adolescents with obstructive sleep apnea. Am J Respir Crit 
Care Med 2002;165(10):1395–9.
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10 is associated with a sixfold increased risk for hypertrophy. 
LV posterior wall thickness is also correlated with the severity 
of SDB as measured by respiratory disturbance index, with 
the severity of SDB being directly related to the decrease in 
LV diastolic function.79 Recently, impaired right ventricular 
function has also been reported in children with adenotonsil-
lar hypertrophy.80 Brain natriuretic peptide, a hormone 
released by ventricular myocytes in response to pressure and 
volume overload, was increased in children with snoring and 
correlated with severity of SDB.81,82 In otherwise healthy chil-
dren, those with more severe SDB (AHI >5 events/h) had 
echocardiographic evidence of increased LV wall thickness. 
LV end-diastolic dimension and thickness of interventricular 
septum are significantly greater in children with SDB com-
pared to control children. Adenotonsillectomy was associated 
with a reduction in LV dimension and posterior wall and 
septal thickness. However, pre- and post-adenotonsillectomy 
differences for LV dimension and ventricular septal thickness 
were significantly different.83 Improvement of LV ejection 
fraction after treatment of OSA was also described recently.79 
The mechanism of LV hypertrophy in children with OSA  
is not well understood. Hypoxia-induced activation of the 
renin–angiotensin–aldosterone system might be linked to the 
cardiac remodeling that develops in some patients with SDB.84 
Similarly, the degree of reversibility of abnormal LV geometry 
after treatment has not been comprehensively examined.

Endothelial Dysfunction in  
Sleep-Disordered Breathing
Endothelial dysfunction is associated with cardiovascular 
morbidity in SDB.85 Flow-mediated dilatation of the brachial 
artery is an indirect measure of endothelial dysfunction that 
is altered in SDB and normalizes after treatment with CPAP. 
The hypoxia, hypercapnia and pressor surges accompanying 
obstructive apneic events may serve as potent stimuli for the 
release of vasoactive substances and an impairment of endothe-
lial function. Endothelin, a marker of endothelial dysfunction, 
is increased in SDB.86,87 Elevated levels of endothelin in 
response to the hypoxemia of SDB may contribute to sus-
tained vasoconstriction and other cardiac and vascular 
changes.88 In a recent study in children with SDB, both 
obesity and OSA were shown to independently and additively 
increase the risk for endothelial dysfunction (Figure 30-8).89,90 
Although the mechanisms of endothelial dysfunction in chil-
dren are not clear, it is highly likely that both oxidative stress 
and inflammatory mediators play an important role in vascular 

injury.91 Thus, elevated inflammatory mediators in children 
with SDB might contribute to endothelial dysfunction and 
also serve as reliable reporters of endothelial damage in the 
context of pediatric SDB.

CONCLUSION

The existence of significant cardiovascular dysfunction in the 
pediatric SDB population has been recognized in recent years. 
Most of the research efforts in these patients have, however, 
primarily focused on the comparison of cardiovascular risk 
factors between children with SDB and controls, and the 
cumulative evidence suggests an increase in several established 
risk factors for CVD in the context of pediatric SDB. Never-
theless, whether alterations in cardiovascular biomarkers are 
indeed present and whether treatment of SDB will reverse the 
cardiovascular risk remains controversial. The confounder 
effects of age, ethnicity, body habitus, as well as genetic and 

Figure 30-8 Endothelial function in obese and non-obese children with 
and without OSA. Obesity alone, OSA alone, and combination of both 
obesity and OSA in children is associated with significant endothelial 
dysfunction. From Bhattacharjee R, Kim J, Alotaibi WH, Kheirandish-Gozal L, 
Capdevila OS, Gozal D. Endothelial dysfunction in children without 
hypertension: potential contributions of obesity and obstructive sleep apnea. 
Chest 2012;141(3):682–91.
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31. Cooper VL, Pearson SB, Bowker CM, et al. Interaction of chemorecep-
tor and baroreceptor reflexes by hypoxia and hypercapnia – a mechanism 
for promoting hypertension in obstructive sleep apnoea. J Physiol 
2005;568(Pt 2):677–87.

32. McConnell K, Somers VK, Kimball T, et al. Baroreflex gain in children with 
obstructive sleep apnea. Am J Respir Crit Care Med 2009;180(1):42–8.

33. Gianaros PJ, Onyewuenyi IC, Sheu LK, et al. Brain systems for barore-
flex suppression during stress in humans. Hum Brain Mapp 2012; 
33(7):1700–16.

34. Netzer F, Bernard JF, Verberne AJ, et al. Brain circuits mediating barore-
flex bradycardia inhibition in rats: an anatomical and functional link 
between the cuneiform nucleus and the periaqueductal grey. J Physiol 
2011;589(Pt 8):2079–91.

35. Harshfield GA, Pulliam DA, Alpert BS, et al. Ambulatory blood pressure 
patterns in children and adolescents: influence of renin–sodium profiles. 
Pediatrics 1991;87(1):94–100.

36. Foster GE, Hanly PJ, Ahmed SB, et al. Intermittent hypoxia increases 
arterial blood pressure in humans through a renin–angiotensin system-
dependent mechanism. Hypertension 2010;56(3):369–77.

37. Ip SP, Chan YW, Leung PS. Effects of chronic hypoxia on the circulating 
and pancreatic renin–angiotensin system. Pancreas 2002;25(3):296–300.

38. Barcelo A, Elorza MA, Barbe F, et al. Angiotensin converting enzyme 
in patients with sleep apnoea syndrome: plasma activity and gene poly-
morphisms. Eur Respir J 2001;17(4):728–32.

39. Dudenbostel T, Calhoun DA. Resistant hypertension, obstructive sleep 
apnoea and aldosterone. J Hum Hypertens 2012;26(5):281–7.
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terone system in patients with sleep apnoea: prevalence of primary aldos-
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41. Gozal D, Kheirandish-Gozal L. Cardiovascular morbidity in obstructive 
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environmental factors, further add to the complexity and 
uncertainty of these issues. In addition, it is not clear whether 
abnormalities in cardiovascular biomarkers will cause any 
long-term cardiovascular morbidity in children with SDB, 
and longitudinal studies on effects of SDB on cardiovascular 
outcomes in children are clearly needed. Improved under-
standing of cardiovascular disease mechanisms in SDB may 
provide a rationale for early intervention trials aiming to 
prevent cardiovascular morbidity later in life. In the absence 
of any conclusive evidence of cardiovascular risk in children 
with SDB, generalized therapeutic interventions solely aimed 
at improving cardiovascular outcomes are premature, and 
therefore the risk : benefit ratio of treating SDB in children 
should be considered on an individualized basis.

Clinical Pearls

•	 Neurogenic	factors	that	contribute	to	abnormal	
cardiovascular	control;	chemoreceptors,	baroreceptors	and	
cortex.

•	 Central	role	of	sympathetic	nerve	activity	in	mediating	
chronic	inflammation,	vascular	dysfunction	and	activation	
of	the	renin–angiotensin–aldosterone	system.

•	 Effect	of	OSA	on	left	ventricular	structure	and	function	and	
on	blood	pressure	control.

•	 How	rare	pulmonary	hypertension	is	in	pediatric	OSA.
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INTRODUCTION

Epidemiological studies over the last several decades have 
conclusively demonstrated that both the prevalence and sever-
ity of overweight and obesity in children and adolescents have 
clearly been increasing worldwide, even if some deceleration 
in such trends has emerged more recently, possibly as the 
result of public health campaigns aiming to curb the alarming 
rates of obesity in childhood.1–4 Nonetheless, reported preva-
lences of overweight hovering around 10.4% among toddlers, 
15.3% among school-aged children and 15.5% among adoles-
cents are now frequently exceeded in many of the underserved 
communities across the USA and the world.5–8 A major con-
sequence of this epidemic of obesity has been the concomitant 
increase in the prevalence of obesity-associated morbidities, 
such that previously infrequent conditions such as the meta-
bolic syndrome, cardiovascular disease, non-alcoholic liver 
steatosis, depression, and decreased quality of life have all 
begun to emerge, even among the youngest of the children.9–12

SLEEP CURTAILMENT, IRREGULAR SLEEP,  
AND OBESITY

The increasingly demanding life pace of technology-driven 
societies has radically changed the way we sleep, as well as the 
way our children sleep. Over a period of 100 years or so, the 
overall duration of sleep in children has steadily declined.13–15 
Although the reasons underlying these trends in sleep curtail-
ment are multifactorial,16–18 reductions in sleep duration have 
also been accompanied by increased irregularity in sleep 
schedules. There is now compelling evidence linking the pro-
gressive decrements in sleep duration and sleep regularity to 
the reciprocal increases observed in the prevalence of child-
hood obesity.19–28 However, the associations between obesity 
and sleep have not been consistently reported by all studies,29 
raising the possibility that the current definitions of short 
sleep and insufficient sleep are quite arbitrary, and therefore 
operate as a confounder rather than a true causal pathway.30–32 
Furthermore, additional confounding factors that play a role 
in the propensity for obesity may begin in early life,33 such 
that extrication of the role of sleep may not be trivial. In a 
cross-sectional and longitudinal study, Chaput and collabora-
tors reported that only those subjects who exhibited the com-
bination of short sleep duration, high disinhibition eating 
behavior, and low dietary calcium intake had significantly 
higher BMI.34 Based on the aforementioned considerations, 
it is clear that intervention trials aiming to establish whether 
restoration of sleep quality and quantity will ameliorate meta-
bolic and ponderal indices in children are needed.35 It is also 
noteworthy that sleep-associated changes in BMI appear to 
be primarily affecting those children whose BMI is already 
elevated.36

Some of the putative biological pathways linking sleep 
duration and regularity to obesity clearly involve alterations 
in some of the neuropeptides that regulate appetite both 
peripherally and centrally. In addition, the contribution of 
perturbations in circadian timing cannot be overlooked.37 For 
example, increased levels of ghrelin, reduced levels of leptin, 
and reduced central biological activity of orexin have all  
been identified in experimental sleep restriction paradigms, 
and will lead to increased food intake.38,39 Furthermore, dis-
ruptions of the circadian clock have been implicated in per-
turbations within a complex network of metabolic pathways 
that not only affect regulatory CNS regions such as in the 
hypothalamus, but also alter metabolic processes in peripheral 
tissues.40,41

Unfortunately, in-depth exploration of these pathways in 
the context of childhood is almost completely lacking; fur-
thermore, we should keep in mind that both sleep duration 
and body weight trajectory are determined by a multitude of 
factors, such as sociodemographic, socioeconomic, familial 
(e.g., family structure, overweight parent) and individual (e.g., 
health behavior, physical activity, health status, stress levels) 
factors (Figure 31-1).42–44 Regardless, we need to be cognizant 
that obese children are 1.5- to 2-fold (odds ratios ranging 
from 1.15 to 11) more likely of being short sleepers,45,46 and 
that any interventions seeking to modify sleep patterns in 
children are less likely to succeed if implemented later in 
childhood, since both sleep regularity and sleep duration are 
consistently preserved across long periods of time even in 
children.47 Thus, sleep interventions need to be implemented 
early in life, and therefore identification of children at risk 
during infancy and early childhood and prospective interven-
tions to prolong and regularize sleep are required to delineate 
the role of sleep in the context of BMI regulation and meta-
bolic homeostasis.

OBESITY AS A RISK FACTOR OF OBSTRUCTIVE 
SLEEP APNEA

Since the early descriptions of obstructive sleep apnea (OSA) 
in the pediatric age range, a clear change has occurred, with 
a majority of the patients being evaluated in most pediatric 
sleep centers fulfilling the criteria for either overweight or 
obese.48 This is not surprising, considering that the risk of 
OSA in obese children is markedly increased.49 In a case-
control study design, Redline and colleagues examined risk 
factors for sleep-disordered breathing in children aged 2–18 
years, and found that the risk among obese children was 
increased 4–5-fold.50 In fact, for every increment in BMI by 
1 kg/m2 beyond the mean BMI for age and gender, the risk 
of OSAS increased by 12%. Similar trends demonstrating 
increased risk of OSA among obese and overweight children 
have been consistently reported in many countries.51–60
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properties of leptin as a potent respiratory stimulant with both 
central and peripheral chemoreceptor modulatory properties 
are therefore markedly dampened by the emergence of leptin 
resistance, and may precipitate the gradual onset of attenuated 
respiratory reflexes, particularly during sleep.69,70 Obesity can 
be accompanied by fragmented sleep that will progressively 
increase the arousal threshold, thereby potentially aggravating 
the duration of upper airway obstruction events.71

OSA MAY PROMOTE OBESITY  
AND ITS CONSEQUENCES

Although there is currently only incipient evidence, it is plau-
sible to assume that the presence of OSA could promote or 
aggravate obesity or its consequences (see Figure 31-1). This 
concept has developed in recent years whereby the presence 
of OSA would promote weight gain and obesity, via sleep 
fragmentation and associated daytime sleepiness.72–75 The 
presence of sleepiness is likely to reduce overall daily physical 
activity,76 particularly in those children at risk for obesity. In 

Upper airway narrowing in obese children could result from 
fatty infiltration of upper airway structures and tongue, while 
subcutaneous fat deposits in the anterior neck region and 
other cervical structures will undoubtedly contribute and exert 
collapsing forces promoting increased pharyngeal collapsibil-
ity.61,62 Interestingly, Arens and collaborators have recently 
shown that obese children exhibit enlarged lymphadenoid 
tissues in the upper airway, the latter potentially reflecting  
the result of systemic low-grade inflammatory processes that 
accompany the obese state.63,64 Obesity may also affect lung 
volumes through mass loading of the respiratory system,65 and 
increased adipose tissue deposition in the abdominal and tho-
racic walls and around the viscera will increase the overall 
respiratory load, and reduce intrathoracic volumes and dia-
phragmatic excursion, particularly when in the supine posi-
tion. Thus, obesity will lead to decreased lung volumes and 
oxygen reserve, and will augment the work of breathing 
during sleep.

Obesity is also associated with peripheral and central leptin 
tissue resistance, resulting in reduced biological effectiveness 
despite elevation of circulating leptin levels.66–68 The unique 

Figure 31-1 Schematic diagram illustrating the potential interactions between sleep, obstructive sleep apnea, obesity, and metabolic dysfunction in 
children. 
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gene, a gene that plays a major role in inflammation and 
metabolism, particularly in the regulation of the intracellular 
processing of lipids in critical tissues such as adipose tissues 
and macrophages. Children with OSA had elevated concen-
trations of FABP4 in plasma, and the presence of the 
rs1054135 polymorphism in the FABP4 gene was associated 
with elevated levels of FABP4 and serum lipids, even after 
adjustment of BMI, suggesting that genetic predisposition 
may contribute to impaired lipid homeostasis in children with 
OSA.

OSA Adversely Affects Insulin Sensitivity
In 110 non-obese children, Kaditis et al.94 found no correla-
tions between the severity of OSAS and fasting insulin or 
HOMA levels, with serum lipids not being reported. However, 
most other studies have found that OSA imposes independ-
ent alterations on insulin sensitivity, particularly if obesity is 
present.92 In a small cohort of obese Latino males, the pres-
ence of OSA with corresponding sleep fragmentation and 
intermittent hypoxemia was associated with metabolic impair-
ments manifesting as increased insulin resistance.95 Similar 
results were reported by Canapari et al. who also pointed out 
the importance of visceral fat mass in the associations between 
OSA and insulin resistance.96

OSA Imposes Increased Risk for Systemic Blood 
Pressure Elevations
See Chapter 30, by Shamsuzzaman and Amin.

OSA and Non-Alcoholic Hepatic Steatosis
The potential adverse effects of OSA on liver function, par-
ticularly when underlying obesity is present, have been criti-
cally explored by Polotsky and collaborators in a murine 
model.97 In a study from our laboratory, we showed that the 
prevalence of elevated liver enzymes in serum of obese patients 
was significantly higher if OSA was concurrently present, and 
that effective treatment of OSA ameliorated liver function 
tests, indicating that sleep-disordered breathing may serve as 
a catalyst of non-alcoholic hepatic steatosis via its oxidant 
stress and inflammatory effects.98 Similar findings were sub-
sequently reported in another study.99

OSA and the Metabolic Syndrome
From the individually analyzed effects of OSA described 
above, it becomes apparent that when obesity is present, the 
risk for developing the metabolic syndrome is markedly exac-
erbated by the concurrent presence of OSA.92,100,101 However, 
although the bidirectional interactions between OSAS and 
obesity appear to be irrefutable, well-controlled interventional 
trials aiming to assess the implications of treating one of  
the disorders to ameliorate the other have yet to be conducted. 
There is now little doubt that the usual treatment of OSA, 
i.e., surgical adenotonsillectomy, is associated with a much 
higher failure rate in obese children,102,103 and initial encour-
aging studies would suggest that weight loss promotes  
beneficial effects on OSA severity as well as on metabolic 
function.104

Taken together, the deleterious interplay between obesity 
and OSA on metabolic function needs to be viewed as an 
extremely concerning consequence of these two conditions, 
particularly in the context of the potentially long-term effects 
that can ensue.

addition, the degree of daytime sleepiness resulting from OSA 
is amplified in obese children.77

Similar to obesity, OSA should nowadays be viewed as a 
low-grade systemic inflammatory disease, and the coexistence 
of obesity and OSA further exacerbates the magnitude of the 
inflammatory responses.78–83 Thus, OSA is viewed as a major 
risk factor for development of the metabolic syndrome in 
children (see also Chapter 18).

OSA Potentiates Alterations in Serum Lipids  
in Children
In a large series of studies in adult patients, OSA has been 
identified as a risk factor for dyslipidemia and insulin 
resistance.84–86 However, since most adult OSA patients are 
obese, it is nearly impossible to determine the exact contribu-
tion of OSA on lipid metabolism.

The evidence in children linking OSA to lipid alterations 
is relatively scarce. In a study of 135 children (many of them 
being obese), no associations emerged between polysomno-
graphic indices of OSA severity and fasting serum lipids, even 
though strong association was apparent between BMI and 
lipid levels.87 Verhulst et al.88 showed significant correlations 
between the degree of oxyhemoglobin desaturation (but not 
the respiratory disturbance index) and serum lipid and cho-
lesterol levels among 104 relatively older obese children (42% 
post pubertal), even when controlling for gender, puberty and 
body mass index. In a retrospective study of Greek children 
being evaluated for suspected OSA, Alexopoulos and col-
leagues89 reported that the risk of low HDL cholesterol was 
3-fold higher in non-obese children with moderate to severe 
OSA compared to those children with mild OSA or primary 
snoring. In a prospective cohort study of adolescents recruited 
from the general community, Redline et al.90 reported a 6-fold 
increase in the risk for developing the metabolic syndrome in 
those individuals with OSA. Furthermore, OSA in these ado-
lescent subjects was closely associated with serum LDL con-
centrations. In a more recent study, Zong and collaborators 
further confirmed the existence of putative inverse associa-
tions between HDL cholesterol and AHI in a small cohort 
of 44 children in China.91

In a prospective study of 62 consecutive pre-pubertal obese 
and non-obese children with OSA, surgical adenotonsillec-
tomy resulted in improvements of OSA in all children,  
but normalization of the respiratory disturbances during  
sleep occurred only in a fraction of these children. In non-
obese children, surgical removal of adenoids and tonsils led  
to significant improvements in LDL, HDL, and LDL/HDH 
levels, and overall similar findings occurred in obese children 
with OSA after treatment, in the absence of any significant 
changes in BMI. These findings suggest that the improve-
ments in serum lipids can be ascribed to OSA rather than 
obesity. Apolipoprotein B serum levels were improved in  
both non-obese and obese groups following surgery, and all 
lipids were correlated with measures of OSA severity.92 
Taken together, these findings strongly support that disrupted 
sleep and episodic hypoxia in the context of OSAS impose 
substantial changes in lipid regulatory mechanisms in 
children.

Since not every child with OSA will manifest alterations 
in serum lipids, it is possible that genetic factors may contrib-
ute. To examine this issue, Bhushan and colleagues93 assessed 
gene variants in the fatty-acid-binding protein 4 (FABP4) 
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Clinical Pearls

•	 Alterations	in	sleep	patterns	and	duration	may	contribute	
to	the	increased	prevalence	and	severity	of	obesity	in	
children	and	adolescents.

•	 Obstructive	sleep	apnea	and	obesity	interact	to	increase	
the	severity	and	morbid	consequences	of	each	other,	
possibly	via	their	shared	effects	on	the	recruitment	and	
potentiation	of	inflammatory	pathways.

•	 Not	every	child	with	OSA	will	manifest	metabolic	
dysfunction,	suggesting	that	genetic	and	environmental	
factors	may	also	play	a	role.

•	 Randomized,	controlled	intervention	trials	are	urgently	
needed	to	more	conclusively	delineate	the	causative	roles	
played	by	sleep	and	OSA	in	metabolic	function.
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INTRODUCTION

Obstructive sleep apnea syndrome (OSAS) is a common 
childhood sleep-related disorder resulting from an anatomi-
cally or functionally narrowed upper airway. The most 
common etiologies include adenotonsillar hypertrophy, 
obesity, craniofacial malformations, Down syndrome, and cer-
ebral palsy.1–3 When left untreated, childhood OSA can lead 
to significant morbidity4–8 and may lay the foundation for 
adult cardiovascular and metabolic disease; thus, effective 
treatment may confer a life-long benefit. In this chapter, we 
review the different treatment options, their indications, effi-
cacy and limitations for OSA in the pediatric population.

TREATMENT OPTIONS

Adenotonsillectomy
Most children with OSA will be treated with adenotonsil-
lectomy (AT) as the first-line therapy.

Isolated adenoidectomy is commonly performed in chil-
dren 5 years of age and younger.9,10 Tonsillectomy involves the 
complete removal of the palatine tonsils with dissection. The 
capsule of the tonsil is also removed with the tonsil and 
muscle disrupted. A frequently used method in pediatrics is 
electrocautery dissection, which involves the application of 
electric energy-generating temperatures of 400–600°C directly 
to the tonsillar tissue, separating the muscle and simultane-
ously coagulating the blood vessels. Coblation tonsillectomy 
is performed using a device that delivers a bipolar frequency 
current through a conductive saline medium, converting it to 
an ionized plasma layer with effective energy to break molecu-
lar bonds between the tissues. The heat produced is limited 
to 40–70°C. It is associated with less postoperative pain and 
shorter recovery time.11 Other surgical techniques involve the 
use of harmonic scalpel (ultrasonic dissector), coagulator,12,13 
and bipolar scissors.13

Recently, tonsillotomy (TT) or partial removal of the 
hypertrophied tonsils, has gained favor over total tonsillec-
tomy. In tonsillotomy, the capsule is not breached and the 
muscle is protected. Different surgical techniques used include 
use of a CO2 laser,14,15 intracapsular microdebrider,16 cobla-
tion,17 electrocautery,18 or radiofrequency.19,20 Tonsillotomy 
with or without adenoidectomy results in resolution of symp-
toms of OSA with less postoperative pain, faster recovery, and 
lower rate of secondary postoperative hemorrhage compared 
to total tonsillectomy.14–18 One study of children with a mean 
age of 4 years showed improvement of apnea-hypopnea index 
(AHI) to normal and increased oxygen saturation 3–12 
months following CO2 laser tonsillotomy in combination with 
adenoidectomy.21 Following microdebrider technique there 

was complete resolution of OSA by polysomnography in 50% 
of patients.22 The major disadvantage of tonsillotomy is 
regrowth of tonsils with recurrence of snoring and obstructive 
symptoms. The rate of regrowth following tonsillotomy varies 
from 4% to 16%.19,20,23 Celenk et al. reported that the majority 
of the children affected were younger than 4 years and had 
acute tonsillitis prior to tonsillar regrowth.19 However, in a 
10-year post surgery follow-up study of children who under-
went tonsillotomy by electrocautery versus conventional ton-
sillectomy, no difference in tonsillar regrowth was noted.18 
Thus it is possible that factors affecting regrowth following 
tonsillotomy may include young age, inflammation, and surgi-
cal technique (radiofrequency).

AT results in improvements not only in symptoms, but also 
in sleep quality24,25 and homeostasis.26 There are also improve-
ments in daytime behavior,27,28 academic performance.29 neu-
rocognitive functioning27,30 and quality of life.25,27,28 These 
improvements can persist up to 1 year after AT in preschool 
children with OSA.5 AT can also lead to weight gain with 
associated increase in growth markers (IGF-1 and IGFBP-
3).31–33 Children may have improved right ventricular func-
tion,34 resolution of tachycardia and decreased pulse rate 
variability,35 and significant decreases in diastolic blood pres-
sure to near normal values.36

Unfortunately, up to 27% of children will have persistence 
of OSAS following AT.37 Factors that contribute to persistent 
OSA include obesity,37–40 asthma,37 Down syndrome,41 cere-
bral palsy,39 gastroesophageal reflux disease,42 and high preop-
erative apnea–hypopnea index (AHI).37,38,43 In this group of 
patients, postoperative polysomnography will help identify 
the response to AT and additional treatments needed for 
residual OSA.44

Patients with mild OSAS may do well postoperatively from 
a respiratory standpoint, irrespective of the use of opiates for 
analgesia.45 Complications following AT include postopera-
tive bleeding, infection, upper airway obstruction secondary 
to airway edema, pulmonary edema, oxygen desaturation or 
respiratory failure requiring admission to the intensive care 
unit.46,47 Pulmonary complication rates range between 5% and 
38%.48–51 Risk factors for pulmonary complications following 
AT are listed in Box 32-1.48–52 These are the children who will 
benefit from overnight hospitalization for observation and 
monitoring following AT. One study reported an intensive 
care admission rate of 2.4% in a group of children with known 
risk factors for respiratory complications. Of these patients, 
about 1% required unanticipated transfer to the PICU.47

Polysomnography Prior to Adenotonsillectomy
Preoperative PSG is important to identify the presence and 
severity of OSA because symptoms, physical examination and 
certain laboratory tests do not predict PSG findings in 
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procedures performed in children include mandibular distrac-
tion osteogenesis and rapid maxillary expansion.

Mandibular Distraction Osteogenesis
Patients with micrognathia or retrognathia have upper airway 
obstruction from retro-positioning of the base of the tongue, 
compromising the hypopharyngeal space. Mandibular dis-
traction osteogenesis has been shown to be successful in 
patients with micro- and retrognathia with more severe 
disease. This procedure improves the position of the tongue 
in the posterior pharynx by lengthening the mandible and 
bringing its muscular insertions forward, thus increasing the 
antero-posterior dimension of the airway. This has allowed 
relief of symptoms and avoidance of a tracheostomy in infants 
or children with OSA59–61 and allowed decannulation in those 
who are already tracheostomy-dependent.62,63

Rapid Maxillary Expansion
Some patients with OSA and maxillofacial malformation and 
dental malocclusion may benefit from rapid maxillary expan-
sion (RME). RME is an orthodontic procedure that widens 
the maxillary bone by gradual distraction osteogenesis. Bone 
distraction at the mid-palatal suture widens the maxilla and 
increases the volume of the nasal cavity and thus decreases 
nasal resistance. Following this procedure, patients have 
shown improvement in symptoms, apnea–hypopnea index, 
arousal index, and with almost normalized sleep architecture 
up to 24 months after the completion of treatment.64–66

Other surgical procedures include maxilla–mandibular 
advancement for mid-face hypoplasia, as well as tongue reduc-
tion, genioglossal advancement, or hyoid myotomy and sus-
pension, which are aimed at relieving retroglossal obstruction. 
These are infrequently performed in children and are gener-
ally only indicated in those with craniofacial malformations 
or specific genetic syndromes. Ultimately, in children with 
severe OSA who have failed standard therapies, positive pres-
sure therapy or tracheostomy may be required.

Positive Pressure Therapy
See also Chapter 35 by Sivan and Gut.

Positive airway pressure therapy (PAP), i.e., continuous 
positive airway pressure (CPAP) or bi-level positive airway 
pressure (BPAP), can be a highly effective means of treatment 
for OSAS. PAP is the treatment of choice for patients who 
do not improve sufficiently following AT or when surgery is 
not possible or indicated. It is often used for patients with 
OSA related to obesity, Down syndrome, craniofacial disor-
ders, and neuromuscular disorders such as cerebral palsy. Posi-
tive pressure therapy has been shown to be effective in children 
for the treatment of OSA. It is less invasive than surgery and 
offers temporary treatment for conditions such as postopera-
tive airway obstruction.53

AT remains the first line of treatment for OSA in most 
situations; however, residual symptoms may persist in up to 
20% of children43 with some studies reporting an even higher 
failure rate.38,67 When a PSG reveals an AHI of more than 5 
events per hour following AT, then PAP should be consid-
ered.68 A titration study should be performed in the sleep 
laboratory with a technician in attendance. At this time, insuf-
ficient evidence and lack of FDA approval preclude the rec-
ommendation of auto-titrating devices in children. Practice 
guidelines for detailed, step-by-step titration strategies for 

children. PSG findings will help determine the type of therapy 
for the patient. PSG evidence of minimal respiratory distur-
bance is associated with low risk for perioperative complica-
tions supporting the decision to perform AT in an ambulatory 
center. Because increased preoperative obstructive apnea–
hypopnea index and low SpO2 nadir are highly predictive of 
pulmonary complication post surgery, performing AT without 
the guidance of a polysomnogram can place children at  
risk for unexpected postoperative complications. Furthermore, 
since elevated preoperative AHI is predictive of residual OSA, 
PSG prior to AT will help identify those patients who will 
need close follow-up and further evaluation.37

Inpatient versus Outpatient
Many procedures are completed in the ambulatory center or 
with one night of observation postoperatively on pediatric 
inpatient units.47 The decision to perform surgery in the 
ambulatory setting is not straightforward. Professional socie-
ties with vested interest in the safety of children undergoing 
AT recommend inpatient monitoring for high-risk patients,53 
children younger than age 3 or those who have severe obstruc-
tive sleep apnea, oxygen saturation nadir less than 80%, or 
both,54 and patients with a score of ≥5 on a scoring system 
used to estimate increased perioperative risk for OSA com-
plications.55 In summary, patients who are at higher risk for 
postoperative complications will require a higher level of care 
and should be admitted for overnight observation and may 
even require the intensive cardiorespiratory monitoring 
afforded by a PICU.

Some children with associated neuromuscular disability, 
e.g., cerebral palsy or Down syndrome, might benefit from 
more extensive surgical procedures such as uvulopalatopharyn-
goplasty.39,56–58 These patients require careful monitoring, as 
they are at risk for residual OSA. One study of UPPP with 
tonsillectomy in children reported relapse of OSA and need 
for tracheostomy in 23% of patients undergoing a 5-year 
follow-up period.56

Skeletal Advancement Procedures in Children with 
Craniofacial Abnormalities
Infants and children with craniofacial abnormalities and 
severe OSA can benefit from skeletal advancement procedures 
to prevent tracheostomy or to facilitate decannulation. Two 

Box 32-1  Risk Factors for Pulmonary Complications 
Following Adenotonsillectomy

•	 Age	less	than	3	years
•	 Severe	OSAS	(profound	hypoxemia	(SPO2	<80%,	AHI	>10,	

significant	hypoventilation)
•	 Morbid	obesity
•	 Neuromuscular	disease
•	 Pulmonary	hypertension
•	 Down	syndrome
•	 Craniofacial	anomalies
•	 Asthma
•	 Sickle	cell	disease
•	 Failure	to	thrive
•	 History	of	respiratory	compromise	or	anesthesia	

complications
•	 Congenital	heart	disease
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approach varies with the age and developmental level of the 
child. The patient and family should be educated about the 
titration study, the PAP equipment, and the interface, with 
verbal and written material in advance.70 The medical care 
team must convey a high level of confidence and trust in the 
parents’ abilities to master the techniques, and more impor-
tantly in their ability to work with their child to use the 
therapy each night. A parental approach that is consistent, 
committed, and calm should be emphasized. Patients ideally 
should be fitted with and given an appropriate interface to 
wear at home at bedtime for practice and desensitization prior 
to the study. The interface is worn without being attached to 
the tubing or positive pressure device so there is no flow or 
pressure. Parents are encouraged to build this into the child’s 
usual bedtime routine. If the child is to sleep with the practice 
mask in place, care must be taken to avoid re-breathing by 
modifying the mask. An age-appropriate reward system 
(behavior modification) for wearing the interface is often 
helpful. Child developmental psychologists with expertise in 
sleep medicine can guide desensitization in difficult cases. In 
this way, when the patient arrives for the titration study, the 
focus can be on identifying the correct settings to achieve 
adequate gas exchange, normal respiratory pattern, and 
optimal sleep quality. Similar to adults, split studies are pos-
sible with typically developing adolescents; the educational 
session need not be extensive and can be accomplished with 
pre-study explanation or video.71

Pressure titration is affected by the age of the child. Younger 
children generally do not tolerate pressures at the higher range 
(>15 CWP) and, in general, OSA can be managed with 
pressures lower than this. Children are also poorly tolerant of 
painful procedures, thus non-invasive monitoring of gas 
exchange is used rather than blood gases. The use of end-tidal 
CO2 monitoring during the titration study can provide an 
accurate measure of ventilation and avoid the use of arterial 
or capillary blood gas collection. To this effect, a small end-
tidal CO2 catheter is placed at one of the nares under the mask 
interface. Readings are deemed accurate when a plateau is 
present in the waveform. If the plateau is lost the catheter can 
be repositioned at the first wakefulness opportunity. Because 
the catheter is small, the interface seal is not disrupted. 
However, subjects who use nasal prongs or pillows as their 
preferred interface cannot be monitored in this way and gas 
exchange must be inferred from SpO2 measurements or trans-
cutaneous CO2 measurements. Blood gas sampling is not 
needed for sleep lab titration of PAP for OSA in children, but 
is useful for patients with severe, obesity-related OSA with 
hypoventilation who have been hospitalized for initiation of 
treatment.

Some children with OSA are very young or have develop-
mental disabilities and thus cannot communicate with the 
polysomnographic technician or respiratory therapist to 
express discomfort with the interface or the pressures. Techni-
cians and therapists who are skilled in working with children 
of all ages and abilities are required for a successful PAP titra-
tion in the pediatric sleep lab. Understanding that a patient’s 
discomfort can have different origins and working carefully 
with the child and parent to minimize fear and maximize 
comfort require patience and skills that develop over years of 
experience. Reducing pressures, selecting a different interface, 
and changing the patient’s position should all be tried. 
However, there are occasions, despite advance preparation, 

positive pressure therapy in adults and children have been 
proposed in the Clinical Guidelines for the Manual Titration 
of Positive Airway Pressure in Patients with OSA sponsored 
by the American Academy of Sleep Medicine.69 Four separate 
algorithms for CPAP and BPAP titrations for patients less 
than and greater than 12 years of age, respectively, are pre-
sented. These can be adapted for use in the sleep laboratory 
to guide technicians in decision making throughout the night. 
The goal for an optimal titration is to reduce the respiratory 
disturbance index to less than 5 events per hour with supine 
REM sleep recorded at the selected pressure. Evidence-based 
guidelines for the selection of continuous versus bi-level posi-
tive pressure therapy are lacking. Studies have not found an 
advantage in adherence or outcome in either adults or chil-
dren.70 The practice of the authors is to use bi-level therapy 
when high pressures (>14 CWP) are needed to relieve airway 
obstruction or the patient complains of intolerably high pres-
sure during the study. Bi-level therapy is also utilized for OSA 
in the face of hypoventilation (PETCO2 >50 mmHg), with 
coexisting muscle weakness, or with extreme obesity. A 
back-up rate can be provided with prolonged central apneas. 
Supplemental oxygen may be required with coexisting pulmo-
nary disease when hypoxemia persists despite control of 
obstructive events and respiratory-related arousals.

The most important consideration in selecting the PAP 
interface is patient comfort. Generally, nasal masks are pre-
ferred over nasal–oral (full-face) masks in the pediatric popu-
lation as there is less chance for gaseous distension of the 
stomach or aspiration if emesis occurs. However, some patients 
have marked nasal occlusion and a nasal–oral mask is the only 
route available. Some patients will prefer nasal prongs or 
‘pillows,’ especially if they have a strong preference to sleep 
on their side. The headgear should be snug but not tight. 
Some redness of the skin in the morning that fades during 
the day is acceptable, but persistent tenderness or erythema 
over the nasal bridge is not, as it can lead to painful skin 
breakdown and thus must be addressed quickly. Covering the 
site with a hydrocolloid gel dressing is helpful as an interim 
solution. Masks should fit such that air leak, or the mask itself, 
does not irritate the eyes.

At each follow-up, potential problems with the interface 
and other complications associated with the therapy that 
might interfere with usage are discussed. Complications such 
as nasal dryness or congestion, epistaxis, eye irritation, skin 
compromise, gastric distension, emesis in those patients using 
full-face mask, and mouth breathing with excessive leak in 
those using nasal mask or prongs are addressed. Nasal steroids 
and/or warm humidification can help relieve nasal obstruction 
and improve adherence. Skin complications can be avoided by 
regular follow-up to assess mask fit and by changing the 
interface from time to time. Monitoring of facial growth for 
the development of mid-face hypoplasia related to nightly 
pressure from the mask interface has been suggested. At this 
time, in the United States, FDA-approved interfaces for PAP 
are only available for children age 7 years and older. Some 
countries have interfaces available for younger children and 
infants; however, in the USA these devices are used ‘off label’ 
at the discretion of the prescribing physician and this infor-
mation should be shared with parents.

When the decision has been made to institute PAP, one of 
the most important considerations is preparing the child and 
family for the use of the therapy on a nightly basis. This 
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in those with the greatest decrease in AHI with PAP. Age, 
gender, race, BMI, and PAP mode did not affect adherence. 
Parental report of adherence correlated with the meter read-
ings.80 The initial use of PAP during the first week of use was 
a predictor of subsequent use in a prospective study of 30 
children, including those with developmental disability. This 
emphasizes the importance of starting out on the ‘right foot,’ 
as outlined above. The authors commented that using PAP at 
low, perhaps sub-therapeutic pressures, during sleep prior to 
formal titration may interfere with subsequent adherence.81 
Demographic factors impacting adherence were found by 
DiFeo and co-workers, with maternal education being the 
greatest predictor of higher use, whereas African-American 
race and older patient age predicted poorer adherence. The 
children studied had a number of underlying conditions, and 
23% had developmental disabilities. In general, adherence was 
rated suboptimal for the group as a whole with an average use 
of 3 hours per night and 22 days per month.82 Designing effec-
tive strategies to enhance PAP adherence would be facilitated 
by an understanding of perceived barriers on the part of parents 
and patients. Simon et al. devised a questionnaire evaluating 
barriers to PAP use and identified a number of psychosocial 
issues including embarrassment, forgetfulness and denial as 
frequently playing a role.83 A reasonable hypothesis has been 
that patients would find BPAP to be more comfortable than 
CPAP, with greater ease of exhalation and synchrony with 
natural breathing patterns, and furthermore that increased 
comfort would improve adherence. Marcus and co-workers 
examined this relationship in two studies, the first comparing 
BPAP and CPAP and the second comparing CPAP with a 
bi-level technology that includes pressure relief. Neither study 
identified better adherence in the bi-level group and adherence 
was suboptimal in both groups despite efficacy.70,84

PAP desensitization can be considered for patients who are 
simply unable to wear the equipment, a scenario common in 
very young patients or those with developmental disability. 
Harford et al. describe a multidisciplinary in-patient approach 
to desensitization in a case report of two children. The center-
piece of desensitization therapy is a child psychologist who 
can identify both motivating factors and barriers to acceptance 
for the child and family and design an individualized plan of 
gradual acclimatization to the mask, headgear, and PAP flow. 
Close follow-up is needed to reinforce adherence.85 Clearly, a 
major challenge for the pediatric sleep medicine community 
is to refine methods of increasing adherence to PAP therapy. 
The therapy itself is safe and effective, and the potential to 
reduce both childhood comorbidities and the early develop-
ment of adult cardiovascular disease is of extraordinary value 
to the individual child and society.

Supplemental Oxygen
Supplemental oxygen can relieve hypoxemia in patients with 
OSA while awaiting definitive therapy or in patients in whom 
no other treatment option is available.86,87 In those with long-
term hypercapnia, oxygen must be used with caution and 
preferably started during the polysomnogram when gas 
exchange is carefully monitored, or during hospitalization 
with blood gas monitoring.

Anti-Inflammatory Therapies
There are increasing data on the efficacy of anti-inflammatory 
therapies, i.e., nasal steroids88–90 and montelukast,91 in the 

when the child’s inability to cooperate prevents completion of 
an adequate titration. If OSA is not severe, a further period 
of time acclimating in the home setting can be tried. The PAP 
interface and device can be used for a short time each night 
in the home on the best-tolerated pressure levels identified 
during the study with a gradual increase in the time used each 
night. When use has increased to more than 4–6 hours per 
night the laboratory titration can be repeated to identify 
optimal pressures. If the clinical situation dictates a more 
rapid initiation of therapy, then hospitalization would be 
indicated.

Expert opinion recommends periodic re-titration studies 
for children treated with PAP. This is logically based on the 
notion that children are growing and developing and that 
these changes may interact with upper airway anatomy and 
neuromuscular function such that positive pressure needs may 
increase or decrease. Thus, younger patients would need more 
frequent re-evaluations than older children. Repeat titration 
should be performed after surgeries of the upper airway, sig-
nificant change in weight, and certainly if new symptoms 
indicating poor control of OSA or tolerance of PAP arise. 
Very limited data are available to guide the frequency of 
routine repeat titration studies in children.

Perioperative Use
Obstructive sleep apnea increases the risk of poor outcomes 
with surgery requiring general anesthesia.72 PAP has been 
proposed as a strategy for stabilization of patients with severe 
OSA in the perioperative period prior to AT and prior to 
other elective surgical procedures.73–76 A case series of 48 
children with severe OSA (respiratory disturbance index 
ranged from 50 to 80/hour of sleep) treated with this approach 
prior to AT found that mean nightly use was just 4.5 hours, 
with 73% of subjects using the device for more than 3 hours 
per night; data regarding postoperative course were not pre-
sented.76 Data are lacking regarding the cost effectiveness and 
efficacy of this approach, but there is some evidence in the 
adult literature documenting decreased surgical risk in patients 
with OSA treated with preoperative PAP in preparation for 
elective surgery.65 Use of PAP for 4–6 weeks prior to surgery 
has been recommended.72,77 As is typical for any indication 
for PAP, strategies and technologies to improve adherence 
remain critical needs.

Adherence
Adherence to PAP is a major problem in patients with OSA, 
both in children and adults. Ideally, adherence should be deter-
mined objectively via machine download information. Infor-
mation regarding patient use rather than the time the unit is 
simply turned on is more useful. In one study, treatment with 
PAP was associated with a high drop-out rate (one-third of 
children) before 6 months and with mean nightly use of only 
5.3 hours in those who were adherent. This is brief, consider-
ing the long sleep hours in children.70 Behavioral therapy, in 
conjunction with ongoing support and close follow-up, 
increased adherence to PAP in children.78,79 Uong and 
co-workers identified 70% PAP adherence in a retrospective 
study of 27 cognitively intact children with residual OSA post 
AT (adherence defined as more than 4 hours nightly use at 
least 5 nights per week determined objectively by machine 
counter clock/meter). They found that adherence in terms of 
days of use was better in patients with more severe OSA and 
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weight loss and improvement of medical comorbidities, i.e., 
hypertension and metabolic syndrome, improvement in 
quality of life,107 and near complete resolution of OSA.108 One 
study of obese children and adolescents with median BMI of 
47.4 kg/m2 who underwent laparoscopic sleeve gastrectomy 
showed short-term weight loss in more than 90% of the 
patients. Of these patients 20 of 22 patients with OSA had 
resolution of symptoms.109 With these results, it can be 
assumed that if bariatric surgery can provide a long-term 
effective reduction of body weight, it can also lead to success-
ful improvement of OSA. However, adult studies showed that 
despite remarkable weight loss, many patients had residual 
OSA following bariatric surgery.110,111

Adolescents being considered for bariatric surgery must 
meet stringent criteria: (1) BMI of 40 kg/m2 with mild comor-
bidities or >35 kg/m2 with severe comorbidites (diabetes, 
moderate to severe OSA, pseudotumor cerebri), (2) failure to 
attain healthy weight with nonsurgical measures, (3) have 
attained 95% of adult stature, (4) have achieved or nearly 
achieved physiologic maturity, (5) commitment to psycho-
logical evaluation in the perioperative period, (6) completed 
comprehensive psychological assessment, and (7) will adhere 
to postoperative nutritional guidelines, have decisional capac-
ity, and will provide informed consent.112,113

Down Syndrome
Patients with Down syndrome develop OSA due to a com-
bination of mid-face hypoplasia, relatively large tongue,114 
hypotonia, frequent obesity, and occasionally hypothy-
roidism.115 The primary treatment is AT. However, persistent 
OSA with recurrent adenoidal hypertrophy, enlargement of 
lingual tonsils, or obesity is common.116 Therefore, children 
with Down syndrome should be followed closely for recurrent 
OSA. Some patients benefit at least temporarily with UPPP 
in addition to AT.28,44,45 One study reported improvement in 
airway obstruction in children with Down syndrome treated 
with rapid maxillary expansion.117 PAP can provide successful 
therapy in those with residual OSA or with persistent hypo-
ventilation. Periodic evaluation of thyroid function is indi-
cated in Down syndrome because hypothyroidism can worsen 
OSA.118–120

Infancy
Infants can have OSA from nasal obstruction, craniofacial 
abnormalities, laryngomalacia, subglottic stenosis, cleft palate, 
or gastroesophageal reflux disease.121 Therapy is directed to 
the underlying cause. Those who are not stable or are not 
candidates for surgery can be placed on supplemental oxygen, 
if hypoxemia is present. PAP therapy is limited in this age 
group as it is not well tolerated and there is not an array of 
appropriate nasal interfaces. Adenoidectomy has been found 
to relieve OSA and failure to thrive.122 Tongue lip adhesion, 
mandibular distraction osteogenesis or nasopharyngeal tube 
may relieve OSA in infants with micrognathia or 
retrognathia.59–61,123–125 Infants with laryngomalacia and mild 
symptoms may be observed as this usually improves with 
maturation. However, those with associated feeding difficul-
ties and poor growth will require supratoglottoplasty.126,127 
Surgical repair or tracheostomy is necessary in those with 
severe subglottic stenosis and OSA. GERD is common in 
infants and worsens OSA via increased inflammation of the 
upper airway. Most often, medical management with acid 

management of mild OSA, with improvement in symptoms 
and reduction in adenoid size.89,92 A recent randomized, con-
trolled trial in a small number of children appears to support 
the use of this pharmacological agent in young children  
with mild OSA.93 Combined montelukast and intranasal 
budesonide may help children with residual mild OSA fol-
lowing AT.94 In children treated with nasal steroids, clinical 
improvement might persist up to 9 months after the comple-
tion of treatment,90 and reduction in adenoid size may 
continue 8 weeks after discontinuation of therapy.92 In a 
prospective study of subjects scheduled for surgery, intranasal 
fluticasone resulted in significant improvement such that  
76% of the patients no longer required surgery and were 
removed from the surgical waiting list.95 Goldbart et al. dem-
onstrated the expression of glucocorticoid receptor in the 
adenotonsillar tissue of children with OSAS.96,97 There is 
reduction in proliferative responses, increased cellular apop-
tosis, and decreased release of pro-inflammatory cytokines 
(TNF-α, IL-8, and IL-6) in tonsils or adenoids from children 
with OSA treated with intranasal steroids98,99 and leukotriene 
receptor antagonists.100

Oral Appliances
Oral appliances enlarge the upper airway by positioning the 
mandible and tongue forward. The two types of oral appli-
ances are the mandibular repositioning and tongue retaining 
devices. Two small 6-month trials in children with coexisting 
malocclusion and OSA showed improvement in AHI by 50% 
without return to normal pediatric values. The side effects 
included brief excessive salivation101,102 and discomfort on 
awakening102 that improved after a few days. A 3-year-old boy 
with severe OSA and laryngomalacia but without malocclu-
sion who had undergone adenoidectomy at 2 years of age 
treated with oral appliance for 14 months reportedly showed 
significant clinical improvement without observed dental or 
skeletal changes.103 Although frequently used in the adult 
population with snoring or mild to moderate OSAS,104 there 
are insufficient data at present to state that it is effective in 
children. Furthermore, there are no long-term data to support 
the use of oral appliances before full maturation of the jaw 
and teeth.

Specific Populations
Obesity
The prevalence of OSA is estimated at 13–59% in obese 
children. OSA can be severe with frequent obstructive events, 
profound hypoxemia and significant hypoventilation. In this 
higher-risk group, adenotonsillectomy remains the first line 
of treatment. These patients are at risk for hypoventilation; 
thus, oxygen and narcotics should be used judiciously postop-
eratively. Obese children are at risk for residual OSA follow-
ing adenotonsillectomy40 and frequently require treatment 
with positive airway pressure therapy even after AT. Weight 
loss should be a part of the treatment plan.53

Weight Loss/Role of Bariatric Surgery
Weight loss and lifestyle intervention can be an effective 
treatment for mild OSA,105,106 although there is significant 
rate of relapse even in the most aggressive weight loss therapy, 
including use of pharmacotherapy. For this reason, bariatric 
surgery may play a role. Few studies of bariatric surgery in 
adolescents show promising short-term outcome with early 
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suppression is sufficient. However, when GERD is not 
improved with medical therapy, antireflux surgical procedure 
with or without gastrostomy tube placement may be 
necessary.

Clinical Pearls

•	 Careful	attention	to	risk	factors	for	perioperative	
complications	of	adenotonsillectomy	with	plans	for	hospital	
observation	of	high-risk	patients	is	key	to	minimizing	
adverse	outcomes.

•	 Parental	and	patient	education	regarding	PAP	therapy	well	
in	advance	of	the	initial	titration	study	is	very	important	in	
subsequent	adherence.

•	 Not	all	patients	will	be	cured	following	adenotonsillectomy,	
and	follow-up	directed	at	persistent	symptoms	or	
complications	of	OSA	is	indicated.

•	 A	very	high	index	of	suspicion	for	OSA	is	needed	in	
overweight	and	obese	children;	OSA	may	represent	a	
modifiable	risk	factor	in	this	population	for	the	reduction	of	
risk	for	serious	cardiovascular	and	metabolic	disease	in	later	
life.
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INTRODUCTION

Pediatric obstructive sleep apnea (OSA) often presents in the 
pediatric population with loud snoring, respiratory pauses and 
mouth-breathing. OSA is caused by anatomic variations  
and is complicated by the diminished pharyngeal muscle tone 
and neurophysiologic changes that typically accompany sleep. 
Tonsil and adenoid hyperplasia is the most common cause, 
but craniofacial abnormalities, palate, base of tongue, supra-
glottic, and glottis may also be contributory sites. Successful 
management in children depends on the accurate identifica-
tion of the site of obstruction and the assessment of the sever-
ity, with polysomnogram as an important adjunct. This 
enables decision-making for the appropriate surgical and non-
surgical interventions.1

EVALUATION OF THE PATIENT WITH OSA

History
Snoring is the primary complaint of children presenting to 
the otolaryngologist; the prevalence has been reported as 
3–12% in children,2 although some studies suggest that the 
rate may be as high as 27%.3 Primary snoring has implications 
with associated morbidity of elevated blood pressure and 
reduced arterial distensibility.4 Approximately 40% of children 
who snore have more significant manifestations with obstruc-
tive sleep apnea (OSA). Additional complaints may include 
mouth-breathing, breath-holding, and gasping.5 Sleep is dis-
rupted by episodic arousals resulting from partial obstruction 
of the upper airway. Manifestations include morning head-
ache, dry mouth, halitosis, and behavioral and neurocognitive 
disorders less commonly sleepwalking, parasomnoliloquy, 
enuresis, night terrors, or bruxism.5,6 Dysphagia may occur 
with significant tonsil enlargement. Children may avoid 
certain foods that are more difficult to swallow. Major predis-
posing factors identified in upper airway obstruction include: 
anatomic narrowing, abnormal mechanical linkage between 
airway dilating muscles and airway walls, muscle weakness, 
and abnormal neural regulation.7 Complications related to 
severe OSA include cor pulmonale, right ventricular hyper-
trophy, congestive heart failure, hypoventilation, pulmonary 
hypertension, pulmonary edema, and failure to thrive.8 History 
alone is insufficient to diagnose OSA. Symptoms often 
worsen during REM sleep when parental observation is 
absent.9 A polysomnogram (PSG) is the gold standard in 
differentiating between the spectrum of snoring, increased 
upper airway resistance, and OSA.

Infants with upper airway obstruction can present with 
stridor. This worsens with activity or feeding. Inspiratory  
or biphasic stridor may indicate laryngomalacia, vocal fold 

dysfunction (VCD), or supraglottic lesions.10 Biphasic or 
expiratory stridor may indicate VDC, a lower airway lesion 
such as subglottic stenosis or tracheobronchomalacia.10 Con-
cerning symptoms include retractions observed apneic epi-
sodes, cyanosis, and failure to thrive. Previous history of 
intubation and prematurity are specific risk factors for obstruc-
tive airway lesions.11

Other factors may place a child at risk (Table 33.1). Obesity 
is a risk factor that may cause fatty infiltration of the pharyn-
geal soft tissues, which narrows the upper airway and contrib-
utes to airway resistance and reduced lung volume.12,13 The 
prevalence of OSA in children with Down syndrome ranges 
between 31% and 100%,14 and may be related to hypotonia, 
relative macroglossia, midfacial and mandibular hypoplasia, a 
narrow nasopharynx, and a shortened (high-arched) palate.15 
Children with other craniofacial syndromes and abnormalities 
also have a higher prevalence of OSA. Robison and Otteson16 
found that 172 out of 459 (37.5%) children with nonsyndro-
mic cleft palate had symptoms of OSA, and that 39 (8.5%) 
had a positive PSG. Children with Apert, Crouzon, Nager, 
and Pfeiffer syndromes have a high rate of OSA.17,18 Other 
medical conditions with a high risk for the development of 
OSA include mucopolysaccharide disease, vascular malforma-
tions of the head and neck, and children with neuromuscular 
disorders.

OSA may exacerbate underlying medical conditions such 
as congenital heart disease, pulmonary disease, and sickle cell 
disease (SCD). In SCD, adenotonsillar hypertrophy or recur-
rent tonsillitis is frequently linked with an increased risk of 
OSA, cerebrovascular ischemia, or frequent pain episodes, and 
often require an adenoidectomy and/or tonsillectomy.19 Ade-
notonsillectomy has been demonstrated to be cost-effective 
for treating obstructive sleep apnea and preventing cerebro-
vascular ischemia without increasing vaso-occlusive pain epi-
sodes or long-term acute service costs in routine clinical 
practice settings.

Physical Examination
The general appearance of the child provides a great deal of 
information. An open mouth posture and stertorous or sono-
rous breathing may indicate upper airway resistance. Exami-
nation of the craniofacial skeleton may reveal deformities such 
as midface hypoplasia or mandibular hypoplasia. Some chil-
dren present with failure to thrive due to difficulty in coordi-
nating feeding and breathing or dysphagia related to tonsillar 
hypertrophy.

On routine examination, nasal mucosa, turbinates, septum, 
and nasal cavity may demonstrate septal deviation, inflamed, 
edematous mucosa, and inferior turbinate hypertrophy. The 
nasal passages should be inspected for masses or polyps. No 
single feature defines OSA in children.
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hypertrophy, polyps, or masses. Choanae are evaluated for 
stenosis or atresia. Adenoids may be visualized for hypertro-
phy. Oropharyngeal and hypopharyngeal examination pro-
vides a view of the posterior aspect of the tonsils and base of 
tongue. Tonsils may appear normal during an oral cavity exam. 
However, the tonsil pole may be elongated or posteriorly 
displaced and occupy a significant portion of the hypophar-
ynx. Base of tongue enlargement may result in effacement of 
the vallecular with compression and displacement of the epi-
glottis posteriorly. Enlargement of the lingual tonsils at the 
tongue base is increasingly recognized as a treatable cause of 
OSA. Obese children have a high frequency of enlargement 
of the lingual tonsils with a significantly higher prevalence in 
those with previous tonsillectomy,21 as demonstrated by MRI. 
Flexible endoscopy with the child in a supine position may 
further highlight narrowing at the level of the hypopharynx. 
Collapse of the lateral pharyngeal walls during inspiration 
with a closed airway (mouth shut and nostrils occluded) may 
be noted. The supraglottic structures are evaluated for laryn-
gomalacia, as identified with epiglottis and/or arytenoids pro-
lapse over the glottis. The vocal folds are assessed for mobility 
and masses.

Polysomnogram
Although history, physical examination, and flexible endos-
copy of the airway are important tools, these cannot fully 
simulate the complexity of airway dynamics during sleep. 
Polysomnogram (PSG) is a valuable asset in assessing breath-
ing. Indications for PSG have been outlined in the Clinical 
Practice Guideline developed by the American Academy of 
Otolaryngology-Head and Neck Surgery (AAO-HNS).22 
Children with complex medical conditions such as obesity, 
Down syndrome, craniofacial abnormalities, neuromuscular 
disorders, sickle cell disease, or mucopolysaccharidoses may 
benefit from preoperative PSG. PSG may be indicated in 
children for whom the need for surgery is uncertain, such as 
in the case of tonsillar hypertrophy and lack of sufficient 
history or when significant symptoms are present in the face 
of a negative physical examination.22 Prior to surgical inter-
vention and anesthesia induction, the results of the study 
should be relayed to the anesthesia team. Inpatient admission 
after surgery should be considered for children under the age 
of 3 years or with severe OSA by PSG (apnea–hypopnea 
index of 10 or more obstructive events/hour, oxygen satura-
tion nadir less than 80%, or both).23,24 Intensive care unit 
monitoring may be warranted in a child with very severe 
OSA, medical comorbidities that cannot be managed on the 
floor, and those who demonstrate significant airway obstruc-
tion and desaturation in the initial postoperative period that 
requires interventions beyond repositioning and/or oxygen 
supplementation.22

Imaging
Plain radiography with a high-kilovoltage lateral neck film 
may be used to evaluate for adenotonsillar hypertrophy in a 
child who is difficult to examine or when a caregiver defers 
flexible endoscopy. Adenoid hypertrophy visualized by lateral 
neck radiograph correlates well with flexible nasopharyngos-
copy.25 Most techniques focus on the size of the nasopharyn-
geal stripe, which indicates the amount of airflow through the 
nasopharynx. When the nasopharyngeal stripe is half the size 
of the soft palate, significant obstruction occurs. However, the 

Oral cavity examination should include evaluation of the 
tonsils, tongue and palate. Tonsil grading is typically on a  
scale of 0 (surgically absent) to 4 (tonsils touching each other) 
(Figure 33-1). The static pressure and/or area relationships of 
the passive pharynx were endoscopically measured in 14 chil-
dren with obstructive sleep apnea and in 13 healthy children 
under general anesthesia with complete paralysis; it was deter-
mined that children with obstructive sleep apnea closed their 
airways at the level of enlarged adenoids and tonsils at low 
positive pressures, whereas healthy children required subat-
mospheric pressures to induce upper airway closure.20 The 
cross-sectional area of the narrowest segment was significantly 
smaller in children with obstructive sleep apnea and particu-
larly in the retropalatal and retroglossal segments. Thus, both 
congenital and acquired anatomic factors clearly play a sig-
nificant role in the pathogenesis of pediatric obstructive  
sleep apnea. Macroglossia, such as in the case of Down syn-
drome or Beckwith–Wiedermann, may be contributory to 
upper airway obstruction. The appearance of the palate should 
be noted, as an elongated palate may also play an important 
role in obstruction, particularly after adenotonsillectomy 
(Figure 33-2).

Flexible endoscopy is an important tool that can allow for 
comprehensive evaluation of the upper airway in infants and 
children. This may be performed in the office in an awake 
child or with anesthesia. Lidocaine is used for topical anesthe-
sia and oxymetazolone for decongestion to increase the 
comfort for this examination. Sites of obstruction may occur 
anywhere from the tip of the nose to the glottis. Therefore 
endoscopy can be used to visualize the nasal passages, 
nasopharynx, oropharynx, hypopharynx, and larynx. Nasal 
patency is assessed for nasal septal deviation, turbinate 

Anatomic factors Lingual tonsil 
hypertrophy

Adenotonsillar 
hypertrophy

Airway lesions: Laryngomalacia

Tracheobronchomalacia

Vocal fold paralysis

Subglottic stenosis

Craniofacial 
abnormalities:

Down syndrome

Pierre–Robin sequence

Apert

Crouzon

Pfeiffer

Hallerman-Strief

Vascular anomalies

Systemic factors Obesity

Neurologic impairment

Mucopolysaccharide 
diseases

Table 33.1 Risk factors for Sleep Disordered 
Breathing
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Figure 33-1 Tonsil Staging. Friedman M. Friedman tongue position and the staging of obstructive sleep apnea/hypopnea syndrome. In: Friedman, editor. 
Sleep Apnea and Snoring. Surgical and Nonsurgical Therapy. China: Saunders, Elsevier; 2009. Fig 16.2, p 108.
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Figure 33-2 Friedman’s Classification of Palate Position. Friedman M. Friedman tongue position and the staging of obstructive sleep apnea/hypopnea 
syndrome. In: Friedman, editor. Sleep Apnea and Snoring. Surgical and Nonsurgical Therapy. China: Saunders, Elsevier; 2009. Fig 16.1, p 106.
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noted, but long-term improvement and avoidance of surgery 
are usually not seen.36 Although there is indication that intra-
nasal steroids and monteleukast may be helpful in mild OSA, 
pharmacologic agents have no significant and persistent effect 
in the treatment of moderate to severe OSA in children.

Oral Appliances
Villa et al. randomized children with OSA and dysgnathia to 
either a personalized jaw-positioning oral appliance for 6 
months or no intervention.37 The authors reported that the 
AHI in the intervention group decreased significantly from 
7.1 to 2.6/h. The oral appliance significantly lowered parent-
reported snoring and apnea. A few of the patients had exces-
sive salivation that subsided spontaneously. A Cochrane 
review (2007) on oral appliances and functional orthopedic 
appliances for OSA in children 15 years old or younger 
reported that there is insufficient evidence to state that oral 
appliances or functional orthopedic appliances are effective in 
the treatment of OSA in the majority of children. However, 
they may be helpful in the treatment of children with cranio-
facial anomalies that are risk factors of apnea.38

ADENOTONSILLECTOMY

If OSA is present, tonsillectomy alone or adenoidectomy 
alone is not sufficient, and adenotonsillectomy should be per-
formed together. Fortunately, because most pediatric OSA is 
caused by adenotonsillar hypertrophy, T&A alone is an effec-
tive and durable treatment for most children39 and is the first 
choice for children with OSA.40–42 There is an indication that 
children older than 3 years of age, in the absence of comor-
bidities, can safely undergo adenotonsillectomy without 
undergoing preoperative PSG, provided those patients have 
close postoperative monitoring.43

The preoperative evaluation of children scheduled for ade-
notonsillectomy should include careful assessment for evi-
dence of upper airway obstruction, pulmonary hypertension, 
and right heart dysfunction. The anesthesiologist will screen 
for symptoms of upper airway obstruction and congenital or 
acquired disorders associated with abnormal facial structure, 
decreased muscle tone or development, developmental delay 
and/or cardiopulmonary disease.44 Other clinical findings in 
patients with pulmonary hypertension and right ventricular 
dysfunction can include jugular venous distension, hepatome-
galy, loud pulmonic component of the second heart sound, 
right ventricular heave and peripheral edema, failure to thrive, 
developmental delay, and altered mental status.44

T&A may be performed safely in an outpatient setting in 
appropriate selected patients. The AAO-HNS society recom-
mends that patients be greater than 3 years of age, not have 
OSA, and be American Society for Anesthesia (ASA) Class 
I/II (low anesthesia risk).45 Parents must be advised that a low 
threshold for readmission exists.45 The postoperative compli-
cation rate is higher in children with craniofacial disorders, 
failure to thrive, neurological impairment, Down syndrome, 
obstructive sleep apnea, and in children age 3 years or less.24 
Children who are at risk for perioperative complications 
should remain overnight for observation.

The most common complications of adenotonsillectomy 
are anesthesia risks, pain, otalgia, and bleeding.46 Dehydration 
may occur due to poorly controlled pain, refusal of oral intake, 

actual size of the adenoid pad is not as relevant as the amount 
of obstruction caused by hypertrophy.

Anterior–posterior high-kilovoltage neck films evaluate the 
laryngeal suprastructure and subglottis. Cephalometry and 
computed tomography are useful in evaluating children with 
craniofacial disorders. Research suggest that there are evident 
and early changes in facial growth and development among 
children with OSA, characterized by increased total and infe-
rior anterior heights of the face, as well as a more anterior and 
inferior position of the hyoid bone.26 Chest radiography may 
help identify evidence of pulmonary hypertension or right 
ventricular hypertrophy in a child with severe OSA.27

Cine magnetic resonance imaging is a useful radiographic 
adjunct to the physical examination because it allows the 
clinician to screen for and to observe airway collapse in three 
planes (axial, coronal and sagittal).28,29 This is particularly 
helpful in isolating anatomic sites of airway obstruction in 
children who have persistent apnea after adenotonsillectomy 
(Tonsillectomy and Adenoidectomy).

Additional Testing
Patients with severe OSA or abnormal electrocardiogram find-
ings on PSG warrant a complete electrocardiogram. Electro-
cardiographic findings are not specific for pulmonary 
hypertension or right ventricular hypertrophy but may include 
voltage or axis abnormalities, a t-wave pattern (strain pattern), 
or mixed criteria. On occasion, a normal electrocardiogram 
may occur even with echocardiographic findings of pulmonary 
hypertension.27 Laboratories are not routinely ordered prior to 
Tonsillectomy and Adenoidectomy unless a history is concern-
ing for a bleeding disorder.30 Patients who have a history of easy 
bruising and prolonged bleeding warrant a CBC/PT/T. Arte-
rial blood gas analysis in conjunction with PSG may demon-
strate hypoxemia or hypercarbia. Chronic hypercarbia may be 
associated with a compensatory metabolic alkalosis.27

MEDICAL INTERVENTION

Antibiotics are not beneficial in long-term reduction of tonsil 
hypertrophy, although during acute inflammation broad-
spectrum antibiotics may provide a short-term decrease in 
tonsil size; one study reported only 15% of patients avoided 
surgery in long-term follow-up.31

Intranasal Steroids
Intranasal steroids may be helpful if adenoid hypertrophy is the 
predominant cause of mild OSA in children. Decreases of 29% 
in adenoid size and 82% in symptom scores were noted in one 
study.32 Another study assessed a 6-week course of intranasal 
steroids,33 reporting a significant improvement of the AHI 
post-treatment compared to the placebo group. Results may be 
maintained 8 weeks after completion of active treatment.34 
Intranasal steroids have not been found to impact tonsil size.33

Twenty-four children with residual OSA (AHI >1 and <5/
hour) were treated with montelukast and intranasal budeso-
nide aqueous solution for 12 weeks.35 This combined anti-
inflammatory therapy effectively improved and/or normalized 
respiratory and sleep disturbances in children with residual 
SDB after adenotonsillectomy.

Systemic steroids have been tried in non-acute adenotonsil-
lar hypertrophy. A short-term decrease in tonsil size has been 
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preoperative levels41 as well as an overall improvement in 
quality of life.58–60 However, the correlation between improve-
ments in respiratory parameters and improvements in quality 
of life is poor.39 Mitchell39 evaluated outcomes in a prospective 
cohort study of children (ages 3–14, mean 6.3, included 79 
healthy children, 40 of who were male) undergoing T&A for 
obstructive sleep apnea in children. Measures included PSG 
and OSA-18. Patients with an AHI of 5 or greater underwent 
adenotonsillectomy. OSA was classified as mild (AHI ≥ 5 < 10), 
moderate (AHI ≥ 10 < 20), or severe (AHI ≥ 20). For all chil-
dren, the preoperative AHI value was higher than the post-
operative value. The mean preoperative AHI for the study 
population was 27.5, whereas the mean postoperative AHI 
was 3.5 (P < 0.001). The percentage of children with normal 
polysomnography parameters after adenotonsillectomy ranged 
from 71% to 90%. Overnight respiratory parameters after 
adenotonsillectomy were normal for all children with mild 
OSA. Three (12%) children with moderate preoperative 
OSA, and 13 (36%) children with severe preoperative OSA 
had persistent OSA after adenotonsillectomy. Resolution of 
OSA occurred in all children with a preoperative AHI ≤ 10 
and in 73% of children with a preoperative AHI < 10. The 
mean total OSA-18 score and the mean scores for all domains 
showed significant improvement after surgery (P < 0.001). 
The preoperative AHI values had a fair correlation with the 
preoperative total OSA-18 scores (r  = 0.28), but postoperative 
AHI values had a poor correlation with the postoperative total 
OSA-18 scores (r = 0.16). Caregivers reported snoring some, 
most, or all of the time in 22 (28%) children; this group 
included all children with persistent OSA. T&A for OSA 
results in a dramatic improvement in respiratory parameters 
and the quality of life in the majority of healthy children with 
OSA.

However, children with severe preoperative OSA, asthma, 
age greater than 7, or obesity are at risk for persistence of OSA 
after T&A.61–63 T&A outcomes may not be favorable in 
patients with severe preoperative OSA or when obesity is 
present;64,65 however, it remains the currently recommended 
initial treatment for OSA in obese patients. Increasing rates 
of residual obstructive sleep apnea indicate a future role for 
adjunct medical as well as surgical interventions. Postopera-
tive polysomnograms are recommended 6–8 weeks following 
surgery for those with additional risk factors for OSA: age < 3 
years, severe OSA present on pre-perative PSG (a respiratory 
disturbance index of 19 or greater), cardiac complications of 
OSA (e.g., right ventricular hypertrophy), failure to thrive, 
obesity, prematurity, recent respiratory infection, craniofacial 
anomalies, neuromuscular disorders, or those with a high 
apnea index to ensure that OSA is resolved.66 Patients with 
mild to moderate OSA who have complete resolution of signs 
and symptoms require follow-up clinical evaluations but do 
not require repeat PSG.67 Postoperative reports of symptoms 
such as snoring and witnessed apneas correlate well with 
persistence of OSA after T&A.39

SURGERY FOR MULTILEVEL OBSTRUCTION

Multilevel obstruction involving any combination of the nasal, 
nasopharyngeal, retropalatal, retroglossal, and hypopharyn-
geal anatomy may be found in otherwise healthy children.68 
However, certain populations are predisposed to multilevel 

nausea and vomiting secondary to narcotic use.46 Rare com-
plications of tonsillectomy include subcutaneous emphysema, 
pneumomediastinum, and taste disturbance due to damage  
to the lingual branch of the glossopharygngeal nerve.47,48 
Nasopharyngeal stenosis, also an uncommon outcome, results 
from approximation of raw mucosal surfaces during the 
healing process.46

Multiple techniques and tools may be used to perform 
tonsillectomy. The literature presents a variety of evidence 
regarding outcomes related to device usage, but consensus has 
not been reached regarding the optimal technique with the 
lowest morbidity.49,50 Device choice may be influenced by 
exposure in training programs as well as operator experience. 
Patient recovery times, postoperative morbidities, as well as 
cost related to the device are also important factors that may 
drive device choice.

The most common techniques used include cold steel dis-
section and electrosurgical dissection. Cold steel dissection is 
the oldest proven technique, and the basic approach has not 
changed significantly in the past 100 years.51 Electrocautery 
is typically used for hemostasis. Electrosurgical dissection uses 
thermal energy to dissect tissues with either a monopolar or 
bipolar tip; little blood loss occurs with this technique.52 Post-
operative morbidities for these techniques are similar, and 
include hemorrhage (1.2–2.1%), dysphagia, and otalgia.52

Plasma surgical dissection is a technique that ablates and 
coagulates soft tissue by generating a field of ionized sodium 
molecules. Many studies have shown that plasma surgical 
dissection tonsillectomy causes less pain, has a shorter recov-
ery period and requires less postoperative narcotics than other 
methods of tonsillectomy.53

The Harmonic scalpel (vessel sealing system) uses ultra-
sonic energy to vibrate its blade at 55 kHz, providing simul-
taneous cutting and coagulation of the tissue with less 
trauma.54 Postoperative hemorrhage and intraoperative blood 
loss are low. Some studies have variably found decreased post-
operative pain compared to electrosurgical dissection.54

Adenoidectomy may also be performed with a variety of 
devices, with either a transnasal or transoral approach. Revi-
sion adenoidectomy occurs at a rate of 1.3%.55 Reasons for 
revision include persistent symptoms ranging from adenoidi-
tis to recurrent otitis to OSA. Device choice for T&A is 
driven by surgeon experience and attempts to decrease post-
operative morbidity.

Partial tonsillectomy, also known as tonsillotomy or intra-
capsular tonsillectomy, may be performed for tonsil hypertro-
phy with UAO, but is contraindicated for chronic tonsillitis. 
The premise of partial tonsillectomy is reduction of obstructive 
tonsillar tissue while sparing the tonsillar capsule, thus prevent-
ing exposure of the underlying pharyngeal muscles. Technol-
ogy utilized for partial tonsillectomy includes microdebrider 
techniques or radiofrequency devices. Eviatar et al.,56 in a small 
retrospective study of partial tonsillectomy compared to com-
plete tonsillectomy, observed no difference in all parameters 
compared: non-obstructing tonsils recurred (97% vs 87%); 
snoring (3% vs 12.5%); recurrent tonsillitis (6% vs 6.25%); and 
recurrent obstruction and unilateral enlargement (3% vs 12.5%) 
at 8 to 10 years. An advantage of partial tonsillectomy includes 
decreased hemorrhage rates; however, intraoperative bleeding 
is increased, and may impede visualization at times.57

Success rates have been reported for T&A ranging from 
59.8% to 85%, with a significant improvement in AHI from 
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from 44.2 ± 10.2 to 12.0 ± 6.6 (P < 0.005) following expansion 
sphincter pharyngoplasty in select patients with small tonsils 
and an elongated palate.78 Long-term outcomes in children 
for both lateral pharyngoplasty and expansion sphincter 
pharyngoplasty are yet to be determined.

Uvulopalatopharyngoplasty (UPPP) involves removal of 
the soft palate and uvula, widening the oropharyngeal airway. 
UPPP has been reported to be successful in children with 
cerebral palsy and hypotonic upper airway muscles.79 Although 
an initial report of UPPP in an otherwise normal child was 
promising,80 UPPP is not commonly performed in children. 
Significant complications such as nasopharyngeal stenosis, 
palatal incompetence, and speech difficulties may occur with 
this technique.81

Base of Tongue
Surgical procedures to increase the volume of the retrolingual 
airway include lingual tonsillectomy, glossectomy, and 
advancement and suspension procedures. Comparison of 
preoperative and postoperative PSG demonstrated statisti-
cally significant reductions in the respiratory distress index 
(RDI) (mean, 14.7 vs 8.1).83 There were similar reductions in 
the number of obstructive apneas and hypopneas. The mean 
minimum O2 saturation did not change. Complications 
related to lingual tonsillectomy include edema82 and adhesions 
between the epiglottis and tongue base.83

Glossectomy or tissue volume reduction procedures decrease 
tongue volume and proportionally increase airway size.  
Glossectomy involving a wedge of tongue muscle is an effec-
tive technique84 that may be applied to children with signifi-
cant tongue hypertrophy as in Beckwith–Wiedemann or 
Down syndrome. Midline glossectomy is performed open or 
via a minimally invasive technique submucosally.85 Success 
rates for the submucosal minimally invasive lingual excision 
are reported to be 60%.85 Risks include airway edema, 
hematoma, abscess formation, and permanent hypoglossal 
injury.86

Other procedures to improve the retroglossal airway include 
genioglossus advancement and tongue base stabilization 
(Repose). Genioglossus advancement was initially described 
with a midline osteotomy of the mandible with advancement 
of the tongue,87 which is not amenable in children due to the 
presence of tooth buds.69 A minimally invasive approach 
(Repose) involves placement of a suture through the tongue 
which is stabilized to the medial aspect of the mandible.88

Woodson et al.89 retrospectively evaluated 31 operations 
involving a combination of genioglossus advancement and 
radiofrequency ablation utilizing preoperative and postopera-
tive PSG data for each patient. Success of surgery was deter-
mined using the criteria of a postoperative AHI of 5 or fewer 
events per hour, without evidence of hypoxemia and without 
prolonged hypercarbia. Thirty-one patients who underwent 
genioglossus advancement were analyzed. Nineteen (61%) 
had Down syndrome. The overall success rate was 61%. The 
success rate was lower in children with Down syndrome versus 
children without Down syndrome (58% vs 66%).

Radiofrequency ablation described by Powell et al.90 
involves insertion of a two-pronged probe at the vertex of the 
circumvellate papillae, creating thermal damage. Subsequent 
lesions are created 1 cm anterior to the first treatment site, and 
additional lesions as indicated 1 cm anterior to the second 
treatment site. Tongue bulk and flaccidity of the tongue base 

airway collapse, including those with obesity, nasal obstruc-
tion, neurological impairments, laryngotracheomalacia, laryn-
gotracheal or bronchial stenosis, and craniofacial anomalies, 
such as Pierre Robin sequence and Down syndrome.67 The 
exact nature of dynamic airway collapse may not be appreci-
ated by a detailed history and physical examination; therefore, 
cine MRI and flexible endoscopy performed in the office and 
the operating room may help identify the anatomic level(s) of 
obstruction.69

There is limited evidence available regarding surgical tech-
niques for multilevel OSA. Lack of objective PSG criteria for 
comparison between surgical treatment options as well as the 
nature of surgical intervention makes it difficult to conduct 
blinded studies.70 A staged approach should be considered in 
children.71,72

Nasal Passages
A deviated septum or turbinate hypertrophy may be contribu-
tory to nasal airway obstruction. Both are readily visualized 
by anterior rhinoscopy as well as by flexible endoscopy. An 
adequate course of medical therapy including nasal steroids 
and allergy therapy (if indicated) should be trialed prior to 
considering surgery. A limited septoplasty may be performed 
with careful patient selection. Complications include persist-
ent septal deviation, bleeding, and septal perforation. Septo-
plasty may be useful in improving CPAP tolerance, particularly 
in older children.

Two main techniques exist for turbinate volume reduction: 
radiofrequency ablation and microdebrider-assisted reduc-
tion. A review of turbinate surgery in children comparing 
both techniques demonstrated that both are effective.73 Six-
month outcomes are equivalent for both techniques; however, 
maintenance of improvement at 3 years was better with the 
microdebrider-assisted technique. Mild-to-moderate edema 
with subsequent nasal obstruction and thick mucus formation 
can be expected for the first week after the procedure.74 If 
mucosal erosion is present, the risk of postoperative bleeding 
and adherent crust formation increases with radiofrequency 
ablation.75

Oropharynx
Patients with an elongated palate may benefit from techniques 
to widen or stabilize the palate, including lateral pharyngo-
plasty, expansion sphincter pharyngoplasty, and uvulopalato-
pharyngoplasty. Palatal procedures may be performed with or 
without adenotonsillectomy.

Lateral pharyngoplasty is a minimally invasive procedure 
that is performed concurrently with tonsillectomy. After 
removal of the tonsils, the tonsillar pillars are sutured together 
over the tonsillar fossa to reduce the collapsibility of the 
pharynx.76 Outcomes in healthy children have not been 
studied, but retrospective analysis did not demonstrate a dif-
ference in Down syndrome patients who underwent T&A 
alone or T&A plus lateral pharyngoplasty.77

Expansion sphincter pharyngoplasty is a more technically 
involved approach, with rotation and suspension of the palato-
pharyngeus muscle onto the soft palate, sparing the uvula. 
This technique provides stabilization of the palate and an 
improved airway diameter. This may be incorporated into the 
initial surgical approach with tonsillectomy or as a secondary 
procedure in patients who have persistent OSA after T&A. 
Pang and Woodson demonstrated an improvement in AHI 
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Guilleminault et al. randomized children with OSA and 
narrow maxilla to either T&A or maxillary distraction.99 PSG 
after 3 months showed residual events severe enough to 
warrant the complementary intervention in all children. In 
combination with T&A, maxillary distraction has a cure rate 
of 87.5% in children with sleep apnea.100

Tracheostomy
Patients who are refractory to surgical therapy or CPAP and 
have persistent severe OSA are appropriate candidates for 
tracheostomy. Tracheostomy allows the obstructive airway to 
be bypassed. A significant degree of counseling is involved in 
preparation for surgery due to the life-altering changes a 
family will experience managing a child with a tracheostomy. 
Drawbacks of tracheostomy include further impairment to 
already rudimentary communication skills, increased need for 
specialized and institutionalized care, and decreased quality  
of life. Long-term, tracheostomy-specific complications have 
decreased with improvements in technique, nursing care, and 
monitoring.101 Complications associated with tracheostomy 
include subglottic stenosis, airway obstruction, granulation 
tissue, bleeding, and death.102

ANESTHETIC IMPLICATIONS

Preoperative sedation should be used with caution in patients 
with severe OSA. During induction of anesthesia, these 
patients are at high risk for airway obstruction, desaturation 
and laryngospasm.44 Pulmonary edema can develop from 
either severe exacerbation of upper airway obstruction and/or 
following intubation and relief of the obstruction. Patients 
with severe OSA have an abnormal ventilator response to 
carbon dioxide and are likely to also have greater respiratory 
depression in response to sedatives, narcotics, and general 
anesthetics, and can have significant delay in the return to 
spontaneous ventilation and emergence from general anesthe-
sia.44 The presence of trace volatile anesthetics will further 
reduce a pre-existing abnormal ventilatory drive and potentiate 
airway obstruction because of reduced function of the gen-
ioglossus and other airway muscles.103 After extubation patients 
are at risk for post-extubation obstruction, laryngospasm, 
desaturation, pulmonary edema, and respiratory arrest.104

Sanders and King105 evaluated the rate of complications 
experienced by children who undergo T&A for OSA, the 
safety of a standard anesthetic protocol for these children, and 
preoperative predictors of complications. The numbers of 
complications and medical interventions in the perioperative 
period were recorded and correlated with the presence and 
severity of OSA for 61 children with OSA, confirmed by 
polysomnography, and 21 children with recurrent tonsillitis. 
Children with OSA had more respiratory complications per 
operation than non-OSA children (5.7 vs 2.9, P < 0.0001). 
Supraglottic obstruction, breath holding, and desaturation on 
anesthetic induction and emergence were the most common 
complications. Increased severity of OSA, low weight, and 
young age are correlated with an increased rate of complica-
tions. Medical intervention was necessary in more children 
with OSA during recovery and emergence than in the 
non-OSA group (17/61 vs 1/21, P < 0.05). Children with 
OSA are at risk for respiratory compromise postoperatively 
due to upper airway edema, increased secretions, respiratory 

is reduced through fibrosis.69 A low rate of complications 
(3.4%) is reported, ranging from mucosal ulceration, to super-
ficial infection, and transient parasthesia of the hypoglossal 
nerve.91

Larynx
Laryngomalacia, or obstruction of the glottis secondary to 
collapse of supraglottic structures, is diagnosed with flexible 
laryngoscopy. This condition is primarily seen in infancy,  
but may present in older children (non-congenital laryngo-
malacia). For the majority of patients, laryngomalacia may  
be managed expectantly without intervention. Infants and 
children who have laryngomalacia that results in OSA, failure 
to thrive, or feeding difficulties may be managed with a  
supraglottoplasty. Sharp dissection or laser techniques are 
used to reduce redundant mucosa or incise shortened aryepi-
glottic folds.10 Chen et al. evaluated supraglottoplasty in 
children with non-congenital laryngomalacia (occult laryngo-
malacia) with obstructive sleep apnea.92 Twenty-two patients 
aged 2 to 17 years underwent carbon dioxide laser supraglot-
toplasty either alone or in conjunction with other operations 
for OSA. There was a statistically significant reduction in  
the AHI from 15.4 to 5.4 events per hour. Medical comor-
bidities were associated with worsened postoperative out-
comes. Overall, 91% of children had an improvement in  
AHI, and 64% had only mild or no residual OSA after 
supraglottoplasty.

Craniofacial
Distraction osteogenesis is used to expand the facial skeleton 
in children with congenital micrognathia or midface hypopla-
sia.93 Distraction osteogenesis allows large advancements 
without the need for bone grafting and with less risk of 
relapse. In a meta-analysis of mandibular distraction osteo-
genesis (DOG), Ow and Cheung94 concluded that mandibu-
lar DOG is effective in treating craniofacial deformities. 
Mandell95 performed a retrospective analysis of patients with 
mandibular hypoplasia and severe OSA. Seven out of eight 
patients with Pierre Robin sequence (88%) avoided tracheos-
tomy. Only two of seventeen patients (17%) with a complex 
congenital syndrome (17%) were decannulated. Complica-
tions included premature callus consolidation requiring 
another DOG procedure, cheek abscess requiring incision and 
drainage, minor lip erosion from pin contact, facial cellulitis, 
unilateral facial paralysis, and temporal mandibular joint 
ankylosis.95 Distraction osteogenesis of both the maxilla and 
mandible can correct micrognathia accompanying OSA, 
lower AHI to less than 5 events per hour, and increase SaO2 
to more than 90%.96

Rapid maxillary expansion (RME) involves the use of an 
oral appliance that is adjusted daily to increase palatal width. 
RME presents another option of treatment for children with 
high-arched palates with associated increased nasal resistance 
and mild OSA. A high-arched palate may also be associated 
with a posterior tongue posture, which contributes to ret-
roglossal airway narrowing.97 RME is most effective in pre-
pubertal children prior to palatal suture closure. Villa et al. 
evaluated 10 patients after 24 months of follow-up.98 
After treatment, the apnea AHI decreased and clinical symp-
toms resolved by the end of the treatment period. RME may 
be used in combination with T&A to improve the nasal and 
oral airway.
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depression secondary to analgesic and anesthetic agents, and 
post-obstructive pulmonary edema.106 Postoperative respira-
tory compromise has been reported to occur in 16–27% of 
children with OSA.107,108 Despite an increased risk for com-
plications, it is advantageous to extubate patients immediately 
after surgery if criteria are met. A retrospective study showed 
that children who remained electively intubated had a higher 
complication rate (47%) than those who did not (2%).109 Chil-
dren who remained intubated were younger and had a higher 
American Society of Anesthesiologists (ASA) classification 
and had a longer PICU and hospital stay. Both groups of 
children had similar opioid requirements and time to dis-
charge from the recovery room. These findings suggest that 
children with OSA are at risk for respiratory complications 
after adenotonsillectomy, but that these complications do not 
prolong the time to discharge.

Another special population to consider is the child with the 
neurologically impaired (NI) swallow. Conley et al.110 com-
pared 45 children with documented dysphagia to age- and 
procedure-matched normal children for operating room and 
clinical experience. No intraoperative complications, early 
post-tonsillectomy hemorrhage, hospital readmission, or mor-
tality occurred in either group. Three NI children each had 
an episode of aspiration pneumonia (early or late) without 
sequelae. Of the 32, videoflouroscopic swallow study (VFSS) 
available for review, postoperative aspiration incidence was 
significantly improved, but with new-onset aspiration  
occurring in five children. Of available matched pre- and 
postoperative PSG, 91% confirmed resolution of identified 
preoperative obstructive sleep apnea. Long-term telephone 
follow-up of 20 NI children revealed improved breathing 
(95%), communication (90%), and feeding efficiency (55%). 
This study suggests tonsillectomy in NI children can be per-
formed safely with appropriate monitoring and precautions 
with a 48-hour hospital postoperative stay recommended. 
Swallowing safety appears to improve both objectively and 
subjectively in most NI children following tonsillectomy. Both 
preoperative and postoperative VFSS are recommended for 
any NI child undergoing tonsillectomy.

CPAP

Nasal CPAP has been reported to be both effective and well-
tolerated in children.111–113 This is discussed in depth in 
Chapter 32.

CONCLUSION

The evaluation of the patient of upper airway obstruction 
includes a thorough history and physical examination. Risk 
factors including obesity, Down syndrome, craniofacial disor-
ders, or neurologically impaired may indicate the need for 
preoperative PSG. Adenotonsillectomy is effective in the major-
ity of children, but increasing rates of residual OSA are seen, 
particularly in obese patients and those with Down syndrome. 
For patients with residual OSA, multiple-level surgery may be 
undertaken after evaluation with flexible endoscopy and/or 
imaging studies to identify the levels of obstruction. Children 
with OSA are at increased risk for perioperative complications 
and should be monitored accordingly postoperatively.

Clinical Pearls

•	 Tonsil	and	adenoid	hyperplasia	is	the	most	common	cause	
of	OSA.

•	 Craniofacial	abnormalities,	the	nose,	palate,	base	of	tongue,	
hypopharynx,	supraglottis,	and	glottis	may	be	contributory	
sites.

•	 Successful	management	of	OSA	in	children	depends	on	the	
accurate	identification	of	the	site	of	obstruction	and	the	
assessment	of	the	severity,	with	polysomnogram	as	an	
important	adjunct.
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INTRODUCTION

With their 1981 publication Western Diseases: Their Emergence 
and Prevention,1 authors Hugh Trowell and Denis Burkitt 
essentially launched a new paradigm in medical education; 
many modern diseases are now better understood when 
viewed from an evolutionary perspective. As healthy circadian 
sleep cycling during childhood would have been absolutely 
necessary for our ancestors’ survival and reproduction (col-
lectively referred to as evolutionary fitness) over the vast time 
span of human evolutionary history,2 sleep-related breathing 
disorders such as obstructive sleep apnea (OSA) were likely 
not a part of the human experience until fairly recently, and 
thus can be appropriately categorized as Western diseases 
(WDs).

Evolutionary medicine (EM), also known as Darwinian 
medicine,3 is a new approach providing a useful framework 
for understanding modern diseases from an evolutionary per-
spective. Evolutionary oral medicine (EOM), or Darwinian 
dentistry, describes how EM principles can be applied to 
exploring the evolutionary basis of modern dentofacial mala-
dies such as dental caries, periodontal disease and malocclu-
sion. For example, one proposed explanation by EM/EOM 
proponents for why humans have only recently begun to 
become vulnerable to many modern diseases such as type 2 
diabetes and dental malocclusion, for example, is the Mis-
match hypothesis,4 which postulates that current high preva-
lences of WDs in industrialized populations are due, at least 
in part, to exposure to modern feeding regimens and environ-
mental conditions which are vastly dissimilar, or mismatched 
to, the Paleolithic/pre-agricultural diets and environments to 
which the human genome has been best adapted.5

Pediatric sleep-disordered breathing (SDB) is a pathologi-
cal condition associated with a wide range of clinical symp-
toms, historical evidence, dentofacial physical examination 
findings, environmental components and genetic and/or epi-
genetic factors. Recently published controlled studies indicate 
a close association between pediatric SDB/OSA and neuro-
cognitive impairments such as ADD/ADHD and other 
behavioral disorders.6,7 Many of the various physical charac-
teristics associated with high prevalences of pediatric SDB/
OSA are also strongly associated with a number of pediatric 
dentofacial abnormalities; the relationship between pediatric 
SDB/OSA and the developing jaws and facial structures is 
also well described.8,9

Many craniofacial traits are, for the most part, alterable 
during the early childhood stages of dentofacial growth and 
thus likely to play a large role in the presence or absence of 
clinical symptoms associated with pediatric SDB/OSA and 
its associated clinical morbidities. Consequently, the role of 
the orthodontist, pediatric dentist and general dentist as an 

integral member of every child’s comprehensive healthcare 
team has never been more important.10,11

ETIOLOGY OF MALOCCLUSION

Anthropological studies confirm that dentofacial malocclu-
sion (poorly aligned jaws and teeth), a known risk indicator 
of SDB/OSA,12 was infrequently suffered by our pre-industrial 
ancestors, and seldom occurs with frequency in extant non-
Westernized aboriginal cultures.13 In fact, skeletal malocclusion 
didn’t appear appreciably in humans until around the time of 
the Industrial Revolution of the mid-eighteenth century,14 and 
wherever occasionally observed before that era, it was usually 
confined to privileged-class individuals.15

In order to most efficiently address the health problems 
known to be associated with untreated, and/or inappropriately 
treated malocclusion, it would first be helpful to have some 
idea about why our fairly recent ancestors seldom suffered 
from these unpleasant dentofacial, dental and skeletal dishar-
monies. Anthropologists have understood for decades that 
human craniofacial volume has been steadily diminishing 
since around the time of the Agricultural Revolution some 
10, 000–12 000 years ago, and most rapidly over the past 
350–400 years.14 While there seems to be a definite observable 
trend towards increased prevalences of malocclusion over the 
last three to four centuries, to date there is not yet firm con-
sensus amongst dental anthropologists as to precisely what 
happened, but there does seem to be a growing body of evi-
dence that seems to suggest that feeding behaviors during 
infancy and early childhood are likely involved.16 Specifically, 
ancestral-type breastfeeding and weaning are known to be 
protective against certain forms of malocclusion,17 likely due 
to the physical challenges posed to the developing palatal–
facial suture complex (P–FSC) during infancy and early child-
hood; furthermore, the highly processed/soft baby foods and 
artificial infant formulas/commercial nipples that are in so 
much use today were simply not readily available to children 
prior to the Industrial Revolution.

With ever-accumulating physical evidence from anthropo-
logical studies, combined with advances in the newly emerg-
ing scientific disciplines of epigenetics and evolutionary 
medicine, it can be stated with a reasonable degree of scientific 
certainty that malocclusion is not primarily a genetically deter-
mined disease entity. Rather, malocclusion is better described 
as a WD that is primarily mediated through a gene–
environment interaction that follows a fairly predictable 
pattern of pathological progression: initially, most WDs are 
preventable so long as genetically predisposed individuals are 
identified before early phenotypic expression of the disease  
is obvious, and where feasible, are allowed to thrive in a 
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appropriate for dentists to incorporate into the parent/
caregiver interview a short series of questions specifically 
designed to gain valuable information about a child’s possible 
risks for both malocclusion and/or SDB/OSA; some exam-
ples might include, but are not limited to: ‘Does your child 
grind his/her teeth at night?’, ‘Is your child a noisy open-
mouth breather and/or snorer during sleep?’, ‘Does your child 
occasionally wet the bed?’, ‘Does your child ever wake up with 
either a sore jaw, headache, dry mouth and/or sore legs?’, ‘Is 
your child at a healthy weight?’, and ‘Does your child have 
night terrors or nightmares?’

In addition to the detailed medical–dental health history 
interview, a comprehensive dentofacial clinical examination 
might yield warning signs that a child might be suffering from 
impaired ability to breathe properly during sleep.

SURGICAL VERSUS NON-SURGICAL TREATMENT 
OPTIONS FOR PEDIATRIC SDB/OSA

It is well established that surgical removal of the tonsils and/or 
adenoids is the most common treatment for pediatric OSA. For 
extremely severe cases of OSA for which adenotonsillar surgery 
might not be indicated as the best treatment, maxillomandibu-
lar advancement surgery (MMA) and/or tracheostomy place-
ment are on occasion considered as better surgical options. 
According to a recently published guidelines paper by the 
American Academy of Otolaryngology,21 craniofacial abnor-
malities of the maxilla and mandible are definite indications for 
recommending a PSG sleep study prior to T & A surgery.

Maxillary constriction (MC) is a common craniofacial 
abnormality that plays an important role in the bi-directional 
relationship between malocclusion and OSA;22 MC is typi-
cally characterized by narrow/deep-vaulted palate (Figure 
34-1), tapered dental arches and retro-position of the mid face 
relative to the anterior cranial base. Per the various comorbidi-
ties associated with various surgical interventions, wherever 
feasible, collaborative efforts aimed at preventing and treating 
pediatric OSA non-surgically should be given the highest 
consideration.

Two commonly implemented non-surgical medical inter-
ventions include inhaled nasal corticosteroids and usage of 
CPAP/BPAP devices. While correctly classified as a non-
surgical treatment option, long-term usage of CPAP/BPAP 
facial masks can markedly reduce mid-facial development 
potential in growing children23 in much the same manner as 
adult orthognathic surgical reduction procedures such as man-
dibular setback and anterior segmental maxillary osteotomy. 
Other common examples of non-surgical prevention and 
treatment options for pediatric OSA include, myofunctional 
training oral appliances (e.g., Infant Trainers, Myo-Munchies, 
etc.), oral myofunctional therapy (OMT), conjunctive dietary 
counseling for overweight and obese OSA patients, functional 
orthodontic mandibular advancement appliances (e.g., Biona-
tor), rapid maxillary expansion (RME) appliances (e.g., 
bonded Schwartz Plate, Hyrax, etc.) with, or without, reverse 
pull maxillary protraction appliances (MPA) (e.g., Delaire 
facemask) and more recently, Biobloc Orthotropic (BBO) 
postural appliances that are capable of non-surgically increas-
ing posterior airway dimensions through sequential advance-
ment of both the mandible and maxilla with a series of 
removable acrylic mouthpieces.

nurturing environment; next, WDs can be reversible, but only 
in the very early stages of disease expression, and only when 
the precipitating environmental pressures (e.g., unhealthy 
eating, sleep-disordered breathing) have been eliminated;  
subsequently, in cases where a WD has advanced beyond 
reversibility, it can still be treated with accurate diagnosis and 
appropriate therapeutic measures (e.g., dietary changes, phar-
maceuticals) if the disease state is not too far advanced; and 
finally, advanced end-stage WDs can be fatal if not accurately 
identified, reversed and/or appropriately controlled.

While a cause-and-effect relationship between malocclu-
sion and the pathophysiology of SDB/OSA is not yet proven,18 
a relationship does indeed appear to exist between the two 
disease entities. Similar to what is now understood about why 
diabetes and periodontal disease often coexist in the same 
host,19 the underlying mechanism connecting SDB/OSA and 
malocclusion is more likely to be a bidirectional one rather 
than a unilateral cause-and-effect relationship. Simply stated, 
measures aimed at preventing the initiation and early progres-
sion of one disease entity will aid in preventing the initiation 
and early progression of the other. Given that many dentofa-
cial physical risk indicators for malocclusion might also iden-
tify increased risk for SDB/OSA, it seems fairly obvious that 
measures aimed at prevention, reversal and/or adequate treat-
ment of malocclusion might also help preclude the negative 
health outcomes that are often associated with SDB/OSA.

PEDIATRIC ORAL HEALTH AND SLEEP

Dentists who treat children are uniquely positioned to identify 
patients who might be at increased risk for SDB/OSA. Due 
in part to the successful implementation of the American 
Academy of Pediatrics and American Academy of Pediatric 
Dentistry’s (AAPD) joint effort to assure that all children 
establish a dental home by the age of 1 year,20 pediatric dentists 
now have a higher frequency of patient encounters than do 
most other allied health professionals. Additionally, postgrad-
uate specialty training programs in pediatric dentistry and 
orthodontics purposefully prepare clinicians for identifying 
patients with interferences to normal dentofacial develop-
ment, including children with special healthcare needs who 
might be at even higher risk for developing OSA, such as 
patients diagnosed with Down syndrome, sickle cell anemia, 
and Pierre-Robin sequence.

During dental visits, many warning signs that a child might 
be experiencing sleep disturbances can be ascertained from 
both a thorough oral–medical health history interview with 
parents/primary caregivers and a comprehensive clinical den-
tofacial examination. In order to best assure a comfortable and 
safe dental visit, questions usually asked during a detailed 
pediatric oral–medical health history interview are designed 
not only to obtain information about the child’s overall dental/
medical health status, but also to acquire information about 
dietary/feeding history and previous dental and/or medical 
encounters that might impact a child’s possible expectations 
about the dental appointment. A typical list of questions 
asked might include, ‘Was your child breastfed, and if so, for 
how long?’ and ‘What beverage does your child typically drink 
when thirsty?’

While not necessarily a component of a typical pediatric 
medical–dental health history, it is certainly easy, useful and 
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Figure 34-1 Montage of abnormal high and narrow hard palate. Note that all children present a visually recognizable abnormal high and narrow hard 
palate which is related to the development of the naso-maxillary complex during embryonic development considering age of children. On the first row on the 
left, on the second row in both cases, and on the third row from the top on the right, note the abnormal noses presented by the patients. The asymmetry of 
the nostril may not be obvious at first investigation; using photographs taken below the nose may help performing better analyses. Asymmetrical opening is 
often associated with asymmetrical septum and change in nasal resistance. When associated with high palatal vault, they indicate presence of a higher upper 
airway resistance and greater risk of abnormal breathing during sleep with addition of infectious or inflammatory reaction. From Rambaud C, Guilleminault C., 
Death, nasomaxillary complex, and sleep in young children. Eur J Pediatr. 2012 Sep;171(9):1349–58, with permission of Springer-Verlag 2012.

A B
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Until the recognition of BBO as a non-surgical option for 
improving posterior airway volume in actively growing chil-
dren,24 rapid maxillary expansion (RME) was considered the 
primary non-surgical orthodontic treatment of choice for 
treating OSA in children.25

Rapid Maxillary Expansion (RME)
Rapid maxillary expansion (RME) is well established as an 
effective non-surgical treatment option for decreasing upper 
airway resistance through increasing airway volumes within 
the nasomaxillary complex.26,27 Depending on the age of the 
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Biobloc Orthotropics (BBO) differs mainly from conven-
tional orthodontic treatment modalities in that BBO: (1) does 
not utilize treatment mechanics that place retrusive forces on 
the jaws, teeth and face; (2) is usually begun in the primary 
or early mixed dentition when maximum impact upon a 
child’s naso-respiratory competence and neurological, cranio-
facial and somatic growth is most easily accomplished; and 
(3) often in conjunction with OMT regimens, is chiefly 
designed to create a lifelong optimum oral environment for a 
properly postured and functioning tongue, which is also con-
ducive to lifelong stable and well-aligned adult teeth.

Biobloc as an Alternative to Mandibular Distraction 
Surgery for Severe OSA: Case Report
The case study described below is a good illustration of how 
BBO can be utilized as a safe non-surgical alternative to 
mandibular distraction osteogenesis for severe OSAS. Note 
the improved cervical spine posture and posterior airway 
volume seen at the end of BBO Tx (Figure 34-2) and the 
supportive PSG result. At baseline (Ba) (Figure 34-3), the 
AHI was elevated at 12.4 events per hour of sleep with  
the majority of events occurring during REM sleep. Over the 
course of time, the AHI and REM AHI both decreased 
steadily, to a degree that at point 1 on the graph the AHI was 
only 3 events per hour of sleep. Interestingly, as treatment 
continued from baseline and as the AHI fell, there was a 
concomitant increase in EtCO2 with a peak when the AHI 
reached only 3 events per hour. Interpretation of these find-
ings was initially difficult since there was numerical improve-
ment in the frequency of occlusive and partially occlusive 
respiratory events, but apparent worsening of gas exchange 
exemplified by increasing obstructive hypoventilation. Etiol-
ogy of elevation of CO2 and presence of obstructive hypo-
ventilation related to presumptive development of extremely 
prolonged partially occlusive respiratory events. For example, 
if each hypopnea lasted 20 minutes and they were continu-
ously periodic, the AHI will be only 3 events per hour of sleep 
despite persistence of partial upper airway obstruction. At 
point 2 at the end of the graph, AHI continued to fall to its 
nadir of 0.2 events per hour of sleep with concurrent decrease 
in CO2 levels to normal and resolution of obstructive hypo-
ventilation. At the same time, there was clear clinical evidence 
of improvement in symptoms with absence of snoring, resolu-
tion of restless sleep, and resolution of daytime sleepiness. At 
this point, based on both clinical resolution and polysomno-
graphic evidence, sleep-disordered breathing had resolved. 
Continued follow-up is still warranted and required in order 
to assure resolution. One final polysomnogram will be con-
ducted to provide objective evidence.

SUMMARY AND FUTURE CONSIDERATIONS

1. OSA is a chronic respiratory disorder that is clearly linked 
to retrognathic skeletal malocclusions that force the hyoid 
bone, base of the tongue and its supporting musculature 
too close to the posterior pharynx. Given what anthropolo-
gists have shown with regard to shrinking human cranio-
facial volume over the past 300 years or so, currently 
accepted cephalometric normative values are not com-
pletely reflective of our true genomic craniofacial growth 
potential. As a result of this disparity, many clinicians are 

patient, by exerting orthopedic forces upon the entire maxil-
lary suture complex, primarily with the use of fixed maxillary 
expansion appliances, RME orthopedic movement will occur 
when the relatively light forces applied to the teeth and the 
maxillary alveolar process eventually exceed the forces required 
for orthodontic tooth movement alone. Following RME, 
there is an increase in the transverse width of the nasal cavity 
and hard palate, most notably at the floor of the nose near the 
mid-palatal suture. In cases where the narrow maxillary arch 
is also retrognathic (relative to the cranial base), RME can be 
assisted by reverse-pull headgear (e.g., Delaire facemask) to 
provide additional nasal airway volume through increasing the 
anterior dimension of the nasorespiratory space.28

Biobloc Orthotropics (BBO) and Oral  
Myofunctional Therapy (OMT)
As a key participant at the 2012 NESCent Catalysis Confer-
ence, Professor Robert Corruccini, a dental anthropologist 
from Southern Illinois University, was recently cited in Science:29 
‘As for malocclusion and jaw disorders, Corruccini noted that 
a branch of evolutionary dentistry has emerged in which chil-
dren do mouth exercises and wear devices that put stronger 
force on their growing jaws.’ The branch that Professor Cor-
ruccini was referring to is called orthotropics. The orthotropic 
premise was originally developed in England in the late 1950s 
by Dr. John Mew, a dual-trained oral surgeon–orthodontist, as 
an alternative to the then and still commonly held belief that 
malocclusion is primarily a genetically inherited condition; 
Mew, also a student of anthropology, studied ancient skulls at 
the Natural History Museum in London where he was further 
convinced that malocclusion is an environmentally influenced 
disopoly (disease of civilization) which had been brought about 
by factors related to increased industrialization. Specifically, 
the orthotropic premise implicitly states that improper tongue 
and head posture will invariably lead to malocclusion and other 
associated negative systemic health outcomes.

United by their common focus on assuring optimal dento-
facial growth potential and healthy wake–sleep nasorespira-
tory ability for their young and growing patients, the number 
of clinicians, mostly orthodontists, pediatric dentists, general 
dentists, OMTs, sleep medicine physicians and other allied 
health professionals, who are recommending BBO treatment 
as a viable non-surgical intervention for SDB/OSA patients 
is growing rapidly.

The Biobloc appliance system utilizes a series of acrylic 
intraoral appliances to first develop the upper jaw (maxilla) 
and mid face to its optimal width and forward position within 
the cranial base, after which the mandible is postured forward 
with a subsequent appliance to reunite both jaws to a more 
forward post-treatment position within the cranial base. This 
maximally forward jaws–facial position provides not only for 
better esthetics and facial balance, but is also more conducive 
to development of increased posterior pharyngeal volume and 
less nasal airway resistance.

There are many other more traditional types of orthodontic 
appliances such as Twin Blocs, Frankels, Bionators, MARAs, 
Herbst appliances, class II elastics and others, which all 
attempt to do the same thing, but most of these appliances 
are often only begun in the late-mixed to early adult dentition 
and can exert a backward force, or headgear effect, on the 
growing maxilla that can actually worsen esthetic appearance 
and/or an already compromised airway.
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Figure 34-2 Note differences in cervical spine erectness and posterior 
airway area in pre-BBO Tx image (left) vs. post-BBO Tx image (right). 

A

B

Figure 34-3 Longitudinal polysomnograph assessment 
comparing the patient’s AHI, REM AHI, and CO2 levels as BBO 
treatment progresses. 
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currently being trained to diagnose, treat and evaluate 
orthodontic treatment progress and final outcomes in 
accordance with cephalometric norms that are anthropo-
logically uniformed, especially with regard to the baseline 
assessment of maxillary position relative to the anterior 
cranial base; this is potentially dangerous as this error can 
sometimes lead to diagnostic and treatment failures which 
in turn can have negative overall health implications related 
to inadequate posterior airway volume; e.g., cervical-pull 
headgear treatment and incisor retraction exacerbating 
compromised posterior airway volume in class II retro-
gnathic patients.30,31 Cooperative efforts between anthro-
pologists, dentists and other concerned healthcare 
professionals should be undertaken to revise currently  
used cephalometric standards so as to better reflect the  
true forward growth potential of the human dentofacial 
complex.

2. Medical and dental educational programs should incorpo-
rate more cross-curriculum activities and include evidence-
based content into their teaching curriculums within the 
disciplines of evolutionary medicine, sleep medicine, oro-
facial myology and nutrition.

3. Overconsumption of sugar and other refined (fermentable) 
carbohydrates are clearly implicated in recent increases in 
nationwide prevalences of both early childhood caries 
(ECC)32 and childhood obesity.33,34 Given that childhood 
obesity35 and pain associated with untreated caries36 are 
both known risk factors associated with fragmented sleep, 
it seems reasonable to suggest that medical and dental 
professionals should implement diet counseling as an 
adjunctive component to their existing preventive and 
therapeutic treatment protocols.

4. Orthodontists, pediatric dentists and general dentists 
should collaborate with efforts to raise awareness, amongst 
themselves and their patients, about the importance of 
early recognition of pediatric patients who might be at risk 
for SDB/OSA.

5. Guidelines for identifying SDB/OSA dentofacial risk 
indicators should be established and disseminated to all 
members of the allied pediatric health care team.

6. Future well-designed prospective trials will be necessary in 
order to validate existing scientific and circumstantial evi-
dence that early childhood feeding environments, dento-
facial development, naso-respiratory competence, pediatric 
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sleep hygiene and neuro-cognitive development, are all 
inter-related.

7. When indicated by the presence of multiple medical and/
or dentofacial risk indicators for SDB/OSA, orthodontists, 
pediatric dentists and general dentists will need to be prop-
erly trained to deliver effective non-surgical modes of oral 
interventions, and be willing and able to intervene or refer 
for appropriate screening (e.g., PSG) and/or treatment 
while children are still in their primary dentitions.

8. Pediatric sleep medicine centers should have at least one 
dentist on their team who is experienced in dentofacial 
issues related to SDB/OSA.

9. New methods for earlier detection of children at risk for 
SDB/OSA, such as in utero 3-D ultrasonography facial 
imaging, should continually be explored.

Clinical Pearls

•	 An	increased	emphasis	on	identifying	malocclusion	as	more	
of	a	symptom	rather	than	as	a	distinct	disease	entity	can	
help	medical	and	dental	clinicians	better	understand	and	
appreciate	the	inter-relatedness	between	malocclusion	and	
SDB/OSA.	Evaluating	SDB/OSA	and	malocclusion	from	an	
evolutionary	perspective	helps	clarify	that,	similar	to	other	
Western diseases	such	as	type	2	diabetes,	susceptible	
individuals	need	not	fully	express	the	disease	phenotype	if	
environmental	triggers	are	identified	and	eliminated	early	
in	a	child’s	life.

•	 The	ability	to	recognize	known	dentofacial	risk	indicators	of	
SDB/OSA	in	early	childhood	can	help	dentists,	physicians	
and	other	allied	health	professionals	better	collaborate	in	
providing	comprehensive	and	coordinated	care	for	their	
mutual	patients.

•	 Both	childhood	obesity	(CO)	and	pain	from	untreated	early	
childhood	caries	(ECC)	are	known	risk	factors	for	SDB/OSA	
that	can	negatively	impact	sleep	quality	and	quantity.	As	
overconsumption	of	commercially	processed	fermentable	
carbohydrates	(f-CHOs)	in	early	childhood	is	a	known	
etiological	component	of	both	CO	and	ECC,	dentists	and	
physicians	should	discourage	unhealthy	snacking	on	simple	
sugars	and	starches	as	a	component	of	their	CO,	ECC	and	
SDB/OSA	prevention	and	treatment	protocols.

•	 As	breastfeeding	is	known	to	be	protective	against	the	
development	of	SDB/OSA,	adenotonsillar	hypertrophy	(ATH)	
and	malocclusion,	dentists	and	physicians	should	mutually	
provide	consistent	and	accurate	advice	to	parents	regarding	
options	for	infant	and	early	childhood	feeding	regimens.

References
1. Trowell HC, Burkitt DP. Western diseases: their emergence and preven-

tion. Cambridge, MA: Harvard University Press; 1981.
2. Tucci V. Sleep, circadian rhythms, and interval timing: evolutionary strategies 

to time information. Frontiers Integrat Neurosc 2012;5(92):1–4.
3. Nesse R, Williams GC. The dawn of Darwinian medicine. Q Rev  

Biol 1991;66(1):1–22.
4. Gluckman P, Hanson M. Mismatch: why our world no longer fits our 

bodies. Oxford: Oxford University Press; 2006.
5. Cordain L, Eaton SB, Sebastian A, et al. Origins and evolution of the 

Western diet: health implications for the 21st century. Am J Clin Nutr 
2005;81:341–54.

6. Beebe DW, Rausch J, Byars KC, et al. Persistent snoring in preschool 
children: predictors and behavioral and developmental correlates.  
Pediatrics 2012;130:382–9.

7. Bonuck K, Freeman K, Chervin RD, et al. Sleep-disordered breathing in a 
population-based cohort: behavioral outcomes at 4 and 7 years. Pediatrics 
2012;129(4):1–9.

http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00034-6/sr0180


281

INTRODUCTION

Non-invasive positive pressure ventilation (NIPPV) encom-
passes a variety of noninvasive techniques of ventilatory 
therapy delivered through an interface, usually a nasal mask 
and less frequently through a full face mask or nasal prongs. 
Treatment of obstructive sleep apnea (OSA) by nasal CPAP 
(nCPAP) was first reported in 1981 in adults.1 Guilleminault 
and colleagues reported the first use in children with OSA in 
1986.2 In OSA, CPAP prevents upper airway obstruction by 
acting as a pneumatic splint, thereby maintaining an open 
airway. Further advances in non-invasive respiratory support 
both for sleep-disordered breathing (SDB) and for other pul-
monary or neurologic diseases have brought about new 
NIPPV technologies. In this chapter the term NIPPV refers 
to and includes all of these techniques including CPAP, auto-
matically titrating CPAP devices, BIPAP techniques, adaptive 
servo-ventilation (ASV), average volume-assured pressure 
support (AVAPS) and bi-level positive airway pressure with 
pressure release technology (Bi-Flex). The new techniques 
have been used mainly in adults, and have led to changes in 
pressure titration protocols, allowing for machine-driven pres-
sure titration in the home environment.

CLINICAL INDICATIONS IN SLEEP MEDICINE

Delineation of the specific indications for NIPPV implemen-
tation in children has yet to be formally defined in any con-
sensus statement. A recent paper has further emphasized the 
need for such consensus since it pointed out for the first time 
that NIPPV leads to amelioration of cognitive deficits in 
children with SDB.3 The indications for NIPPV are sum-
marized in Box 35-1.

Use in Obstructive Sleep Apnea Syndrome (OSAS)
Most children with OSAS respond to adenotonsillectomy. A 
minority who fail surgery and children with other causes of 
OSAS such as obesity, craniofacial anomalies or hypotonia 
may require NIPPV.4 This indication is becoming increas-
ingly relevant due to the secular trends in the prevalence of 
pediatric obesity around the world.

Use in Central and Peripheral Nocturnal  
Apnea/Hypoventilation
One of the major applications of NIPPV in children is the 
treatment of central hypoventilation.5–7 However, caution 
must be used when applying NIPPV to very young infants 
with severe central hypoventilation since such patients might 
not synchronize the opening of the upper airways and glottis 
at inspiration.

NIPPV is also extremely useful in severe and progressive 
forms of neuromuscular, skeletal, lung and airway diseases. In 
most of these situations, the disease progresses over time, and 
commonly, the first indication of ventilatory insufficiency is 
manifested by nocturnal hypoventilation that usually resolves 
during wakefulness. As the disease progresses, both nocturnal 
and daytime hypoventilation emerge. Symptoms may include 
headaches, decreased performance and cardiovascular compli-
cations. Although during the first stage, when hypoventilation 
occurs only during sleep, clinical symptoms may be mild, 
daytime sleepiness and fatigue are not infrequent. Assisted 
bi-level positive airway pressure delivered by nasal mask may 
be used successfully to treat sleep-disordered breathing in these 
patients. The added value of IPAP techniques that provide 
support also during the inspiratory phase operates primarily 
through reduction in the work of breathing.7 Of note, hypov-
entilation in these patients may appear first or be more severe 
during REM sleep. Therefore, the indication to start ventila-
tory support is based on carbon dioxide and saturation during 
sleep as observed by polysomnography together with the clini-
cal presentation. The main goal of NIPPV in these situations 
is to improve arterial blood gases to near normal values without 
discomfort and in the absence of sleep disruption. It should be 
noted that specifically in these diseases, isolated low oxygena-
tion during sleep without increased paCO2 might not suggest 
nocturnal hypoventilation, but rather reflects an underlying 
pulmonary problem with ventilation/perfusion mismatching 
that might be adequately treated by supplemental oxygen 
without NIPPV. Some children may require oxygen supple-
mentation being bled into the ventilator circuit in addition to 
satisfactory NIPPV due to the concurrent presence of paren-
chymal lung disease. Since these diseases might progress over 
time, clinical as well as polysomnographic follow-up should be 
regularly conducted at a rate that depends on the type of 
disease, age and progression.

HARDWARE

Interface
The interface is the device positioned on the patient’s nose and 
mouth in order to connect the patient to the ventilator. It 
includes the device itself and straps that secure the interface 
to the face. Choosing the correct interface is crucial for patient 
compliance and effectiveness of treatment. The ideal interface 
should have minimal leaks, be comfortable and easy to wear.7 
Types of interfaces include: nasal prongs (usually for smaller 
children), nasal mask (the most popular for sleep disturbances 
in adults and older children), nasal pillows, oro-nasal mask, 
full-face mask and helmet. Factors contributing to the selection 
of the interface include: patient age, neurological status, and 
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do not, since the machine cannot differentiate between 
inhaled gas and lost gas due to leak resulting in reduced tidal 
volume and minute ventilation. Although studies in adults 
comparing these methods did not show clear benefit for one 
method over the other,10,11 the pressure mode is usually pre-
ferred in children due to the relatively large amount of wasted 
ventilation in the circuit. Most of the current non-invasive 
ventilators were designed for adults and, therefore, are often 
not triggered by very small or weak children with low inspira-
tory flow rates or with fast breathing rates.7

TECHNIQUES OF NON-INVASIVE POSITIVE 
PRESSURE VENTILATION

Continuous Positive Airway Pressure (CPAP)
This is the simplest and by far the most common NIV mode. 
Positive pressure is delivered to the patient by continuous 
airflow and a pressure valve. This method maintains the 
airways patent throughout the respiratory cycle, improves 
functional residual capacity (FRC), and decreases the work of 
breathing. It also results in normalization of the pharyngeal 
dilator muscle activity during sleep in patients with SDB.8,12 
CPAP requires a spontaneously breathing patient and is 
unable to support ventilation in the case of apnea.

Pressure requirements will vary among individuals, thus, 
mandating individual titration in the sleep laboratory.4 Param-
eters to program during titration include: expiratory positive 
airway pressure (EPAP) also named continuous positive airway 
pressure (CPAP), and FiO2 in specific ventilators capable of 
adjusting the concentration of delivered oxygen.

pulmonary or facial abnormalities. For example, a nasal mask 
may not be suitable for young and uncooperative children due 
to mouth air-leaks, and the risk of vomiting and aspiration in 
disabled patients should be considered when using a full-face 
mask.8 Infants and small children might better be treated with 
masks that have a small dead space. Mask type and size will 
also need to be adjusted over time as the child grows.

Other features of the interface are: anti-asphyxia valves that 
allow external air to enter the mask in case of ventilator failure, 
and ports to connect lines for oxygen supplementation and for 
capnography. The combination of mask and circuit must have 
only one exhalation port for venting (producing intentional, 
calibrated leak). Unfortunately, there are only a few products 
specifically designed for young children.8

Circuit
Simple one-tube (open system) or double-tube (for inhalation 
and exhalation; closed system) circuits can be used depending 
on the type of ventilator.

Ventilator
There are two basic types of ventilator, time-cycled-pressure-
limited and volume-controlled.9 The former delivers gas using 
a preset constant pressure; hence, the volume-delivered, is 
determined by respiratory mechanics and interface properties. 
Volume-cycled ventilators provide constant volume and will 
adjust the driving pressure accordingly until a set-up limit is 
reached. While the pressure-controlled machines compensate 
for small to medium air leaks (a pressure drop due to leak will 
drive the machine to continue delivering gas until the set-up 
pressure is reached again), the volume-controlled ventilators 

Box 35-1  Indications for Non-Invasive Positive Pressure Ventilation (NIPPV) in Pediatric Sleep Medicine

Obstructive Sleep Apnea
•	 OSA	due	to	adenotonsillar	hypertrophy	–	2nd	line	if	

adenotonsillectomy	has	failed
•	 OSA	where	obstruction	is	due	to	causes	other	than	

adenotonsillar	hypertrophy
•	 obstruction	by	redundant	fat	tissue:	obesity
•	 obstruction	by	enlarged	tongue	(macroglossia,	Beckwith–

Weidemann	syndrome,	Down	syndrome)
•	 obstruction	by	bony	and	cartilage	tissue:	craniofacial	

anomalies	(Crouzon,	Apert,	Pfeiffer	syndromes),	isolated	
facial	defects	(Pierre	Robin	sequence,	Treacher	Collins	
syndrome)

•	 obstruction	by	collapsing	UA	tissue:	hypotonia	syndromes	
and	diseases

•	 obstruction	by	collapsing	subglottic	and	lower	airway	
tissue:	tracheomalacia

Central Nocturnal Apnea/Hypoventilation
•	 congenital	central	hypoventilation

•	 congenital	central	hypoventilation	syndrome	(Ondine’s	
curse,	neonatal	and	late-onset)

•	 secondary	to	congenital	CNS	structural	anomalies	(e.g.	
Chiari,	hydrocephalus,	syringomyelia)

•	 secondary	to	congenital	CNS	(and	peripheral)	diseases	
(chromosomal	anomalies,	e.g.	Down	syndrome,	Noonan	
syndrome)

•	 secondary	to	CNS	injury	during	birth	and	CP		
(severe	asphyxia,	CNS	bleeding)

•	 acquired	central	hypoventilation
•	 CNS	damage	due	to	trauma,	infection,	bleeding,	seizures,	

immune	and	post-infectious	diseases,	hypoxia/anoxia,	
storage	diseases,	metabolic	diseases,	obesity

Peripheral Nocturnal Apnea/Hypoventilation
•	 congenital	neuropathies

•	 e.g.,	spinal	muscular	atrophy
•	 acquired	neuropathies

•	 secondary	to	trauma,	infection,	immune	and	post-
infectious	diseases,	metabolic	diseases

•	 congenital	myopathies
•	 acid	maltase	deficiency,	Duchenne	dystrophy,	myotonic	

dystrophy
•	 acquired	myopathies

Skeletal Anomalies
•	 primary	bone	and	cartilage	anomalies	and	developmental	

defects
•	 severe	kyphoscoliosis,	Jeune	thoracic	dystrophy

•	 Anomalies	secondary	to	neuromuscular	diseases	(severe	
kyphoscoliosis)

Lung and Airway Diseases

OSA,	obstructive	sleep	apnea	syndrome;	UA,	upper	airway;	CNS,	central	nervous	system;	CP,	cerebral	palsy.
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when a large leakage exists, since the ventilator will compen-
sate with increased flow rates resulting in delayed termination 
of inspiratory phase. This problem may be avoided by increas-
ing expiratory trigger to 40–70% of peak flow.16

Timed (T) or control. All breaths are activated by the ven-
tilator. The ventilator starts and ends inspiration solely accord-
ing to preset values. This mode is used only in patients who 
cannot initiate breathing spontaneously (usually not applica-
ble to sleep medicine). Indeed, new NIV ventilators usually 
have only CPAP S/T modes. Machine parameters that need 
to be set include, in addition, the delivered breathing rate and 
the inspiratory time.

Spontaneous/timed (S/T) (or assist-control). These are the 
same as S mode with a background breathing rate that guar-
antees a minimum rate and is used in cases of significant 
bradypnea or apnea (Figure 35-1).17

Average Volume Assured Pressure Support (AVAPS)
Combined Modes
This method, designed originally for conventional mechanical 
ventilation18 combines volume-controlled and pressure-
controlled ventilation. BIPAP with fixed pressure support may 
not maintain adequate ventilation during the changes in pul-
monary mechanics that occur during sleep. Hence, it has been 
suggested that hybrid modes that target a preset volume by 
adjustment of the supported pressure may be more effective.19 
These novel modes estimate the expiratory tidal volume and 
respond by adjusting the inspiratory pressure (IPAP) accord-
ingly to maintain ventilation.

This is achieved by two flow sources that work in parallel, 
one generating constant flow to achieve desirable volume and 
the other generating a variable level of flow in order to main-
tain preset airway pressure. Most studies have been performed 
in adult patients with obesity hypoventilation syndrome. 
Dialed parameters include tidal volume, IPAP, EPAP and 
ramp (slope of flow rise).

Automatically Titrated Positive Airway  
Pressure (APAP)
In this method, the ventilator continuously adjusts pressure as 
needed to eliminate respiratory events during sleep. Usually, 
it serves for titrating the optimal pressure for CPAP treatment 
(see titrating section). Its use for long-standing treatment of 
OSAS was studied in adults. At present, there is no evidence 
of superiority for APAP over CPAP for the treatment  
of OSAS.13

Bi-Level Positive Airway Pressure Ventilation (BIPAP)
BIPAP is often used for patients who fail a trial of CPAP for 
OSAS and in the treatment of central apnea/chronic hypo-
ventilation in the pediatric population.14 Two levels of pres-
sure are then delivered to the patient – a lower pressure during 
expiration (EPAP) and a higher pressure delivered during 
inspiration (inspiratory positive airway pressure; IPAP). 
Hence, this method requires triggering and synchronization 
with the patient’s spontaneous breathing.

Triggering the respiratory cycle is achieved by one of three 
modes:

Spontaneous (S) (or assist). All breath cycles are triggered by 
the patient without any background ventilation. The ventila-
tor maintains CPAP and gives the patient pressure support 
during inspiration. The ventilator is programmed to sense 
inspiratory effort (by sensing either the negative inspiratory 
pressure or the inspiratory flow, the latter being more accu-
rate) and to activate IPAP until a drop in the inspiratory flow 
reaches a threshold that terminates the inhalation phase 
(expiratory trigger).15

Machine settings include: CPAP and IPAP levels, inspira-
tory ramp slope (regulates the speed of gas flow into the lungs) 
and in some devices also the expiratory trigger level expressed 
as a percentage of the peak inspiratory flow (usually around 
25%; however, in most modern ventilators, this variable is 
preset by the manufacturer). This may become a problem 

Figure 35-1 Tracing of NIPPV flow, pressure, leak, and tidal 
volume in a patient receiving BIPAP in the ST mode. Back-up  
rate is 12/min. When the ventilator did not sense patient’s 
inspiratory effort for 5 seconds, the machine triggered a breath 
(A). Spontaneous (B) and ventilator (C) triggered breaths have 
similar peak flows but different duration and tidal volume. 
Adapted with permission from ref. 17: Berry RB et al., NPPV 
Titration Task Force of the American Academy of Sleep Medicine. 
Best clinical practices for the sleep center adjustment of 
noninvasive positive pressure ventilation (NPPV) in stable chronic 
alveolar hypoventilation syndromes. J Clin Sleep Med. 2010; 
6:491–509.
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Humidification of inspired gas is essential to prevent these 
complications and also to maintain normal mucociliary func-
tion and improve gas delivery. Humidification is especially 
important in patients with chronic lung disease and in those 
with a history of chronic rhinitis. Types of humidifiers include: 
heat-and-moisture exchanger (HME), heated and non-heated 
pass-overs and pass-through devices. HME is less effective 
due to the high flows used in NIV. When using pressure-
controlled machines only the pass-over humidifier is suitable 
since the other types may compromise pressure generating 
and triggering.9 Most NIPPV devices today have the option 
for an integrated heated humidifier which is recommended in 
general, especially for those with nasal symptoms.14

Oxygen supplementation. O2 may be added to NIV after 
adjustment of other ventilatory parameters (usually increasing 
CPAP and EPAP) has failed to correct hypoxemia or when 
the patient does not tolerate higher pressure. Another reason 
to add oxygen is lung disease.7 The FiO2 that is generated and 
reaches the patient by O2 supplementation to the ventilator 
circuit is generally unknown and potentially variable. There 
are many factors influencing FiO2 including the IPAP, EPAP, 
the O2 flow rate and the site where O2 is added to the circuit. 
One study in healthy volunteers found that during NIPPV, 
the closer the O2 was connected to the exhalation port (and 
not the patient) the higher was the FiO2 achieved.25 A study 
in a lung model found conflicting results where the most 
effective oxygen attachment site was on the mask itself.26 Due 
to the uncertainty regarding the FiO2 actually being delivered 
to the patient, it is recommended that children who require 
oxygen supplementation be monitored by pulse oximetry.

RESPONSE TO TREATMENT

Adherence and Compliance
Empiric evidence regarding NIPPV adherence in pediatrics 
is relatively limited because, compared to adults, NIPPV by 
CPAP or IPAP modes has only more recently been used in 
children with OSA. Information from adults clearly shows a 
positive relationship between the level of adherence to NIPPV 
treatment and outcomes encompassing health, sleepiness, 
daytime functioning, neurobehavioral, cardiovascular and 
mortality measures. Hence, the importance of adherence 
cannot be underestimated. Although NIPPV use has become 
relatively common in children, there is a paucity of studies 
rigorously evaluating its use and outcomes. In particular, there 
have been very few studies evaluating NIPPV adherence in 
children using objective criteria.27,28 Although NIPPV in chil-
dren has been shown to be highly effective in the laboratory 
situation, its use at home is significantly limited by suboptimal 
adherence.29,30 NIPPV is not approved by the Food and Drug 
Administration for children <7 years of age or weighing 
<40 lb (18 kg). This might have contributed to the limited 
experience and uncontrolled data in children. Nevertheless, 
the off-label use of NIPPV in infants and young children has 
not been shown to bear an increased risk.27–32 NIPPV might 
be the most practical or the only treatment for some infants 
and children with SDB.

A major determinant of the efficacy of NIPPV treatment 
is patient’s adherence. In general, adherence is measured by 
several variables: (1) the ratio of the number of hours the 
NIPPV is actually used (machine turned on, mask is applied 

Proportional Assisted Ventilation
By measuring the volume or flow that the patient generates 
during inspiration (with a pneumotachometer), the ventilator 
delivers inspiratory flow and pressure proportional to the 
patient’s spontaneous breathing effort.20 The respiratory 
pattern is dialed (normal, obstructive, restrictive or mixed) and 
all other machine variables are then automatically programmed 
(CPAP, maximum pressure, maximum tidal volume and 
percent assistance). Manual setting is optional.

Adaptive Servo-Ventilation (ASV)
ASV was developed to treat Cheyne–Stokes central sleep 
apnea in adult patients with congestive heart failure. It is also 
approved for use in patients with complex sleep apnea. The 
subject’s ventilation is controlled to equal a target ventilation 
of 90% of the long-term average ventilation by adjusting 
IPAP–EPAP difference.21

Expiratory Pressure Relief and Flexible Bi-Level 
Positive Airway Pressure
Exhaling against a positive airway pressure is uncomfortable 
and believed to be one of the reasons for low compliance to 
NIPPV treatment in patients with SDB. To address this 
problem, new ventilators equipped with pressure support 
algorithms that decrease mask pressure were developed. The 
main examples are the C-Flex® and the Bi-Flex® technologies 
(Respironics, Philips). The C-Flex pressure relief technology 
makes sleep therapy more comfortable by reducing pressure 
at the beginning of exhalation in order to minimize the back-
pressure against which the patient exhales, returning to thera-
peutic pressure just before inhalation when upper airway 
narrowing and collapse are most likely. The level of pressure 
relief varies, based on the patient’s expiratory flow and which 
of the three C-Flex settings has been selected.22

Setting Parameters: EPAP and Gain
The bi-level flexible mode (Bi-Flex) results in pressure decre-
ments during both late inspiration and expiration. These 
adjustments assume to optimize triggering and patient–
ventilator synchrony. The magnitude of change of the IPAP 
and EPAP is proportional to patient effort (as in C-Flex).23 
Parameters to be set are: Pbase (EPAP), gainins, maximal IPAP, 
gainexp and minimal PEEP. Experience with these modes of 
NIV in children with sleep-disordered breathing is emerging.

General Considerations
Leaks. A major issue in NIV is overcoming air leaks that result 
from mouth breathing and poor interface positioning. Venti-
lators compensate for leaks by increasing airflow.9 Leaks cause 
a decrease in tidal volume, and problems in triggering. For 
example, additional flow generated to balance leaks can delay 
the decrease in inspiratory flow and termination of inspira-
tion, resulting in increased asynchrony between the patient 
and ventilator.

Some of the ventilators include a ramp option which 
increases pressure gradually to the preset pressure over time 
allowing the patient to fall asleep on lower inflating pressure 
that are more comfortable while the desired pressure is reached 
after the patient is already asleep.

Humidification. High flow of air and unidirectional inspira-
tory nasal airflow due to mouth leaks can cause dryness of  
the nasal mucosa and increase the airway resistance.24 
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complied with NIPPV treatment and those who failed regard-
ing gender, underlying diseases, OSAS severity (AHI, oxygen 
saturation), predisposing factors for OSA and mode of NIPPV 
delivery.36,37

Many children requiring NIPPV treatment have underly-
ing chronic illnesses or developmental delays which further 
complicate efforts to improve long-term adherence.27–30,37 
NIPPV can be particularly difficult for children with devel-
opmental delays, and for those with anxiety or behavioral 
problems. These children often verbally and physically resist 
caregivers’ efforts to get them to wear the mask, and may 
develop conditioned anxiety because of poorly fitting equip-
ment and repeated association of the sight, sound, and sensa-
tion of NIPPV with discomfort from the mask, physiologic 
arousal from struggling, or both. They learn that physical and 
verbal resistance to PAP can cause the caregiver to delay or 
give up on the use of NIPPV.44

Similar findings have been reported from US and Canadian 
centers. A small cohort including 29 children from four US 
centers using objective data showed that one-third of children 
dropped out within 1–6 months of follow-up despite all 
patients receiving intensive support that included free equip-
ment and continuing assistance.29 Of the 21 children for 
whom 6-month adherence data were recorded electronically, 
the mean nightly use was 5.3 ± 2.5 hours, i.e. only 50% of the 
sleep which is clinically suboptimal. Of concern is the fact 
that parental assessment of NIPPV use considerably overes-
timated actual uses (7.6 ± 2.6 h/night vs. 5.8 ± 2.4 h/night, 
respectively, P<0.001). This may further contribute to failure 
due to parental false assurance and avoidance of action to 
improve adherence. In a group of 52 children, the nightly 
mean use was 170 ± 145 minutes (range: 1–536 minutes).3 
Over the first 60 nights of treatment, children applied NIPPV 
for only 60 ± 25 nights, i.e., the range of weekly usage was 
from only a couple of days to an entire week.3 Another recent 
small study showed that obese adolescents with OSA adhere 
poorly to NIPPV.45 Similar findings were reported in young 
patients with an average CPAP use of 3.35 h per night.40 
Considering that adherence decreases with treatment time, 
these data are frustrating and raise concerns on how to sig-
nificantly improve these unacceptably low adherence rates. 
More encouraging data from the UK reported that nCPAP 
was effective and tolerated by 86% of children. A period of 
acclimatization in the home environment was found to be a 
useful strategy to achieve success in 26% of patients who 
initially were intolerant to nCPAP.37

It has been suggested that early successful CPAP usage 
improves subsequent adherence30,46 with children who were 
less readily accepting of CPAP (i.e., >90 days to first use after 
CPAP titration polysomnogram) having also lower CPAP 
adherence. Probably the most reliable data for children come 
from a recent prospective study of NIPPV adherence where 
56 children and their parents completed a series of psycho-
social questionnaires prior to NIPPV initiation.28 Objective 
(electronically recorded) adherence data were obtained after 1 
and 3 months of NIPPV use. In the first month, NIPPV was 
worn for an average of 22 ± 8 nights being used by only 78% 
of children for more than >50% of nights and for only 3 ± 3 
hours/night. Adherence rates during the third month were 
slightly lower: 19 ± 9 nights/month and mean nightly use of 
2.8 ± 2.7 hours, corresponding to an average use of only one-
third of the sleep time for two-thirds of the nights. Lower 

and fitted and pressures are at required levels) to total sleep 
time per night; (2) number of nights NIPPV is used for a 
minimum number of hours a week; and (3) length of time 
(months/years) NIPPV is used.

Adherence studies are frequently skewed by difficulties in 
standardization for NIPPV usage and by using populations 
with average NIPPV application time that is only a little 
above half of the sleep time. Adult studies, for example, define 
regular use by at least 4 h of CPAP administered on 70% of 
the days monitored since only about half of the patients actu-
ally use CPAP for equal or greater than these rates.33–35 Hence, 
this definition results from practical reasons rather than from 
medical and outcome considerations. This imposition led to 
the erroneous assumption that CPAP use of 4 hours/night on 
70% of nights is a clinically valid benchmark of CPAP adher-
ence.36 Recent data show similar findings also in children.3 It 
has been shown that even in adherent children and families, 
the average usage time of NIPPV during sleep is only about 
50%.29,30 The problem with such an approach is that it defines 
‘outcome’ as the actual patient’s usage in real life and not as a 
short- and long-term medical and health consequence, hence, 
not representing the potential of NIPPV treatment since the 
device must be used consistently for all medical benefits to be 
evaluated and realized. We suggest that patients who do not 
comply with the treatment should not be considered only as 
adherence failure, but also as treatment failure.

Indeed, in many adherence studies, patients who did not 
use NIPPV or used it during a relatively short time of the 
total sleep time were excluded and were not included in the 
outcome analysis. Another problem with adherence is that 
many studies are based on patients’ or parental subjective 
reports.37 Objective data from both children and adults show 
that nCPAP usage is significantly lower compared to reported 
information.27,33 Data from adult patients confirm that the 
reported amount of CPAP use exceeded that recorded elec-
tronically.33,38,39 A recent report in children confirms these 
findings40 and highlights the importance of obtaining objec-
tive data for adherence in children since previous studies in 
children reported relatively good rates of subjective adherence 
on the basis of parental reports.

The application of new generations of NIPPV machines to 
children that record usage, application time, mode and pres-
sures that are electronically downloaded to a built-in media 
allows one to objectively evaluate information of compliance 
and adherence.27–29 This is important both to allow the clini-
cian to intervene at follow-up visits and for research purposes. 
Studies in adults have shown that factors that are often 
thought intuitively by clinicians to be important for NIPPV 
adherence, such as high pressures or interface issues,41,42 have 
not been borne out during scrutiny.28,43

CPAP adherence has been linked to multiple factors, such 
as disease characteristics and severity, patient’s characteristics, 
psychosocial factors, maternal education, titration procedure, 
mask style, nasal symptoms, pressure discomfort, perceived 
benefit and the ability to use the therapy. Lower maternal 
education was associated with lower CPAP use by children in 
one study.28 Full-face masks were associated with lower adher-
ence than nasal masks.30 Conflicting results have been reported 
for the effect of age.28–31,37 Yet, most pediatric studies did 
not include infants and toddlers; hence, less is known  
about CPAP adherence in younger children. Nevertheless, no 
differences were found between infants and children who 
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CPAP and NIPPV refer to adults only.53,54 These strate-
gies may, however, be applicable to infants and children.  
For example, educational (reinforced education by prescriber 
and by homecare provider, one-day education program  
using video and discussion, demonstration, simple video edu-
cation), technological (telephone-linked communication, 
tele-health program, tele-monitoring of CPAP treatment 
data, internet-based information, support, and feedback 
system), psychosocial (cognitive behavior therapy), pharma-
cological (non-benzodiazepine sedative hypnotic agent), and 
multi-dimensional strategies (intensive support, combination 
including education, relaxation, and CPAP habituation) can 
be entertained and adapted to the pediatric age range.37 
Factors that were associated with a successful compliance with 
NIPPV treatment include: a dedicated staff and an intensive 
structured program that involved education of families and 
children and providing ongoing support and follow-up.

Preliminary data on 20 children (aged 1–17 years) with 
OSAS, referred by physicians for noncompliance with BIPAP, 
showed that after behavioral intervention 75% of children 
successfully tolerated BIPAP with increased hours of docu-
mented usage versus 0% beforehand.44 In contrast, no changes 
occurred in families who declined behavioral therapy.

Initiation of NIPPV Therapy
Since adolescents tend to adhere less than younger children 
to NIPPV treatment,28,31 a tailored approach should be under-
taken with these patients. Attempts to identify factors that 
decrease compliance such as the fear of being different from 
peers, sleeping together with peers at homes or camps, not 
perceiving potential benefits from therapy and opposing 
authority should be sought. In addition, it is likely that the 
older children and adolescents had less parental supervision 
for NIPPV use. Motivation and self-responsibility seem to be 
important factors.28

A study from Canada of 50 children aged 10 ± 5 years in 
which almost 50% were using nCPAP for half of the nights 
for an average of 4.7 hours/night (1.4–7.0 hours/night) 
showed that by applying a behavior modification program in 
conjunction with ongoing support and close follow-up, a high 
implementation rate and a reasonable compliance for using 
nCPAP could be achieved.30 A one-on-one educational con-
sultation session of parents and children with a qualified sleep 
technologist is essential for improved compliance.30 During 
this session, families should receive verbal and written infor-
mation on OSA, the role of nCPAP therapy, the use and care 
of the nCPAP machine, how to add humidification, how to 
clean the machine daily using a 1 : 50 part vinegar : water solu-
tion or a mild dish detergent, how to comfortably and appro-
priately apply the child’s mask and how to deal with 
troubleshooting. Proper mask fit is essential for successful 
treatment.55 Hence, during the session, mask fitting is per-
formed. It should be noted that children, especially small ones 
with tactile aversions such as syndromic children or those with 
developmental delays or autism and children with minimal 
nasal airflow (i.e, congenital craniofacial anomalies), may be 
better treated with a full-face mask.8 During the session, the 
effect of changing sleep position on mask and headgear fitting 
should be evaluated.

For patients in whom the nCPAP trial is unsuccessful or 
those in whom non-cooperation is suspected from the first 
consultation, a period of home acclimatization to the NIPPV 

maternal education was the strongest predictor of poor NIPPV 
adherence, implying that intensive training programs might 
improve adherence. For normally developing children, adher-
ence correlated inversely with age. Adherence did not corre-
late with severity of apnea, pressure levels, or psychosocial 
parameters other than a correlation between family social 
support and nights of NIPPV use. As in adults, severity of 
baseline polysomnography and nasal symptoms at baseline did 
not affect adherence.28,42 Data from adults suggest that short- 
and long-term adherence are significantly affected by the 
severity of baseline symptoms, specifically being sleepy at 
baseline was associated with improved adherence.33,47–49 This 
pattern has not been observed in children. Hence, reinforce-
ment from the clinician, regular assessment and motivation 
sessions are most important.

A major limitation of most studies is that adherence was 
assessed for only the first 3–6 months of treatment and in 
some studies children participated in intervention programs 
with particular efforts being invested to support adherence. 
Hence, data for long-term adherence in unselected groups 
cannot be ascertained. Only one recent study looked at adher-
ence beyond the first 6 months of treatment and found an 
even lower adherence rate with CPAP usage with an average 
of only 3.5 hours/night.40 Thus, children demonstrate poor 
average nightly rates of CPAP use, ranging from 3.5 to 7 h 
per night. Given that children require between 9 and 12 hours 
of sleep per night depending on age, it is likely that overall 
NIPPV adherence in children is very poor.

Adherence – CPAP versus IPAP Modes
It may be reasonable to assume that NIPPV with inspiratory 
support would be more comfortable than CPAP. Nevertheless, 
adult data have shown that adherence was similar between 
CPAP and BIPAP use. Preliminary results show that this is 
also the case with children.29 The mean nightly use was 
5.6 ± 2.6 hours in the nCPAP group compared with 5.8 ± 2.6 
hours for the BIPAP group. The study was not adequately 
powered to detect a difference between the modes (16 BIPAP 
and 13 nCPAP cases); nevertheless, the small difference in 
adherence between the two modes is unlikely to be clinically 
important.

Conflicting results were found regarding whether the appli-
cation of auto-bi-level device improves adherence rates.35,50 
Despite the theoretical advantage, the auto-CPAP has not 
been shown to significantly increase NIPPV usage or succeed 
in cases where fixed-CPAP failed. A meta-analysis in adults 
failed to show any differences or even improved hours of usage 
with auto-CPAP compared to fixed-CPAP despite the fact 
that the average pressure on auto-CPAP was lower by 
2 cmH2O.51 A randomized, double-blind study compared the 
use of traditional nCPAP to bi-level positive airway pressure 
with pressure release technology (Bi-Flex) treatment in chil-
dren showed no differences in adherence rates.50 A recent 
Cochrane database review in adults concluded that device 
type (auto, bi-level, or CPAP) and pressure contour modifica-
tion may not play a significant role in influencing adherence 
to NIPPV therapy.52

How to Improve Compliance and Adherence
It should be noted that the American Academy of Sleep 
Medicine (AASM) standard for management and recom-
mendations and the practice parameters for the use of  
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using BIPAP, the inspiratory and expiratory pressures may be 
adjusted independently. This lowers the mean airway pressure. 
It is usually helpful to start with expiratory pressure only, and 
after the child is cooperative to add and increase the inspira-
tory pressure by small steps. With BIPAP, cooperative chil-
dren should be explained that when they inhale, they will feel 
some air flowing from the machine and that it may take only 
a few relaxed breaths to synchronize with the machine breaths 
and then they will feel very comfortable. Hence, the first steps 
are most important to future compliance and adherence.

Taken together, optimal intervention should be tailored 
individually according to family and patient characteristics. 
Effective improvements in adherence may be achieved also by 
simple, inexpensive efforts, such as weekly phone calls to 
uncover any problems and encourage use and by written infor-
mation about sleep apnea and the importance of regular 
NIPPV use, especially when these are applied at the start of 
treatment.56 Suggested protocols for acclimatization to 
NIPPV are presented in Figure 35-236 and Box 35-2. Those 
dealing with pediatric NIPPV may elect to use all steps and 

equipment has been shown to be very effective37 and is there-
fore recommended before attempting the NIPPV trial. Chil-
dren may be given a practice mask and headgear without the 
NIPPV unit to practice and a gradual application of CPAP 
therapy is used. This involves letting the child play with the 
mask and then placement of the mask alone followed by 
wearing the mask for 2 weeks while awake to help the child 
habituate to the system. When the child is able to fall asleep 
with the mask in place, then air is introduced using low pres-
sure and slowly increasing to the prescribed pressure. Once 
the child accepts NIPPV, overnight laboratory titration study 
to determine the optimal pressure is performed.

The sudden application of pressure and flow created as the 
CPAP machine is turned on and applied to the face may 
significantly affect patient’s cooperation, especially in children 
or when the child is uncooperative and fearful. A gradual 
progressive approach is, therefore, most important. Some 
machines have a ramp function, which allows the child to  
fall asleep on lower pressure levels and then gradually increase 
the pressure to the required level automatically. When  

Figure 35-2 Intervention to promote CPAP adherence in children and adults. Add-on considerations (green shading, left side for children; right side for 
older adults and older adults with cognitive impairment) to promote CPAP use. These suggestions extend the American Academy of Sleep Medicine’s Adult 
Obstructive Sleep Apnea Task Force recommendations. AASM, American Academy of Sleep Medicine; CBT, cognitive behavior therapy; CPAP, continuous 
positive airway pressure; OSA, obstructive sleep apnea; PAP, positive airway pressure. Flow diagram adapted with permission from ref. 36: Sawyer AM et al. 
Sleep Med Reviews 2011; 15:343–56.
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Box 35-2  Practical Points for Progressive Initiation of NIPPV to the Child and for Home Acclimatization (Based on 
References 8 and 37)

Some	of	the	steps	apply	only	to	small	children	and	depend	on	
child’s	cooperation.
•	 Initial	exposure	to	the	mask	using	a	nonthreatening	and	

relaxed	attitude	during	an	educational	consultation	session	
of	parents	and	children	with	a	qualified	sleep	technologist:
•	 Encourage	use,	discuss	importance	and	benefit.
•	 Discuss	technical	issues,	care	and	maintenance	of	NIPPV	

machine,	daily	cleansing,	humidification,	prevention	of	
sores.

•	 Individualize	mask	and	headgear	selection.
•	 Appoint	a	coordinator,	provide	means	of	communication.
•	 Instruct	parents	to	apply	the	following	steps	at	home.

•	 Parents	may	place	the	mask	in	a	toy	box	at	home.	Encourage	
the	child	to	play	with	the	mask	as	a	toy	during	the	day.

•	 Parents	should	encourage	the	child	to	play	with	the	NIPPV	

mask	which	is	worn	alone	(without	tubing)	until	the	child	is	
able	to	wear	the	open	mask	without	distress.

•	 Parents	should	encourage	the	child	to	go	to	sleep		
wearing	the	open	mask.	All	ports	should	be	left	open	
without	tubing.	Parents	should	remove	the	mask	after	the	
child	falls	asleep.

•	 Once	the	child	is	able	to	wear	the	mask	to	go	to	sleep,	low	
CPAP	pressure	is	started	(4	cmH2O).	Use	a	heated	humidifier	
from	the	start	of	treatment.

•	 Once	the	child	tolerates	the	mask	and	pressure	during	sleep	
at	home,	schedule	a	titration	study	in	the	sleep	lab.	
Avoidance	of	NIPPV	pressures	that	are	too	high	or	too	low.

•	 Use	a	ramp	function,	which	allows	the	child	to	fall	asleep	on	
lower	pressure	levels	and	then	gradually	increases	the	
pressure	to	the	required	level.

measures or adjust the most appropriate ones according to  
the specific child, the underlying cause and the available 
facilities.

Ongoing – Long-Term Support
A downward drift in adherence occurs over time.28,40 Hence, 
even the best-initiated program might not be efficient if the 
effect is only assessed in the short term. This is a major chal-
lenge since it involves months and years of efforts and inten-
sive follow-up measures to prevent drop-out and to boost 
participation. Recently, a measure for examining child- and 
parent-reported barriers to long-term adherence to the CPAP 
regimen in children was developed.40 Using this Adherence 
Barriers to CPAP Questionnaire, both parents and youth 
detailed many barriers across a diverse range that prevented 
them from following the CPAP regimen. This brief tool, that 
was introduced to children for the first time, could be easily 
administered and scored in a medical clinic by healthcare 
personnel to determine those obstacles to adherence that are 
most pertinent to a specific family.

Monitoring Response to Treatment
Electronic monitoring is considered the ‘gold standard’ for 
adherence measurement and allows for continuous assessment 
of long-term adherence. Modern NIPPV machines contain  
a built-in monitoring card that allows the collection and 
storage of night-by-night, mask-on CPAP application at 
effective pressure over each 24-h period. It is important to 
review the card records for the duration of time when the set 
pressure was maintained representing actual patient use of the 
machine (time in use), rather than the duration of time the 
machine was turned on. This allows obtaining objective com-
pliance data and providing information on the number of days 
NIPPV was used and the hours of real daily use. NIPPV 
adherence data can be transmitted to practice sites by several 
vehicles, including modem, smartcard, or web-portal, depend-
ing on the manufacturer. Accordingly, early and routine 
assessment of CPAP use and treatment response, as recom-
mended by the American Academy of Sleep Medicine, is 
possible.36

Periodic Assessments
Unlike adults, children continue to grow. Pressure require-
ments can be therefore expected to change over time.14,57 The 
mask type and size will also need to be adjusted over time. 
Hence, a scheduled regular assessment is recommended. 
Auto-CPAP does not eliminate the need for periodic office 
visits and evaluations of the clinical course using subjective 
and objective (electronically stored) data. A study in adults 
showed that air leak was associated with poor adherence to 
auto-CPAP therapy.58 Auto-NIPPV devices may perform 
suboptimally in the presence of air leak; hence, air leak should 
be assessed, especially with automated systems, preferentially 
by objective electronic storage. Specifically, in the presence of 
air leak, the auto-NIPPV device might fail to detect the 
events of OSA, and thereby either fail to respond or respond 
in a suboptimal fashion, leading to lower levels of delivered 
(therapeutic) pressures.

OUTCOME

CPAP and BIPAP are effective for managing OSAS in  
both infants31,57 and older children,29,32,55 but long-term 
studies have not been performed. There is a major difference 
between the ability of NIPPV to correct sleep apnea in the 
sleep lab (immediate technical outcome) and the clinical ben-
efits of using continuous and lengthy NIPPV treatment in 
children (short- and long-term clinical outcomes). While 
studies have shown that neurocognitive and neurobehavioral 
abnormalities are at least partially reversible with surgical 
treatment,59,60 the response to NIPPV has scarcely been 
studied in children.

There is at present only one study of neurobehavioral out-
comes in children with OSA providing some encouraging 
data showing a significant correlation between the decrease in 
daytime sleepiness after only 3 months of NIPPV treatment 
indicating that, despite suboptimal adherence, a significant 
improvement in neurobehavioral function in children was 
possible, even in developmentally delayed children.3 Another 
recent study in obese adolescents showed that although half 
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of the adolescents prescribed NIPPV for OSA were non-
adherent to the treatment and did not use NIPPV at all, 
Marcus et al. looked also at the effect of NIPPV on quality 
of life using the Pediatric Quality of Life Inventory (PedsQL)61 
and the OSAS-18.29 NIPPV was associated with significant 
improvements in caregiver- and child-reported quality of  
life for both OSAS-specific and general health-related quality 
of life.

The time and number of hours/night required for maximal 
improvements in behavioral function are unknown but might 
well be longer than 3 months. Unfortunately, no pediatric  
data are available. Another difficult issue includes the  
study of the correlation between NIPPV usage and adherence 
with long-term outcomes including bio-markers. The effect 
of drop-out and decreased adherence after several months or 
years of treatment on clinical outcome is also a very compli-
cated topic requiring complex large-scale studies. Another 
variable that needs further data is the effect of age on  
clinical response to NIPPV treatment. At present, conflicting 
results have been reported.28–31,37 Brain development and 
plasticity depend on age and it is reasonable to assume  
that the effects of wearing CPAP for 4 hours a night for 5 
nights per week may differ between a teenager, toddler and 
an infant. Studies that will look at this issue will have to 
correct also for underlying problems, length and severity  
of OSA.

TITRATION

The adequate NIPPV setting is one that eliminates all 
obstructive apneas, other upper airway obstruction episodes, 
desaturations, and hypercapnia and can still be tolerated by 
the patient without excessive awakenings. The gold standard 
for the titration of this optimal pressure is a full PSG in the 
sleep lab attended by a certified polysomnographic technolo-
gist. The pressure is then prescribed for use in the child’s 
home. Direct observation by a trained sleep lab technologist 
allows for real-time adjustments of mask fitting, eliminating 
leaks, and helping the patient to adapt to the initial CPAP 
experience.62 Any PSG lab should have a written titration 
protocol to guide the technologist.

Split-night titration. Evidence supporting the use of split-
night diagnosis/treatment studies in children younger than 12 
years of age is insufficient.62 Although discouraged, the titra-
tion protocol should be identical to that of full-night test. 
Until recently, only few NIPPV titration protocols were pub-
lished in the literature, resulting in high variability between 
centers. In order to standardize diagnosis and NIPPV treat-
ment for SDB, an AASM task force published guidelines for 
the titration and administration of NIPPV in adults and pedi-
atric population with OSAS and for chronic hypoventilation 
syndromes.17,62

CPAP should be increased by at least 1 cmH2O each time, 
until obstructive respiratory events (apneas, hypopneas, respi-
ratory effort-related arousal (RERAs), and snoring) are elimi-
nated or the recommended maximum CPAP is reached. In a 
split-night study one might have to increase pressure at larger 
increments. Patients uncomfortable or intolerant of high  
pressures on CPAP and those who continue to have obstruc-
tive respiratory events at 15 cmH2O of CPAP during the 

titration study should be switched to BIPAP and, again, pres-
sure should be increased by small intervals until respiratory 
events disappear. A ‘down’ titration is reasonable due to the 
‘hysteresis’ phenomenon. But the AASM task force recom-
mends that if a down titration is performed, at least one 
‘up–down’ CPAP titration (1 cycle) should be conducted 
during the night.

The recommended minimum starting IPAP and EPAP  
are 8 cmH2O and 4 cmH2O, respectively, and the recom-
mended maximum IPAP is 20 cmH2O for patients <12 
years and 30 cmH2O for patients ≥12 years. In children 
who require pressure support (PS), the recommended 
minimum and maximum levels of PS are 4 and 20 cmH2O, 
respectively.

Ideally, the patient should be recorded in supine REM sleep 
for at least 15 minutes. In hypoxemic patients, supplemental 
O2 should be introduced at 1 L/min and titrated upwards to 
achieve the target SpO2.

62 Figures 35-3 and 35-4 present 
titration algorithms.

Auto-adjustable PAP technique (APAP). Manual titration to 
reach a target pressure could result in higher pressures being 
prescribed. Auto-adjustable NIPPV techniques (APAP) seem 
to address this problem, since the machine detects upper 
airway obstruction by monitoring snoring, airflow reduction 
(apnea or hypopnea), airflow versus time profile or impedance 
with the forced oscillation technique and adjusts the pressure 
in order to eliminate these events. When no such event is 
recorded, pressure is decreased to the minimum effective pres-
sure.63 Compared to the fixed airway pressure in conventional 
CPAP, the variable pressure of auto-CPAP allows for auto-
adjustment under different situations such as changing sleep-
ing positions, upper airway infections, and changes in body 
weight. This technique has been successfully used in adults 
for almost two decades64 and is now considered more fre-
quently, including its application to children.65 A recent review 
concluded that the use of APAP is sufficient in the majority 
of adult patients with moderate-to-severe OSAS.63 One study 
from Stanford first used auto-CPAP for in-lab pressure titra-
tion in children with suspected SDB and has shown that 
APAP can be used safely for pressure titration in an attended 
setting.5

Of note, APAP is not recommended to diagnose OSA.66 
Patients being treated with fixed CPAP on the basis of APAP 
titration or being treated with APAP must have close clinical 
follow-up to determine treatment effectiveness and safety. 
Appropriate mask fitting to prevent leak is crucial in auto-
CPAP since the pressure will unnecessarily increase in the 
presence of a significant mask leak.

LIMITATIONS, PROBLEMS AND COMPLICATIONS

Several complications have been reported with NIPPV; 
however, serious complications are rare, and adverse effects 
have generally been minor.14 Side effects of NIPPV include 
patient discomfort, medical side effects and inconveniences. 
In addition to discomfort, these side effects significantly affect 
adherence.36

Both mask leaks and air leakage through the mouth causing 
discomfort from nasal and oral mucosal drying are common 
side effects that are associated with higher NIPPV pressures. 
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Figure 35-3 CPAP titration algorithm for patients <12 years during full- or split-night titration studies. Adapted with permission from ref. 62: Kushida et al. 
Clinical guidelines for the manual titration of positive airway pressure in patients with obstructive sleep apnea. J Clin Sleep Med. 2008; 15;4:157–71.
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Clinical Pearls

•	 NIPPV	is	the	preferred	treatment	for	SDB	when	surgery	fails	
or	in	obese	children	and	those	with	craniofacial	anomalies.	
However,	it	provides	only	a	temporary	solution	rather	than	
a	cure.

•	 CPAP	therapy	is	adequate	for	most	children	with	OSAS	who	
require	NIPPV.

•	 Poor	adherence	and	compliance	are	the	major	barriers	to	
successful	treatment.

•	 Objective	measurement	of	adherence	by	the	new	
generation	of	ventilators	is	recommended.

•	 Methods	to	improve	compliance	and	adherence	are	most	
important	and	include	education,	training	and	behavioral	
intervention.	However,	even	with	an	optimal	start,	
compliance	and	adherence	to	treatment	decline	
significantly	over	time.	Hence,	long-term	follow-up	and	
support	using	both	subjective	and	objective	measures	are	
essential	for	treatment	success.

•	 There	are	limited	data	on	long-term	outcome	of	NIPPV	in	
pediatric	SDB.	Recent	data	suggest	improvement	also	in	
neurobehavioral	function.

•	 The	gold	standard	for	NIPPV	titration	for	children	remains	
full-night	polysomnography.	The	role	of	auto-adjustable	
techniques	for	titration	and	for	first-line	use	in	children	
needs	further	research.

Mask leak directed to the eyes may cause conjunctival irrita-
tion and even conjunctivitis. Skin sores and bruising mainly 
at the nose bridge are not uncommon and might be prevented 
by using a well-fitting mask, alternating between different 
masks and applying colloid dressing to protect the bridge of 
the nose. Therefore, determination of the minimum pressures 
required to eliminate apneas and hypopneas is important. In 
some children who have difficulties or side effects that limit 
the use of the nasal mask, especially those with nasal side 
effects, a whole-face (nose and mouth) mask may be success-
fully used. However, gastric distention and the concern of 
vomiting into the mask should be taken into consideration, 
especially in small children. Another option is nasal prongs 
that may be more adaptable to certain children. Nares irrita-
tion is, nevertheless, more common. Pressure on the maxilla 
from the mask influencing facial development may occur. 
Facial deformities, malocclusion and mid-facial hypoplasia 
have been reported as side effects of NIPPV in children, 
although they are probably rare. Monitoring of facial develop-
ment and growth is important when using NIPPV masks in 
young children.

As mentioned, mask size may need to be changed as the 
child grows. There are relatively few sizes available for chil-
dren. Experience from the UK shows that children com-
plained of frequent minor discomforts in case of forehead 
soreness or air leaks, but they responded to simple treatments 
such as a change of mask size or type, the use of skin cream 
or protective tape to alleviate skin irritation, and passive 
humidification in the case of nasal dryness.37 Particular prob-
lems with NIPPV application occur in children with cranio-
facial anomalies who use NIPPV as a bridging treatment, 
particularly after they undergo neurosurgery and facial surger-
ies, since surgical scars and sites may prevent mask and pres-
sure application in the postoperative period.

Nasal congestion might result from the direct pressure 
applied and from exacerbation of allergic rhinitis which is 
common in children with SDB. The use of topical steroids 
has been reported with conflicting results and may be used 
mainly in atopic children. A 1-month, placebo-controlled 
adult study failed to show any beneficial effect of nasal ster-
oids.67 Humidifiers may also improve both mucosal dryness 
and nasal congestion.

Aspiration has been mentioned as a risk; however, this is 
rather a theoretical complication. The potential risk is, 
however, increased in children using a full-face mask. Infec-
tious complication is a concern using humidifiers.68 The 
importance of regular cleaning and instructions should be 
emphasized to parents.

CONCLUSION

The body of evidence regarding treatment of children with 
SDB with NIPPV is rapidly growing, and parallels the 
increasing need for this treatment modality. New ventilators 
and ventilation modalities are being introduced and, therefore, 
expanded knowledge and practice with these machines and 
the tailoring of the best modality and settings to the patient 
will be required from pediatric sleep specialists. To optimize 
adherence and outcomes, the impact of education, training 
and continuous support of the patient and family cannot be 
overemphasized.
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INTRODUCTION

Adenotonsillar hypertrophy has been identified as the major 
pathophysiological factor in the causation of upper airway 
obstruction in pediatric obstructive sleep apnea (OSA). Over 
the last few decades, novel immunological techniques have 
enabled identification of some of the specific tonsillar cells 
underlying inflammatory immune responses in specific con-
textual settings; however, the exact mechanisms leading to the 
adenotonsillar cell proliferation are still not fully understood.1 
It is apparent that a combination of structural and neuromus-
cular abnormalities contributes to the occurrence of OSA in 
children.2 Tonsils and adenoids continue to grow from birth 
to 12 years of age, with the greatest increase in size during 
the ages of 2 and 8, a process that is paralleled by the sur-
rounding structures that constitute the upper airway. During 
this period of time, the gradual growth in the size of the 
skeletal boundaries of the upper airway and the occurrence of 
disproportionate growth of adenoids and tonsils relative to the 
other upper airway structures will result in a relatively nar-
rower upper airway, even if, as mentioned, the growth of all 
structures during this period is parallel to each other.3 The 
relative physiological narrowing of the upper airway space in 
children is, however, compensated by the activation of the 
upper airway muscles and through increased central ventila-
tory drive, preventing the excessive upper airway collapsibility 
when compared to adults.4 As such, OSA only occurs when 
the interaction between the anatomical restriction and the 
neuromuscular reflexes fails to preserve airway patency, a 
state-dependent process, since it does not occur during 
wakefulness.

Nevertheless, the size of the adenoids and tonsils plays a 
significant role in the severity of OSA.5,6 This excessive tissue 
enlargement can be induced by proliferation of specific cel-
lular components and is due to various isolated or recurrent 
bacterial or viral infections as well as exposure to environmen-
tal irritants such as allergens, cigarette smoke and air 
pollution.7–11 The location of the adenoids and tonsils at the 
entrance of the respiratory and alimentary tracts positions 
them as the first site of contact with a variety of microorgan-
isms and antigenic substances that are present in food and 
inhaled air, resulting in proliferation and growth in these 
organs.

Currently, surgical extirpation of these tissues is the first 
line of treatment for either recurrent infection or pediatric 
sleep apnea;12 however, the efficacy of adenotonsillectomy has 
recently been challenged, with informal assessments of strik-
ing reductions in estimated success rates to less than 30% of 
all cases,13,14 further intensifying the need for developing non-
surgical therapeutic options more than ever.

Inflammation in Pediatric OSA
Since adenotonsillar hypertrophy and hyperplasia are the 
primary causes of OSA in children, the mechanisms leading 
to the enlargement of these complex lymphoid structures has 
been a main focus of investigation among researchers in the 
field. The earlier studies were primarily focused on assessment 
of bacterial infections as the underlying cause of recurrent 
tonsillitis and as contributing factors to recurrent chronic 
otitis media and their epidemiological links with adenotonsil-
lar hypertrophy.15–19 Since then, different theories have 
evolved, particularly in relation to the development of ade-
notonsillar hypertrophy that underlies OSA in children. 
Indeed, current opinion surmises that a low-grade systemic 
inflammation is present in addition to local upper inflamma-
tion in pediatric OSA. Multiple studies have investigated the 
cause and effect of mechanical vibration due to intermittent 
collapse and occlusion of the upper airway manifested by 
snoring as a potential primary source of inflammation in chil-
dren with OSA. In this context, localized inflammation of the 
upper airway tissue would occur as a result of continuous and 
periodic mechanical insult due to tissue vibration and intra-
luminal pharyngeal pressure swings from the repeated upper 
airway obstructive events.20,21 Thus, the initiation of mild 
snoring would promote inflammation that would progres-
sively aggravate the snoring, leading to a vicious cycle of 
disease progression. Although this theory is definitely attrac-
tive, there is no available epidemiological evidence supporting 
such a temporal trajectory of progressive worsening of OSA 
in children. Indeed, the time course of disease initiation and 
progression has yet to be investigated. Some investigators 
argue that snoring-related mechanical trauma to the soft 
palate and uvula may not be the sole factor underlying upper 
airway inflammation considering the fact that both nasal and 
oropharyngeal mucosal inflammation are also present in 
patients with OSA, and that the nasal mucosa is not subjected 
to repeated snoring-induced injury.22–24 Conversely, the alter-
nations between hypoxia and re-oxygenation could produce 
excessive free radicals mediated through several intracellular 
pathways that potentially will lead to both local and systemic 
inflammation.25 Another possible mechanism that has been 
advanced links early life infections with respiratory viruses  
as eliciting enduring immune cell-mediated amplificatory 
memory responses that will be triggered upon exposure to 
inhaled stimuli such as environmental pollution or recurrent 
viral infections.26

Thus, the mechanisms leading to the initiation, generation, 
and propagation of inflammatory processes within the upper 
airway among various age groups will definitely require  
more extensive investigation than simply just the evidence 
that is presented above.
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the nasal mucosa and the lungs.45,46 The leukotrienes B4 and 
the Cys LTs, C4, D4, and E4 can mediate inflammation in 
both the upper and lower airways by binding to Cys Lt recep-
tors, although LTB4 has 2 cognate receptors that exhibit 
much higher affinity to this leukotriene. A considerable 
overlap and interdependency between asthma and OSA47–49 
as well as compelling evidence of the favorable effect of CYS 
LT1-R antagonists in reducing inflammation in children with 
inflammatory conditions such as asthma and allergic rhini-
tis,50,51 suggested a potential role for leukotriene modifiers in 
the management of pediatric OSA.

Assessment of the LT1-R and LT2-R expression in tonsils 
and adenoids of children with OSA compared to children with 
recurrent infectious tonsillitis without OSA revealed higher 
protein expression levels of LT1-R and LT2-R, along with a 
distinct topographical pattern of distribution, suggesting that 
different mechanisms promoting inflammation are operational 
in OSA versus infection-induced tonsillitis.52 In this context, it 
would appear that leukotrienes may contribute to the higher 
proliferative pattern of upper airway lymphoid tissues than is 
present in the generation of adenotonsillar hypertrophy that 
characterizes the majority of children with OSA. Indeed, immu-
nohistochemical characterization of germinal centers in tonsils 
of children with OSA showed a peripheral location of LT1 
receptor (Figure 36-1), which might be due to either its occur-
rence during late stages of maturation of lymphoid tissues or, 
as proposed by others, LT1-R-positive cells might have migrated 
from the vasculature to occupy sites within the tonsils, where 
their activation may be of functional importance.53 The initial 
characterization of heightened expression of leukotrienes and 
their receptors in the adenoids and tonsils of OSA patients was 
subsequently confirmed by Kaditis and colleagues who showed 
that tonsils of children with OSA display an enhanced expres-
sion of cysteinyl leukotriene receptors in T lymphocytes without 
an associated increase in serum hsCRP concentrations.54 Of 
note, an increased preponderance of CD8-positive lymphocytes 
is present in tonsils of children with OSA (see Figure 37-1). 
Increased concentrations of either LTB4 or LTC4/D4/E4 in 
the adenotonsillar tissues of children with OSA could promote 
upper airway lymphoid hypertrophy/hyperplasia when com-
pared with children with recurrent infectious tonsillitis.55 
Up-regulation of LT1-R and LT2-R expression could poten-
tially promote tonsillar enlargement in children with OSA by 
promoting the proliferation or the pro-inflammatory activity of 
T-cell lymphocytes within the tonsillar and adenoidal tissues.56 
Of note, increases in leukotriene concentrations LTB4 and 
LTC4/LTD4/LTE4 are readily identified in the exhaled breath 
condensates of children with OSA.57 Interestingly, and similar 
to children, LTB4 concentrations were also found to be elevated 
in the exhaled condensates of adults with OSA and appear to 
be correlated with the severity of OSA.58

To further assess the effects of LTD4 and several LT recep-
tor antagonists on lymphoid tissue proliferation, Gozal  
and colleagues developed a mixed-cell culture model using 
freshly dissociated tonsils or adenoids harvested during ade-
notonsillectomy from children with polysomnographically 
diagnosed OSA or recurrent tonsillitis. Cellular proliferation 
and release of inflammatory cytokines were assessed in cell 
culture supernatants using standard enzyme-linked immuno-
sorbent assays.59,60 In this ex vivo model, LTD4 elicited dose-
dependent increases in adenotonsillar cell proliferation that 
were markedly enhanced in children with OSA.

EVIDENCE OF LOCAL UPPER AIRWAY AND SYSTEMIC 
INFLAMMATION IN PEDIATRIC OSA

In adults with OSA, increased concentrations of pro-
inflammatory markers such as interleukin-6 and 8-isopentane, 
and oxidative stress markers have been reported in the exhaled 
upper airway condensate.27–29 Higher levels of nuclear factor 
kappaB-dependent genes such as tumor necrosis factor-alpha 
(TNF-α) and interleukin 6 (IL-6) are also present,30 and 
treatment of OSA with continuous positive airway pressure 
was associated with reductions in serum levels of high-
sensitivity C-reactive protein (hsCRP) and IL-6 concentra-
tions,31 while local airway inflammation was improved, as 
evidenced by reduced numbers of neutrophils.32 Thus, adults 
with OSA present evidence of both local (i.e., upper airway) 
and systemic low-grade inflammatory changes.

What about children? Since the initial study by Tauman 
and colleagues, who reported increased plasma hsCRP levels 
in children with OSA compared to controls, multiple studies 
have corroborated such findings.33 Interestingly, improved 
hsCRP levels and cardiovascular markers after effective treat-
ment of OSA were also demonstrated.33–36 Recent studies 
further suggest that variances in the hsCRP levels or in poly-
morphisms within the NADPH oxidase gene or its functional 
subunits such as p22phox, both of which reflect systemic 
inflammatory responses, appear to account for important 
components of the differences in cognitive function deficits 
associated with OSA in children.36–38 Thus, the degree of 
systemic inflammation and oxidative stress may play a major 
contributor to the presence of morbidity in children with 
OSA and, as a result, targeting of such pathways may provide 
a viable therapeutic strategy towards prevention of end-organ 
morbidity.37,38

Another significant contributor to the pathophysiology of 
pediatric OSA and the treatment outcomes is obesity, which 
should be viewed as yet another systemic inflammatory condi-
tion. The rather accelerated increase over the last two decades 
in the prevalence of pediatric obesity has led to substantial 
changes in the cross-sectional demographic and anthropo-
metric characteristics of the children who are referred for 
evaluation of suspected OSA.39,40 Obesity is a proven and 
definitive risk factor that operates in a synergistic fashion 
among children at risk for OSA, and such interactions  
could, in fact, reflect augmented activation of inflammatory 
pathways.41–43 Thus, considering the deleterious consequences 
of OSA in children if left untreated, the use of therapeutic 
agents towards reduction in inflammation or specific oxidative 
stress may yield to reverse or palliated morbidities.

The evidence of local inflammatory processes within the 
upper airway of children with OSA is not as well established 
and has not been as thoroughly investigated. Here, the author 
will review the few selected pathways that have thus far gained 
attention in pediatric OSA, namely leukotriene and glucocor-
ticoid pathways.

LEUKOTRIENE AND LEUKOTRIENE RECEPTORS

Cysteinyl leukotrienes are major mediators of inflammation 
in both humans and animals, and serve as potent neutrophil 
chemoattractants and activators.44 The cysteinyl leukotriene 
receptors 1 and 2 are expressed on several tissues including 
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Leukotriene modifiers could also be considered as a direct 
therapeutic option in mild OSA as an alternative to T&A.10 
A recent randomized double-blind, placebo-controlled trial 
with oral montelukast in children with mild OSA showed 
significant improvements in apnea index and in adenoid 
size.64

GLUCOCORTICOID RECEPTORS AND 
CORTICOSTEROIDS IN PEDIATRIC OSA

Corticosteroids (CS) are frequently used by pediatricians for 
clinical management of conditions such as asthma, allergic 
rhinitis; however, the favorable response is somewhat uneven 
in children with asthma, suggesting that some of these chil-
dren may exhibit differential sensitivity to the activity of CS, 
a phenomenon that was initially ascribed to differences in 
glucocorticoid receptor (GCR) subtype expression (i.e.,  
the expression of CS-sensitive GCRα expression was domi-
nant as opposed to the presence of GCRβ expression). 
Furthermore, reduced ligand binding to corticosteroids,  
single nucleotide polymorphisms in GCR gene, or defects in 
GCR translocation to the nucleus and binding to the 
glucocorticoid-binding response element account for a frac-
tion of corticosteroid-resistant asthma.65–70 Among other 

On the other hand, LT antagonists exhibited dose-
dependent reductions in adenotonsillar cellular proliferation 
rates, with montelukast showing superior potency compared 
to the other antagonists tested, suggesting that LT-dependent 
pathways underlie components of the intrinsic proliferative 
and inflammatory signaling pathways and play a significant 
role in adenotonsillar hypertrophy in children.61

Interestingly, the cell substrates mediating the hyperplastic 
responses of these tissues demonstrate a T-cell preponderance 
of proliferation of CD3-, CD4-, and CD8-positive lym-
phocytes in OSA, while B-cell lymphocytes were more likely 
to be proliferative in RI.54,60 Circulating levels of LTB4 and 
Cys LT were also found to be elevated in children with mild 
and moderate to severe OSA compared to controls, and 
decreased after treatment.62

Therefore, based on the aforementioned studies, it is plau-
sible to conclude that lipoxygenase-dependent pathways are 
involved in the pathophysiology of OSA in children, and may 
serve as targets for treatment of this condition, particularly in 
selected subgroups of children. Improving the severity of 
residual OSA after adenotonsillectomy with leukotriene 
antagonists was shown as an effective approach, justifying  
the use of leukotriene receptor antagonists as potential 
adjuncts to pre- and to post-T&A in pediatric OSA, in an 
effort to improve the outcomes associated with this surgery.63 

Figure 36-1 Immunihistochemical stains of a tonsil from a child with OSA showing the disproportionate abundance of T-cell lymphocytes, particularly 
CD8-positive lymphocytes, and the high level of expression of leukotriene receptors in the peripheral regions surrounding the germinal centers. 
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respiratory disturbance, as well as the size of the adenoids 
relative to the airway, and this beneficial effect persisted for 
at least 8 weeks after cessation of the therapy.81 Such findings 
were substantiated using meta-analytical approaches that ulti-
mately confirmed that long-term safety and efficacy data are 
unavailable.82

Therefore, the use of topical CS appears justified as a viable 
therapeutic option in otherwise healthy children with mild 
OSA, but larger and more pointed trials are needed to address 
issues such as efficacy in younger and older children, the 
usefulness of CS in obese children, and appropriate and 
optimal timing of such interventions in the context of other 
therapies.

identified mechanisms for resistance to CS, a reduction in 
histone deacetylase (HDAC)-2 activity and expression, 
impaired glucocorticoid receptor activity (GCR) and increased 
pro-inflammatory signaling pathways could all be operational. 
Both GCRα and GCRβ are expressed in adenotonsillar 
tissues of children with OSA, are significantly abundant and 
demonstrate specific topographic patterns within the germi-
nal centers. In addition, the high GCRα:GCRβ ratios found 
in all tissues analyzed further indicate a favorable therapeutic 
response profile for topical corticosteroid therapy in snoring 
children with adenotonsillar hypertrophy.71 Therefore, there is 
little if any reason to anticipate that upper airway lymphad-
enoid tissues exhibit resistance to treatment with CS. In a 
series of experiments, Gozal and colleagues assessed the cel-
lular proliferation rates and apoptotic rates using the above-
mentioned mixed cell model of dissociated tonsils or adenoids 
harvested intraoperatively from children. In vitro treatments 
were conducted with three selected corticosteroids, namely 
dexamethasone (DEX), fluticasone (FLU), and budesonide 
(BUD). All three compounds reduced cellular proliferation 
rates, and exhibited dose-dependent effects. In addition, 
increased apoptosis among T-cell lymphocytes and significant 
reduction in TNF-α, IL-8 and IL-6 concentrations in the 
supernatants were observed, suggesting the likelihood of suc-
cessful treatment of pediatric obstructive sleep apnea with CS 
topical application. Of note, the available cumulative experi-
ence with CS use in the treatment of pediatric OSA is quite 
limited, and will be reviewed below.72

In a very early study by Demain and Goetz, a small number 
of children with chronic obstructive nasal symptoms were 
randomly assigned to an 8-week, double-blind, placebo-
controlled crossover study of standard-dose aqueous nasal 
beclomethasone followed by a 16-week, open-label intranasal 
beclomethasone.73 This trial resulted in significant improve-
ments in obstructive symptom scores as well as in adenoidal 
hypertrophy, suggesting a favorable outcome for use of topical 
CS in children with OSA that was primarily due to adenoton-
sillar hypertrophy.73 However, the latter study did not include 
sleep studies, and a pilot open-label study using short-term 
(5-day) oral prednisone in prepubertal children with OSA 
yielded no improvements in either clinical symptomatology 
or in adenotonsillar size.74

In a subsequent randomized triple-blind study, the efficacy 
of topical intranasal steroids in treating 25 children with poly-
somnographically proven moderately severe OSA who were 
scheduled for adenotonsillectomy was assessed. Although sig-
nificant reduction in overall respiratory abnormalities was 
observed, the indices of adenoidal and tonsillar sizes remained 
unchanged, suggesting that inflammatory components are 
important contributors to upper airway collapsibility.75 In 
addition, an open-label study of nasal budesonide adminis-
tered for 4 weeks reported sustained effect of intranasal ster-
oids even months after discontinuation of CS therapy.76

Several subsequent studies have reported on the beneficial 
effect of another topical CS, i.e., mometasone furoate, on 
adenoid size; however, the authors in this study did not objec-
tively evaluate breathing patterns during sleep.77–79 In addi-
tion, reductions in cytokines were also reported.80 In a recent 
randomized, double-blind controlled trial with a crossover 
design, intranasal budesonide was administered at bedtime for 
a total of 6 weeks’ duration, and was shown to substantially 
either reduce the severity of mild OSA or normalize sleep 

Clinical Pearls

•	 Pediatric	obstructive	sleep	apnea	(OSA)	is	primarily	the	
result	of	inflammatory	processes	in	the	upper	airway	that	
involve	hyperplasia/hypertrophy	of	the	adenoids	and	
tonsils,	and	is	primarily	treated	by	surgical	removal	of	these	
tissues	(T&A).

•	 T&A	is	likely	to	reduce	the	severity	of	OSA	in	most	cases	but	
is	rarely	curative;	furthermore,	there	is	no	consensus	as	to	
the	AHI	cut-off	value	that	represents	a	clear-cut	indication	
for	T&A.	Therefore,	alternative	non-surgical	therapeutic	
options	in	milder	cases	of	OSA	should	be	considered.

•	 Increased	expression	of	leukotrienes	and	their	receptors	is	
associated	with	increased	proliferation	of	upper	airway	
lymphoid	tissues.	Therefore,	leukotriene	modifiers	are	
emerging	as	potentially	useful	agents	in	the	treatment	of	
mild	pediatric	OSA.

•	 The	glucocorticosteroid	receptor	expression	patterns	in	
adenotonsillar	tissues	suggest	a	high	likelihood	for	
favorable	responses	to	corticosteroid	treatment	of	pediatric	
OSA,	and	this	assumption	has	now	been	corroborated	by	a	
small	number	of	randomized	double-blind	controlled	trials.

•	 Although	the	effect	of	anti-inflammatory	therapy	in	
pediatric	OSA	has	only	been	evaluated	in	a	small	group	of	
patients,	the	encouraging	results	support	the	need	for	
randomized,	larger-scale	prospective	and	well-controlled	
trials.
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EPIDEMIOLOGY AND HISTORY

In 1970, Dr. Robert Mellins described the first congenital case 
of primary central alveolar hypoventilation, and reviewed 30 
postnatally acquired central hypoventilation reported cases in 
his seminal publication entitled, Failure of Automatic Control 
of Ventilation.1 Until then, all reported cases of central hypo
ventilation were considered as acquired, and were attributed 
to abnormalities of the central nervous system (e.g., encepha
litis or focal medullary abnormality). This now classic case 
report described a newborn boy of normal birth weight, who 
cried at birth and demonstrated improved ventilation with 
crying, but was persistently cyanotic while in the nursery, 
without identifiable etiology after thorough diagnostic work
up. He improved with negativepressure ventilation therapy  
while initially hospitalized, and was subsequently surgically 
implanted with phrenic nerve electrodes stimulated via radio
frequency transmitter (phrenic nerve diaphragm pacing). 
Since the pacing was unsuccessful, he succumbed to heart 
failure and died at 14 months of age. Despite the therapeutic 
failure,1 diaphragmatic pacing in congenital central hypoven
tilation syndrome (CCHS) has become more refined, takes 
into consideration multiple factors, and is an ideal method of 
artificial ventilation in the appropriate CCHS candidate.2 
However, the authors provide a compelling description of the 
physiologic compromise the child suffered during various 
states, the ventilatory response to exogenous hypercarbic chal
lenge, and also describe some of the sequelae of chronic inad
equate ventilatory support.

While many case reports followed, it was not until 1992 
that Dr. WeeseMayer and colleagues described the first rela
tively large cohort of 32 CCHS cases with description of 
associated findings (Hirschsprung disease, ophthalmologic 
abnormalities, growth deficiency) and outcomes.3 In this 
cohort, the authors found that about one third died, a third 
required awake and asleep ventilatory support, and the other 
third required sleeponly ventilatory support. In 1999, the first 
American Thoracic Society (ATS) statement on CCHS esti
mated the existence of at least 160–180 cases worldwide.4 
Further, this publication increased awareness of this rare con
dition, introduced the concept of autonomic nervous system 
(ANS) dysregulation (ANSD), and suggested the existence of 
a genetic basis for CCHS.4 Subsequently, candidate gene 
studies focused on the ANS pathways.

A major breakthrough occurred in 2003 with the discovery 
that PHOX2B gene mutations were present among CCHS 
patients in French,5 American,6 and Japanese cohorts.7 The 
PHOX2B gene is located on chromosome 4, is a transcription 
factor that plays a key role in embryologic development of the 
autonomic nervous system,8,9 and the genetic abnormality is 
inherited in an autosomal dominant pattern.6,10 Race and 

gender are not expected to influence inheritance or severity  
of illness. The development of clinically available diagnostic 
testing allowed for earlier and more definitive diagnosis of 
CCHS with a consequent increase in the number and fre
quency of identified cases.

In 2010, the second ATS statement on CCHS was pub
lished and estimated at least 1000 living children with CCHS 
worldwide11 and suggested this number to represent an under
estimate since those patients with milder CCHS phenotypes 
are likely to be missed. The 2010 ATS statement also reiter
ated the clinical criteria for diagnosis of CCHS and intro
duced the requirement for identification of PHOX2B gene 
mutations for the definitive diagnosis of CCHS. Over the past 
decade, mortality and morbidity of CCHS appear to have 
improved with introduction of genetic testing because of the 
ability for early, definitive diagnosis that allows for early intro
duction of chronic artificial ventilatory support, facilitates 
parental acceptance of diagnosis and provides empowerment 
in the context of prenatal testing, and allows for anticipatory 
guidance and insight into prognosis based on specific type of 
PHOX2B mutation. However, specific studies are lacking to 
conclusively demonstrate the improved outcomes associated 
with earlier detection and recognition.

PRESENTATION AND DIAGNOSIS

The majority of individuals with CCHS presents in the 
newborn period with signs of alveolar hypoventilation result
ing in hypoxemia and hypercarbia, which are most apparent 
during sleep, and are usually not accompanied by any associ
ated increases in respiratory rate or arousal.4 CCHS should 
be considered if an intubated individual requires minimal 
pressure (suggesting normal lung compliance) and is unable 
to tolerate decreases in ventilator rate settings and/or experi
ences unexpected failed extubations associated with absent 
cardiorespiratory and behavioral responses to ensuing physi
ologic compromise. PHOX2B genetic testing should be 
immediately performed while evaluation of other potential 
etiologies for the alveolar hypoventilation are being pursued 
– exclusion of pulmonary, cardiac, or neuromuscular disease 
and brainstem lesions. If feeding intolerance or constipation 
is present, then evaluation for Hirschsprung’s disease should 
also be considered. Associated pathology and the spectrum of 
ANSD can include decreased heart rate variability,12 abrupt 
sinus pauses,13 decreased pupillary responses to light,14 
decreased basal body temperature, esophageal dysmotility, 
constipation, and altered diaphoresis.4,11,15 These subtle symp
toms may be difficult to identify unless specifically sought.

Patients presenting outside of the newborn period are 
called ‘lateonset’ CCHS (LOCCHS). Although the delayed 
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recurrent hypoxemia and/or hypercarbia. Based on rodent 
studies and fMRI in humans, the following regions pertinent 
to respiratory control show PHOX2B expression in the pons 
and medulla of the brainstem: locus coeruleus, dorsal respira
tory group, nucleus ambiguus, and parafacial respiratory 
group, among other areas. Physiologic evidence suggests that 
the respiratory failure in these children is mostly based on 
defects in central mechanisms, but peripheral mechanisms 
(mainly carotid bodies) also are important.19

The majority of PHOX2B mutations causing CCHS are de 
novo events with a subset of cases that are inherited in an auto
somal dominant manner6 from an affected parent (typically, 
genotype 20/25) or parent with somatic mosaicism,20 even very 
lowlevel mosaicism (5%)21 which may note be identified with 
commonly available sequencing tests.20,21 Germline mutation 
has been described in one case report,22 emphasizing the 
importance of genetic counselling and prenatal testing.

Overall, these findings emphasize the importance of 
requesting PHOX2B testing, with particular attention being 
given to the testing method. Table 37.1 provides indications 
and limitations of the clinically available genetic testing 
methods. A threestep process is generally recommended that 
includes fragment analysis (screening test), sequencing, and 
multiplex ligationdependent probe amplification (MLPA). 
Since the most common genotypes are PARMs, the majority 
of mutations (≈90%) will be identified using fragment analy
sis. Fragment analysis should be performed using assays that 
amplify the GCrich areas in order to detect polyalanine 
regions expanded to 30–33 repeats.23 Sequencing is the most 
commonly available testing method and will identify all 
NPARMs and the majority of PARMs. With normal results 
from both the screening and sequencing tests and with con
tinued clinical suspicion of CCHS, MLPA should be per
formed to identify large deletions or duplications involving 
exon 3 of the PHOX2B gene.

PHOX2B-GENOTYPE/CCHS-PHENOTYPE 
ASSOCIATION

Since discovery of PHOX2B mutations as the mechanism for 
CCHS, there has been growing evidence of a clear, albeit  
not absolute, relationship between severity of each of the 
clinical features and the specific PHOX2B mutation. While 
most evidence available has been in the context of the most 
common PHOX2B genotypes (namely, 20/25, 20/26, and 
20/27), in general, findings suggest that the longer PARMs 
and NPARMs will result in a more severe clinical phenotype. 
Uncovering these associations has been vital to advancing 
clinical care through anticipatory guidance and focused 
screening.

Respiratory Control and Ventilatory Dependence
Individuals with CCHS have monotonous respiratory rates 
with absent/attenuated increase in minute ventilation in 
response to hypoxemia and/or to hypercarbia and absent/
attenuated asphyxia perception which places them uniquely at 
risk for adverse and detrimental consequences in the context 
of otherwise routine activities (swimming, exertion, alcohol 
intake). Evaluation of respiratory control in individuals with 
CCHS has been a longstanding curiosity for physicians and 
scientists, but the number of investigations that include the 

diagnosis may be attributable to subclinical rather than 
absence of symptoms, alveolar hypoventilation often becomes 
readily apparent in the context of an instigating event, such 
as exposure to sedation/substances that decrease the level of 
consciousness or following an acute pulmonary process such 
as pneumonia that requires an increase in respiratory drive. 
With careful, comprehensive review of medical history in 
these individuals, subtle signs and symptoms of disordered 
respiratory control from infancy may be uncovered.

At any age, if there is clinical suspicion of alveolar hypo
ventilation, it behooves the clinician to expedite diagnosis by 
documenting its presence, and by seeking a more definitive 
diagnosis through detection of a PHOX2B mutation in order 
to avoid potential devastating events resulting in compro
mised neurocognitive outcome or even death. Furthermore, 
delay in diagnosis and institution of artificial ventilatory 
support can also result in development of cor pulmonale, 
polycythemia, and seizures.

PAIRED-LIKE HOMEOBOX 2B (PHOX2B)  
AND GENETIC TESTING

The PHOX2B gene consists of three exons; the third exon has 
two polyalanine repeat regions of which the larger polyalanine 
repeat region normally has 20 alanines on each allele. There
fore, the PHOX2B genotype in a normal individual would 
be indicated as ‘20/20.’ Ninety percent of CCHSassociated 
PHOX2B mutations are due to heterozygous polyalanine 
repeat expansion mutations (PARM) with expansions from 
24 to 33 alanine repeats on the affected allele (resulting geno
types 20/24 – 20/33).11 Of these, the most common PHOX2B 
PARMs are genotypes 20/25, 20/26, and 20/27.16 PHOX2B 
mutations that do not consist of polyalanine expansions are 
referred to as nonpolyalanine expansion repeat mutations 
(NPARM), and may include frameshift, nonsense, and mis
sense mutations. More recently, whole exon deletions have 
been identified as causing CCHS in <1% of cases, though 
these cases may just have components of the full CCHS 
phenotype in regards to respiratory control deficit and ANSD 
features.17

The variable PHOX2B gene mutations result in variable 
levels of physiologic dysfunction at the cellular level including 
(1) altered regulation of genes involved with ANS develop
ment such as dopamine beta hydroxylase (DBH),10 (2) altered 
localization of PHOX2B protein such that it is found in the 
cytoplasm instead of nucleus of the cell, and (3) altered/absent 
DNA binding of the PHOX2B protein due to aggregate 
formation which also interferes with the activity of the normal 
PHOX2B protein.10,18 These different mechanisms of cellular 
dysfunction will ultimately determine the severity of each 
patient’s clinical features, thereby leading to the strong  
interest in clarifying PHOX2Bgenotype/CCHSphenotype 
associations.

Early MRI studies and autopsies were unremarkable in 
individuals with CCHS. More recent investigations utilizing 
functional MRI (fMRI) and diffusion tensor imaging (DTI) 
in a small cohort with suspected CCHS (PHOX2B genetic 
testing was not performed in all subjects) found brainstem 
changes in areas known to mediate central chemosensitivity.19 
The neuroanatomic defects in CCHS are likely the result of 
focal loss of PHOX2B expression along with consequences of 
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Autonomic Nervous System Dysregulation (ANSD)
The spectrum of ANSD that appears to be specific to CCHS 
includes pupil abnormalities,27 decreased heart rate variabil
ity,28 altered esophageal and gastrointestinal motility, decreased 
pain perception, and altered diaphoresis.15 Of these manifes
tations, PHOX2B genotype has a clear, linear relationship 
with pupillary diameter and pupillary responses to light such 
that longer PARMs have increasing miosis and decreasing 
pupil responses to light.27

ANS tissue pathology due to absent development of gan
glion cells in the gastrointestinal tract (Hirschsprung’s disease; 
HSCR) or to development of tumors from sympathetic  
tissue (tumors of neural crest origin) have commonly been 
described in CCHS cases. HSCR has been reported in 
87–100% of individuals with NPARMs in contrast to 13–20% 
of those with PARMs.10,11,29 Of those with PARMs, those 
with the 20/27 genotype have the highest occurrence of 
HSCR, while no cases of HSCR have been reported in indi
viduals with the 20/25 genotype. Tumors of neural crest origin 
include neuroblastomas, ganglioneuromas, and ganglioneu
roblastomas that are found in the chest and abdomen in 
paraspinal ganglia or the adrenal glands. In individuals with 
NPARMs neuroblastoma is the predominant tumor type. Of 
those with PARMs, ganglioneuromas and ganglioneuroblas
tomas have been reported in children with the 20/29 – 20/33 
genotypes, while the risk for neuroblastoma in PARMs is 
unknown.10,29

Neurocognitive Outcome
Neurocognitive evaluation in children with CCHS has been 
described in small cohorts, but only one study has been com
pleted since introduction of PHOX2B testing.30 Zelko and 
colleagues30 evaluated formal neurocognitive results in 20 
genetically confirmed CCHS cases and found mean fullscale 
intelligence quotient of 84.9 and no apparent relationship 
between genotype and severity with wide variability in results 

PHOX2B genotype is limited.24 All patients with CCHS 
demonstrate hypoventilation while asleep and must be pro
vided with artificially supported ventilation. The mildest res
piratory phenotype is generally found in individuals with the 
20/24 and 20/25 genotype, often requiring sleeponly ventila
tory support11 because of adequate (though potentially not 
fully normal) awake spontaneous breathing. Accordingly, 
some individuals with the 20/25 genotype and all those chil
dren with the 20/24 genotype will present outside of the 
newborn period. Individuals with the 20/26 genotype are 
expected to have variable awake ventilatory requirements and 
may become more easily compromised with activity. Individu
als with 20/27 genotype and NPARMs generally require con
tinuous ventilatory support.11,23 Because of the few cases with 
genotypes 20/28 – 20/33, it is not yet clear if the pattern of 
longer PARM results in incremental severity of respiratory 
control deficits in this group.

Cardiac Sinus Pause and Pacemakers
WeeseMayer and colleagues found a clear, linear relationship 
between the most common PARMs and RR interval of 3 
seconds or greater such that none was found in those children 
with 20/25 genotype, 19% were present in those patients with 
20/26 genotype, and 83% of patients with 20/27 genotype.24,25 
However, it is possible that the prolonged sinus pauses in  
the individuals with 20/25 genotype will develop later in  
life during adulthood.26 Along with increase in the proportion 
of individuals with prolonged sinus pauses by genotype  
(for genotypes 20/25, 20/26, and 20/27), there is also an 
increase in the average R–R interval duration and in the 
number of patients requiring cardiac pacemaker implanta
tion.25 There have been no reports of cardiac pacemaker 
implantation and/or prolonged sinus pauses in CCHS patients 
with NPARM, but this may be due to the small numbers of 
individuals with NPARMs and the wide variability of muta
tions in this group.

TESTING METHOD INDICATION TYPE OF MUTATION DETECTED IF RESULTS ARE NORMAL, 
THEN

Fragment analysis First step in identifying CCHS in 
proband

All PARM (24–33 alanines on affected 
allele)

Large NPARM (35 or 38 base pair 
deletions)

Somatic mosaicism

In proband, consider 
sequencing

Parental testing if child has PARM

Prenatal testing if sibling has 
PARM

Sequencing test Second step if there is continued 
clinical suspicion of CCHS

All NPARM
Majority of PARM

Consider fragment analysis if 
it has not been completed

If there is a high suspicion for 
NPARM (such as individuals 
with Hirschsprung’s disease or 
tumor of neural crest origin)

Multiplex ligation-dependent 
probe amplification (MLPA)

Third step if continued clinical 
suspicion of CCHS

Large deletion of full exon 3
Full exon duplication

No further testing is indicated 
if fragment analysis and 
sequencing have already 
been completedParental testing if child has 

deletion or duplication

Table 37.1  Clinically Available PHOX2B Testing for Individuals with Suspected Congenital Central Hypoventilation 
Syndrome (CCHS) and Parents of Affected Children

A three-step process is recommended for identifying PHOX2B mutation in an individual with suspected CCHS.
PARM, polyalanine expansion repeat mutation; NPARM, non-polyalanine expansion repeat mutation.
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of suspicion should remain in those individuals at risk based 
on PHOX2B genotype.

With early diagnosis and conservative management, indi
viduals with CCHS are not only surviving into adulthood, but 
now have potential for improved quality of life and excellent 
neurocognitive outcome.

SUMMARY

Congenital central hypoventilation syndrome is a fascinating 
disorder of respiratory control and autonomic dysregulation 
with wide variability in disease severity, elicited by mutations 
of the PHOX2B gene. Over the past decade, increased interest 
from both basic scientists and clinicians has led to improved 
understanding of the underlying mechanisms and significance 
of PHOX2B mutations in CCHS. Investigation of genotype–
phenotype associations has revealed that, in general, disease 
severity increases with longer PARMs and with NPARMs. 
Clinically available PHOX2B genetic testing facilitates diag
nosis of those with neonatal onset, very mild phenotypes 
(LOCCHS), somatic mosaicism, and allows for parents and 
clinicians to make betterinformed decisions.

(standard deviation, 23.9), but these findings are limited 
because of multiple factors related to suboptimal medical 
management that may play a role in neurocognitive 
outcomes.

MANAGEMENT

Congenital central hypoventilation syndrome is a lifelong 
disorder for which artificial ventilatory support is the mainstay 
of care and for which there are unique considerations in ven
tilatory management in the context of disordered respiratory 
control. Comprehensive, inpatient physiologic evaluations at 
centers of expertise are recommended every 6 months for 
children less than 3 years of age, and annually thereafter.11 
These evaluations are intended to facilitate, not replace, care 
provided by a primary pulmonologist because management of 
children with CCHS is complex. The comprehensive evalua
tions should include assessment of ventilatory requirements 
during varying levels of activity while awake and during all 
stages of sleep, exogenous ventilatory challenges, 72hour 
Holter monitoring, neurocognitive performance, and age
appropriate autonomic testing.11 With improvements in tech
nology for home monitoring and home ventilation, individuals 
with CCHS are anticipated to have improved survival and 
quality of life.

For those <1 year of age, optimal ventilation is provided via 
tracheostomy with portable home mechanical ventilation. In 
the older child, noninvasive positive (or negative) pressure 
ventilation or diaphragmatic pacing may be considered, but 
should be pursued under careful scrutiny and consideration. 
Noninvasive positivepressure ventilation (NPPV) is difficult 
for longterm use and not ideal in children because of risk of 
development of midface hypoplasia. Diaphragmatic pacing 
is ideal for ambulatory children (>2 years of age) who require 
daytime ventilatory support, allowing them the freedom to 
explore their environment without the mechanical ventilator 
tether. A few of the many important considerations for dia
phragm pacing include: inability of the child to undergo MRI 
once internal components of the pacemaker system are 
implanted, risk of injury to internal components is highest 
with the subcutaneously implanted disklike receiver, decan
nulation should be implemented with caution after initiating 
use of diaphragm pacers because of development of upper 
airway obstruction with each negativepressure breath.2 
Regardless of mode of ventilatory support, all individuals  
with CCHS must have home pulse oximetry and endtidal 
carbon dioxide monitoring (with home nursing supervision) 
to allow for tight control of oxygen and carbon dioxide levels 
via mechanical ventilator adjustments and because outward 
signs without objective measures can lead to devastating 
events.11

The sinus pauses found in individuals with CCHS are 
abrupt in onset and can occur while awake. Based on Holter 
recordings, if R–R intervals of 3 seconds or greater are found, 
then cardiac pacemaker placement should be considered in 
order to reduce the risk of neurocognitive delays and sudden 
death, but formal recommendations for this unique popula
tion are not yet covered by the American Heart Association 
guidelines for pacemaker implantation.31,32 Hirschsprung’s 
disease should be investigated with rectal biopsy in any indi
vidual with clinical signs/symptoms of HSCR and a high level 

Clinical Pearls

•	 Diagnosis	of	congenital	central	hypoventilation	syndrome	
(CCHS)	is	based	on	the	presence	of	alveolar	hypoventilation	
in	the	absence	of	primary	neuromuscular,	lung,	or	cardiac	
disease,	or	an	identifiable	brainstem	lesion	that	can	account	
for	the	full	phenotype	and	identification	of	a	PHOX2B	
mutation.

•	 The	most	common	PHOX2B	mutations	are	heterozygous	
polyalanine	expansion	repeat	mutations	(PARM)	with	
genotypes	20/25,	20/26,	and	20/27	(normal	genotype	
20/20).	Identification	of	the	type	of	PHOX2B	mutation	can	
facilitate	anticipatory	management	in	individuals	with	
CCHS.

•	 Close	monitoring	of	end	tidal	carbon	dioxide	and	oxygen	
saturation	levels	are	essential	for	those	with	CCHS	–	
because	of	the	intrinsic	respiratory	control	deficit,	the	
patient	will	not	sense	or	demonstrate	signs	of	ensuing	
physiologic	compromise.

•	 Individuals	with	CCHS	often	develop	hypoxemia	and/or	
hypercarbia	during	routine	activities	of	daily	living	(eating,	
drinking,	playing,	running)	and	with	drowsiness	(prior	to	
sleep	onset).	Therefore,	evaluation	must	include	the	awake	
state	and	can	be	performed	at	centers	with	expertise	in	
disorders	of	respiratory	control.
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EPIDEMIOLOGY AND HISTORY

The first case of rapid-onset obesity with hypothalamic  
dysfunction, hypoventilation, and autonomic dysregulation 
(ROHHAD) was described in 19651 as a 3.5-year-old boy who 
developed signs of hypoventilation within 9 months of onset 
of rapid weight gain. The hypoventilation did not improve with 
weight loss, suggesting a distinction from Pickwickian syn-
drome (now known as obesity hypoventilation syndrome). 
Furthermore, this child developed a transient central diabetes 
insipidus indicating hypothalamic dysfunction. Accordingly, 
the case was described as the first patient with alveolar hypo-
ventilation and hypothalamic disease. It was not until 2000 
that the possibility of a distinct syndrome was evoked and called 
late-onset central hypoventilation syndrome with hypothalamic 
dysfunction (LO-CHS/HD)2 with description of a new case 
and review of the 10 existing cases in the literature.

Although children with ROHHAD can present with 
obstructive sleep apnea after development of obesity, the  
condition is markedly distinct from obstructive sleep apnea 
hypoventilation syndrome3 and obesity hypoventilation syn-
drome in which chronic obstructive sleep apnea with resulting 
overnight hypercarbia, hypoxemia, and frequent arousals leads 
to daytime awake hypoventilation, hypoxemia, and daytime 
sleepiness. The management of these disorders involves relief 
of the obstruction, which would be expected to resolve the 
hypoventilation and daytime sleepiness completely. In con-
trast, relief of the upper airway obstruction in ROHHAD 
children often unveils the presence of the underlying primary 
central alveolar hypoventilation.

Congenital central hypoventilation syndrome (CCHS) is a 
disorder of the autonomic nervous system (ANS) that is 
similar to ROHHAD such that respiratory control and ANS 
dysregulation (ANSD) are key features.4 In contrast to 
ROHHAD, CCHS is often diagnosed in the newborn period, 
but milder cases of CCHS can go undiagnosed even until 
adulthood. These later-presenting cases of CCHS can poten-
tially lead to some confusion in distinguishing cases of 
ROHHAD from CCHS. However, within the past decade a 
genetic basis was identified for CCHS, allowing rapid, objec-
tive diagnosis of CCHS, providing a definitive distinction 
from cases of ROHHAD.

In 2007, a cohort of 23 ROHHAD cases was described 
and found not to have congenital central hypoventilation syn-
drome (CCHS)-associated PHOX2B mutations.5 With inten-
tion to facilitate early diagnosis, the acronym ROHHAD was 
created at this time. Specifically, the rapid weight gain was 
most often the presenting sign. In 2008, a new acronym, 

ROHHADNET, was introduced because of the finding of 
neural crest tumors.6 These authors described six cases, all 
with ganglioneuromas. The difficulty with this acronym is 
that only a subset of patients (33–40%)5,7 with ROHHAD 
will develop these tumors, which may lead to missed diagno-
sis. Despite the confusion due to multiple names/acronyms 
for the same disorder and the high occurrence of cardiorespi-
ratory arrest (50–60%),5,6,8 there has been a dramatic increase 
in reported cases since 2007. Currently, it is estimated that 
there are at least 100 children worldwide affected by 
ROHHAD. It is not yet clear whether any particular popula-
tion is at greater risk for developing ROHHAD.

DIAGNOSIS AND PRESENTATION

The diagnosis of ROHHAD is currently based on clinical 
criteria (Table 38.1): (1) rapid-onset obesity and alveolar 
hypoventilation starting after the age of 1.5 years, (2) evidence 
of hypothalamic dysfunction, as defined by ≥1 of the follow-
ing findings: rapid-onset obesity, hyperprolactinemia, central 
hypothyroidism, disordered water balance, failed growth 
hormone stimulation test, corticotropin deficiency, or altered 
onset of puberty (delayed or precocious), and (3) absence of 
PHOX2B mutation (to genetically distinguish ROHHAD 
from CCHS). Since a single diagnostic test is not yet available 
for ROHHAD, it is essential to be attentive to the clinical 
presentation and course, which should include cooperative 
consultation by experts in the fields of respiratory, endocrine, 
and autonomic medicine.

One of the most remarkable features of ROHHAD is that 
affected children appear to be completely normal prior to the 
onset of symptoms. Most often, the first sign is a dramatic, 
unexplained weight gain,5 which occurs anywhere between 1.5 
to 7 years of age. With variable timing, the affected child will 
then develop further signs of hypothalamic dysfunction. Evi-
dence of hypothalamic dysfunction can potentially be found 
with laboratory investigation guided by a pediatric endo-
crinologist. Hypoventilation can also be found soon after 
presentation of rapid-onset obesity or even years later.5 
Presentation of hypoventilation can include episodes of 
hypoxemia during sleep, cyanosis while awake (without asso-
ciated respiratory distress), and most often cardiorespiratory 
arrest. Features of ANSD may occur early or late in the course, 
as there appears to be wide variation in age at onset, but tend 
to be less threatening and more difficult to identify due to 
limited availability of objective measures of ANSD for use  
in children.

Chapter 
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Mandatory for 
diagnosis

Rapid-onset obesity 20–40 pounds gain over 6–12 months after 1.5 years of age (typically between 3 and 9 years of age)
Alveolar hypoventilation Absent or attenuated respiratory and behavioral response to hypercarbia and/or hypoxemia during 

sleep and wakefulness

≥ 1 of the following Hypothalamic dysfunction Rapid weight gain 
Disordered water balance (altered vasopressin secretion) with sodium derangement
Failed test of growth hormone stimulation
Hyperprolactinemia
Precocious or delayed puberty
Corticotropin deficiency
Central hypothyroidism

Supportive 
findings

Autonomic nervous 
system dysregulation

Mydriasis with decreased pupillary response to light
Vasomotor dysregulation (cold hands/feet)
Thermal dysregulation (severe hyper- or hypothermia)
Bradycardia
Gastrointestinal dysmotility (constipation or diarrhea)
Altered diaphoresis

Other neurologic features Tumors of neural crest origin (sympathetic tumors)
Decreased pain perception
Behavioral or mood problems (flat affect, inability to detect social cues, in severe cases psychosis)
Altered circadian rhythm; hypersomnolence
Seizures (potentially due to sodium derangement, hypercarbia, and/or hypoxemia)

Table 38.1  ROHHAD Phenotypic Spectrum and Diagnostic Criteria

COMPREHENSIVE EVALUATION AND MANAGEMENT

As soon as ROHHAD is considered as a potential diagnosis, 
it is essential that all relevant systems be evaluated to identify 
the degree to which each is affected. Initial evaluation should 
include screening endocrinology blood work, overnight poly-
somnography (PSG) to determine if there are signs of obstruc-
tive sleep apnea and/or hypoventilation (with hypoventilation 
becoming more apparent upon follow-up PSG after the 
obstruction is resolved), computed tomography (CT) of chest 
and abdomen to screen for neural crest tumors, MRI of the 
head to rule out other etiologies of central hypoventilation, 
and cardiac evaluation (echocardiogram to screen for cor pul-
monale, 24-hour Holter recording to screen for bradycardia). 
Since disease progression varies for each affected child, it is 
generally recommended to have yearly comprehensive evalu-
ations, but evaluations may need to occur more frequently if 
there appears to be rapid disease progression (as may occur 
early in the course).

Since ROHHAD affects multiple systems, successful man-
agement involves coordinated multidisciplinary care primarily 
involving the pediatrician, sleep medicine physician, pulmo-
nologist, and endocrinologist. Over the course of the disease, 
multiple other subspecialists may be actively involved and can 
include cardiologists, intensivists, otolaryngologists, surgeons, 
gastroenterologists, neurologists, ophthalmologists, psycholo-
gists, and psychiatrists.9 As there is no cure for ROHHAD, 
key to management are close monitoring and symptomatic 
treatment based on the affected systems.

Obesity and Hypothalamic Dysfunction
The hypothalamic dysfunction seen in ROHHAD patients 
should be evaluated and treated by a pediatric endocrinologist 
and care individualized (as there is wide variability of hypoth-
alamic dysfunction in those affected with ROHHAD). Typi-
cally between 1.5 and 7 years of life, a child with ROHHAD 
will demonstrate a dramatic weight gain (20–40 pounds) 
within 6–12 months and with associated hyperphagia. The 

obesity should be controlled with diet and exercise, often 
requiring very strict calorie restriction. Because of the risk of 
developing hypoxemia and hypercarbia with exertion, recom-
mendations should start with only mild exertion along with 
close monitoring. Formal testing should be performed to 
identify the safe level of exertion and type of support required, 
based on end-tidal carbon dioxide and pulse oximetry values 
recorded during exercise. Routine or expected complications 
of obesity should also be considered and include development 
of non-alcoholic steatohepatitis, hyperlipidemia, and diabetes 
mellitus.

Evaluation for other hypothalamic abnormalities can 
include prolactin level (hyperprolactinemia), cortisol levels 
(rule out Cushing’s disease), thyroid panel (central hypothy-
roidism), growth factors, fasting arginine vasopressin levels 
(partial diabetes insipidus or SIADH), and other focused 
testing relating to altered onset of puberty and corticotropin 
deficiency. These can develop soon after onset of obesity or 
even years later. Therefore, repeated testing is required. 
Accordingly, treatments may include a strict fluid intake 
regimen and/or DDAVP, hormone replacement, and more.

Hypoventilation
Hypoventilation is the most insidious and life-threatening 
feature, requiring proactive and repeated investigation, ideally 
including awake and asleep endogenous and exogenous ven-
tilatory challenges. Specifically, evaluation should include 
response to endogenous challenges while asleep and sponta-
neously breathing in various conditions (sitting up, supine, 
sleep onset, and within sleep). Since awake ventilatory  
needs will vary, respiratory evaluation should also include 
endogenous ventilatory challenges (assessment of spontane-
ous breathing during typical activities of daily living such  
as playing, running, and eating, among others) and exogenous 
ventilatory challenges (response based on exposure to hyper-
oxia, hyperoxia/hypercarbia, hypoxemia/hypercarbia, and 
hypoxemia). Despite multiple case reports that clearly dem-
onstrate abnormal chemoreception, systematic evaluation of 
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Other Neurologic Features
Other features that can develop in children with ROHHAD 
include behavioral problems (blunt affect, emotional lability, 
or even psychosis), developmental delay which may be sec-
ondary to recurrent episodes of hypoxemia or cardiorespira-
tory arrest, and seizures (which may also be secondary to 
hypoxemia). Annual neurocognitive testing is recommended 
as an early and objective marker of effectiveness (or compliance) 
with ventilatory management or development of progressive 
neurologic decline. Concomitant mood and behavior prob-
lems may prevent completion of formal neurocognitive testing 
and may even be so severe that medical care, including initiat-
ing ventilator support, can be compromised.

SUSPECTED ETIOLOGY

Since ROHHAD affects seemingly normal children, etiologic 
investigations may provide insight into maturational mecha-
nisms of the hypothalamus, ANS, and respiratory control. 
More promising is that the clinical course is variable between 
and within each affected child, suggesting a plasticity, which 
if identified, can potentially lead to substantive treatments. 
Currently, there are several hypothesis and lines of investiga-
tion into the etiology of ROHHAD.

Genetic/Epigenetic
The similarities between the ROHHAD phenotype and 
CCHS suggest that the etiology of the ROHHAD syndrome 
may involve mutations in genes known to be important to  
the development or regulation of the ANS. Furthermore, 
since ROHHAD demonstrates a wider spectrum of systems 
involved than CCHS, an alternate pathway involved in ANS 
and hypothalamic development is likely to be involved. 
However, to date, candidate gene analyses by Sanger sequenc-
ing in several studies (Table 38.2) have failed to identify any 
disease-causing or disease-associated mutations.5,7,11 The eti-
ologies of several diseases have now been shown to be based 
on, related to, or associated with aberrant epigenetic pattern-
ing including atherosclerosis, Prader–Willi syndrome, Angel-
man syndrome, schizophrenia, bipolar disorder, and several 
forms of cancer.12–16 The existence in some of these diseases 
of relatively late age of onset and peaks of susceptibility, dis-
cordance of monozygotic twins and major fluctuations on the 
course of disease severity can be at least partially explained by 
epigenetic phenomena. Since all of these epigenetically sug-
gestive features are seen in ROHHAD, interest in the epige-
netics of ROHHAD has increased. Current investigation into 
possible genetic and epigenetic mechanisms in ROHHAD is 
underway.

carbon dioxide chemoreception in ROHHAD cohorts has yet 
to be formally evaluated and published.10

All children with ROHHAD develop alveolar hypoventila-
tion as demonstrated by inability to increase rate and/or depth 
of breathing in response to hypoxemia and/or hypercarbia. 
Therefore, artificial ventilatory support is mandatory at some 
point in the course of the disease for those with ROHHAD. 
From one of the largest cohorts with detailed physiologic 
evaluation, it appears that about half (7 of 15 cases) required 
tracheostomy and 24-hour/day ventilatory support and that 
the remaining half (8 of 15 cases) were supported with over-
night mask ventilation.5 It is important to note that the sever-
ity of respiratory control deficit may evolve over time and is 
often exacerbated by the mechanical effects of obesity (decrease 
in functional residual capacity, restrictive lung disease). Other 
methods of artificial ventilatory support such as phrenic nerve 
diaphragm pacing may have limited success due to the associ-
ated morbid obesity.

Home monitoring for children with respiratory control 
deficits is distinctly more conservative than other chronically 
ventilated children because of the absent or attenuated physi-
ologic, behavioral, and arousal responses to hypoxemia and 
hypercarbia. With development of physiologic compromise, 
there would be an absence of outward signs and the only 
means of determining adequate ventilation and oxygenation 
would be with objective measures from a pulse oximeter and 
end-tidal carbon dioxide monitor. Ideally, children with 
ROHHAD should have both awake and asleep home moni-
toring since they will not be able to sense or adequately 
respond to a developing respiratory challenge (acute respira-
tory illness, increased activity, or even with eating).

Autonomic Nervous System Dysregulation
At some point, all patients with ROHHAD develop signs of 
ANSD. These include ophthalmologic abnormalities such as 
mydriasis and attenuated pupil response to light, strabismus, 
altered gastrointestinal motility (commonly leading to chronic 
constipation), altered thermoregulation (leading to extreme 
hypothermia <92° Fahrenheit and/or hyperthermia >104° 
Fahrenheit), decreased pain sensation (increasing risk of self 
injury), bradycardia (even <40 bpm necessitating cardiac 
pacemaker), altered diaphoresis, and altered peripheral per-
fusion (suggesting vasomotor dysregulation). ANSD requires 
symptomatic treatment. For example, the altered thermoregu-
lation requires careful monitoring of body temperature and 
adjustment of ambient temperature. Chronic constipation can 
be easily controlled with stool softeners.

ANS testing is limited in children and may only include a 
comprehensive review of ANS symptoms. Depending on the 
child’s ability to cooperate, the ANS testing may also include 
pupillometry, heart-rate-deep-breathing, Valsalva maneuver, 
tilt test, orthostatic response, quantitative sudomotor evalua-
tion, and pulse wave velocity analysis.

A subset of cases with ROHHAD (33–39%)5,7 develops 
tumors of neural crest origin such as ganglioneuromas or 
ganglioneuroblastomas. These can be found in the paraspinal 
area along the sympathetic chain or in the adrenal gland, and 
most often require only surgical removal, but should be 
managed in consultation with an oncologist. If initial CT or 
MRI of chest and abdomen has been performed, yearly 
screening can include chest radiograph, ultrasound of adrenals, 
and urine catecholamines.

GENES ASSOCIATED SYSTEM REFERENCE

HTR1A, OTP, PACAP Hypothalamic 11

NECDIN 7

ASCL1 Neuroendocrine 7

PHOX2B Autonomic 5

TRKB, BDNF Neuronal development 5

Table 38.2  Candidate Genes Previously Tested in 
ROHHAD Cohorts
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Paraneoplastic/Autoimmune
Several investigators have hypothesized that a secondary phe-
nomenon, such as an autoimmune process or paraneoplastic 
syndrome, may be responsible for ROHHAD.7,9,17–21 Paraneo-
plastic conditions result from secondary autoimmune responses 
to the presence of a tumor in the body and can be successfully 
treated with immunosuppressive therapy and/or tumor 
removal. Tumors of neural crest origin are known to lead to 
paraneoplastic conditions, and are found in a subset of 
ROHHAD patients. Additionally, broad clinical improve-
ment was observed in a recent reported ROHHAD case 
treated with an immunosuppressive drug.19 However, as this 
case did not present with the hypoventilation as normally seen 
in ROHHAD, it is unclear whether this treatment will prove 
effective in typical cases of ROHHAD, and how the treat-
ment could affect long-term prognosis. Additionally, tumors 
are only identified in a subset of ROHHAD cases, and there-
fore a paraneoplastic phenomenon is not likely to explain the 
majority of ROHHAD cases. Further, tumor removal has not 
been found to dramatically alter the phenotype of these cases, 
as would be expected in a strictly paraneoplastic condition. 
Therefore, the development of ROHHAD may involve a 
‘two-hit’ phenomenon, i.e., genetic predisposition coupled 
with development of a paraneoplastic process.

CONCLUSION

Previously known as late-onset central hypoventilation  
syndrome with hypothalamic dysfunction (LO-CHS/HD), 
ROHHAD is an acronym intended to facilitate early diagno-
sis and describe the evolving clinical course. Considering the 
multi-system involvement, these children are best served with 
coordinated, multi-subspecialist care. With early initiation of 
treatment and conservative management, outcome in these 
children can be optimized, including excellent neurocognitive 
function, quality of life, and potentially normal life span.

Clinical Pearls

•	 Diagnosis	of	ROHHAD	is	based	on	development	of	rapid	
weight	gain	(20–40	pounds	within	6–12	months)	and	
alveolar	hypoventilation	(with	absence	of	PHOX2B	
mutation)	after	1.5	years	of	age	in	addition	to	evidence	of	
hypothalamic	dysfunction.

•	 Considering	the	multi-system	involvement,	these	children	
are	best	served	with	coordinated,	multi-subspecialist	care.

•	 Individuals	with	ROHHAD	often	have	an	evolving	clinical	
course	and	benefit	from	repeated	evaluations	at	centers	
with	expertise	in	disorders	of	respiratory	control.

•	 Since	the	etiology	of	ROHHAD	is	still	elusive,	there	is	no	
cure	for	ROHHAD.	Therefore,	management	of	ROHHAD	
cases	is	based	on	careful	monitoring	and	symptomatic	
treatment.
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Chapter 39 Disorders of Arousal
Gerald M. Rosen
Disorders of arousal constitute a clinical spectrum of behaviors that occur during incomplete 
wakings from sleep. They vary from mild (a child who quietly sits up in bed, mumbles briefly, and 
then lies back down and returns to sleep) to major (the adolescent who has a sudden arousal that 
begins with a bloodcurdling scream followed by headlong flight, with no concern regarding safety). 
All of the disorders of arousal share a common pathophysiology and have many similarities in family 
history, genetic predisposition, timing during the sleep cycle, and clinical features. This group of 
disorders comprises some of the most common and (for parents) disturbing sleep problems seen in 
children.

Chapter 40 REM Behavior Disorder
Stephen H. Sheldon and Darius A. Loughmanee
REM behavior disorder, or REM motor parasomnia (RMP), is rare in children. This disorder is typified 
by abnormal behaviors occurring during REM sleep that may cause injury to the child or others. 
Symptoms can include talking, laughing, shouting, gesturing, flailing, punching, kicking, sitting up, 
leaping from the bed, crawling, or running. This chapter reviews the presentation, comorbid states, 
and treatment of RMP, and discusses the means of differentiating it from NREM parasomnias.

Chapter 41 Other Parasomnias
Harsha Kumar and Sindhuja Vardhan
Parasomnias can be seen in children. It is very important to obtain a good history and, when 
required, obtain sleep studies and other tests to rule out disease conditions that can be seen along 
with parasomnias. Good sleep hygiene is important for management of many parasomnias. Patients 
should be advised to allow at least 7–8 hours of sleep and maintain a consistent sleep–wake cycle. 
Creating a safe sleep environment is very important and should include secure windows and doors, 
sleeping on a low bed to minimize injury from falls and electronic alarm devices to alarm the family 
members if the patient is leaving the room. Bed alarms for patients with incontinence are beneficial. 
Resist awakening sleepwalkers as it can worsen the situation; instead, take them back to bed. It is 
most crucial to identify the underlying disorders and triggers for the parasomnia, which need to be 
addressed appropriately.

SECTION 

IVPARASOMNIAS
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INTRODUCTION

Parasomnias represent a broad group of sleep disorders that 
are defined as undesirable phenomena occurring predomi-
nantly during sleep, first described by Broughton.1 These sleep 
disorders are of great interest to sleep specialists, primary care 
providers, and patients (and their parents) because this group 
comprises some of the most common and bizarre sleep prob-
lems seen in children. Disorders of arousal are the most 
common of the parasomnias seen in children. Disorders of 
arousal are defined similarly by the Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition (DSM-V)2 and the 
International Classification of Sleep Disorders, 3rd edition 
(ICSD-3).3 Both classification schema define subtypes: sleep-
walking, confusional arousals and sleep terrors.

CLINICAL DESCRIPTION

The clinical features common to most children experiencing 
any of the disorders of arousal include the timing during the 
nighttime sleep cycle, misperception of and unresponsiveness 
to the environment, automatic behavior, a high arousal thresh-
old, varying levels of autonomic arousal, and (on waking after 
an event or in the morning) variable retrograde amnesia. The 
disorders of arousal typically begin abruptly at the transition 
from the first period of the deepest phase of non-REM 
(NREM) sleep (slow-wave sleep, stage N3) of the night 
(Figures 39.1 and 39.2), which accounts for the typical timing 
60 to 90 minutes after sleep onset at the end of the first sleep 
cycle. The duration of each event can vary from less than 1 
minute to over 30 minutes. In most cases, the arousal termi-
nates with the child returning to sleep without ever fully 
awakening. Although only a single event usually occurs on a 
given night, some children may have multiple ones. When 
there are multiple events, they often will recur at 60- to 
90-minute intervals during the night, corresponding to sub-
sequent transitions out of slow-wave sleep at the end of each 
subsequent ultradian sleep cycle, though the arousals may 
occur at any time during the night. Successive events on the 
same night tend to be progressively milder.

Although the clinical manifestations of the disorders of 
arousal occur along a spectrum, for ease of description and to 
establish a common nomenclature, the DSM-V and ICSD-3 
have divided the spectrum of arousal disorders into three 
distinct entities: sleepwalking, confusional arousals, and sleep 
terrors; however, in the pediatric literature, no clear distinction 
is generally made between confusional arousals and sleep 
terrors. Confusional arousals are much more common in chil-
dren, especially in young children. Sleep terrors occur much 
less frequently, are more violent, and typically occur in older 
children and adolescents. At the mildest end of the clinical 
spectrum, a child will simply awaken from sleep, sit up in bed, 
look around briefly, lie back down, and return to sleep. These 
arousals are rarely noticed unless the child sleeps with a parent. 
This type of arousal is usually not characterized as a problem 
by parents and is seldom brought to the attention of the child’s 

physician. These arousals may be noted as an incidental 
finding in children who are studied by overnight polysomnog-
raphy for other reasons. At the other end of the spectrum are 
sleep terrors, which are the most dramatic and least common 
of the disorders of arousal. They are seen more often in older 
children and young adults. The events usually begin precipi-
tously with the child bolting upright with a scream. There is 
generally a high level of autonomic arousal. The eyes are 
usually open, the heart is racing, and often there is diaphoresis 
and mydriasis. The facial expression is one of intense fear. A 
youngster may jump out of bed and run blindly as if to franti-
cally avoid some unseen threat.

Sleepwalking
The presentation of sleepwalking is similar at all ages. At a 
minimum, there is a partial arousal from sleep with some 
ambulation. The young child may simply awaken and crawl 
about in the crib before returning to sleep; such events may 
go unnoticed unless the child sleeps with another family 
member. An older child may get up and walk to the parents’ 
room, or he may simply be found asleep at a location different 
from where he went to bed, with no recollection of having left 
his bed. Some inappropriate behavior, such as urinating in the 
closet or next to the toilet, is common. A sleepwalking child 
may be easily led back to bed, with little evidence of a com-
plete awakening and no recall of the event the next day. 
Sleepwalking can be triggered in most children by simply 
standing them up within the first few hours of sleep onset. 
Because the child is unaware of their environment during a 
sleepwalking episode, they may be injured or put themselves 
into dangerous situations during a quiet sleepwalking episode.

Sleepwalking is common in children, as documented in two 
large, population-based studies by Klackenberg4 in Sweden, 
and Laberge and Petit5,6 in Quebec. Klackenberg studied a 
group of 212 randomly selected children in Stockholm, lon-
gitudinally from ages 6 to 16 years. The prevalence of quiet 
sleepwalking (occurring at least once during the 10-year data 
collection period in this group) was 40%. The yearly incidence 
varied from 6% to 17%, although only 3% had more than one 
episode per month. In Klackenberg’s study, the sleepwalking 
persisted for 5 years in 33% of children and for over 10 years 
in 12%.

Laberge5 and Petit et al.6 studied 2675 randomly selected 
children in Quebec who were part of the Québec Longitudi-
nal Study of Child Development conducted by the Québec 
Institute of Statistics . The parents completed a yearly sleep 
questionnaire regarding the presence of parasomnias in their 
children from 2.5 to 13 years of age. Occasional or frequent 
sleepwalking was present in 14% of the children at some time 
during that period. The yearly incidence of sleepwalking, as 
shown in Table 39.1, varied from 2.5% to 7.5%. Table 39.2 
describes the ages of onset and offset of sleepwalking and 
confusional arousals/night terrors . In the majority of these 
children, the sleepwalking began and ended between the ages 
of 3 and 13 years. At 13 years of age 3% of the children were 
still sleepwalking. There was no gender difference in sleep-
walking prevalence. In the studies of Laberge, Petit and 

Chapter 

39 Disorders of Arousal
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Figure 39-1 Polysomnogram of a disorder of arousal that occurred precipitously out of slow-wave sleep(NREM 3). 

Figure 39-2 Idealized sleep hypnogram showing ultradian rhythm through the night. NREM–REM cycles are approximately 90 minutes; the majority of SWS 
occurs early in the sleep period, and the majority of REM sleep occurs late in the sleep period. Disorders of arousal generally occur during the transition out of 
SWS (asterisks). NREM, non-REM; REM, rapid eye movement; SWS, short-wave sleep. Rosen GM, Ferber R, Mahowald MW: Evaluation of parasomnias in children. 
Child Adolesc Psychiatr Clin North Am 1996;5:601–616.
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infant may be described simply as crying inconsolably. These 
arousals are common in infants and toddlers. The child is 
typically described as appearing confused, with the eyes open 
or closed. These events can last anywhere from a few minutes 
to over 1 hour, with 5 to 15 minutes being typical. Even if the 
child calls for the parents, the child often does not recognize 
them. Even vigorous attempts to wake the child are often 
unsuccessful. Holding and cuddling usually do not provide 
reassurance; instead, the child often resists, twists, and pushes 
away and may become more agitated. It is the parents’ inabil-
ity to comfort their child, who appears to be in great distress, 
that is often of the greatest concern to them.

In the studies of Laberge5 and Petit,6 there was no distinc-
tion between confusional arousals, sleep terrors, and night 
terrors. However, from the age distribution and the descrip-
tion of the events, the current nomenclature would character-
ize these as confusional arousals. In the Laberge and Petit 
studies, the prevalence of confusional arousals between the 
ages of 2.5 and 6 years was 39.8% (see Table 39.1). The yearly 
incidence was 19.9% at age 2.5 years , 11.3% at age 6 years, 
3.8% at 11 years of age, and 1.2% at 13 years of age . In 85% 
of the children the confusional arousals first appeared between 
the ages of 3 and 10 years, and in the majority of these  
children, they disappeared before the age of 10 years (see 
Table 39.2). The confusional arousals persisted beyond 13 
years of age in 6.7% of the children.

In the studies of Laberge, Petit, and Klackenberg, sleep-
walking and confusional arousals were often seen in the same 
child at different ages Thirty-six percent of the children with 
sleepwalking in the study of Laberge had confusional arousals 
as preschoolers, and all of the children with confusional arous-
als in Klackenburg’s study had at least one episode of sleep-
walking when they were older.

PATHOPHYSIOLOGY OF DISORDERS OF AROUSAL

Disorders of arousal are best understood as a dissociated state 
during which elements of wakefulness, and NREM sleep 
occur simultaneously resulting in behavior that is neither fully  
awake or fully asleep. This concept, first put forward by 
Mahowald7,8 is consistent with the current understanding of 
sleep neurophysiology. During the disorders of arousal, some 
facets of wakefulness appear during the transition out of slow-
wave sleep. This usually occurs at the end of the first sleep 
cycle. As a consequence, the transition out of slow-wave sleep, 
which is usually behaviorally inapparent, can be dramatic. The 
child appears caught between deep NREM sleep and wake-
fulness. The child’s behavior at this time has elements that we 
associate with wakefulness (walking, talking, crying, running) 
complex motor behaviors) and sleeping (misperception of and 
unresponsiveness to the environment, high arousal threshold, 
amnesia, automatic behavior) occurring simultaneously. The 
EEG during these arousals from sleep is typically character-
ized by a mixture of waking and sleeping rhythms with the 
simultaneous occurrence of alpha, theta, and delta frequencies, 
and suggests that different areas of the brain are in different 
states simultaneously. This dissociated state is inherently 
unstable, and eventually one state is fully declared. In most 
cases, the child appears to simply return to quiet sleep. Alter-
natively, the child may awaken totally but will have no recall 
of the arousal and will usually rapidly return to sleep.

Modified with permission from Laberge L, Tremblay RE, Vitaro F, Montplasir J: 
Development of parasomnias from childhood to early adolescence. Pediatrics 
2000;106:67–74; Petit D, Touchette E, Tremblay R, Boivin M, Montplaisir J: Dysomnias and 
parasomnias in early childhood. Pediatrics 2007;119:e1016–1025.

CA&NT, confusional arousals and night terrors.

AGE SLEEPWALKING (%) CA&NT (%)

2.5 3.3 19.9

3.5 2.5 20.8

4.0 4.1 17.4

5.0 4.8 11.8

6.0 7.8 11.3

11 7.0 3.8

12 6.8 2.3

13 3.3 1.2

Overall 13.8 39.8

Table 39.1  Prevalence of Parasomnias at Various 
Ages in the Same Children

Modified with permission from Laberge L, Tremblay RE, Vitaro F, Montplasir J: 
Development of parasomnias from childhood to early adolescence. Pediatrics 
2000;106:67–74; Petit D, Touchette E, Tremblay R, Boivin M, Montplaisir J: Dysomnias and 
parasomnias in early childhood. Pediatrics 2007;119:e1016–1025.

CA&NT, confusional arousals and night terrors.

AGE SLEEPWALKING (%) CA&NT (%)

2.5
 Onset 22.7 50.1

3.5
 Onset 13.3 25.8
 Disappearance 12.7 15

4.0
 Onset 15.3 12.5
 Disappearance 5.3 19

5.0
 Onset 20.7 6.3
 Disappearance 13.3 20.2

6.0
 Onset 28.0 5.3
 Disappearance 14.7 17.4

11
 Onset 17.2 9.4
 Disappearance 18.1 14.8

12
 Onset 12.9 4.0
 Disappearance 34.5 11.4

13
 Onset 3.5 2.0
 Persisting 24.1 6.7

Table 39.2  Age of Onset and Disappearance of 
Parasomnias at Various Ages in the Same Children

Klackenburg, sleepwalking was frequently seen in those chil-
dren who had confusional arousals at a younger age.

Confusional Arousals/Sleep Terrors
The Confusional arousal/sleep terrors seem bizarre and are 
frightening for parents. The arousal usually starts with some 
movements and moaning, progressing to crying, often in asso-
ciation with intense thrashing about in the bed or crib. An 
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interaction is described in a comprehensive article by Dijk and 
Lockley.18 Adequate sleep duration occurs only when the cir-
cadian and homeostatic systems are fully synchronized. The 
clinical implication of this observation is that a child with an 
irregular and/or chaotic sleep–wake schedule will simply not 
be able to have optimum synchronization of the homeostatic 
and circadian systems; this inevitably leads to sleep disruption 
and sleep deprivation, which may lead to a clinical event in a 
child who may be predisposed to the disorders of arousal.

POLYSOMNOGRAPHY IN DISORDERS OF AROUSAL

Polysomnographic studies have shown that individuals with 
the disorders of arousal, when compared with normal control 
subjects, have no consistent differences in sleep efficiency or 
sleep stage distribution.20 However, there are subtle differ-
ences in the cyclic alternating patterns and arousal rates,21,22 
arousals from slow-wave sleep,22 and slow-wave sleep activity 
delta counts between the sleep of patients with the disorders 
of arousal and that of control subjects.20 These differences are 
the most prominent during the first sleep cycle, which is when 
the disorders of arousal usually occur. There were increased 
numbers of brief EEG arousals from slow-wave sleep, 
decreases in slow-wave sleep activity delta counts at the end 
of the first ultradian cycle, and increases in arousals from the 
cyclic alternating patterns compared with control subjects. 
The subjects for these research studies were carefully screened 
for the presence of sleep-disordered breathing, sleep depriva-
tion, and restless legs syndrome.

Sleep-disordered breathing and restless legs syndrome with 
periodic limb movements have both been identified as triggers 
for disorders of arousal.18,23 In children with these comorbid 
sleep disorders, the disorders of arousal disappeared after 
adenotonsillectomy in the children with sleep-disordered 
breathing and after drug treatment in the children with rest-
less legs syndrome, suggesting that these clinical causes of 
sleep disruption can unmask a disorder of arousal.

Several lines of evidence suggest that the fundamental 
abnormality that underpins the disorders of arousal is the 
instability of slow-wave sleep. This conclusion is supported by 
the clinical observation and experimental evidence that in 
individuals predisposed to the disorders of arousal, an event 
is much more likely to occur after a night of sleep depriva-
tion24 or after sleep fragmentation from sleep apnea or peri-
odic movements of sleep that increases the homeostatic drive 
and would be expected to make an unstable homeostatic 
system more unstable.

CLINICAL EVALUATION OF CHILDREN WITH 
DISORDERS OF AROUSAL

The children described in this chapter will generally present 
with the complaint of unusual nocturnal awakenings. It is 
important to recognize that there are many causes of unusual 
nocturnal awakenings in children. The most important tool 
for evaluating children with unusual nocturnal awakenings is 
a complete sleep and medical history. The sleep history will 
usually allow the clinician to distinguish between the different 
causes of unusual nocturnal arousals and to formulate an 
appropriate evaluation and treatment plan. The facets of the 

The causes of the disorders of arousal are multifactorial. 
Genetic predisposition, homeostatic drive, sleep–wake cycling 
and synchronization, and behavioral and emotional states all 
seem to play some role in the clinical appearance of the disor-
ders of arousal. Of these factors, genetic predisposition is prob-
ably the most important, though the mechanism is unknown. 
Sleep–wake cycling and synchronization are affected by age, 
homeostatic factors, circadian factors, hormones, and drugs. 
Affective disorders, anxiety, and environmental stress have all 
been identified as important factors in the appearance of the 
disorders of arousal in clinical studies,9,10 although the mecha-
nisms by which these factors lead to the arousal is not known.

GENETICS OF DISORDERS OF AROUSAL

A familial predisposition toward the disorders of arousal has 
been recognized since these disorders were first described. 
The genetics of the disorders of arousal has been explored by 
Hublin et al.11,12 and Nguyen et al.13 (in population-based 
twin studies) and also by Lecendreux.14 In Hublin’s retrospec-
tive study of adults the phenotypic variance of sleepwalking 
was attributable to genetic factors at 65%, which he believed 
was the result of many genes, each with minor effects. In 
Nguyen’s study, environmental information was gathered in 
an attempt to understand the relative contribution of genetic, 
shared environmental, and non-shared environmental factors 
leading to confusional arousals in children. They concluded 
that the best explanation was a two-component model with 
44% of the variance explained by genetic factors and 56% of 
the variance explained by non-shared environmental factors. 
These results are consistent with the results of Lecendreux, 
who looked at human leukocyte antigens and sleepwalking. 
The familial predisposition to disorders of arousal may be 
secondary to the familial aggregation of restless leg syndrome 
or sleep-disordered breathing, which are recognized as trig-
gers for disorders of arousal.18 A positive family history of a 
first-degree relative with a disorder of arousal is present in 
60% of the children with a disorder of arousal compared with 
30% in children without disorders of arousal.

SLEEP HOMEOSTASIS AND DISORDERS  
OF AROUSAL

There is good theoretical support and some experimental 
evidence that the familial predisposition toward the disorders 
of arousal is mediated by the genetic control of the of the sleep 
homeostatic process. This process has been shown to be under 
strong genetic control in animal studies.16 Studies in mice 
have demonstrated that sleep loss leads to an increase in 
homeostatic drive, with a change in slow-wave sleep activity 
as measured by delta power, in a dose–response fashion that 
varies with the duration of prior wakefulness and is different 
in different genotypes. A quantitative trait–loci analysis 
revealed that this trait is the product of multiple genes. Human 
EEG studies have also shown that slow-wave sleep and  
EEG slow-wave activity are markers for measuring homeo-
static drive.17–19 Increases in slow-wave sleep and slow-wave 
activity occur after sleep deprivation and decline after sleep. 
The synchronization of the homeostatic and circadian pro-
cesses optimizes the quality of sleep and wakefulness. This 
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Box 39-1  Sleep History

•	 Circadian
•	 Sleep	log	for	2	weeks	(time	in	bed,	sleep	onset,	awakening	

time)	(weekdays/weekends)
•	 Vacation	sleep	schedule
•	 24-hour	daily	schedule	of	activities	(school,	work,	meals,	

play)
•	 Amount	of	light	in	room
•	 Seasonal	variations
•	 Preferred	sleep	time	and	duration

•	 Sleep	Environment
•	 Describe	bedroom	(What	is	in	it?	Who	is	there?	How	much	

natural	light	is	there?	Is	there	a	television	or	radio?)
•	 Sleep	Onset

•	 How	does	the	child	fall	asleep?
•	 Who	is	present	at	sleep	onset	and	what	do	they	do?
•	 Are	there	curtain	calls,	fears,	hypnagogic	hallucinations,	

sleep-onset	paralysis,	restless	legs,	head	banging,	body	
rocking?

•	 Arousals
•	 Time	of	night,	frequency
•	 Triggers,	association	with	injury
•	 Description	of	the	way	in	which	the	arousal	terminates
•	 Level	of	agitation/manner	in	which	the	ambulation	child	

returns	to	sleep?
•	 Association	with	eating	and	drinking,	recall	the	next	day
•	 Level	of	consciousness,	age	of	onset
•	 Duration

•	 Other	Sleep	Behavior
•	 Seizures,	enuresis,	diaphoresis,	restlessness,	snoring,	cough,	

choking,	apnea,	periodic	movements	of	sleep,	vomiting,	
nightmares,	bruxism

•	 Waking	Behavior
•	 Hypnopompic	hallucinations,	paralysis,	headaches

•	 Daytime	Sleep
•	 Naps,	cataplexy,	excessive	daytime	sleepiness,	settings	

where	sleep	occurs
•	 Medical

•	 Neurologic:	Migraine	headaches,	attention-deficit	disorder,	
seizures,	tics,	mental	retardation,	narcolepsy,	
neuromuscular	disease

•	 Psychiatric:	Depression,	anxiety,	dissociative	disorders,	
conduct	disorder,	panic	disorder,	physical/sexual	abuse,	
post-traumatic	stress	disorder

•	 Ear,	Nose,	Throat:	Ear	infections,	ear	effusions,	nasal	airway	
obstruction,	sinusitis,	streptococci	infections

•	 Cardiorespiratory:	Asthma,	cough,	heart	disease,	
pneumonia

•	 Gastrointestinal:	Vomiting,	diarrhea,	constipation,	
swallowing	problems

•	 Growth:	Failure	to	thrive
•	 Allergies:	Milk,	seasonal,	asthma,	eczema
•	 Drug:	Legal/illegal,	prescription
•	 School/behavior:	School/developmental	problems,	

behavioral	problems
•	 Acute	medical	illness

•	 Family	History
•	 Sleep	apnea/snoring
•	 Arousals	(sleepwalking,	confusional	arousals,	night	terrors,	

restless	legs/periodic	movements)
•	 Psychiatric	condition	(depression,	anxiety)
•	 Social	issues	(stress	at	home,	divorce,	family	violence,	drug/

ethyl	alcohol	use)
•	 Narcolepsy,	hypersomnolence
•	 Restless	legs	syndrome
•	 Delayed/advanced	sleep	phase

sleep history that are the most important in the evaluation of 
the disorders of arousal are listed in Box 39.1. Any problem 
that causes sleep disruption, which results in awakenings, or 
affects sleep duration or synchronization can lead to the 
appearance of the disorders of arousal in a child.

There are a number of distinguishing clinical characteristics 
in the histories of children with the disorders of arousal. The 
salient features are listed and discussed below.
• Timing: The first event generally though not always occurs 

about 60–90 minutes after sleep onset. If a second event 
occurs during the night, it typically occurs 90 minutes after 
the first, at the time of the transition out of slow-wave sleep. 
Arousals occurring within 30 minutes of sleep onset, or 
awakening from sleep in the morning, are more likely to 
represent unusual sleep-related seizures.

• Description of the event: The onset can be gradual, with 
sleepwalking and confusional arousals, or sudden, with sleep 
terrors. The behavior during an event is often bizarre and 
may be complex but is not stereotypical. The child is not 
normally responsive to the environment, although he or she 
may be partially responsive. A child will not typically rec-
ognize parents and often cannot be comforted by them. The 
events generally terminate with a return to sleep and without 
a complete awakening.

• Frequency: The frequency of occurrence is highly variable, 
from several times a night to once in a lifetime; multiple 
episodes in a single night may occur but are uncommon.

• Level of consciousness: This child is generally not arousable.
• Memory of event: Most children will have no recall the day 

after the event.
• Daytime sleepiness: Most children have no evidence of 

daytime sleepiness the next day.
• Family history: The family history is often positive in parents 

and siblings for any of the disorders of arousal.
Box 39.2 lists those conditions that mimic the disorders of 
arousal and those that may trigger them. The conditions that 
may mimic the disorders of arousal include seizures, particularly 
nocturnal frontal lobe seizures;25,26 cluster headaches; psychiat-
ric disorders such as nocturnal panic attacks, post-traumatic 
stress disorder, and nocturnal dissociative disorder; nightmares; 
REM sleep behavior disorder; and rhythmic movements of 
sleep. The conditions that may trigger disorders of arousal in a 
child include obstructive sleep apnea, the periodic movements 
of sleep, gastroesophageal reflux, behavioral or psychiatric dis-
orders, sleep deprivation, and an irregular sleep–wake schedule. 
The last two of these are the most common and most easily 
corrected triggers for the disorders of arousal.

The distinction between disorders of arousal and sleep 
related seizures is often difficult to make. The most consistent 
clinical difference between seizures and disorders of arousal 
are that seizures are usually stereotypical events, which can 
occur at any time throughout the night. Seizures occur exclu-
sively during sleep 30% of the time, and may not always have 
abnormal EEG correlates recorded from routine surface 
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children.27,28 Polysomnography using an expanded EEG 
montage was indicated in children to confirm the diagnosis 
of an atypical or potentially injurious parasomnias, to differ-
eentiate a parasomnia from sleep related epilepsy, or to iden-
tify when sleep-disordered breathing or PLMD is believed to 
be contributing to frequent parasomnias or control of seizures. 
Polysomnography was not indicated for the evaluation of chil-
dren with typical parasomnias or confirmed sleep related epi-
lepsy.27,28 The routine use of polysomnography in the 
evaluation of the disorders of arousal is limited because the 
sleep macroarchitecture in children with these disorders is 
generally normal. The primary role of polysomnography in 
the evaluation of children with suspected disorders of arousal 
is to rule out other sleep disorders and nocturnal seizures, 
which may either trigger or mimic the disorders of arousal.

If nocturnal seizures are suspected, based on the history of 
the stereotypical nature or the timing of the arousals through-
out the sleep period or if there is an increased likelihood of 
seizures because of a concomitant neurologic problem, further 
diagnostic studies should be obtained. In most clinical set-
tings, sleep-related seizures can be best evaluated with sleep-
deprived EEG or an overnight study in an EEG telemetry 
unit. These children should be evaluated in a sleep lab only if 
the lab staff are experienced in the diagnosis and treatment of 
sleep-related seizures.

TREATMENT OF CHILDREN WITH DISORDERS  
OF AROUSAL

The most appropriate treatment for the child with a disorder 
of arousal will depend on the diagnosis. Before considering a 
treatment strategy, one must have completed a comprehensive 
medical, neurologic, and sleep evaluation such as the one 
described in this chapter. If the disorders of arousal are 
thought to be the most likely cause of the awakenings, the 
treatment may include some or all of the following recom-
mendations, but one should start with the first five items 
listed, which represent essential components in any effective 
treatment plan for children with the disorders of arousal.
• Education of the parents and their children about the benign, 

self-limiting nature of the disorders of arousal. Discuss the 
pathophysiology of these disorders in a manner that is com-
prehensible to both the child and parents.Child safety is of 
paramount concern in managing children with the disorders 
of arousal. During an event, children can put themselves in 
danger such as by walking out of the house or by running 
into a glass door. In most cases, these concerns can be 
addressed using a simple, commonsense approach. The 
child should not sleep on the upper level of a bunk bed, 
obstructions should be removed from the room, double-
cylinder locks may need to be installed on the doors of the 
house, or a security system (alerting the parents that a door 
or window has been opened) may need to be installed.

• Demystification of the disorders of arousal. The parents often 
misunderstand the problem and fear that the intensity of 
the arousal reflects severe psychological distress.

• Sleep extension and schedule regularization should always be 
considered. Sleep deprivation and an irregular sleep–wake 
schedule are very common problems for children and are 
often causally related to the appearance of these disorders

• Elimination of caffeine if its use is identified.

electrodes , especially in children with nocturnal frontal lobe 
epilepsy.25,26 Evaluation in specialized centers is often neces-
sary to establish the correct diagnosis and to develop an 
appropriate treatment. See Table 39.3 for comparison between 
disorders of arousal and seizures.

POLYSOMNOGRAPHY

The American Academy of Sleep Medicine has published  
a review of the non-repiratory indications for PSG in 

†Conditions	that	trigger	disorders	of	arousal.
*Conditions	that	mimic	disorders	of	arousal.

Box 39-2  Conditions That Mimic or Trigger 
Disorders of Arousal

•	 Neurologic
*Seizures
*Cluster	headaches

•	 Medical
†Obstructive	sleep	apnea
†Gastroesophageal	reflux

•	 Behavioral/Psychiatric
*Conditioned	arousals
*Post-traumatic	stress	disorder
*Nocturnal	dissociative	state
*Nocturnal	panic

•	 Sleep
*Nightmares
*Rhythmic	movements	of	sleep
*Rapid	eye	movement	sleep	behavior	disorders
†Periodic	movements	of	sleep
†Sleep	deprivation
†Irregular	sleep–wake	schedule

CLINICAL 
CHARACTERISTICS

DISORDER OF 
AROUSAL

SEIZURES

Age of onset (typical) 2–10 years Any age

Timing of event 60–90 minutes after 
sleep onset

Any time of night, 
often multiple 
times during night, 
often at sleep onset 
or upon awakening

Sleep stage Arises at end of 
stage N3

Arises out of stage 
N1,N2

Duration 2–60 minutes 1–2 minutes

Description of event Variable, quiet-
agitated

Stereotypical, 
repetitive

Family history Positive Positive for NFLE

EEG/PSG Sudden arousal from 
stage N3, mixed 
alpha, theta, delta, 
OSA/PLMS

Normal, spikes may 
be present, focal or 
generalized

Triggering events OSA, PLMS, fever, 
sleep deprivation, 
irregular sleep

None

Amnesia Yes Yes

Daytime behavior Normal, no EDS Often EDS

Table 39.3  Comparison of Disorders of Arousal 
and Seizures
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SUMMARY

To the casual observer, the disorders of arousal represent a 
paradox during which an individual appears to engage in 
waking behavior while still asleep. With the understanding 
that sleep and wakefulness are not always mutually exclusive 
states of being, the paradox disappears. The concept of state 
dissociation provides an explanation for these events that is 
founded in the current understanding of the neurophysiology 
of sleep. The disorders of arousal are common problems, espe-
cially in young children, and can usually be fully evaluated and 
treated by a knowledgeable sleep clinician without the use of 
high technology.

• Institution of a bedtime routine that is pleasant for both the 
parent and the child, ideally one ending within 15 minutes 
of the transition to sleep. If there is conflict at bedtime, if 
sleep onset latency is prolonged, or if the child is fearful or 
requires close contact with a parent, these issues may need 
to be addressed.

• Medication may be a good short-term strategy, in a child 
with frequent, disruptive, or potentially dangerous arousals, 
while other nonpharmacologic modalities are initiated. 
Medication has been described as an effective treatment for 
the disorders of arousal in several series of case reports, 
although it has not been the subject of well-controlled 
studies , and no medications are FDA approved for the 
treatment of disorders of arousal. Clonazepam29,30 has been 
the most widely used off-label medication for the treatment 
of disorders of arousal. Clinicians should be cautious when 
begining pharmacotherapy for these disorders in children 
because in most cases the events are benign and self-limiting 
and have no direct, adverse impact on the child. If medica-
tion is used, it should be given 1–1.5 hours before the 
anticipated sleep onset to ensure that there are adequate 
drug levels in the brain at the beginning of the night, when 
these disorders are most likely to occur. The beginning dose 
of clonazepam is generally 0.125 mg, increasing until the 
arousals are eliminated, or the appearance of side effects. 
Once the arousals are eliminated, continuation of medica-
tion for 4–6 weeks, during which time the family can work 
on sleep extention and regularization of the schedule. This 
allows everyone in the family to recover from the effects of 
the previous sleep disruption. Thereafter, the medication 
can be gradually tapered to ascertain if the arousals recur. If 
there is a recurrence of the arousals there needs to be a 
discussion of the risks and benefits of longer-term use of 
medication. If medications are used long term, an attempt 
at a medication taper , and a reassement of possible triggers 
and mimics, should be done every 3–6 months.

• In adolescents, one should discuss the potential risks posed 
by the disorders of arousal when the teen moves out of the 
home, and the impact of alcohol use, sleep restriction, and 
an irregular sleep schedule.

• Scheduled awakening is a behavioral treatments for confu-
sional arousals that has been described anecdotally in the 
literature first by Lask.31 Although it is not clear why this 
intervention is helpful, several case reports have described 
its efficacy.31,32 The recommended treatment is simple 
enough: the child is awakened 15 to 30 minutes before the 
usual time of the arousal and needs to open his or her eyes 
and at least mumble a response before being allowed to 
return to sleep. The parents continue this intervention 
nightly for 1 month. In some cases this simple intervention 
has been effective. However, it should be noted that in some 
cases these scheduled awakenings actually trigger an arousal 
or cause one that usually occurs early in the night to occur 
later.

• Relaxation and/or mental imagery and biofeedback are behav-
ioral approaches that have been described in case reports as 
being useful treatments for the disorders of arousal in 
school-aged children.34

• Psychotherapy and counseling are important interventions for 
any child who has evidence of significant psychological dis-
tress. However, a disorder of arousal is not a symptom of a 
psychological problem.

Clinical Pearls

•	 The	timing	of	all	of	the	disorders	of	arousal	is	most	often	
1–1.5	hours	after	sleep	onset.	This	can	be	one	of	the	most	
useful	clinical	signs	for	differentiating	disorders	of	arousal	
from	other	causes	of	sudden	arousals	from	sleep.

•	 Disorders	of	arousal	rarely	have	a	stereotypical	character.
•	 Regularization	and	extension	of	nocturnal	sleep	are	

important	interventions.
•	 During	any	of	the	disorders	of	arousal	children	can	put	

themselves	in	harm’s	way,	making	a	discussion	of	safety	
with	the	children	(especially	adolescents)	and	their	parents	
a	necessary	part	of	the	treatment	plan.
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REM sleep behavior disorder (RBD) is classified as a para
somnia usually associated with REM sleep. It has been defined 
as abnormal behaviors occurring during REM sleep that may 
cause injury to self or others or may result in sleep disruption.1 
Alternate names include onirism; stage 1 REM sleep, REM 
sleep without atonia, paradoxical sleep without atonia, and 
REM sleep motor parasomnia (RMP). As RBD has been 
noted only sporadically in the pediatric sleep medicine litera
ture and consists mostly of case reports, the latter terminology 
(RMP) appears more appropriate when referring to this 
symptom complex in children and adolescents. It is unclear 
whether this complex and polysomnographic findings have 
similar implications in the pediatric population when com
pared to adults.

In 1975, a disorganized relation of tonic and phasic events 
during REM sleep was described in a patient with a tumor 
located in the brainstem.2 RBD as a clinical entity was 
described by Schenck and colleagues in 1986 as a parasomnia 
that typically occurred in older male patients3 and was associ
ated with synucleinopathic degenerative disorders (for example 
Parkinson disease, Lewy body dementia, and multiple system 
atrophy).4,5 Certain medications have also been associated 
with RBD in adults including serotonin reuptake inhibitors.6 
Although symptoms of RBD in childhood and adolescence 
were thought to be rare, there is increasing information that 
RBD, or a disorder that may fulfill criteria for this diagnosis, 
exists in the pediatric population.7–9

Dream reports and nightmares are common in childhood.10 
NREM sleep partial arousal disorders are also common. Dif
ferentiation of REM dream reports and mentation during 
partial arousals from NREM sleep is at times problematic 
since children will often report a story line when asked if they 
were having a ‘nightmare’ regardless of dream content, making 
diagnosis using adult criteria difficult. Similarly, since there 
are no systematic studies of RBD/RMP in children and ado
lescents and literature consists mainly of case reports, it is 
difficult to conclude RBD in adults and RBD/RMP in chil
dren are manifestations of the same disorder. Putative patho
physiological etiologies are speculative and complex.11

Symptoms of RBD/RMP in children and adolescents are 
based on clinical history of movement and apparent dream 
enactment. Nonetheless, this may often be difficult to clini
cally differentiate from confusional arousals where there may 
be a report of a dream of being chased or attacked, agitation, 
and unusual and/or aggressive movements during a spell. 
Time of night and a history of NREM parasomnia may be 
helpful in differentiation. Symptoms of RBD in adults include 
talking, laughing, shouting, gesturing, and reaching, grabbing, 
arm flailing, punching, kicking, sitting up, leaping from bed, 
crawling, and running. Quiet walking is uncommon. These 
symptoms can be similar to symptoms classically associated 

with NREM partial arousal disorders including but not 
limited to sleep terrors, agitated sleepwalking, and confusional 
arousals. They may also be seen in patients with paroxysmal 
hypnogenic dystonia.

An essential feature of RBD/RMP is dream enactment.1 
This appears to be due to absence of normal REM sleep 
skeletal muscle atonia. Paradoxical muscle activity results in 
gross complex body movements allowing for ‘acting out’ 
dreams. Adults can typically report vivid dream recall follow
ing a spell. Dream recall may be more difficult to elicit and 
content may not be as clear in the pediatric patient.

Abnormalities of REM sleep that appear during polysom
nographic recording include augmentation of chin muscle 
tone, increased chin or limb phasic twitching, excessive epi
sodic limb movements, gross body jerking, somewhat pur
poseful movements and/or vocalizations, and occasional 
violent behavior.

Assessment of symptoms suggesting RBD/RMP can be 
problematic in children. This is particularly true of the dream 
report. Pediatric patients communicate perceptions differently 
than adults, tend to be more concrete in descriptions, and 
there may be impairment in the ability to adequately verbalize 
symptoms and/or dream content. Additionally, there may be 
considerable ‘programming’ of the child’s report by parents/
caretakers. When clinical history is difficult to interpret, the 
child’s behavior at the time of the dream might be helpful.8

Medical and scientific literature regarding RBD/RMP in 
children consists mainly of case reports. In 1975, Barros
Ferreira et al. described an 8yearold female with an infiltrat
ing pontine tumor.2 The patient presented with symptoms of 
agitation at night along with mouth movements, somniloquy, 
and laughing during sleep. These clinical findings were associ
ated with reported disorganized relationships of phasic and 
tonic REM sleep. Subsequently, Schenck and colleagues12 
described a syndrome of excessive restlessness and complex 
stereotypic movements during sleep in a 10yearold follow
ing the removal of a midline cerebellar astrocytoma. These 
were associated with intermittent loss of REM atonia associ
ated with some of these complex movements and frequent 
episodic limb movements in REM and NREM sleep. Inter
estingly, the patient’s 8yearold brother had similar polysom
nographic findings, without clinical symptoms.

In 1998, five patients who were evaluated for unusual 
behaviors during sleep associated with unusual nightmares, 
displacement from the bed, and sleeprelated motor activity 
were reported.7 Dissociated state of REM sleep was suspected 
because limb movements and/or body movements were asso
ciated with vivid dream recall, nightmares associated with 
dream enactment, or injurious motor activity during sleep. 
Five matched comparison subjects who had been referred for 
evaluation of pediatric obstructive sleep apnea were chosen 
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narcolepsy–cataplexy, to posttraumatic stress disorder,7,16,17 
and autistic spectrum disorder.8,21 Interestingly, early in devel
opment, motor activity during REM sleep is common and 
normal, resulting in the term ‘active sleep.’ Therefore, RMP 
may also occur in otherwise normal children and represent 
dysfunction of maturation, particularly in the pontine teg
mental region.21,22 By clinical history alone, other more com
monly recognized childhood parasomnias, such as confusional 
arousals, sleepwalking, and sleep terrors, might be considered. 
However, these NREM partialarousal disorders are charac
teristically associated with amnesia for the event, absence of 
vivid dream recall, and occur during the first third to first half 
of the sleep period. Nonetheless, diagnosis can be difficult and 
requires a high index of suspicion. When symptoms sugges
tive of RMP occur in children or adolescents, underlying 
etiologies and/or comorbidities require comprehensive evalu
ation. RMP requires further research and longitudinal studies 
aimed at epidemiology, pathophysiology, and predictive sig
nificance of REM sleep motor dyscontrol during childhood.

CHAPTER SUMMARY

REM behavior disorder, or REM motor parasomnia (RMP), 
is rare in children. This disorder is typified by abnormal 
behaviors occurring during REM sleep that may cause injury 
to the child or others. Symptoms can include talking, laugh
ing, shouting, gesturing, flailing, punching, kicking, sitting  
up, leaping from the bed, crawling, or running. This chapter 
reviews the presentation, comorbid states, and treatment of 
RMP, and discusses the means of differentiating it from 
NREM parasomnias.

since movement and electrocortical arousals were common 
following occlusive and/or partially occlusive respiratory 
events, particularly during REM sleep. There were more 
reports of nightmares, excessive muscle tone during REM 
sleep, more frequent gross body movements, and increased 
phasic chin muscle activity (without increased eye movement 
activity) during REM sleep in subjects with RMP.

REM sleep motor abnormalities have also been reported in 
patients with autistic spectrum disorder,13 seizures,14 post
traumatic stress disorder,15 hereditary quivering chin with 
tongue biting,16 and Tourette’s syndrome.17

Nevsimalova and colleagues have reported RMP as the 
presenting symptom of narcolepsy–cataplexy in two chil
dren.18 Presenting symptoms included excessive daytime 
sleepiness and sporadic cataplectic attacks. Diagnosis of 
narcolepsy–cataplexy was established based on short sleep 
latency on standard MSLT testing, multiple sleep onset  
REM periods, low cerebrospinal fluid hypocretin levels,  
and the presence of human leukocyte antigen (HLA)
DQB1*0602. Along with the onset of EDS and cataplexy, 
the patients exhibited restless sleep, nightmares, and move
ments during sleep, somniloquy, and harmful behaviors.  
RBD has been reported in about onethird of adults with 
narcolepsycataplexy.19

Lloyd and colleagues9 retrospectively evaluated 15 patients 
with symptoms of RMP and REM sleep without atonia. 
Mean age at diagnosis was 9.5 years with a range of 3–17 
years. Nightmares were reported in 13 of the patients. Exces
sive daytime sleepiness was noted in about half. Other comor
bid states included anxiety, attention deficit disorder, 
developmental delay, Smith–Magenis syndrome, pervasive 
developmental disorder, narcolepsy, idiopathic hypersomnia, 
and Moebius syndrome. Reviewing both presentations and 
response to therapy (including benzodiazepine, melatonin) 
and response to discontinuing a tricyclic medication, it was 
concluded that RMP may be associated with neurological 
abnormalities, narcolepsy, or medication. It seems to be dis
tinct from NREM partialarousal disorders and adult RBD. 
Although Rye and colleagues23 reported REM sleep without 
atonia, dream enactment, and excessive daytime sleepiness in 
a patient with juvenile Parkinson’s disease, neurodevelopmen
tal disorders, narcolepsy, and medication effect occur in some 
patients, but specific neurodegenerative disorder appears to be 
quite uncommon.

Limited evidence exists regarding appropriate treatment for 
RMP in children. Treatments have typically been guided by 
those that have been successful in adults. About 90% of adult 
patients with RBD clinically respond well to clonazepam at 
doses from 0.5 to 2.0 mg.20 Use of clonazepam may be limited 
in children due to its long halflife and duration of action. A 
shorteracting benzodiazepine (for example, lorazepam) may 
be better tolerated by children and anecdotally has been as 
effective as clonazepam without a residual daytime ‘hangover’ 
effect noted to be associated with longacting benzodi
azepines. In adults, there has been little, if any, tendency for 
the development of tolerance, dependency, abuse, or sleep 
disruption with clonazepam for longterm treatment of RBD.

In summary, RMP appears to represent state dissociation 
during REM sleep associated with paradoxical motor activity 
and vivid dream recall that can result in injury in children  
and adolescents. This motor dyscontrol may be a final  
common pathway for a variety of disorders ranging from 

Clinical Pearls

•	 RMP	represents	state	dissociation	during	REM	sleep	
associated	with	motor	activity	and	vivid	dream	recall.

•	 RMP	can	be	differentiated	from	NREM	parasomnias	by	the	
presence	of	vivid	dream	recall,	memory	of	the	episode,	and	
the	occurrence	of	the	episode	in	the	last	half	to	two	thirds	
of	the	night.

•	 If	RMP	is	noted	in	a	patient	with	no	other	known	
comorbidities	further	evaluation	for	narcolepsy	or	post-
traumatic	stress	disorder	should	be	considered.
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INTRODUCTION

Parasomnias are undesirable events or experiences that occur 
during sleep. Parasomnia is derived from ‘para’ meaning 
‘beside or alongside of ’ in Greek and ‘somnus’ meaning ‘sleep’ 
in Latin. The word parasomnia was coined by the French 
researcher Henri Roger in 1932.

Parasomnias typically occur when falling asleep (hyp-
nogogic), during sleep, or when waking up (hypnopompic) 
from sleep. Parasomnias are thought to be a result of activa-
tion of the central nervous system and transmission of impulses 
to skeletal muscles and the autonomic nervous system. Para-
somnias also include abnormal behaviors, perceptions and 
abnormal sleep-related movements.

The latest International Classification of Sleep Disorders 
(ICSD-2) divides parasomnias into three categories:
1. Disorders of arousal (from NREM sleep)
2. Parasomnias usually associated with REM sleep
3. Other parasomnias.
Other parasomnias will be discussed in this chapter.

Other parasomnias as per ICSD-2 include:
1. Sleep-related dissociative disorders
2. Sleep enuresis
3. Sleep-related groaning (catathrenia)
4. Exploding head syndrome
5. Sleep-related hallucinations
6. Sleep-related eating disorder
7. Unspecified parasomnia
8. Parasomnia due to a drug or substance
9. Parasomnia due to a medical condition.
Here we review the more common disorders in this group. 
Epidemiological data on this group of parasomnias are scant. 
General prevalence at the population level is not known for 
most of the above parasomnias. The occurrence of parasom-
nias in children is thought by some researchers as physiologic 
and part of normal development, whereas in adults it is some-
times associated with psychological disorders.1–3

SLEEP-RELATED DISSOCIATIVE DISORDERS

Definition
Sleep-related dissociative disorders are parasomnias that can 
emerge from any stage of sleep, either at transition from 
wakefulness or within several minutes after awakening from 
non-rapid eye movement (NREM) sleep or rapid eye move-
ment (REM) sleep.1

Sleep-related dissociative disorders are also known as  
nocturnal (psychogenic) dissociative disorders, hysterical 
somnambulistic trance, and dissociative pseudoparasomnia. 
Dissociative identity disorder, dissociative fugue and dissocia-
tive disorder NOS (not otherwise specified) have been identi-
fied with sleep-related dissociative disorders.1,4,5

Etiology
Dissociation is a defense mechanism when other mature 
adaptive defenses fail. It is a primitive psychological defense 
wherein the distressing experience is kept apart from typical 
consciousness, resisting integration with the individual’s daily 
activities. These experiences may emerge as activity when 
environmental conditions are conducive or prompt them.6 
The pathophysiology of dissociation is not clear. It is pro-
posed that it is a functional disconnection among various 
brain regions. Sleep periods are vulnerable to a wide range of 
dissociative phenomena across all sleep stages and after arous-
als and full awakenings from all sleep stages.

Epidemiology
Women are more often affected than men. Onset ranges from 
childhood to adulthood. The course often remains chronic 
and severe. Events can occur several times weekly to multiple 
times nightly.1

Signs and Symptoms
Most sleep-related dissociative disorders have corresponding 
daytime episodes of disturbed behavior, confusion, and associ-
ated amnesia. Additionally, patients with sleep-related dis-
sociative disorder have often experienced7 combat,8 adult 
interpersonal violence9 or natural disasters.10 Dissociation is 
often associated with post-traumatic stress and is considered 
to be mainly a post-traumatic response.8,10 Complications 
include injuries to the patient and/or bed partner, including 
ecchymoses, lacerations, fractures, and burns.1

Diagnostic Criteria
A. Meets the criteria for dissociative disorder as per Diag-

nostic and Statistical Manual of Mental Disorders, Fourth 
edition, and emerges in close association with the main 
sleep period.

B. One of the following is present:
1. Polysomnography demonstrates a dissociative episode, 

or episodes that emerge during sustained EEG wake-
fulness, either in the transition from wakefulness to 
sleep or after an awakening from NREM or REM 
sleep.

2. In the absence of a polysomnographically recorded 
episode of dissociation, the history provided by observ-
ers is compelling for a sleep-related dissociative disor-
der, particularly if the sleep-related behaviors are similar 
to observed daytime dissociative behaviors.

C. The sleep disturbance is not better explained by another 
sleep disorder, medical or neurologic disorder, medication 
use, or substance use disorder.

Differential Diagnosis
1. Parasomnias such as sleepwalking, sleep terrors and REM 

sleep behavior disorder (RBD).
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8. Psychological stressors such as parental divorce, neglect, 
physical abuse, sexual abuse, and institutionalization can 
cause secondary sleep enuresis.12

Epidemiology
Primary sleep enuresis is seen in approximately 30% of 4-year-
olds, 10% of 6-year-olds, 7% of 7-year-olds and 5% of 
10-year-olds. Primary sleep enuresis is more common in boys 
than in girls in the ratio of 3 : 2. The spontaneous cure rate 
for primary sleep enuresis is about 15% per year.1

There is a high prevalence of enuresis among the parents, 
siblings, and other relatives of the child with primary enuresis. 
If both parents were enuretic as children, the prevalence in 
their child is 77%. If one parent was enuretic, the prevalence 
is 44%. Studies indicate putative linkage of sleep enuresis to 
a region on chromosomes 22q, 13q, and 12q across different 
families.1

Signs and Symptoms
Signs and symptoms are determined by the etiology of sleep 
enuresis. In many patients, there may be no finding other than 
the enuresis. In patients with secondary sleep enuresis, it is 
more likely to have other signs and symptoms from the under-
lying condition.

Diagnosis
It is important to diagnose whether the etiology of enuresis 
is primary or secondary, as it is essential for the success  
of treatment. History should include familial predisposi-
tion, emotional state, sleep habits, dietary habits (including 
daytime and fluid intake in the evenings).13 Physical examina-
tion should be performed with attention to adenotonsillar  
hypertrophy, urinary bladder distension, constipation, genital 
abnormalities, and spinal cord anomalies.

Laboratory investigation can include urine analysis and 
culture, depending on the history,14 ultrasonography and 
bladder sphincter electromyography. Cystoscopy may be con-
sidered if organic etiology is suspected. Nocturnal polysom-
nography is rarely required for the diagnosis of sleep enuresis 
and should only be performed when other underlying sleep-
related disorders are suspected.

Diagnostic Criteria
Primary Sleep Enuresis
1. The patient is older than 5 years of age.
2. The patient exhibits recurrent involuntary voiding during 

sleep, occurring at least twice weekly.
3. The patient has never been consistently dry during the 

night.

Secondary Sleep Enuresis
1. The patient is older than 5 years of age.
2. The patient exhibits recurrent involuntary voiding during 

sleep, occurring at least twice weekly.
3. The patient has previously been consistently dry during 

sleep for at least 6 months.

Differential Diagnosis
It is crucial to distinguish between primary and secondary 
sleep enuresis. Other diseases, such as diabetes mellitus, noc-
turnal seizures, spina bifida, urinary tract infection, and sleep-
disordered breathing, must be excluded.

2. Disorders of arousal like confusional arousals, sleepwalk-
ing, and sleep terrors.

3. Abnormal toxic metabolic states or medical disorders that 
can cause altered states of consciousness may mimic a dis-
sociative disorder and must be excluded.

PSG Findings
EEG wakefulness before, during and after the episodes. The 
alpha EEG rhythm with disorders of arousals and sleep-
related dissociative disorders can be distinguished by looking 
at the lag time between EEG arousal and behavioral arousal. 
There is a lag time of 15 to 60 seconds in sleep-related dis-
sociative disorder. There is no lag time in disorders of 
arousals.11

Management
Comprehensive approach that includes cognitive-behavioral 
therapy, supportive psychotherapy, and post-traumatic disor-
der treatment.5

Early identification and intensive therapeutic interventions 
for dissociative symptoms in children appear to be particularly 
efficacious. A psychiatric treatment plan is helpful for support-
ing cognitive/emotional processing of trauma-related material 
in order to develop greater affect regulation capacities.10

Prognosis/Clinical Course
The course often remains chronic and severe.

SLEEP ENURESIS (see also Chapter 13)

Definition
Sleep enuresis is defined as recurrent involuntary voiding of 
urine occurring during sleep at least twice a week, for at least 
3 consecutive months, in a child who is at least 5 years of age.1 
Sleep enuresis is considered primary in a child who has never 
been consistently dry for 6 consecutive months. It is consid-
ered secondary in a child who had previously been dry for 6 
consecutive months and then began wetting at least twice a 
week for a period of at least 3 months.1

Etiology
The exact etiology of primary sleep enuresis is unknown. 
Factors thought to contribute to persistent nocturnal incon-
tinence after 5 years of age include:
1. Disorders of arousal from sleep causing children to con-

tinue to sleep during a full and contracting urinary bladder, 
leading to incontinence

2. Nocturnal polyuria
3. Reduced bladder capacity (anatomical and/or functional 

capacity)
4. Anatomical abnormalities usually present as both daytime 

and night-time enuresis.
Secondary sleep enuresis is more commonly associated with:
1. Urinary tract infections
2. Genitourinary tract malformations
3. Extrinsic pressure on the bladder (chronic constipation)
4. Polyuria secondary to excessive fluid intake, diuretics, caf-

feine ingestion, diabetes mellitus or diabetes insipidus
5. Neurologic conditions, leading to neurologic bladder
6. Sleep-disordered breathing (obstructive sleep apnea)
7. Seizure disorder
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in the brainstem are involved in this action. Children exhibiting 
sleep-related groaning do not have anatomical abnormalities in 
the larynx.

Epidemiology
Sleep-related groaning is common in adolescence and early 
adulthood.

Signs and Symptoms
In most cases, the patient is not affected by groaning. Rather, 
it is the partner or family who are disturbed, leading them to 
evaluation.

Groaning is asymptomatic and is not associated with dream-
ing, sleep talking, sleep-related disorders, respiratory disorders, 
psychologic or psychiatric disorders. Sleep-related groaning does 
improve with change in position, but usually resumes again.

Usually, these patients are asymptomatic and may occasion-
ally complain of restless sleep, hoarseness, and mild daytime 
fatigue. No association with respiratory disorders, psychologi-
cal problems or psychiatric disorders has been found.

Diagnosis
Sleep-related groaning is a clinical diagnosis. Neurological, 
psychiatric, otorhinolaryngological and pulmonary investiga-
tions in the majority of cases are normal. Polysomnography 
may be beneficial when the history is atypical.

Differential Diagnosis
Differential diagnosis for sleep-related groaning includes 
obstructive sleep apnea, upper airway anomalies, central sleep 
apnea, sleep talking, sleep-related laryngospasm and nocturnal 
asthma. A good history, physical examination, and polysom-
nogram should be able to differentiate these disorders from 
sleep-related groaning.

PSG Findings
Sleep-related groaning is a clinical diagnosis. PSG findings 
include decreased respiratory rate, prolonged expiratory phase 
with vocal sounds resembling groaning, preceded by inspira-
tion. These events happen mostly in REM sleep. The rest of 
the sleep tracings are normal. No gas exchange abnormalities 
are noted during the groaning periods.

Management
There is no treatment available for sleep-related groaning. 
Reassurance is helpful for patients and patients’ families. Phar-
macologic agents such as trazodone, clonazepam, gabapentin 
and carbamazapine have been tried with very limited success.11 
Non-invasive positive-pressure ventilation is an option for 
patients who also have coexisting sleep-disordered breathing.17–19

Prognosis/Clinical Course
The course of sleep-related groaning is chronic and it usually 
occurs every night. Catathrenia is not known to progress clini-
cally. The long-term prognosis and health consequences are 
unknown and prospective studies are much needed.

Onset of catathrenia is usually seen during adolescence and 
early adulthood. No predisposing or precipitating factors have 
been identified. The course and long-term prognosis of cata-
threnia are chronic. The available follow-up data are still 
incomplete, but seem to exclude a clinical progression or com-
plication of catathrenia.20,21

PSG Findings
Polysomnographic study is indicated in the evaluation of sec-
ondary sleep enuresis only when another sleep disorder, such 
as OSA or sleep-related seizure disorder, is suspected. Enuretic 
episodes, in both primary and secondary enuresis, can occur 
in all sleep stages.

Management
It is important to identify if the sleep enuresis is primary or 
secondary, as treatment strategies are very different.

Primary Enuresis
No treatment is recommended until an affected individual 
reaches 5–6 years of age. Clinical monitoring may be sufficient 
in children greater than 6 years, if the episodes are intermittent 
and improving. Treatment strategies include sleep hygiene, 
evening fluid restriction, supportive therapy, motivational 
therapy and pharmacotherapy. Punishing children may contrib-
ute to the existing problem, rather than to the treatment.

Depending on the age of the child, enuresis alarm, bladder 
control training, psychotherapy, hypnosis and biofeedback15 
can be beneficial. Desmopressin, Imipramine, and oxybutynin 
are drugs commonly used when non-pharmacologic measures 
are insufficient.

Secondary Sleep Enuresis
Management of secondary enuresis depends on the underly-
ing cause. Occasionally, primary and secondary enuresis may 
coexist. In such cases, techniques used in the treatment of 
primary enuresis may be used along with the treatment of 
underlying pathology. Children with recurrent urinary tract 
infections often benefit from hygiene efforts and prophylactic 
antibiotics. Treatment of sleep-disordered breathing with 
adenotonsillectomy and non-invasive positive-pressure venti-
lation might be required, as pediatric obstructive sleep apnea 
is a common cause for secondary enuresis. Studies have shown 
that sleep enuresis is more common in children with pediatric 
obstructive sleep apnea and habitual snoring, than in non-
snoring children.16

Prognosis/Clinical Course
The spontaneous cure rate for primary sleep enuresis is about 
15% per year.1

SLEEP-RELATED GROANING (CATATHRENIA)

Definition
Sleep-related groaning is defined as a deep inspiration fol-
lowed by a prolonged expiration, accompanied by a monoto-
nous sound that resembles groaning. This happens most 
commonly during REM sleep.

Other names for sleep-related groaning include expiratory 
groaning during sleep, sleep-related respiratory dysrhythmia 
with bradypnea and vocalization, and REM-sleep-associated 
long, inarticulate expiratory phonation.

Etiology
The pathophysiology for sleep-related groaning is unclear. 
Sleep-related groaning is a complex respiratory event that 
involves the closure of glottis and withheld breath, followed by 
expiration. It is hypothesized that central respiratory generators 
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Obesity, hypercholesterolemia, uncontrolled diabetes from 
high-calorie foods and anaphylactic reactions from consum-
ing food to which the patient is allergic are possibilities.

Differential Diagnosis
Nocturnal eating syndrome, bulimia nervosa, Kleine–Levin 
syndrome, and Kluver–Bucy syndrome need to be differenti-
ated from sleep-related disordered breathing.

PSG Findings
Multiple arousals can arise from any stage of sleep, but most 
commonly from slow-wave sleep. These arousals may or may 
not be associated with eating episodes. In the majority of  
these patients, polysomnogram have helped in diagnosis of a 
primary sleep disorder.

Management
Medications such as benzodiazapenes, sertraline, topiramate, 
melatonin, oxazepam, and sibutramine have been used with 
varying results, depending on the patient’s underlying medical 
conditions. Some medications showed improvement but have 
significant adverse effects and had to be discontinued.

Further controlled clinical trials of pharmacological agents 
for the treatment of SRED are warranted.

Non-pharmacologic approaches, such as having a meal 
before sleep, limiting the amount of food available at home, 
and locking the food cabinets and refrigerators made no 
difference.22

SLEEP-RELATED EATING DISORDER

Definition
Sleep-related eating disorder (SRED) is defined as repeated 
episodes of drinking and eating done without conscious 
control during arousals from various stages of sleep. These 
disorders often lead to untoward consequences.

Etiology
As with most parasomnias, the etiology is unclear. There seems 
to be an abnormal relationship between sleep and eating, the 
two basic drive states. SRED can be idiopathic, iatrogenic, or 
secondarily associated with primary sleep disorders.

Common sleep disorders associated with SRED include 
obstructive sleep apnea, sleepwalking, periodic limb move-
ment disorder, narcolepsy, bulimia nervosa, and circadian 
rhythm disorder. SRED has been reported with use of medi-
cations such as zolpidem and lithium, and secondary to ces-
sation of alcohol, tobacco and other substance abuse.

Epidemiology
Sleep-related eating disorder is more common in women. It 
has also been reported that it is more common in patients who 
have been diagnosed with eating disorders such as anorexia 
nervosa and bulimia nervosa.

Signs and Symptoms
Episodes of eating commonly occur during partial arousals with 
variable recall of the event. The number of these episodes is 
variable and can occur a few times a week to many times in a 
night. Food consumed is usually high in calories and not pre-
ferred during the day. Alcohol is not usually consumed during 
these episodes. Consumption of ready-to-eat foods and prepa-
ration of entire hot or cold meals have been reported. Clumsy 
handling of food and related injuries are common. Disturbance 
of a patient during an episode can lead to agitation.

Diagnostic Criteria
A. Recurrent episodes of involuntary eating and drinking 

during the main period of sleep.
B. One or more of the following must be present with the 

recurrent episodes of involuntary eating and drinking:
1. Consumption of peculiar forms or combinations of food 

or inedible or toxic substances (such as frozen pizzas, 
raw bacon, buttered cigarettes, cat food, salt sandwiches, 
coffee grounds, ammonia cleaning solutions)

2. Insomnia related to sleep disruption from repeated  
episodes of eating, with a complaint of non-restorative 
sleep, daytime fatigue, or somnolence

3. Sleep-related injury
4. Dangerous behaviors performed while in pursuit of 

food or while cooking food
5. Morning anorexia
6. Adverse health consequences from recurrent binge 

eating of highly calorific foods.
C. The disturbance is not better explained by another sleep 

disorder, medical or neurological disorder, mental disorder, 
medication use, or substance use disorder.

Complications
Injuries such as burns and lacerations are seen secondary to 
clumsy food preparation, handling and ingestion of food. 

Clinical Pearls

•	 NREM	parasomnias	are	common,	while	REM	and	other	
parasomnias	are	rare.

•	 It	is	important	to	understand	that	obstructive	sleep	apnea,	
periodic	limb	movement	disorder,	restless	leg	syndrome,	
and	sleep	deprivation	can	trigger	parasomnias.	Appropriate	
management	of	these	conditions	can	improve,	or	even	
resolve,	parasomnias	in	children.

•	 Parasomnias	in	children	are	most	commonly	diagnosed	
based	on	clinical	history	from	the	parents	or	caregivers	who	
may	observe	the	patient	sleep	or	share	the	sleep	place	with	
them.

•	 Most	often	polysomnograms	are	not	necessary	for	the	
diagnosis	of	parasomnias.	Polysomnograms	are	important	
in	children	when	other	sleep	disorders	are	suspected,	which	
may	be	aggravating	the	parasomnia.	These	sleep	disorders	
include	obstructive	sleep	apnea,	periodic	limb	movement	
disorder,	and	restless	leg	syndrome.

•	 Management	of	parasomnias	includes	good	sleep	hygiene,	
reassurance,	modification	of	the	sleep	environment,	
treatment	of	the	underlying	disorder	and	avoidance	of	
substances	such	as	caffeine,	alcohol	and	other	substances	
of	abuse.	In	certain	parasomnias,	pharmacologic	agents	
may	be	beneficial	in	treating	the	parasomnia	or	the	
underlying	condition.	Underlying	conditions	may	be	
triggers	for	parasomnia.

•	 It	is	very	important	to	create	a	safe	sleep	environment.	This	
should	include	secure	windows	and	doors,	sleeping	on	a	
low	bed	or	the	ground	to	minimize	injury	from	falls,	and	
electronic	alarm	devices	to	warn	the	family	members	if	the	
patient	is	leaving	the	room.
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Chapter 42 Sleep-Related Movement Disorders
Jonathan D. Cogen and Darius A. Loghmanee
Sleep-related movement disorders are a class of generally benign and self-limited clinical conditions 
that can be difficult to diagnose and treat. This chapter addresses several of the most common 
sleep-related movement disorders, including rhythmic movement disorder, benign myoclonus of 
infancy, sleep-related leg cramps, and sleep-related bruxism. Although many of these clinical 
disorders can be diagnosed on polysomnography, rarely is this diagnostic test necessary to make the 
diagnosis. Pharmacologic interventions have been shown to be effective in some of these 
conditions, but most treatment strategies revolve around ensuring the safety of the child, educating 
parents about the self-limited nature of this group of sleep disorders, and helping the child replace 
the rhythmic movements with other means of decelerating prior to bed.

Chapter 43 Restless Legs Syndrome, Periodic Leg Movements and Periodic Limb 
Movement Disorder
Jeffrey S. Durmer
Restless legs syndrome (RLS) is a sensory disorder with subjective limb discomfort while awake,  
and periodic leg/limb movement disorder (PLMD) is a motor disorder with objective measurable 
excessive movements mainly during sleep. Many consider these two disorders to exist on a 
continuum and to represent a single sensory–motor spectrum disorder. Symptoms of RLS often 
begin in childhood; however, the ability to diagnose – and hence to treat – this condition in children 
is complicated by difficulty obtaining direct verbal symptom descriptions as well as by clinical 
confusion and overlap with other common childhood diagnoses (such as growing pains and 
attention deficit hyperactivity disorder). Symptoms may remain unreported until medical, social and/
or educational problems emerge. This chapter reviews the genetic, physiological and therapeutic 
evidence for this very common sensory–motor spectrum disorder and provides an approach – based 
on medical research and consensus opinion – for diagnosing, treating, and managing RLS/PLMD in 
children.
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INTRODUCTION

Sleep-related movement disorders (SRMD) present a unique 
challenge to practitioners caring for children, as they can cause 
significant distress in parents and families. This class of clini-
cal conditions is characterized by relatively simple, non-
purposeful, and usually stereotyped movements that occur in 
sleep, primarily during sleep–wake transitions. These gener-
ally benign movements can represent self-soothing mecha-
nisms, but at times are associated with physical injury, interfere 
with the sleep of the child and family, and cause excessive 
daytime sleepiness. Typically, these movement disorders 
resolve spontaneously and do not have significant long-term 
consequences. Although the International Classification of 
Sleep Disorders (ICSD-2) lists restless legs syndrome (RLS) 
and periodic limb movements of sleep (PLMS) as sleep-
related movement disorders,1 these conditions will only be 
covered briefly, as they are described elsewhere in this book.

ASSESSMENT OF RHYTHMIC MOVEMENTS 
SURROUNDING THE SLEEP PERIOD

When considering the diagnosis of a sleep-related movement 
disorder, it is essential to have a systematic and thorough 
approach (Box 42-1). In order to differentiate SRMD from 
neurologic conditions with variable persistence during sleep 
such as a seizure disorder, dystonia, or Tourette’s syndrome, 
one must first determine if the movement disorder occurs only 
during sleep or if it also occurs during periods of wakefulness. 
If the movements occur only during sleep–wake transitions, 
then one must next decide if the movements are simple or 
complex. Complex, purposeful, and goal-directed movements, 
such as those represented by sleepwalking or confusional 
arousals, are considered parasomnias and are not included in 
this category. If the movement occurs only during wake–sleep 
transitions and appears to be relatively simple and stereotypic, 
the SRMD diagnosis can be initially assessed by comprehen-
sive history, physical examination, neurological examination, 
and if necessary, a polysomnogram (PSG). If a PSG is 
required, an expanded EEG electrode array is usually needed 
to rule out seizure. A dedicated sleep-deprived EEG may be 
warranted if clearly indicated by clinical signs or symptoms 
or if abnormal findings are noted on the EEG montage per-
formed with the PSG.

SLEEP-RELATED MOVEMENT DISORDERS

Rhythmic Movement Disorder
Rhythmic movement disorder (RMD) is defined as a group 
of stereotyped, repetitive movements most often involving 
large muscles that typically begins prior to sleep onset and 
may be sustained into transitional sleep. The most frequent 
forms of RMD are head banging (often referred to as jactatio 
capitis nocturna), body rocking, and body rolling, while leg 

rolling and leg banging are less common (Table 42.1).2 These 
movements can range in intensity from subtle to violent, and 
treatment is not usually required unless daytime consequences 
related to sleep quality are present, sleep-related injury occurs, 
or there are significant life-threatening issues for other family 
members.1 The duration of these movements can last from 
several minutes to several hours. The movement frequency can 
vary, but the rate is usually between 0.5 and 2 per second, with 
duration of the individual cluster of movements generally less 
than 15 minutes.1 In contrast to sleep-related epilepsy, children 
with RMD usually can voluntarily stop the movements upon 
request. Movements can be manifest at sleep onset, after noc-
turnal arousals, or in combination. Patients in whom frequent 
episodes of RMD are noted during the night should be clini-
cally evaluated for causes of sleep fragmentation such as 
obstructive sleep apnea or periodic limb movements of sleep. 
In patients with head banging, physical examination can dem-
onstrate bruising, callus formation, or discrete patches of hair 
loss at the point of contact with the object they are striking 
with their head. Patients with leg rolling or body rolling may 
demonstrate bruising at sites of impact with furniture or the 
wall. Polysomnography is rarely needed to make the diagnosis, 
but will generally demonstrate rhythmic movements during 
wakefulness and extending into transitional sleep.3

Rhythmic head banging, body rocking, and head rolling are 
very common in childhood, with up to 60% of infants display-
ing the characteristic signs and symptoms by 9 months of age. 
RMD prevalence decreases with age, and is only seen in 5% 
of 5-year-olds. This disorder is more common in males, with 
a 4 : 1 male to female ratio.1 Though less common, RMD 
can continue into adolescence or adulthood.4–6 Although 
initially thought to be suggestive of autism and mental retar-
dation, RMD is common in neurodevelopmentally normal 
patients, even when it persists into adulthood.5 An association 
between attention deficit hyperactivity disorder (ADHD) and  
RMD has been demonstrated in one small study,7 but more 
research is required.

Various management and treatment strategies have been 
suggested. The key aspect of rhythmic movement disorder 
management is helping prevent injury to the child and provid-
ing parental education about the nature of this condition. In 
a typical child with RMD who has no apparent daytime 
behavioral or social issues, parents should be reassured that 
the condition is common and almost always self-limiting. 
Parents should be instructed to place the child in an environ-
ment where injury from these repetitive and sometimes violent 
movements can be avoided. Cribs and beds should be in good 
repair and inspected regularly. If falling off the bed is a 
concern, safe bedrails might be considered. Parents can also 
move the bed away from the wall or have the child sleep on 
a mattress on the floor to ensure his or her safety.

Interventions to control the movements generally seek to 
provide the child with alternative means of self-soothing. The 
establishment of a bedtime routine made up of consistent and 
progressively less stimulating activities focused on helping the 
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shown to be effective in up to 50% of cases.4 Antidepressants 
have also been tried with limited success.

Benign Sleep Myoclonus of Infancy
This sleep-related movement disorder occurs solely in infants, 
and consists of repetitive myoclonic jerks involving the whole 
body, limbs, or trunk. These movements usually disappear by 
6 months of age, and occur only during sleep. As soon as the 
child is aroused or awakened from sleep, the movements 
abruptly and consistently stop. This disorder can sometimes 
be difficult to distinguish from sleep-related epilepsy and 
infantile spasms. If focal findings are present on examination, 
developmental issues are present, or clinical concern is height-
ened for a seizure disorder, an EEG may be ordered. The 
prevalence and etiology of this sleep-related condition are 
unknown. Rare, occasional myoclonic jerks often greatly 
worry the infant’s parents, who may quickly seek out their 
pediatrician for a consultation. Parents can be reassured that 
this condition is benign without sequelae, and that symptoms 
will disappear after a few months of life.

Sleep Starts
Sleep starts, known also as hypnic or hypnagogic jerks, are 
sudden, single, brief contractions of the legs and occasionally 
the arms or head that occur at sleep onset. This disorder is a 
transition problem from wakefulness; it is extremely common 
and has been experienced by almost everyone at one time or 
another. Often, these movements are associated with a subjec-
tive impression of falling or a visual hypnagogic dream or 
hallucination. It has been hypothesized that sleep starts rep-
resent aberrant muscle contractions triggered as a result of 
instability of the brainstem reticular formation at the transi-
tion between wakefulness and sleep.9 These movements can 
be frightening for parents, especially when they are accompa-
nied by vocalization or crying. Parents should be reassured 
that sleep starts are a normal phenomenon and have no seque-
lae for the growing child. No treatment is necessary unless  
the movements result in injuries from kicking hard surfaces 
such as the crib railings, wall or a bedpost. In these cases, 
treatment modalities similar to those used in RMD could be 
considered.

Hypnagogic Foot Tremor/Alternating Leg Muscle 
Activation (ALMA)
Hypnagogic foot tremors occur at the transition between 
wake and sleep or during light sleep, and consist of rhythmic 
foot movements occurring every second or so for several 
minutes. This sleep-related movement disorder may represent 
a variant of rhythmic movement disorder (RMD); polysom-
nographic monitoring typically demonstrates recurrent EMG 
potentials or foot movements at the 0.5–3-hertz range in one 
or both feet as well as burst potential longer than the myo-
clonic range (greater than 250 ms).1 The prevalence in child-
hood is unknown, but one study estimated the adult prevalence 
at 7.5%.10 Hypnagogic foot tremors are considered a benign 
entity with no known sequelae, and no treatment has been 
found to be effective.

Alternating leg muscle activation (ALMA) is a term used 
to describe brief contractions of the lower leg alternating with 
activation of the muscle in the other leg. This sleep-related 
condition may represent the same disorder as hypnagogic foot 
tremor, except for the alternating nature seen clinically. 

Box 42-1  Diagnostic Criteria for Sleep-Related 
Rhythmic Movement Disorder  
(ICSD-2, 2005)

A.	 The	patient	exhibits	repetitive,	stereotyped,	and	rhythmic	
motor	behaviors.

B.	 The	movements	involve	large	muscle	groups.
C.	 The	movements	are	predominantly	sleep-related,	

occurring	near	nap	or	bedtime,	or	when	the	individual	
appears	drowsy	or	asleep.

D.	 The	behavior	results	in	a	significant	complaint	as	manifest	
by	at	least	one	of	the	following:
	 i.	 interference	with	normal	sleep
	ii.	 significant	impairment	in	daytime	function
iii.	 self-inflicted	bodily	injury	that	requires	medical	

treatment	(or	would	result	in	injury	if	preventable	
measures	were	not	used).

E.	 The	rhythmic	movements	are	not	better	explained	by	
another	current	sleep	disorder,	medical	or	neurological	
disorder,	mental	disorder,	medication	use,	or	substance	
use	disorder.

Body rocking type The whole body is rocked while on 
the hands and knees

Head banging type 
(jactatio capitis nocturna)

The head is forcibly moved, striking 
an object

Head rolling type The head is moved laterally, typically 
while in the supine position

Other type Includes body rolling, leg rolling, 
and leg banging

Combined type Includes two or more of the 
individual types

Table 42.1  Clinical and Pathophysiological Subtypes 
of SRMD (ICSD-2, 2005)

child decelerate can be a sufficient intervention to help the 
child fall asleep without needing to engage in rhythmic move-
ments. Fixing a wake-up time and manipulating naps can also 
be effective in helping the child fall asleep without relying on 
repetitive motions to relax. A more comprehensive review  
of these behavioral approaches is included in Chapter 9,  
Promoting Healthy Sleep Practices for Children and 
Adolescents.

Other behavioral and psychological approaches have given 
attention to replacing the rhythmic movements with alternate 
means of soothing. The use of a metronome as a stimulus 
substitution demonstrated some success in one study,4 as has 
holding the child while patting or rocking the child at the 
same rate as their rhythmic movements. Etzioni and col-
leagues used a 3-week controlled sleep restriction regimen, 
and found that the combination of mild sleep deprivation 
along with usage of hypnotics at treatment initiation abol-
ished rhythmic movements and treat the disorder.8 This study 
suggests that RMD may represent a learned behavior that the 
child uses to help transition from wakefulness to sleep. In 
severe cases, or in cases in which the patient’s rhythmic move-
ments are a threat to the child’s safety, pharmacologic treat-
ment can be considered. A small dose of clonazepam has been 
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Polysomnography shows the characteristic anterior tibialis 
activation in one leg alternating with similar activation in the 
other leg. Both hypnagogic foot tremor and ALMA have been 
seen in one series in patients who were taking antidepres-
sants,11 and many patients with ALMA have been found 
concurrently to have obstructive sleep apnea syndrome or 
periodic limb movement disorder.12 While no treatment has 
been successful in reducing symptoms associated with hypna-
gogic foot tremor, dopamine agonists have been shown to be 
of benefit in patients with ALMA who report disrupted 
sleep.13

Sleep-Related Bruxism
Sleep-related bruxism (SB) is a stereotyped movement disor-
der characterized by grinding or clenching of the teeth during 
sleep. These rhythmic movements are the result of involun-
tary, repetitive contractions of the masseter, temporalis, and 
pterygoid muscles.3 The child or adolescent may report jaw 
muscle discomfort, jaw lock, or headaches upon awakening in 
the morning. According to the International Classification of 
Sleep Disorders (2005), a diagnosis of sleep-related bruxism 
requires that one or more of the following must be present: 
(1) abnormal wear of the teeth; (2) jaw muscle discomfort, 
fatigue, or pain and jaw lock upon awakening; or (3) masseter 
muscle hypertrophy upon voluntary forceful clenching. Poor 
sleep can also be seen in severe cases. The exact prevalence of 
this condition is unclear, although several epidemiological 
studies have shown that 14–20% of children are affected by 
sleep-related bruxism.14 There appears to be an equal sex 
distribution, a familial pattern without clear genetic transmis-
sion has been observed, and the condition decreases with age.

While SB can be a sign of an underlying sleep disorder (e.g. 
OSA or periodic limb movement disorder) or dental disorders 
(e.g. malocclusion, poor oral habits, or temporomandibular 
disorders, it can also represent emotional conditions such as 
high stress or anxiety.16 SB can occur during all stages of 
sleep, but is most common in non-REM stages 1 and 2.1 In 
children, bruxism can be associated with obstructive sleep 
apnea. This is thought to represent an attempt to open the 
airway during obstructive events by advancing the mandible, 
and is usually noted during arousals at the termination of 
respiratory events. Khoury et al. demonstrated that sleep-
related bruxism is linked to transient sleep arousal, higher 
sleep-time sympathetic-cardiac activity, and a rise in respira-
tion prior to and during the rhythmic masticatory muscle 
activity that typifies bruxism.15 While the relevance of these 
findings is still unclear, these physiologic changes during sleep 
may contribute to the morning orofacial pain and headaches 
seen in patients with this movement disorder.

While SB can be a sign of an underlying sleep disorder  
(e.g. OSA or periodic limb movement disorder) or dental 
disorders (e.g. malocclusion, poor oral habits, or temporoman-
dibular disorders), it can also represent emotional conditions 
such as high stress or anxiety.16 Dental treatment focuses 
on preventing tooth destruction, reducing pain, and improv-
ing overall sleep quality. In many cases these goals can  
be achieved through the use of a mouth guard. Treatment 
strategies focused on addressing emotional concerns rely pri-
marily on behavioral approaches designed to teach the child 
about relaxation17 and establishing a consistent and relaxing 
bedtime routine in order to reduce stress or anxiety. Benzodi-
azepines and muscle relaxants have been shown to improve 

SLEEP-RELATED 
BRUXISM

FACIOMANDIBULAR 
MYOCLONUS

Tooth destruction Yes No

Temporomandibular 
dysfunction

Yes No

Masseter muscle 
hypertrophy

Yes No

Table 42.2  Sleep-Related Bruxism versus 
Faciomandibular Myoclonus

sleep-related bruxism, and other medications (e.g. propranolol, 
clonidine, levodopa) are currently being looked at in an 
attempt to decrease SB events. Given the complex nature of 
treatment plans for SB, consultation between sleep medicine 
physicians, dentists, psychologists, and psychiatrists is often 
required.

Faciomandibular myoclonus is similar to sleep-related 
bruxism, but is considered to be more benign (Table 42.2). 
Compared to the more sustained jaw closure seen in SB, 
faciomandibular myoclonus is associated with rapid jaw jerks 
or twitches. Children and adolescents with this movement 
disorder, in contrast to SB, show no tooth wear, temporoman-
dibular dysfunction, or masseter muscle hypertrophy. While 
rarely required clinically, a polysomnogram can differentiate 
between these two disorders.

Restless Legs Syndrome
Restless legs syndrome (RLS) is a sleep-related movement 
disorder with several cardinal features, including an urge to 
move the legs, typically accompanied by an uncomfortable 
sensation in the lower extremities. These urges usually begin 
or worsen on lying down to go to sleep, and can interfere with 
the onset of sleep. Patients describe the sensations as ‘aches,’ 
‘creeping,’ ‘tingling,’ ‘prickling’ or ‘itching,’1 which are partially 
or completely relieved with leg movement. Younger children 
may report these symptoms as pain due to their limited vocab-
ulary. In severe cases, other parts of the body, including the 
arms, can also be affected.9 These symptoms may last from a 
few minutes to several hours, but even the most severely 
affected patients can still sleep for several hours each night. 
Diagnosis generally can be made based on clinical features; 
however, polysomnography and actigraphy can be performed 
if diagnosis is in doubt. Both of these diagnostic modalities 
are very sensitive and specific in detecting and diagnosing 
RLS by monitoring the activity of the anterior tibialis muscle.14

Periodic Limb Movement Disorder
Periodic limb movement disorder (PLMD) is characterized 
by periodic episodes of stereotyped, repetitive limb move-
ments that manifest during sleep. In contrast to restless leg 
syndrome, PLMD does not occur prior to sleep onset, but 
only when the child or adolescent is asleep. Polysomnographic 
monitoring demonstrates repetitive episodes of muscle con-
traction and intermittent arousals or awakenings. However, 
recent studies have questioned the correlation between sever-
ity of PLMD and excessive daytime sleepiness, including  
one in which several surveys investigating this link did not 
show any association between PLMD and sleep–wake 
complaints.17



336    Principles and Practice of Pediatric Sleep Medicine

Sleep-Related Leg Cramps
Sleep-related or nocturnal leg cramps are painful sensations 
of muscular hardness, tightness, or tension that occur in the 
calf or foot during sleep (Box 42-2). These leg cramps can last 
for a few seconds and remit spontaneously, or in some cases 
persist for up to 15–30 minutes. These painful sensations can 
result in arousals or awakenings from sleep, and may occur 
many times each night and up to several times a week. Poly-
somnographic monitoring reveals increased electromyo-
graphic activity in the affected leg with associated arousal or 
awakening. The exact prevalence of this condition is unknown, 
but sleep-related leg cramps can occur at any age, with the 
highest frequency found in the elderly. Patients affected by 
neurological conditions (e.g. peripheral neuropathies) and 
metabolic disturbances (e.g., hypokalemia, hypothyroidism, or 
dehydration) may be at increased risk for sleep-related leg 
cramps. If these illnesses are contributing to this movement 
disorder, first-line treatment should clearly be to effectively 
manage the underlying condition. Otherwise, nocturnal leg 
cramps can usually be relieved by local massage, application 
of heat, stretching, or movement of the affected limb. Treat-
ment with vitamin E or quinine can sometimes be effective,9 
but no one pharmacologic approach has been shown to be 
effective in every case.

Excessive Fragmentary Myoclonus
Excessive fragmentary myoclonus (EFM) is characterized by 
brief, involuntary ‘twitch-like’ local contractions involving 
various areas of both sides of the body. These contractions are 
asymmetric and asynchronous, and occur during sleep. In 
many cases, this movement disorder is diagnosed strictly as 
an incidental finding of polysomnography. Involved areas may 
include muscles from the face, arms, legs, fingers, or toes. The 
EMG findings in EFM are similar to REM twitches that are 
a normal finding in REM sleep, except that these twitches 
also occur in other, non-REM stages of sleep.9 Awareness of 
the twitch-like movements is usually not present. When 
severe, patients can complain of excessive daytime sleepiness, 
although the vast majority of cases are benign and self-
limiting. There is no know treatment, and this disorder is rare 
in childhood and adolescence, occurring more frequently in 
older men.9

Clinical Pearls

•	 A	detailed	history	and	physical	examination	are	necessary	
to	distinguish	sleep-related	movement	disorders	from	
neurological	conditions	such	as	seizures	or	dystonia,	as	well	
as	to	differentiate	from	complex	sleep-related	movements	
as	seen	in	parasomnias.

•	 As	sleep-related	movement	disorders	are	largely	behavioral	
in	nature,	it	is	essential	to	reassure	and	educate	families	
that	these	simple,	non-purposeful,	and	usually	stereotyped	
movements	are	benign	and	generally	self-limited.

•	 Treatment	should	also	focus	on	ensuring	the	safety	of	the	
child	and	easing	the	transition	between	wakefulness	and	
sleep,	often	achieved	by	establishing	consistent	bedtime	
routines	consisting	of	progressively	more	relaxing	activities	
and	strengthening	positive	associations	between	the	sleep	
environment	and	relaxation.

Box 42-2  Diagnostic Criteria for Sleep-Related 
Leg Cramps (ICSD-2, 2005)

A.	 A	painful	sensation	in	the	leg	or	foot	is	associated	with	
sudden	muscle	hardness	or	tightness	indicating	a	strong	
muscle	contraction.

B.	 The	painful	muscle	contractions	in	the	legs	or	feet	occur	
during	the	sleep	period,	although	they	may	arise	from	
either	wakefulness	or	sleep.

C.	 The	pain	is	relieved	by	forceful	stretching	of	the	affected	
muscles,	releasing	the	contraction.

D.	 The	sleep-related	leg	cramps	are	not	better	explained	by	
another	current	sleep	disorder,	medical	or	neurological	
disorder,	medication	use,	or	substance	abuse	disorder.
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INTRODUCTION

A feeling of restlessness can describe both a physical and a 
psychological sensation that prompts movement or the urge 
to move. This ubiquitous human experience is at once recog-
nizable as normal yet, in genetically susceptible individuals, 
an exaggeration of these (sometimes painful) sensations results 
in intrusive compensatory movements and the degradation of 
rest, sleep, performance and health. It is in these instances – 
when feelings of internal restlessness and the urge to move 
interfere with routine activities – that we use the term restless 
legs syndrome (RLS) or Willis–Ekbom disease. The charac-
teristic symptoms of RLS have been known for hundreds of 
years and were first reported in medicine in the 1600s. The 
Swedish neurologist Karl Ekbom formally described the clini-
cal, epidemiologic and pathophysiologic correlates of the con-
dition in 1945.1

The syndrome has four well-known clinical criteria: (1) an 
uncomfortable sensation or unexplainable urge to move the 
legs or other affected body part; (2) increasing symptoms with 
rest or inactivity; (3) a reduction of symptoms with move-
ment; and (4) a circadian enhancement of symptoms in the 
evening or night. Ekbom reported all aspects of RLS occur-
ring in children, but it was not until the mid 1990s that the 
first case reports of children with RLS were published and 
research began to focus on the potential genetic causes for this 
familial disorder.2,3

Much has been discovered with regards to the genetics, 
potential pathophysiology, and epidemiology of RLS in the 
past 20 years, but advances have included very little specific 
information about children. The recognition of significant 
correlations between RLS and select pediatric conditions – 
such as attention-deficit hyperactivity disorder (ADHD) and 
iron deficiency – has helped generate new perspectives with 
regards to pathophysiology. Because pediatric-specific infor-
mation concerning RLS is limited, age-adjusted adult criteria 
have been adopted for the diagnosis of this condition in chil-
dren. Although additional criteria were included to increase 
the selectivity for children, having to rely on verbal descrip-
tions in a linguistically developing population to diagnose a 
largely subjective disorder increases the clinical complexity. 
Still, an accurate diagnosis of RLS is the single most impor-
tant aspect of treating children with this condition. Clinicians 
must consider potential mimics as well as comorbid and asso-
ciated conditions. More objective findings, such as of periodic 
leg movements in sleep (PLMS) and of a family history of 
RLS, can increase diagnostic certainty.

Periodic limb movement disorder (PLMD), which is clini-
cally defined as a disorder distinct from RLS, is noted in 
children as well as adults. The diagnostic criteria for PLMD 
include increased PLMS for age (>5 per hour) and a clinical 

sleep disturbance that is not accounted for by another sleep 
disorder, including RLS. Clinical case studies suggest that 
children may manifest PLMD before developing RLS later 
in childhood.4 Observations such as these help our under-
standing of the biological relationships between the sensory 
and motor components of these seemingly distinct but related 
disorders. Due to the limited available pediatric research, this 
chapter provides consensus opinion-based – as well as current 
evidence-based – information on the subject of childhood 
RLS and PLMD. Prevalence, pathophysiology, diagnosis, 
treatment and clinical associations of these conditions are also 
discussed.

SYMPTOMS AND PREVALENCE OF RLS  
AND PLMD IN CHILDREN

Restless legs syndrome and PLMD are very common in north-
ern European populations and are believed to be among the 
most common inherited conditions known. Surveys show that 
between 4% and 15% of adults in the US and Western Europe 
have symptoms consistent with RLS.5–7 In addition, there is 
evidence that up to 40% of adult RLS sufferers may have had 
the onset of symptoms in childhood or adolescence.8,9 Preva-
lence rates vary from population to population due to genetic 
heterogeneity as well as to differences in survey tools used.

Validated RLS inventories, such as the International Restless 
Legs Syndrome Study Group Rating Scale (IRLS),10 have allowed 
investigators to utilize common tools in adult studies. The 
occurrence of RLS is increased in women compared to men 
(3 : 2 female : male). In younger populations the female : male 
ratio is closer to 2 : 1. Studies of adults over the age of 65 years 
show RLS prevalence increasing up to 10–20%.11

Approximately 8% to 20% of adults fulfill standard RLS 
criteria,12,13 but only 2.7–3.9% of adults meet criteria for mod-
erate to severe RLS (episodes twice or more per week with 
moderate to severe distress).12,14 Not all people with RLS 
symptoms require medical attention.

Picchietti and colleagues – using the NIH consensus crite-
ria for the diagnosis of definite RLS in children – performed 
the most comprehensive prevalence survey to date of RLS in 
children from the US and UK.15 They demonstrated that 
1.9% of 8–11-year-olds and 2% of 12–17-year-olds fulfilled 
these criteria. The prevalence of moderately severe RLS was 
0.5% and 1% in 8–11-year-olds and 12–17-year-olds, respec-
tively. There was no gender preference noted, unlike in adult 
RLS. In addition, the data showed a potentially strong genetic 
predisposition for RLS with 71–80% of children having at 
least one affected parent.15 In 2010, an RLS symptom severity 
scale for children and adolescents was developed,16 although 
large-scale validation studies have yet to be performed.

Chapter 
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PERIODIC LIMB MOVEMENT DISORDER AND 
PERIODIC LEG MOVEMENTS

PLMD is delineated as a separate sleep-related movement 
disorder,17 although many experts in the field consider PLMD 
to exist on a continuum with RLS. Both disorders are associ-
ated with low ferritin levels, respond to dopaminergic medica-
tions, share similar genetics, and are more common in 
Caucasian children than in other racial groups (OR = 9.5).18 
The supposition of a continuum from PLMD to RLS is 
further bolstered by clinical evidence that some children man-
ifest PLMD or PLMS years before the symptoms of RLS 
develop.4 In a retrospective longitudinal study, Picchietti and 
Stevens identified PLMD or probable/possible RLS in 18 
children (mean age = 10.3 years) and subsequently diagnosed 
these children with definite RLS an average of 11.6 years later. 
In addition, these children had many of the comorbidities 
commonly associated with RLS such as ADHD, parasomnias, 
and a low serum ferritin level.4 Thus, despite the differentia-
tion of RLS from PLMD on clinical grounds, this evidence 
illustrates their potentially common pathophysiology and 
treatment.

With the recent discovery of a dose-dependent association 
between the BTBD9 gene (on chromosome 6p) and the find-
ings in RLS of both PLMS and low serum ferritin, there 
remains no doubt that the motor and sensory features of RLS 
are related.19 In addition, given that the vast majority of RLS 
sufferers have PLMS on polysomnography (PSG) testing 
(reports vary from 80% to 100%), the presence of a common 
neural mechanism for both sensory and motor symptoms is 
suggested. In contrast, PLMS are noted in a number of other 
disorders (such as Parkinson’s disease and Tourette’s syn-
drome), in association with certain medical conditions (such 
as pregnancy), in association with other sleep disorders (such 
as narcolepsy, sleep deprivation, and obstructive sleep apnea 
(OSA)), as a result of OSA treatment with continuous posi-
tive airway pressure),20 and as a result of certain medications 
(such as selective serotonin reuptake inhibitors (SSRIs) and 
tricyclic antidepressants (TCAs)).21–27

Since PLMS are not disease-specific, some authorities 
question whether or not PLMS (and thus PLMD) should be 
considered abnormal. They also increase with age and occur 
in up to 30% of adults over the age of 50 years,8 suggesting 
neurological deterioration that is part of normal aging.

Counter to the argument – that PLMS represent normal 
motor activity – are data that demonstrate the impact of PLMS 
and RLS on both health and psychological well-being. Sympa-
thetic over-activation may explain the association between 
PLMS and chronic cardiovascular conditions in adults;28 and, 
in RLS sufferers, this relationship is thought to elevate the risk 
for stroke and even the risk for insulin resistance and type II 
diabetes.29 The natural state of sympathetic hyperactivity associ-
ated with youth may actually place children and younger adults 
at an even higher risk.30 A number of adult and pediatric studies 
demonstrate a strong relationship with ADHD, behavioral dis-
orders, and cognitive deficits as well as with depression and 
anxiety in RLS populations.31–34 Adults with RLS carry a 4–5-
fold increased risk for depression and a 13-fold increased risk 
for panic disorder.35–38 Patient-reported outcome measures dem-
onstrate a significant impact of RLS in adults.12,39–42 Studies 
demonstrating that RLS causes clinical morbidity in pediatric 
populations, however, are lacking (Figure 43-1).

Measuring Periodic Leg Movements in Sleep
PLMS in children are not uncommon, especially in children 
with RLS; and, studies suggest that between 8.4% and 11.9% 
of children may have PLMD.43 Normative pediatric data from 
studies that record PLMS via PSG and/or accelerometry (also 
referred to as actigraphy and actometry) demonstrate that 
most children and adolescents exhibit a periodic leg move-
ment index (PLMi) no greater than 5/hour.43–47 By contrast, 
up to 74% of children with definite RLS have a PLMi in  
excess of 5/hour.48 When a PLMi are noted in children, clini-
cians should consider further investigation into the possibility 
of RLS.

Standardized criteria commonly utilized to score PLMS 
recorded via bilateral anterior tibialis electromyography 
(EMG)49 have been modified in the past 5 years. Specifically, 
four movements must be scored in a row to qualify as periodic 
leg movements, and each of these movements must have an 
EMG amplitude greater than 8 microvolts, the movements 
must be separated by between 5 and 90 seconds, and indi-
vidual movements must last between 0.5 seconds and 10 
seconds.50 These criteria allow for significant variability in the 
expression and periodicity of PLMS. Investigation based on 
rhythmic firing characteristics of neural systems provides a 
less variable measure of PLMS and provides a more scientific 
assessment for the potential generation of PLMS. Using the 
technique of a Markov-based stochastic mathematical process 
to measure inter-movement intervals and characterize the 
periodicity of PLMS,51 researchers have demonstrated that 
subjects with RLS-related PLMS (and likely PLMD) have 
less inter-movement interval variability (with intervals clus-
tering between 24 and 28 seconds) than is seen in PLMS due 
to other conditions (such as narcolepsy and ADHD).52–54 
There has been speculation that this particular frequency 
range is caused by neural pattern generators in the spinal cord 
and/or diencephalon.

Figure 43-1 Periodic leg movements during sleep (PLMS) depicted on 
2-minute PSG recording page. Each solid arrow demonstrates an individual 
PLM in a sequence of PLMS recorded with right and left anterior tibialis 
EMG. Block arrows denote the inter-movement interval, which is very 
consistent as noted in RLS. Also, note cortical arousals (dashed arrows) 
associated with PLMS that are thought to confer excessive autonomic 
activity and sleep fragmentation. From: Durmer JS and Quraishi GH. Restless 
legs syndrome, periodic leg movements and periodic leg movement disorder 
in children. Pediatric Clinics of North America 2011;58:591–620.
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PLMS demonstrate marked night-to-night variability, in 
children as well as in adults, and multiple nights of testing 
may be required to accurately quantify and diagnose PLMS.55 
Ambulatory or home-based PLMS measurements made 
using accelerometry in adults correlate with PLMS measured 
by PSG, and the same technique may be useful in the clinical 
evaluation of a child.56,57

PATHOPHYSIOLOGY OF RLS/PLMD

The neurobiological mechanisms leading to the motor and 
sensory symptoms of RLS/PLMD remain the topic of scien-
tific inquiry. Clinical observations demonstrate that most 
primary cases of RLS respond to dopaminergic treatments 
such as levodopa/carbidopa, ropinirole and pramipexole. 
These observations suggest that monoaminergic neurotrans-
mitter systems within the central nervous system play a pivotal 
role in the expression of RLS/PLMD symptoms. Neuroana-
tomic and physiologic models of diencephalic and spinal cord 
dopaminergic systems support an intriguing hypothesis 
related to the sole source of dopamine innervation in the 
spinal cord, namely the bilateral A-11 hypothalamic cell 
groups. These cells project to all levels of the spinal cord and 
provide dorsal (sensory), ventral (motor) and mediolateral 
(sympathetic) dopaminergic activity. This important neuro-
anatomic property suggests that the A-11 dopaminergic cell 
groups may be major contributors to the development of 
RLS.58 Animal models using dopamine receptor (D2-like) 
knock-out mice suggest that the loss of spinal cord gating via 
D2-like receptors may precipitate the sensory and motor 
symptoms of RLS/PLMD (Figure 43-2).59

An association between iron deficiency and RLS was first 
noted by Nordlander in 1954.60 Impairment of brain iron 
availability is hypothesized to play a role in the pathogenesis 
of RLS and PLMD, based on several studies in animals and 
humans. Serum iron indices, such as total iron, hemoglobin 
levels, and hematocrit, are usually within the normal ranges 
in RLS patients. Nevertheless, brain iron deficiency has been 
implicated in humans from investigations using cerebrospinal 
fluid analysis of iron and ferritin,61,62 magnetic resonance 
imaging and ultrasound of the substantia nigra,63–65 and 
autopsy examination of brain tissue from RLS subjects.66,67 
The link between iron deficiency and dysfunction of central 
dopaminergic systems is based on evidence that iron is a 
cofactor for the rate-limiting enzyme in dopamine synthesis, 
tyrosine hydroxylase, and is required for postsynaptic D2 
receptor function. Iron deficiency results in down-regulation 
of striatum and nucleus accumbens dopamine receptors as 
well as dysregulation of dopamine vesicular release.68–70 Cor-
relations between peripheral serum ferritin levels and cerebro-
spinal ferritin levels in RLS patients demonstrate that serum 
ferritin levels below 50 ng/mL correlate with relative body 
iron storage deficiency.61,62

Recent evidence suggests that lower ferritin status in RLS 
may not only correlate with alterations in dopamine metabo-
lism and neural transmission but may also be associated with 
an inability to retain intracellular ferritin.71 In a study compar-
ing 24 women with early-onset RLS with a control group of 
25 women without RLS, Earley et al. demonstrated there 
were marked differences in proteins associated with iron  
trafficking into cells (soluble transferrin receptor (TfR) and 

Figure 43-2 The proposed role of the diencephalic dopaminergic cell 
group A-11 in the pathophysiology of RLS. A11 neurons project caudally to 
inhibit the dorsal raphae nucleus. This results in less sympathetic excitation 
via the spinal cord intermediolateral cell column (IML). A-11 neurons also 
project to all levels of the spinal cord and inhibit dorsal horn sensory 
transmission as well as the afferent projections of the IML (#1). As proposed 
in RLS, a loss of A-11 dopaminergic inhibition results in increased sensory 
input to cortex (uncomfortable sensations or urge to move), increased 
sensory activation of the spinal cord reflex arc (#3) (causing PLMS), and 
increased sympathetic activity (#2) (accentuating PLMS and associated 
medical conditions such as hypertension and pro-inflammatory states). The 
loss of rostral A11 projections would also enhance cortically mediated 
sensory discomfort associated with RLS (#4). From: Clemens S, Rye D, 
Hochman S. RLS revisiting the dopamine hypothesis from the spinal cord 
perspective. Neurology. 2006;67:125-130.
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divalent metal transporter 1 protein (DMT-1)) and out of 
cells (ferroportin protein). RLS patients had higher TfR and 
DMT-1 levels consistent with an increased cellular need for 
iron. Paradoxically, they also had higher ferroportin protein 
levels, which would normally signify high intracellular iron 
levels since this protein regulates iron efflux. Thus, patients 
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with RLS seem to have an intracellular need for iron; yet, the 
proteins responsible for regulating cellular iron content create 
a situation tantamount to a leaky bucket.

THE GENETICS OF RLS/PLMD

Genetic investigations over the past 12 years using twin con-
cordance, family association, familial linkage, and genomic 
association methods have created a more complex picture. 
Twin studies suggest a heritability of approximately 54% for 
RLS.72 Additional genomic and linkage studies suggest that 
different sensorimotor phenotypes may be linked to different 
genetic loci. Ten different genetic loci for RLS have been 
identified (on multiple chromosomes) using familial linkage 
analysis, and these findings suggest that RLS/PLMD is a 
complex genetic trait that interacts with environmental 
factors.73–86

Initial evidence from a familial segregation analysis in 
Germany demonstrated that early-onset RLS (patients <30 
years old) supported a single major gene model with an auto-
somal dominant mode of inheritance.87 Late-onset RLS did 
not demonstrate this effect. On further analysis, two distribu-
tions of RLS were identified, based on age of onset (with the 
dividing point at 26.3 years). These data suggest that RLS is 
primarily genetic in younger age-of-onset groups but that 
environmental components influence the expression of RLS 
and may be more relevant in the later age-of-onset groups.88 
Many studies of familial RLS demonstrate genetic anticipa-
tion where subsequent generations show a progressively earlier 
ages of symptom onset.89–92 Thus far, there is no evidence to 
support a trinucleotide repeat mechanism for RLS (as is the 
case in certain other disorders that also demonstrate genetic 
anticipation, such as spinocerebellar ataxia and Huntington’s 
disease).93,94

To understand if there are more common RLS alleles with 
particular phenotypes, genomic association studies using 
single nucleotide polymorphisms (SNPs) have been per-
formed since 2007. An Icelandic investigation of 306 RLS 
cases and 15,664 controls identified three genes (BTBD9, 
GLO1, and DNAH8) on chromosome 6p that were associ-
ated with RLS patients with PLMS as a major component of 
their phenotype.19 This study demonstrated dose-dependent 
associations among the BTBD9 allele, PLMS, and serum 
ferritin levels. Heterozygous individuals for this allele showed 
twice the risk for RLS with PLMS, while those homozygous 
for this variant had four times the risk. Serum ferritin levels 
were also lower in those with the additional BTBD9 allele. In 
a second genomic study performed in a German cohort of 401 
familial RLS sufferers and 1644 controls, four genes (MEIS1 
– ch 2p, BTBD9 – ch 6p, MAP2K5 – ch15q, and LBXCOR1 
– ch 15q) were found in association with RLS.95 In both the 
German and Icelandic investigations, the BTBD9 allele, 
which is widely distributed in the brain and body, was found 
to be associated with RLS.

Replication studies of the familial and genomic findings from 
adult studies have proven inconclusive in children. One study 
assessed gene variants in 23 children and found an 87% positive 
family history of RLS and a trend toward association with 
MEIS1 and MAP2K/LBX-COR1 variants, but no association 
was found with BTBD9.96 Another study of 386 children with 
ADHD and RLS did not find a genetic association.97

THE DIAGNOSIS OF RLS/PLMD IN CHILDREN

As stated above, the diagnosis of PLMD in children and 
adolescents formally requires: (1) PLMS documented by 
polysomnography and exceeding a PLMi of 5 per hour, (2) 
clinical sleep disturbance, and (3) the absence of another 
primary sleep disorder or reason for the PLMS (including 
RLS). In 1995, the International Restless Legs Syndrome Study 
Group developed standardized criteria for the diagnosis of 
RLS in adults.98 In addition to the four essential features 
(noted above), five additional clinical features of RLS were 
included: (1) sleep disturbance, or daytime results of sleep 
disturbance, (2) involuntary movements during sleep (PLMS) 
and during wake (periodic leg movements during wakefulness 
(PLMW)), (3) neurological examination findings consistent 
with RLS, (4) typical clinical course and exacerbating factors, 
and (5) positive family history. Idiopathic or primary RLS was 
also distinguished from reactive or secondary RLS (which 
may be caused by conditions such as uremia, neuropathy, 
medications, and anemia).

In 2003, an NIH workshop produced expert consensus 
criteria for the diagnosis of RLS in children and special popu-
lations.99 Categories of diagnostic certainty for RLS in chil-
dren aged 2–12 years old were established based on varying 
levels of clinical evidence (see Box 43-1). The essential four 
adult criteria were retained for the diagnosis of definite RLS 
in adolescents (13–18 years old). In addition, categories of 
possible and probable RLS were established, suggesting that 
individuals with incomplete RLS should be followed for pro-
gression of symptoms.

The 2003 NIH expert panel consensus criteria for the 
diagnosis of pediatric RLS included a requirement that chil-
dren be able to state in their own words their experience of 
the symptoms. These criteria not only reduce potential mis-
diagnoses but also raise a diagnostic challenge (due to the 
developmental nature of verbal fluency). Up to 40% of adults 
first experience RLS symptoms in childhood or adolescence, 
and PLMS and PLMD precede the diagnosis of RLS in 
children by an average of 11–12 years.

In 2010, a multi-dimensional, self-administrated, patient-
reported outcome questionnaire (the Pediatric Restless Legs 
Syndrome Severity Scale (P-RLS-SS)) was published to assess 
pediatric RLS symptom severity and impact.16 In addition to 
establishing a metric, this study demonstrated that children 
experience RLS symptoms during both daytime and night-
time. They experience pain in association with RLS and often 
utilize countermeasures such as rubbing or moving. Many 
children provided non-verbal descriptions of their symptoms 
using a visual analog scale and free-hand drawings of their 
experiences.100 Despite variations of interpretation, such visual 
approaches may be more appropriate for diagnosing RLS in 
younger or less fluent children, especially when one is search-
ing for a starting point in the diagnostic process (Figure 43-3).

In the diagnostic interview for RLS it is important to 
provide a non-leading introduction in order to allow the child 
to express his or her own experience. Adult family members 
should be questioned as well since they may have similar 
symptoms or even have an RLS diagnosis themselves. 
However, clinicians should direct their inquiry toward the 
child to help them recreate the last time they experienced 
something that made it hard ‘to fall asleep’ or ‘to lie still in 
bed.’ Often, the presenting complaint from the child or  
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Figure 43-3 Children’s drawings of RLS symptoms: (a) From an 8-year-old boy: ‘It’s like my legs are wiggly;’ (b) From an 11-year-old girl: ‘Well this picture 
shows like, see like it’s ant bites that’s kind of showing you that it’s really hurting me like in those areas;’ (c) From a 14-year-old girl: ‘I feel stuff going up and 
down my legs where it just tingles. And that’s more when it starts feeling like a little numb and then these represent my tingles. And then the red would be 
just when it hurts.’ Adapted from: Picchietti DL, Arbuckle RA, Abetz L, Durmer JS, Ivanchenko A, Owens J, Croenlein J, Allen RP, Walters AS. Pediatric restless legs 
syndrome: analysis of symptom descriptions and drawings. Journal of Child Neurology 2011;26(11):1365–76.

A B C

Adapted from: Allen RP, Picchietti DL, Henning WA, Trenkwalder C, Walters AS, Montplaisir J. Restless legs syndrome: diagnositic criteria, special considerations, and 
epidemiology. A report from the RLS diagnosis and epidemiology workshop at the NIH. Sleep Med 2003;4:101–119

Box 43-1  Definite RLS Criteria for Pediatrics

NIH Workshop Diagnostic Criteria for RLS in Children  
and Adolescents
For definite RLS, children (ages 2–12 years) must meet ALL of 
the following adult criteria:
• An urge to move the legs, usually accompanied or caused by 

uncomfortable and unpleasant sensations in the legs. 
(Sometimes the urge to move is present without the 
uncomfortable sensations and sometimes the arms or other 
body parts are involved in addition to the legs.)

• The urge to move or unpleasant sensations begin or worsen 
during periods of rest or inactivity such as lying or sitting.

• The urge to move or unpleasant sensations are partially or 
totally relieved by movement, such as walking or stretching, 
at least as long as the activity continues.

• The urge to move or unpleasant sensations are worse in the 
evening or night than during the day or only occur in the 

evening or night. (When symptoms are very severe, the 
worsening at night may not be noticeable but must have 
been previously present.)
AND

• A description of the leg discomfort in the child’s own words 
using terms that are age-appropriate
OR

• Demonstrate at least 2 of 3 following supportive criteria
• Sleep disturbance for age (e.g.; sleep onset/maintenance 

insomnia)
• A biologic parent or sibling with definite RLS
• The child has documented PLMS index of > 5/hour.

For definite RLS, adolescents (ages 13–18 years) must meet 
ALL of the 4 adult criteria above.

parent may not appear to be related to ‘restlessness’ or ‘kicking.’ 
Common complaints in pediatric RLS are difficulty falling 
asleep, not wanting to go to sleep, and (occasionally)  
difficulty remaining asleep. By directing the conversation to a 
description of the bedtime routine, a young or forgetful child 
can start by reporting the bedroom surroundings to contex-
tualize the sleep-onset experience. Since this is the most 

common time for symptoms to emerge, the child may then 
recall the last time he or she had a problem falling asleep. The 
clinician can use similar techniques to help the child remem-
ber symptoms that occur at other times of the day, such as 
sitting in class at a desk, attempting to nap, or while doing 
homework after school. Children provide imaginative descrip-
tions of RLS symptoms – e.g., ‘soda bubbles in my legs,’ ‘ants 
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biting my leg,’ ‘just want to move,’ or ‘got to kick.’4,15,101 It is 
not common for children to use the term ‘urge to move’  
in relationship to their description of RLS symptoms, but  
it is helpful to allow them to physically demonstrate compen-
satory maneuvers such as wiggling, rubbing, kicking, hitting 
and even constantly moving ‘to find the cool spot.’ After 
exhausting one’s direct inquiry with a child it is sometimes 
helpful to incorporate the parent into the discussion to remind 
the child of bedtime rituals and activities that may provide 
some recall.

Additional diagnostic criteria, including timing of the 
symptoms, exacerbating conditions, and compensatory 
maneuvers, can be elicited by focusing on the bad feeling that 
the child describes. During the day, it is common to note  
some degree of classroom difficulty, and the child’s teacher or 
parent may be helpful in this regard. Difficulty sitting quietly 
at a desk and paying attention, irritability, and hyperactivity 
may be notable symptoms of children with RLS. The overlap 
with ADHD-like symptoms is often brought up in this 
context. To distinguish between these two sets of restlessness 
symptoms it is helpful to remember that in RLS the hyper-
activity is caused by an internal sensory discomfort while 
in ADHD it is related to an interaction with the external 
environment.

Clinicians must be aware of causes of secondary or reactive 
RLS in children since their treatment may be quite different 
from that of primary RLS. Age-associated causes of secondary 
RLS include joint pain and arthritis, Osgood–Schlatter 
disease, dysasthesias related to peripheral neuropathy or radic-
ulopathy, akathesia related to anti-dopaminergic medications, 
and cutaneous pain related to dermatitis or rashes (see Box 
43-2). Identification of one of these entities or RLS should 
prompt clinicians to ask for symptoms of the other. Another 
condition commonly associated with, and often possibly iden-
tical to, RLS is that of growing pains. Children diagnosed with 
growing pains unrelated to any other identifiable disorder 
commonly demonstrate a strong family history of RLS and, 
in many cases, fulfill the diagnostic criteria for RLS.102 The 
prevalence of growing pains in children ages 4–6 years meas-
ured with validated instruments is as high as 37%.103 And, the 
presence of typical growing pains in children with either a 
family history of growing pains or RLS should prompt clini-
cians to consider a diagnosis of RLS.

It is helpful to note that, in children, symptoms commonly 
associated with RLS may also be seen with other sleep or 
medical/psychiatric disorders. Irritability, depression, anxiety, 
and hyperactivity may occur secondary to sleep deprivation; 
they may also be symptoms of comorbid conditions such as 
panic disorder, generalized anxiety disorder, ADHD, ODD 
and depression. Parasomnias, sleep-related movement disor-
ders, and the insomnias also may be the presenting symptoms 
in some cases of childhood RLS.4,101,104 It is important to note 
mood and behavioral symptoms since these secondary symp-
toms of RLS may be most prominent.

Although RLS is a clinical diagnosis that does not require 
testing, it is not possible to determine the presence or effect 
of PLMS on a child’s sleep without a test. Parental reports 
and even clinical evaluation by trained sleep clinicians are not 
adequate predictors of PLMS.105,106 Sleep testing is also 
required when symptoms suggest other sleep disorders. Tra-
ditionally, PSG is employed to detect PLMS; however, accel-
erometry may also be considered.

RLS AND ADHD

From the mid 1990s to the present, an increased prevalence 
of RLS and PLMD has been noted in children with symp-
toms consistent with ADHD.31,107 Despite limited sample 
sizes (between 19 and 98 individuals/study), estimates for 
RLS in the ADHD pediatric population range between 
10.5% and 44%, and the estimated prevalence of ADHD in 
the RLS population is similarly increased (18–30%).15,108–112 
The epidemiological survey study by Picchietti and colleagues 
also demonstrates a strong relationship between ADHD and 
RLS with 23.9% of 8–11-year-olds and 28.6% of 12–17-year-
olds demonstrating both definite RLS and attentional deficit 
disorder (ADD)/ADHD.113 The relationship between RLS 
and ADD/ADHD is complex since sleep deprivation in chil-
dren may mimic the hyperactivity and inattention noted in 
ADD and ADHD. In addition, physiologic and genetic 
investigations suggest that these two conditions may share 
similar features such as iron deficiency and dopamine 
dysfunction.

Objective sleep measures demonstrate increased sleep dis-
ruption in children with ADHD (with findings of PLMS, 
sleep-disordered breathing (SDB), increased sleep onset 
latency, and increased number of stage shifts per hour of 

Box 43-2  Conditions that may Result in Secondary 
(or Reactive) RLS in Children

• Endocrine
• Diabetes
• Thyroid disease

• Musculoskeletal
• Osgood–Schlatter
• Muscle soreness
• Injury (e.g. sprain, bruise, strain)
• Cramps
• Arthritis
• Connective tissue disorders (e.g. plantar fasciitis)
• Myopathy (congenital or acquired)

• Neurovascular
• Positional discomfort (e.g. ‘pins-and-needles’)
• Peripheral neuropathy
• Radiculopathy
• Myelopathy
• Sickle cell disease
• Multiple sclerosis

• Neoplasm
• Skin

• Dermatitis
• Dry skin substances

• Anti-dopaminergic medications
• SSRI medications
• Tricyclic medications
• Caffeine

• Other
• ADHD
• Iron deficiency
• Oppositional defiant disorder
• Pregnancy
• Celiac disease
• Uremia
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sleep).114,115 Theories concerning the high correlation between 
RLS/PLMD and ADHD often focus on sleep deprivation  
as a cause for the symptoms of hyperactivity and inattention 
in ADHD. Sleep deprivation may even help explain the 
higher incidence of other sleep disorders (such as SDB) also 
seen in ADHD. Although sleep deprivation may help explain 
some of the general overlap between RLS and ADHD, con-
verging areas of genetic evidence support a more specific 
dopaminergic connection between these conditions. ADHD, 
like RLS, is a complex neurodevelopmental disorder with 
multiple subtypes that likely represent dysfunction within 
several neural systems. ADHD candidate genes are notably 
related to the dopamine system. The dopamine relationship 
is supported by additional evidence, namely that the most 
effective treatments for ADHD are stimulants (which  
block dopamine transport), that neural imaging findings in 
ADHD demonstrate neuroanatomical and physiological dys-
function of the frontostriatal system, and that the executive 
function deficits noted in ADHD are secondary to dopamin-
ergic transmission abnormalities. Genes associated with 
ADHD include the D4 (DRD4), D5 (DRD5), and D1 
(DRD1) dopamine receptor genes, and the dopamine trans-
porter gene (DAT1).116–122 Additional genetic associations 
are also noted within dopamine metabolic pathways including 
the DDC gene (which catalyzes the conversion of DOPA 
to dopamine), the DβH gene (which regulates an enzyme 
responsible for the conversion of dopamine to norepine-
phrine), a polymorphism of the catechol-O-methyl trans-
ferase (COMT) gene, and the monoamine oxidase A (MAOA) 
gene.123 There are also associations between ADHD and 
other monoaminergic genes responsible for noradrenergic and 
serotonergic activity. Initial investigations using several of the 
previously identified RLS-linked SNPs (MEIS1, BTBD9 and 
MAP2K5) demonstrated no significant associations with 
ADHD. Although BTBD9 SNPs show nominal significance, 
however, when one controls for multiple testing, this associa-
tion is seen to be at best a trend.124 Additional investigations 
utilizing various RLS and ADHD phenotypes in genetic 
linkage and genomic association studies are needed to under-
stand the relationship of these co-occurring and perhaps 
comorbid conditions.

Both RLS and ADHD demonstrate an association with 
iron deficiency. Studies of children with RLS, ADHD, or 
both show a relationship with relatively low serum ferritin 
measures when compared to age- and gender-matched con-
trols.115,125–127 Treatment for relative iron deficiency using oral 
iron repletion in children with ADHD has been studied in a 
small randomized, double-blind, placebo-controlled trial.128 
Iron treatment demonstrated benefits in both Clinical Global 
Impression scales and ADHD rating scales.

For additional discussion, also see Chapter 15.

TREATMENT AND MANAGEMENT OF RLS/PLMD

The Behavioral Approach
Children with RLS or PLMD (or their parents) often report 
symptoms of behavioral sleep disorders that have become 
ingrained in a family’s approach to sleep. Sleep-onset  
association and limit-setting behavioral sleep disorders, inad-
equate sleep hygiene, and insufficient sleep can all result in 
symptomatic worsening and render even the best medical 

therapies ineffective (see Chapters 8 and 14). The initial 
approach to RLS/PLMD treatment is education, for example 
to establish proper bedtime behaviors, ensure a non-stimulat-
ing environment, avoid exercise and excitement before bed, 
and control access to food and drink during the night. The 
use of cognitive and physical countermeasures for RLS symp-
toms – such as physical relaxation techniques, warm baths, 
and cognitive restructuring – may be helpful during the sleep-
onset routine in children suffering from RLS. It is also critical 
to consider activators of RLS symptoms such as sleep depriva-
tion and certain drugs and medications (caffeine, nicotine, 
SSRIs, TCAs, anti-emetics and antihistamines).

The Pharmacologic Approach
Iron Supplementation
In a study by Konofal et al., children with RLS and ADHD 
had lower ferritin levels than children with ADHD alone,  
and they also had more severe symptoms of ADHD.127 
More recently, a retrospective analysis of 30 consecutive  
Japanese children with RLS treated with oral iron therapy 
showed a clear benefit that was noted on average 3 months 
after starting therapy.129 Symptom resolution occurred in 57% 
of children, and improvement in 33%; only 10% were 
non-responders.

Given the evidence of relative iron body storage deficits in 
children with RLS, it is now common practice to obtain 
serum levels before embarking on any particular therapy. 
Studies of familial RLS demonstrate that, aside from an 
earlier age of onset, patients typically have lower serum fer-
ritin levels (which also predict future therapeutic challenges 
such as augmentation to dopaminergic therapies).130,131 At a 
minimum, the serum ferritin and a complete blood count 
(CBC) should be obtained, although total iron binding capac-
ities, transferrin, and TfR are often included. It is important 
to remember that infection, liver disease, cancer, or significant 
stress can elevate ferritin levels and lead to inaccurate conclu-
sions about iron status. Serum ferritin levels (and iron stores) 
may also be decreased without overt iron deficiency anemia 
(i.e., without low hemoglobin or hematocrit levels). It is par-
ticularly important to understand the physiology of body iron 
compartmentalization when testing RLS patients (see Figure 
43-4). Functional iron constituents such as hemoglobin, gen-
erally used as surrogates for body iron levels, are preserved at 
the expense of stored iron. Thus, just knowing that hemo-
globin levels are normal is incomplete information; it is 
important to also note the relative ferritin and transferrin 
levels to complete the iron metabolism picture.

Current recommendations for iron supplementation in 
children with RLS symptoms suggest treatment when the 
serum ferritin falls below 50 ng/mL.132 This recommendation 
is partially based on the finding that in adult RLS patients a 
serum ferritin below 50 ng/mL is associated with increased 
symptoms.133,134 Also, subjects with ferritin levels below that 
level are significantly more responsive to iron repletion therapy. 
The goal of therapy is to achieve a ferritin level of 80–100 ng/
mL since saturation of peripheral iron stores typically occurs 
in this range.

Deficits in serum ferritin often go unrecognized, even with 
testing, since the lower end of the normal reference ranges 
typically are listed as being well below the 50 ng/mL level, 
i.e., below the level where RLS and PLMD symptoms may 
emerge.
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The literature supports the use of iron repletion therapy to 
treat both RLS and PLMS symptoms in children.104,129,135,136 
Although extensive clinical data are lacking with regards to 
this therapy, both oral and intravenous (IV) iron repletion 
methods for RLS are available. Oral supplementation may 
take 3 months or more to achieve adequate ferritin elevations, 
and clinical evidence suggests a similar response time for 
symptoms.129 Oral dosing is usually 3–6 mg/kg/day and sup-
plements should be taken on an empty stomach with vitamin 
C for improved absorption. Liquids and tablet preparations 
are available. The most common side effects are gastrointes-
tinal. To help reduce side effects and maximize absorption, 
supplements should be taken without calcium-containing 
foods or drinks. Repeat testing is recommended within 2–3 
months to confirm a change in iron levels and also to assure 
that levels do not exceed the therapeutic range. Once serum 
ferritin levels reach 80–100 ng/mL, iron therapy may be  
discontinued or tapered. Some clinicians prefer to continue a 

low-maintenance iron supplementation with vitamins, but no 
data regarding the effectiveness of this strategy are available.

In adults, trials of IV iron therapy have demonstrated  
significant effects on serum ferritin levels and, in some cases, 
complete amelioration of RLS symptoms.137–139 There are 
no similar studies using IV iron in children. When iron infu-
sions are given serially, there is a reliable increase in ferritin 
levels with each infusion followed by a gradual fall, and the 
rate of fall decreases progressively over successive treatments.137 
In fact, a return to previously low ferritin levels may follow  
the initial courses of any form of iron therapy. Serum ferritin 
retesting should be considered if a child reports a return  
of RLS symptoms or to ensure that ferritin levels remain  
above 50 ng/mL. Clinically, the use of low-molecular- 
weight IV iron dextran compounds is noted to result in a 
superior outcome without the previously noted hypersensitiv-
ity and allergic reactions related to higher-molecular-weight 
formulations.140,141

Figure 43-4 Stages of iron deficiency (ID) in the body correlated with typical laboratory values. From left to right, as body iron stores become depleted, 
storage becomes increasingly reduced as reflected by falling serum ferritin levels. As the stages of ID progress (defined by laboratory values within the boxes 
at the bottom of the figure), transport and functional iron compartments become impacted resulting in iron-deficient erythropoiesis (IDE) and iron deficiency 
anemia (IDA). Of note, hemoglobin values do not reflect iron depletion until the last stages of iron deficiency. From: Suominen P, Punnonen K, Rajamaki A, 
Irjala K. Serum transferrin receptor and transferrin receptor-ferritin index identify healthy subjects with subclinical iron deficits. Blood 1998;92(8):2934–39
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Other Forms of Pharmacotherapy
In addition to iron repletion, other forms of pharmacotherapy 
may be required if symptoms impact sleep or daytime  
activities on a regular basis, although no current FDA-
approved options are available for children. The utility of 
medication depends on the symptom frequency and intensity. 
Occasional symptoms, occurring less than once a week, may 
be treated on an as-needed basis rather than with daily pro-
phylactic treatment. When moderately severe RLS symptoms 
are present in adults (symptoms 2 days/week or more), daily 
drug therapy is suggested. Painful, intrusive nighttime symp-
toms, or those that cause daytime dysfunction, are more likely 
to engender a medical response. Clinicians must understand 
the array of medical interventions available to adults and help 
parents and children make an informed decision.

The five general categories of medications most commonly 
used to treat RLS symptoms are dopaminergic agents, anti-
adrenergics, opioids, anticonvulsants, and benzodiazepines.

Dopaminergics
The most widely used and most successful medical therapies 
for RLS are those that produce their effect through the 
dopaminergic system. This class of therapies is so helpful that 
the diagnostic criterion for adult RLS even includes a response 
to dopaminergic medication as a supportive feature. Treat-
ment with dopamine therapy may control both sensory and 
motor symptoms. Dopaminergic medications have also proven 
successful in case reports and small open-label studies of chil-
dren with RLS with and without ADHD;4,142–150 but, to date, 
there have been no large-scale, double-blind, placebo-control-
led trials using dopaminergic medications in children with 
RLS or PLMD. The effect of L-dopa on symptoms of 
ADHD and RLS in children was investigated in a 2011 small 
randomized, double-blind study. Twenty-nine children diag-
nosed with ADHD and RLS, and 29 with ADHD and no 
RLS, were either treated with L-dopa or a placebo and 
assessed pre- and post-intervention. Despite a significant 
impact on RLS and PLMS, there were no effects on objective 
neuropsychiatric measures of ADHD.151 Although ADHD 
and RLS share a significant clinical overlap, multiple therapies 
may be required to control symptoms.

L-dopa was the first dopamine agent shown to be effective 
for both the sensory and motor symptoms of RLS.152 Due to 
its short half-life (1.5–2 hours), it is usually reserved as an 
abortive or diagnostic agent and is not routinely used for 
prophylaxis.21 In addition, L-dopa has a high reported rate of 
augmentation (up to 60–73% of adult users).153,154 The rate of 
augmentation in children has not been studied; however, 
unpublished anecdotal evidence suggests very little augmenta-
tion is observed in children. A more common cause for ces-
sation of dopaminergic therapy in children is related to side 
effects including gastrointestinal upset, nausea, disturbed 
dreams and sedation.

Augmentation, as defined by the Max Planck Institute 
Criteria, includes three basic features: (1) increased symptoms 
in 5 of the previous 7 days, (2) no other identifiable cause for 
the symptom change, and (3) a prior positive response to 
dopamine therapy. Two additional features of augmentation 
are: (1) persistence or paradoxical response to additional 
dopaminergic therapy, and (2) an earlier return of symp-
toms.155 Augmentation causes a shift of RLS symptoms to 
earlier in the day, it leads to an increase in body parts involved, 

and it may be associated with change in severity or quality of 
discomfort during pharmacologic therapy. All these effects are 
reversible by withdrawal of the therapy. Also, augmentation 
is increased when serum ferritin levels are low and when 
dopaminergic medications have been used for extended time 
periods.154 It is important to distinguish augmentation from 
tolerance, early morning rebound, neuroleptic-induced 
akathesia, and RLS disease progression.154 Progression of 
RLS symptoms may also appear similar to augmentation, but 
generally this occurs on a timescale of years rather than weeks 
or months.

Tolerance is a reduction in medication effectiveness over 
time, often necessitating an increase in dose. It is unclear if 
this is related to the development of augmentation, but it has 
been reported to precede some cases of augmentation in 
adults.

Neuroleptic-induced akathesia is distinguished from aug-
mentation by its non-circadian pattern as well as the inner 
sense of overall body restlessness rather than discrete limb 
restlessness.

If augmentation is noted, the first course of action is to test 
serum ferritin levels and treat the patient accordingly. Follow-
ing this, an immediate reduction of dopaminergic therapy to 
the lowest tolerated dose should both result in symptomatic 
improvement and serve to confirm the diagnosis of augmenta-
tion. Other causes for RLS exacerbation should be identified 
and eliminated. If augmentation persists, the dopaminergic 
agent should be discontinued and alternative medical therapy 
(such as described below) may be instituted.154

Dopaminergic agents that are FDA-approved to treat mod-
erate to severe RLS in adults include the non-ergot selective 
D2, D3, D4 agonists ropinirole, pramipexole and rotigotine. 
The longer half-lives of the first two of these (oral) agents 
(6–8 hours for ropinirole and 8–10 hours for pramipexole)  
and the lower total daily dose and lower augmentation rate 
(3.5–30%) favors them for prophylactic therapy in moderate 
to severe RLS.156 In 2012, a transdermal dopamine agonist 
delivery system with rotigotine was approved by the FDA  
for moderate to severe RLS. Initial studies conducted  
with this delivery system demonstrate significant benefit for  
adult RLS patients with less augmentation and side effects 
when compared to oral treatments.157 The most common side 
effect with transdermal therapy is local skin irritation, but it 
seems that very few patients discontinue due to this effect, 
even after 5 years of treatment.158 The risk/benefit of dopamine 
agonist therapies in children should be addressed on a case-
by-case basis. With oral, and now transdermal alternatives, 
clinicians are better equipped than ever to provide alternatives 
for children and their parents seeking an effective medical 
therapy.

The common side effects of dopamine agonists in adults 
include nausea, vomiting, nasal congestion, headaches, insom-
nia, hypersomnia, fluid retention and augmentation. The neu-
rodevelopmental effects of dopamine agonists on humans are 
not known. Given the plasticity of the central nervous system’s 
dopaminergic pathways, it is difficult to predict the rates of 
side effects, augmentation, and any potential detrimental 
effects in children. In some cases, particularly with co-occur-
ring ADHD or obsessive–compulsive disorder (OCD), chil-
dren may manifest increased impulsive behaviors and even 
obsessive thinking with dopaminergic therapy. The long- 
term effects of childhood dopamine agonist therapy on the 
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symptomatic progression of RLS are also unknown, and lon-
gitudinal research is required to understand the complex 
interaction between therapy and the course of disease progres-
sion from childhood into adulthood.

Anti-Adrenergics
Clonidine is sometimes employed in the treatment of RLS 
and comorbid ADHD-related insomnia, although it is gener-
ally used as an anti-hypertensive or anxiolytic (due to its 
alpha-2-receptor agonist properties).159,160 In a small rand-
omized, double-blind, placebo-controlled trial, clonidine was 
shown to effectively treat RLS sensory symptoms in adults 
without significant side effects.161 Clonidine is commonly 
used as a pediatric sleep aid162 (even though not FDA approved 
for this purpose) and has pharmacological attributes which 
make it particularly useful for treating hyperactivity-related 
symptoms in children. For RLS sufferers, it may also aid in 
reducing overactive sympathetic nervous system outflow that 
is theorized to contribute to PLMS and the exacerbation of 
associated medical conditions such as hypertension and car-
diovascular disease. The most common side effects are seda-
tion and hypotension.

Opioids
Opioids are not often prescribed as prophylactic therapy but 
usually are reserved for treatment of painful refractory RLS 
or cases of dopaminergic augmentation. In adults with RLS, 
the efficacy of oral and intrathecal opioids – such as metha-
done, morphine and oxycodone – has been demonstrated in 
double-blind, placebo-controlled trials and case reports.163–167 
The pharmacologic action of opioids with regards to RLS is 
thought to be mediated through interactions with the 
dopamine system.168 In 2011, a 10-year retrospective analysis 
compared adults who were treated for moderate to severe RLS 
with dopamine agonists (pergolide and pramipexole) with 
those treated with methadone and demonstrated some impor-
tant outcomes favoring opioid therapy.169 Treatment with low-
dose methadone (median of 10 mg), for example, demonstrated 
none of the discontinuation or augmentation that is seen with 
dopamine agonists. In addition, the successful use of opioids 
as a bridging agent after withdrawal from dopaminergic 
therapy (partly due to an indirect dopaminergic mechanism) 
suggests that opioids may be safely implemented in specific 
RLS populations. The effective control of refractory pain-
related symptoms (that can occur in severe RLS or as a result 
of augmentation) is a primary reason to consider opioid 
therapy. Polysomnographic studies also demonstrate that 
opioids do not consistently reduce PLMS but do reduce asso-
ciated arousals.164

The centrally acting, non-narcotic analgesic, tramadol, is an 
alternative to opioid use in children, given its lower abuse 
potential and fewer adverse side effects. Small open-label 
studies have demonstrated the effectiveness of this medication 
in treating the subjective complaints associated with RLS in 
adults;170 however, similar studies have not been conducted in 
children.

Anticonvulsants
In adults, studies demonstrate the acute and long-term ben-
efits of the alpha 2-delta agonist gabapentin171–173 and the 
pro-drug gabapentin enacarbilin174–176 in the management of 
RLS-related symptoms. Data suggest that the major effect of 

this class of agents in the treatment of RLS is amelioration 
of sensory symptoms; however, a significant reduction in 
PLMS has been noted as well.171,172 Gabapentin is often con-
sidered a first choice for children experiencing sleep onset 
difficulty and RLS symptoms since this drug is known to 
enhance slow-wave sleep. There are few adverse side effects 
(emotional lability and edema are most notable). Since there 
is no appreciable metabolism of gabapentin in humans,  
resulting in circulatory renal excretion, it is safe to use in 
combination with many other medications. In 2011, gabap-
entin enacarbil was approved by the FDA for the treatment 
of moderate to severe RLS in adults.177 A single dose of 
600 mg was suggested. However, there is no evidence to 
support this treatment in children. Gabapentin is excreted in 
human breast milk and both gabapentin and gabapentin 
enacarbil are classified as pregnancy category C, which means 
they should only be used in pregnancy if the potential benefits 
justify the potential risks to the fetus.

Benzodiazepines
In the years prior to FDA approval of dopamine agonists and 
gabapentin enacarbil for the treatment of RLS in adults, clon-
azepam was the most commonly used medication for this 
condition. This was largely due to its noted effects in control-
ling myoclonic jerks and myoclonus following anoxia. The 
first published uses of clonazepam for RLS were case reports 
in 1979 and 1980.178,179 Subsequent double-blind, placebo-
controlled trials demonstrated significant benefits in objective 
sleep efficiency and subjective sleep quality despite an absence 
of effects on PLMS.180 Clonazepam has a very long half-life 
of 18–50 hours, which may be useful in children due to pro-
longed sleeping times. Clonazepam is approved by the FDA 
for use in children with epilepsy and adults with panic attacks. 
The side effects include mental confusion, muscle relaxation, 
and depression. When it has been used to treat children with 
RLS and ADHD, hyperactivity has been aggravated in some 
children. In adults with RLS, the benefits of other benzodi-
azepines, such as temazepam, and non-benzodiazepine seda-
tive hypnotics in the imidazopyridine class, such as zolpidem, 
are documented in the literature.181,182

Other Agents
Pharmacotherapies that alter dopaminergic and/or other 
monoaminergic pathways have demonstrated benefits for 
RLS sufferers. Bupropion inhibits dopamine and noradrena-
line reuptake and is typically used as an antidepressant. A 
number of small studies in the adult literature demonstrate 
the beneficial effects of bupropion use for RLS sensory symp-
toms and sleep quality outcomes.183,184 Research in adults also 
supports the use of bupropion for treating PLMS and 
PLMD.183,185 Of note, bupropion is often a treatment of 
choice for cases of co-occurring RLS and depression. It may 
be especially useful when antidepressant-induced RLS exac-
erbation occurs and as an alternative to traditional SSRI and 
TCA treatments. The side effects of bupropion include 
potentiating seizures (in epilepsy patients) and hypomania  
(in genetically susceptible individuals) due to heightened 
dopaminergic function. In children and adolescents, an 
increased risk for suicide has also been reported with the  
use of some antidepressants. For these reasons, clinicians 
should discuss the potential risks with parents prior to 
prescription.
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Clinical Pearls

• Childhood RLS is usually familial.
• Periodic leg/limb movement disorder may be present 

before sensory symptoms of RLS appear.
• RLS incidence is increased in children with ADHD, 

depression, iron deficiency, or central nervous system 
disorders; it is also increased in those taking medications 
that impact dopamine function.

• Low iron stores – and iron-dependent dopamine 
impairment – are common in RLS.

• Low iron stores are detected by measurement of ferritin 
(not iron, hemoglobin, or hematocrit).

• Patients with low iron stores, as determined by findings of 
ferritin levels below 50 ng/mL, may benefit from iron 
therapy.

• Although there are no FDA-approved medications for 
childhood RLS, there are several medical and behavioral 
therapies available that provide symptomatic relief with 
limited side effects.
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ADDITIONAL INFORMATION ON GENETIC LOCI IN 
RESTLESS LEG SYNDROME

Ten different genetic loci for RLS have been identified using 
familial linkage analysis. The power of these studies is that 
they are able to detect rare disease alleles, but they are limited 
by the specific nature of the phenotype used, small sample 
size, genetic heterogeneity, phenocopy, penetrance and marker 
allele frequencies. The first genetic locus was reported in 2005 
by Desautels et al., in a series of French-Canadian families. 
Residing on chromosome 12p, this genetic trait demonstrates 
a pseudodominant pattern of inheritance with a high allele 
frequency and recessive inheritance pattern.1,2 The second 
locus was discovered on chromosome 14q in an Italian family 
over three generations. The phenotypes of RLS with and 
without PLMS were included and a common allele haplotype 
was identified for all positive family members.3 Subsequent 
familial linkage studies did not demonstrate this association 
in other multi-family studies, suggesting that RLS2 is a rare 
allele. The third RLS locus was described in two extended US 
family pedigrees on chromosome 9p using the phenotype of 
early-onset RLS.4 Tests involving transmission disequilibrium 
showed a low significance in association with this loci and 
with RLS identified in two other European populations.5 A 
fourth RLS loci was discovered in a South Tyrolean popula-
tion on chromosome 2q. Due to the isolated nature of this 
population, genetic and environmental heterogeneity inherent 
in other multi-cultural studies was reduced. An autosomal 
dominant mode of inheritance with a founder effect was 
described in 3/18 families.6 Discovery of a fifth loci was noted 
in French-Canadian families on chromosome 20p in associa-
tion with early age of RLS onset (<26.6 years). The autosomal 
dominant pattern of inheritance suggests a single common 
gene in this case.7 The same researchers recently discovered 
another loci in a similar population on chromosome 16p with 
an autosomal dominant inheritance pattern; however, as in 
previous discoveries, no pathogenic mutations were noted.8 
Additional loci including another region on 19p13 in an 
Italian pedigree,9 and novel susceptibility loci on 2p14 and 
16q12.1 in association with RLS in European populations.10 
Recently, a tenth genetic loci on chromosome 19p13.3 was 
identified in an Irish family pedigree associated with early age 
of onset.15 Despite the multitude of familial linkage associa-
tions there have been no genetic mutations discovered includ-
ing protein tyrosine phosphatase receptor type delta, nitric 
oxide synthase, or in genes related to iron metabolism, ferritin, 

transferrin, transferrin-saturation, soluble transferrin receptor, 
and multiple dopaminergic neurotransmission pathway 
genes.11–14 Given the ten identified genetic loci on multiple 
chromosomes (2q, 2p, 9p, 12q, 14q, 16p, 16q, 19p and 20q) 
and the variable RLS phenotypes, familial linkage analysis 
suggests that RLS/PLMD is a complex genetic trait that 
interacts with environmental factors.

References
1. Desautels A, Turecki G, Montplaisir J, et al. Identification of a major 

susceptibility locus for restless legs syndrome on chromosome 12q. Am 
J Hum Genet 2001;69(6):1266–70.

2. Desautels A, Tuercki G, Montplaisir J, et al. Restless legs syndrome: 
confirmation of linkage to chromosome 12q, genetic heterogeneity, and 
evidence of complexity. Arch Neurol 2005;62(4):591–6.

3. Bonati MT, Ferini-Strambi L, Aridon P, et al. Autosomal dominant 
restless legs syndrome maps on chromosome 14q. Brain 2003;126(Pt 
6):1485–92.

4. Chen S, Ondo WG, Rao S, et al. Genomewide linkage scan identifies a 
novel susceptibility locus for restless legs syndrome on chromosome 9p. 
Am J Hum Genet 2004;74(5):876–85.

5. Winkelmann J, Lichtner P, Putz B, et al. Evidence for further genetic 
locus heterogeneity and confirmation of RLS-1 in restless legs syndrome. 
Mov Disord 2006;21(1):28–33.

6. Pichler I, Marroni F, Volpato CB, et al. Linkage analysis identifies a novel 
locus for restless legs syndrome on chromosome 2q in a South Tyrolean 
population isolate. Am J Hum Genet 2006;79(4):716–23.

7. Levchenko A, Provost S, Montplaisir J, et al. A novel autosomal domi-
nant restless legs syndrome locus maps to chromosome 20p13. Neurology 
2006;67(5):900–1.

8. Levchenko A, Montplaisir JY, Asselin G, et al. Autosomal dominant 
locus for restless legs syndrome in French-Canadians on chromosome 
16p.12.1. Mov Disord 2009;24(1):40–50.

9. Kemlink D, Plazzi G, Vetrugno R, et al. Suggestive evidence for linkage 
for restless legs syndrome on chromosome 19p13. Neurogenetics 
2008;9:75–82.

10. Winkelmann J, Czamara D, Schormair B, et al. Genome-wide associa-
tion study identifies novel restless legs syndrome susceptibility loci on 
2p14 and 16q12.1. PLos Genet 2011;7(7):e1002171.

11. Desaultes A, Turecki G, Montplaisir J, et al. Dopaminergic neurotrans-
mission and restless legs syndrome: a genetic association analysis. Neurol-
ogy 2001;57:1304–6.

12. Schormair B, Kemlink D, Roeske D, et al. PTPRD (protein tyrosine 
phosphatase receptor type delta) is associated with restless legs syndrome. 
Nat Genet 2008;40:946–8.

13. Winkelmann J, Lichtner P, Schormair B, et al. Variants in the neuronal 
nitric oxide ssynthase (nNOS, NOS1) gene are associated with restless 
legs syndrome. Mov Disord 2008;23:350–8.

14. Oexle K, Schormair B, Ried JS, et al. Dilution of candidates: the case of 
iron-related genes in restless legs syndrome. Eur J Hum Genet 2012;29 
[Epub ahead of print].

15. Skehan EB, Abdulrahim MMA, Parfrey NA, Hand CK. A novel locus 
or restless legs syndrome maps to chromosome 19p in an Irish pedigree. 
Neurogenetics 2012;13:125–32.

http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00043-7/sr0075


Chapter 44 Sleep and Sleep Disorders in Epilepsy
Madeleine M. Grigg-Damberger
Children with epilepsy are much more likely to have sleep disturbances and primary sleep disorders 
than the general pediatric population, even those whose seizures are well controlled. Obstructive 
sleep apnea (OSA) is more likely to be found in children with epilepsy who are on multiple 
antiepileptic medications and whose seizures are poorly controlled. Seizure frequency decreased by 
half in children with epilepsy and OSA who had adenotonsillectomy. NREM parasomnias are more 
common in patients (and their relatives) with nocturnal frontal lobe epilepsies. Comprehensive 
in-laboratory video-PSG with expanded EEG is most often done in children with epilepsy for 
suspected OSA to identify primary sleep disorders contributing to complaints of sleepiness, 
fragmented sleep and/or poorly controlled seizures. Video-PSG is sometimes indicated to confirm 
whether nocturnal events are epileptic or not in children with and without known epilepsy. 
Diagnostic algorithms for evaluating such children are presented. Technical considerations and the 
effects of vagal nerve stimulation on the polysomnogram are discussed.

Chapter 45 Neoplasms and Sleep: Impact and Implications
Valerie McLaughlin Crabtree and Chasity Brimeyer
Pediatric oncology patients are at increased risk for sleep disturbances and fatigue both during the 
active cancer-directed therapy period and in the survivorship period. Disease process, medications, 
caretaking needs, and psychological sequelae may all contribute to sleep disturbances. This chapter 
addresses the importance of sleep needs in pediatric patients undergoing cancer-directed therapy 
as well as pediatric cancer survivors. The utility of non-pharmacologic and pharmacologic methods 
of intervention in this patient population is also presented.

Chapter 46 Sleep in Psychiatric Disorders
Anna Ivanenko, Jonathan Kushnir, and Candice A. Alfano
Sleep problems are common in children and adolescents with psychiatric disorders, especially in 
those suffering from mood and anxiety disorders. This chapter provides a comprehensive review of 
subjective and instrumental characteristics of sleep associated with major depression, bipolar 
disorder, generalized anxiety disorder, post-traumatic stress disorder, separation anxiety, and 
obsessive–compulsive disorder in pediatric patients. The authors review several aspects of sleep as  
it relates to risks of suicide and emotional trauma. Psychosocial and pharmacological treatment 
recommendations for sleep problems are presented.

Chapter 47 Evaluation of Sleep in Cancer
Gerald Rosen and Sarah R. Brand
A wide range of sleep problems are common in children with cancer that are the result of interplay 
of a life-threatening disease, severe stress, painful interventions often requiring pharmacologic 
treatment and/or sedation, chemotherapy, endocrinopathies and fatigue. Resulting sleep problems 
are straightforward and often respond well to therapy. Appropriate management of sleep-related 
issues provides for important respite for children and their families in their struggle with cancer.
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Chapter 48 Sleep and School Start Times
Amy R. Wolfson and Michaela Johnson
Sleep problems in children and adolescents are often observed in school settings. Features of 
sleepiness and degraded school performance are usually the first clues that a sleep problem is 
present. The sleep problems are generally related to disorders (e.g., narcolepsy or sleep apnea) or 
due to an incompatibility between the student’s circadian biology and the school start time. Over 30 
years of research clearly suggests that delaying middle and high school start times allows 
adolescents to obtain at least an adequate amount of sleep, which translates to positive implications 
for health behaviors and academic performance. In demonstrating the importance of delaying 
school start times for adolescents, this chapter reviews adolescents’ sleep–wake needs and 
developmental changes in sleep–wake regulatory systems, accounting for a biological delay and 
environmental constraints and life style decisions. Studies demonstrating delaying start times as an 
effective countermeasure to adolescents’ chronic insufficient sleep are reviewed along with the 
barriers to change and creative solutions. The chapter concludes with a discussion of the latest 
global-level forms of advocacy supporting the benefits of delaying school start times. Finally, future 
directions of research in this area and recommendations for healthcare professionals are outlined, 
most especially stressing the importance of sleep education for adolescents, parents, and school 
administrators.
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INTRODUCTION

Sleep problems and primary sleep disorders are far more likely 
to be found in children with epilepsy (CWE) than the general 
pediatric population.1–14 The etiology of sleep disruption in 
children with epilepsy may be multifactorial including: epi-
lepsy per se, frequent nocturnal seizures disrupting nocturnal 
sleep organization, effects of antiepileptic medications on 
daytime alertness and nighttime sleep, and treatable primary 
sleep disorders. Comorbidities such as physical disability,8 
intellectual disability,2,15,16 neurodevelopmental syndromes,17,18 
autism spectrum disorder,19 and behavioral disorders1,7–9,20 
may add to the likelihood of sleep disorders in a child  
with epilepsy. In CWE, they are associated with negative 
effects on daytime behavior and academic performance.21–23 
Recognizing this has led to increasing numbers of children  
or adolescents referred to sleep specialists to evaluate  
whether undiagnosed sleep disorders are contributing to their 
seizures.

QUESTIONNAIRE-BASED STUDIES ON THE 
PREVALENCE OF SLEEP DISORDERS IN CHILDREN 
WITH EPILEPSY

Children with epilepsy (CWE) are much more likely to have 
sleep problems than the general pediatric population.1–10,24 
Sleep problems in CWE may be due to varying combinations 
of: epilepsy per se, nocturnal seizures disrupting nocturnal 
sleep organization, effects of antiepileptic medications on 
daytime alertness and nighttime sleep, and treatable primary 
sleep disorders. Worse yet, comorbidities such as physical  
disability,8 intellectual disability,2,15,16 neurodevelopmental 
syndromes,17,18 autism spectrum disorder,19 and behavioral 
disorders1,7–9,20 often increase the likelihood of sleep disorders 
in CWE.

A recently published study prospectively explored the rela-
tionships between the effect of pediatric epilepsy on child 
sleep, parental sleep and fatigue, and household sleeping 
arrangements in 105 households with a child with epilepsy 
and 79 controls.25 Using multiple different validated pediatric 
sleep questionnaires, the authors found: (1) increased rates of 
both parent–child room sharing and cosleeping compared to 
controls; (2) CWE had significantly more sleep disturbances, 
especially for parasomnias, nocturnal awakenings, sleep dura-
tion, daytime sleepiness, sleep onset delay and bedtime resist-
ance than controls. Parents of CWE were more likely to 
report fatigue and sleep dysfunction. Severity of a child’s 
epilepsy correlated positively with the degree of child and 
parent sleep dysfunction and parental fatigue. Antiepileptic 
drug polytherapy predicted that greater childhood sleep dis-
turbances would be reported. Child sleep problems were 

associated with room sharing and cosleeping. Sixty-two 
percent of parents described decreased quantity and/or quality 
of sleep when cosleeping. Forty-four percent of parents 
reported rarely or never feeling rested because they were con-
cerned about their children having seizures during sleep.

An earlier prospective study found 89 children with idio-
pathic partial or generalized epilepsy (in whom seizures were 
more often well controlled and not associated with comor-
bidities) were significantly more likely to have more sleep 
problems than their 49 siblings or 321 age-matched healthy 
controls.1 Post-hoc comparisons found the CWE had signifi-
cantly more excessive daytime sleepiness (EDS), bedtime dif-
ficulties, sleep fragmentation, and parasomnias than their 
siblings or controls. Multiple regression analysis showed that 
sleep complaints, longer sleep latencies, and shorter sleep 
times were much more likely to be found in the children 
whose seizures were poorly controlled. Furthermore, daytime 
seizures and high nighttime interictal epileptiform discharge 
(IED) rates predicted daytime drowsiness, and explained 15% 
of its variance. Sleep problems in these CWE greatly increased 
the likelihood they would have far more behavior problems 
(inattention, hyperactivity, impulsivity, oppositional defiant 
disorder) than their siblings or controls. Three variables (age, 
higher rates of IEDs during sleep, and length of freedom from 
seizures) accounted for 24% of the variance of which CWE 
were at greatest risk.

Juvenile myoclonic epilepsy ( JME) is one of the most 
common adolescent-onset epilepsies. Patients with JME typi-
cally have generalized convulsive motor seizures heralded by 
myoclonic jerks which typically occur soon after awakening. 
Seizures are often triggered by sleep deprivation with or 
without alcohol (‘activation by celebration’). Krishnan et al. 
prospectively studied the effect of epilepsy on sleep in patients 
with JME, comparing them with age- and gender-matched 
controls using detailed clinical assessment, EEG, neuroimag-
ing and multiple different sleep questionnaires.26 They found 
that patients with JME had significant sleep disturbances 
characterized by EDS and disturbed nocturnal sleep despite 
adequate AED therapy and good seizure control.

Another case-control study found sleep problems were 
twofold higher (mean 4 ± 3 vs. 2 ± 2 ) in 79 CWE (mean age 
10 ± 3 years) compared with 73 age- and gender-matched 
controls. Other questionnaire-based studies have demon-
strated: (1) symptoms of OSA were 15 times more likely to 
be reported by the parents of 26 children with epilepsy (mean 
age 15 years) than a similar number of healthy controls (65% 
vs. 4%); ((2) children with epilepsy compared with control 
subjects had more daytime sleepiness, less on-task behavior, 
and less attention;16 and (3) children with benign rolandic 
epilepsy had significantly shorter sleep duration, more fre-
quent parasomnias, and daytime sleepiness than a reference 
sample of children.5,24
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Another small case-control study compared PSG findings 
in 10 children (mean age 11) with tuberous sclerosis complex 
(TSC) and 10 healthy controls.38 They found the children 
with TSC more often had lower sleep efficiency (ranging from 
60% to 88%), increased WASO (>10%), more nocturnal 
awakenings and stage shifts, poorly organized sleep cycles, 
increased NREM 1, and decreased REM sleep compared with 
controls. Furthermore, sleep architecture was significantly 
more disrupted in the three children who had at least one 
seizure recorded during their PSG (sleep efficiency 69%, 
WASO 24%, mean awakenings 16/h) compared to the TS 
children who did not (sleep efficiency 88%, WASO 5%, and 
mean awakenings 3/h).

PREVALENCE OF SLEEP APNEA ON SLEEP STUDIES 
IN CHILDREN WITH EPILEPSY

A retrospective case-control study compared PSG findings in 
40 CWE referred for suspected obstructive sleep apnea (OSA) 
with 11 children who had moderate pediatric OSA (pediatric 
obstructive apnea–hypopnea indexes (PAOHI)) of 5–10/h of 
sleep.28 Twenty percent of the CWE had OSA (PAOHI 
>1/h), 33% obstructive hypoventilation, 8% upper airway 
resistance syndrome, 18% primary snoring, and 10% periodic 
limb movements (>5/h). These findings are not particularly 
revelatory, given the children were symptomatic. The CWE 
and OSA compared with those with uncomplicated moderate 
OSA had a higher body mass index (BMI), were more likely 
to be obese (BMI >95th percentile in 62% vs. 18%), had 
longer sleep latencies (51 vs. 16 min), higher arousal indexes, 
and lower nadir SpO2 (86% vs. 90%) even though their mean 
PAOHI was only 3/h compared to 7/h in the children with 
uncomplicated moderate OSA. The investigators further 
found CWE whose seizures were poorly controlled had sig-
nificantly lower sleep efficiency, a higher arousal index, and a 
higher percentage of REM sleep compared with children who 
were seizure-free or exhibited good seizure control.

A recently published small prospective study found OSA 
was more likely to be found in CWE who were on multiple 
antiepileptic medications and whose seizures were poorly con-
trolled.39 Uncontrolled epilepsy was a risk factor for OSA 
(80%) compared with primary snoring (47%, P = 0.02). The 
obstructive apnea–hypopnea index increased with increasing 
number of AEDs. Based on these findings, the investigators 
argue that children with uncontrolled seizures on multiple 
AEDs should be routinely screened for obstructive sleep 
apnea.

IMPACT OF TREATING OBSTRUCTIVE SLEEP APNEA 
IN CHILDREN WITH EPILEPSY

Few studies have examined the effects of treating OSA in 
children with epilepsy. A recent retrospective analysis by Segal 
et al. evaluated the effects of adenotonsillectomy on seizure 
frequency in 27 CWE (median age 5 years).40 Three months 
after surgery they found median reduction in seizure fre-
quency for the group was 53%; 10 (37%) patients became 
seizure-free, 3 (11%) had a >50% reduction in the frequency 
of their seizures, 6 (22%) showed lesser degrees of improve-
ment. Seizure frequency was unchanged in 2 (7%) and worse 

Poor sleep hygiene may contribute to sleep problems in 
CWE. A prospective case-control study found 121 CWE 
needed to be put to bed by their parents, take an afternoon 
nap, awaken during the night, take >30 minutes to fall asleep, 
express fear of the dark, awake complaining of a distressing 
dream or worry, call for parent(s) during the night and/or visit 
the parental bed.2 These studies have further found that: (1) 
CWE whose seizures are poorly controlled are more likely to 
have poor sleep habits compared to those whose seizures are 
controlled; and (2) CWE whose seizures occur primarily 
during sleep are significantly more likely to have difficulty 
falling asleep, afternoon napping, nocturnal awakenings, 
awakening with fear or a dream, calling out for their parents 
at night, or visiting the parental bed when compared to CWE 
whose seizures occur primary when awake.

IS SLEEP ARCHITECTURE ABNORMAL IN CHILDREN 
WITH EPILEPSY?

Pereira et al. recorded a single night of polysomnography 
(PSG) in 31 CWE who had drug-resistant epilepsies compar-
ing sleep architecture in them with a group of normal age-
matched healthy controls and a group of children with benign 
rolandic epilepsy.27 Compared to normal controls, the children 
with drug-resistant epilepsy showed a significant reduction of 
time in bed, total sleep time, rapid eye movement (REM) 
sleep, sleep stage NREM 3, and sleep efficiency, and a signifi-
cant increase in wake after sleep onset. Compared to children 
with benign rolandic epilepsy, those with drug-resistant epi-
lepsy had greater reduction in NREM 3, REM sleep and sleep 
efficiency.

Other small case-control studies28–32 recording in-laboratory 
PSG have shown that abnormalities in sleep architecture are 
significantly more likely to be found in CWE compared to 
healthy age-matched controls. Findings among the case-
control studies were: (1) children who had partial seizure(s) 
during a comprehensive in-laboratory overnight PSG with 
24-channel EEG had significantly less time in bed and sleep 
time compared to CWE who did not have seizures during the 
study or normal controls;31 (2) children with primary general-
ized epilepsy whose seizures were well controlled still had 
significantly more NREM 1 and longer REM sleep latency 
than normal controls;32 (3) compared to controls, children 
with Lennox–Gastaut syndrome (a severe childhood-onset 
epileptic encephalopathy with medically refractory seizures) 
had reduced percentages of REM, NREM 2 and NREM 3 
sleep;33 (4) children with benign rolandic epilepsy (who often 
have few or no seizures) still had reduced total sleep time, 
sleep efficiency, and percent REM sleep compared to con-
trols;30 (5) compared to controls, children with intellectual 
disability and epilepsy (mean age 13 ± 4 years) had longer 
sleep latency, higher percentage of wake after sleep onset and 
NREM 3 sleep, lower sleep efficiency, more awakenings and 
stage shifts, a higher CAP rate, increased A1 index, long and 
less numerous CAP sequences;34 and (6) abnormalities in the 
density and frequency of sleep spindles were observed in chil-
dren with untreated epilepsy compared to CWE whose sei-
zures were treated or healthy controls.35 However, two studies 
found normal sleep architecture in overnight PSG in children 
with absence epilepsy (and whose petit mal seizures typically 
occur when awake).36,37
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disorder (most often OSA, less often RLS or PLMD). If 
OSA is found with PSG, tonsillectomy often eliminates both 
sleep disorders.48

INDICATIONS FOR VIDEO-POLYSOMNOGRAPHY IN 
CHILDREN WITH SUSPECTED OR KNOWN EPILEPSY

Comprehensive video-PSG is most often done in CWE for 
suspected OSA or to identify primary sleep disorders contrib-
uting to complaints of sleepiness, fragmented sleep and/or 
poorly controlled seizures. When symptoms suggest this, a 
PSG is warranted.49 Sometimes, we are asked to confirm 
whether paroxysmal nocturnal behaviors are epileptic or not 
in children with or without known epilepsy. The majority of 
children referred for parasomnias have NREM sleep disorders 
of arousal. This is not surprising since a recently published 
longitudinal study of child development reported an overall 
prevalence of 39.8% for sleep terrors and 14.5% for sleepwalk-
ing in children 6 years or younger.50

The American Academy of Sleep Medicine (AASM) prac-
tice parameters for PSG suggest a PSG is unnecessary if the 
nocturnal behavior events are typical, non-injurious, infre-
quent, and not disruptive to the child or family.51 Common, 
uncomplicated, non-injurious parasomnias (such as typical 
disorders of arousal, nightmares, enuresis, sleeptalking and 
bruxism) can usually be diagnosed by a clinical history. One 
caveat, though: unusually frequent sleep terrors or sleepwalk-
ing events (more than 2–3 times per week) warrant PSG to 
identify another sleep disorder precipitating them (most often 
OSA, occasionally PLMD). OSA was found on overnight 
PSG in 58% of 84 prepubertal children who had sleep terrors 
and/or sleepwalking.48 OSA and parasomnias were eliminated 
in 43 who had tonsillectomy. Two had restless legs syndrome 
and treatment of it with pramipexole eliminated the confu-
sional arousals, restless legs and PLMS.

A PSG is indicated if the paroxysmal nocturnal events are 
atypical, frequent, potentially injurious, and/or disruptive to 
patient or family.51 The AASM recently published practice 
parameters52 for non-respiratory indications for PSG in chil-
dren, accompanied by an evidence-based review justifying 
these.53 These recommend a PSG may help differentiate 
atypical paroxysmal nocturnal behaviors from nocturnal sei-
zures or to identify when sleep-disordered breathing or other 
sleep disorders contribute to frequent parasomnias, enuresis 
or affect control of seizures. Box 44.1 summarizes the dif-
ferential diagnosis of nocturnal behavioral events in children. 
Box 44.2 provides a summary of the clinical features which 
are typical for a NREM arousal disorder. Box 44.3 summa-
rizes red flags for atypical parasomnias which warrant consid-
eration of video-PSG.

DIAGNOSTIC ALGORITHM FOR EVALUATING 
SEIZURES IN CHILDREN WITH SUSPECTED  
SLEEP-RELATED SEIZURES

Clinical features which warrant concern for sleep-related epi-
leptic seizures are: (1) events occur any time in the night, just 
after falling asleep, or shortly before awakening in the morning; 
(2) multiple events a night; (3) occasional occurrence of these 
events awake or during a brief nap. If one suspects the 

in 6 (22%). Multivariate analysis demonstrated a trend toward 
seizure freedom with each percentile increase in BMI and 
early age of surgery. A 45% or greater reduction in seizure 
frequency was found in three of six adults with epilepsy  
who used CPAP, and ≥60% in one of three children who 
tolerated it.41

SLEEP–WAKE AND CIRCADIAN PATTERNS AND 
TYPES OF SEIZURES IN CHILDREN

Three retrospective studies from the same research group have 
recently been published investigating sleep–wake, day/night 
and 24-h periodicity of different types of seizures in children 
with epilepsy.42–44 Among these papers, the investigators 
reported that: (1) tonic seizures were more frequently seen in 
sleep; (2) clonic seizures awake between 6 to 9 a.m. and 12 to 
3 p.m.; (3) absence seizures 9 a.m. to 12 p.m. and 6 p.m. to 
12 a.m. primarily awake; (4) atonic seizures between 12 to 6 
p.m.; (5) myoclonic seizures occurred in wakefulness (6 a.m. 
to noon);42 (6) primarily generalized tonic–clonic seizures 9 
a.m. and 12 p.m.; (7) focal-onset generalized convulsions 
emanating from the temporal lobe were more likely to occur 
when awake, extratemporal during sleep;43 and (8) infantile 
(epileptic) spasms in children less than age 3 between 9 a.m. 
and 12 p.m. and 3 to 6 p.m., 6 a.m. to 9 a.m. in children older 
than age 3.44

NREM PARASOMNIAS ARE MORE COMMON  
IN PATIENTS WITH NOCTURNAL FRONTAL  
LOBE EPILEPSY

Nocturnal frontal lobe seizures in children are often initially 
misdiagnosed as sleepwalking, sleep terrors, nightmares or 
even a psychiatric problem.45,46 A case series found frontal 
lobe seizures in 22 children occurred almost exclusively during 
sleep in 77%, were brief (30 seconds to 2 minutes), frequent 
(3–22 per night) and characterized by a sudden arousal from 
NREM 2 sleep accompanied by screaming, agitation, dystonic 
posturing, kicking or bicycling of the legs, and/or urinary 
incontinence.45 Interictal EEGs were normal in 86% of the 
children, although frontal or bifrontal electrographic seizure 
activity accompanying some of the frontal lobe seizures was 
seen in 95%. Given these clinical and EEG features, it is 
understandable why they are often initially misdiagnosed as 
sleepwalking, sleep terrors, nightmares or even a psychiatric 
problem.45,46 Adding to the diagnostic challenge, NREM 
arousal disorders and sleep bruxism are significantly more 
common in patients and their relatives with NFLE.

A prospective case-control study found a higher incidence 
of parasomnias among 89 children with idiopathic epilepsy 
compared with 49 siblings and 321 healthy control children 
using parental sleep questionnaires. A recent retrospective 
study found the lifetime risk for NREM arousal disorders was 
sixfold greater in individuals with NFLE and fivefold higher 
for sleep bruxism compared to controls.47 Among relatives of 
those with NFLE, the lifetime prevalence of a NREM arousal 
disorder was 4.7 times greater and nightmares 2.6 times 
higher compared to the relatives of control subject. NREM 
arousal disorders which are frequent (≥2–3 per week) warrant 
overnight PSG, which often identify another primary sleep 
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(1) NREM sleep was observed in 57% of sleep-deprived, 44% 
of partially sleep-deprived, and 21% of non-sleep-deprived 
pediatric EEGs; (2) a sixfold increased yield of recording 
NREM 2 sleep with sleep deprivation, 2.8-fold increase with 
partial sleep deprivation; (3) the odds ratio that IEDs would 
be found was not increased by the presence of sleep, nor the 
use of total or partial sleep deprivation; and (4) the only sig-
nificant effect of sleep deprivation was to increase the odds 
sleep would occur.57 Sleep is likely to occur with only partial 
sleep deprivation and more stringent sleep deprivation will 
not increase the yield.58 The better mix of sleep yield and cost 
containment is to order an EEG with partial sleep depriva-
tion, asking that a child >2 years of age stays awake 2 hours 
later than usual the night before the EEG and performing 
sleep-deprived EEGs in the morning, and no naps the day of 
the EEG for those <2 years.

Do request video be recorded during routine or sleep-
deprived outpatient pediatric EEGs. Adding video when 
recording routine EEGs for an average duration of only 26 
minutes helped confirm the diagnosis in 45% of children 
referred for frequent paroxysmal events, and in 55% of the 
children with cognitive impairment.59 Using videos, it was 
possible to confirm the nature of many non-epileptic events 
including staring spells, tics, stereotypies, tremor, paroxysmal 
eye movements, breath holding or cyanotic spells.

If the child’s paroxysmal events are daily (and only in sleep), 
a day of recording in the laboratory (with partial sleep depri-
vation or sleep deprivation the night before) can be diagnos-
tic.60,61 A retrospective study of prolonged v-EEG monitoring 
in 230 children found outpatient in-laboratory daytime 
recordings (4–8 hours) captured and confirmed the nature of 
the paroxysmal events in 80% of children whose events 
occurred on a daily basis.60 Ordering 1 day of v-EEG done 
outpatient in-laboratory is best reserved for children whose 
events occur daily.60,61

If the first (or second) routine EEG with sleep is normal 
and clinical suspicion for a sleep-related epilepsy remains, 
request continuous inpatient video-EEG monitoring (LTM) 
for 2–5 days: (1) when the nocturnal behaviors do not occur 
nightly or every other night; (2) a primary sleep disorder (e.g., 
OSA or childhood RLS) is unlikely; (3) a history exists of 
post-ictal agitation or wandering; and/or (4) cooperation of 
the patient is questionable. Typical spells will be recorded in 
prolonged LTM in 45% to 80% of patients who have one or 
more event per week.60,62,63 Characteristic events were cap-
tured in 53% of 444 children with suspected epileptic seizures 
by recording 1–5 days of inpatient video-EEG, confirming 
the diagnosis of epilepsy in 34%.63 The likelihood of capturing 
an event was greater if a patient had an event frequency of at 
least 1 per week.

LTM can help confirm other non-epileptic paroxysmal 
behavior. One study of the diagnostic yield of LTM in 666 
children (ages 2 weeks to 17 years) found they were able to 
confirm events in 96% of cases: staring in 34%, sleep-related 
arousals in 13%, benign infant sleep myoclonus in 15%, motor 
tics 11%, and shuddering in 7%.62

If a patient’s spells occur only at night and are frequent, 
consider ordering a video-PSG with expanded EEG before 
prolonged inpatient video-EEG monitoring, especially if con-
comitant OSA or RBD is suspected. If the typical events are 
not captured on a single night of video-PSG, consider record-
ing a second or order LTM. Prolonged inpatient video-EEG 

Box 44-3  Red Flags for Atypical Parasomnias

•	 Spells	are	stereotyped
•	 Spells	occur	just	after	sleep	onset
•	 Spells	frequently	occur	second	half	of	the	night
•	 Behaviors	potentially	injurious	or	have	caused	injury	to	

child	or	others
•	 Multiple	episodes	per	night,	not	just	≤3	hours	after	sleep	

onset
•	 More	than	2–3	spells	per	week
•	 Excessive	daytime	sleepiness
•	 Impaired	daytime	functioning
•	 Symptoms	suggestive	of	sleep	apnea	or	periodic	limb	

movements
•	 Failure	of	conventional	therapy

Box 44-2  ‘Typical’ NREM Arousal Disorders Usually 
Do Not Need a Sleep Study

•	 Occur	first	third	of	night	when	NREM	3	sleep	predominates
•	 Appear	confused	and	disoriented
•	 Usually	cannot	be	fully	aroused	from	event
•	 If	aroused,	dream	imagery	recalled	only	fragmentary
•	 Exhibit	automatic	motor	behaviors	and	autonomic	

disturbances	suggest	sympathetic	activation
•	 Cannot	console;	may	resist	intervention
•	 Little	or	no	responsiveness	to	external	environment
•	 Positive	family	history
•	 Moderate	to	high	likelihood	of	injury	in	agitated	

sleepwalking	or	sleep	terrors

Box 44-1  Differential Diagnosis of Nocturnal 
Behavioral Events in a Child

•	 NREM	partial	arousal	disorder	(confusional	arousal;	sleep	
walking;	sleep	terror)

•	 Sleep-related	epilepsy
•	 REM	sleep-behavior	disorder	(RBD)
•	 Nightmare	disorder
•	 Sleep-related	dissociative	disorder
•	 Sleep-related	panic	disorder
•	 Sleep-related	choking,	laryngospasm	or	gastroesophageal	

reflux
•	 Sleep-related	rhythmic	movement	disorder	with	

vocalization
•	 Sleep-related	expiratory	groaning	(catathrenia)

parasomnia may be sleep-related seizures and the child has 
not had an EEG with sleep, request one first. A prospective 
study of EEG done on 534 children referred for possible 
epilepsy reported epileptiform activity in 37% of the children 
with definite epilepsy, and 13% of clinically suspected cases.54 
However, the initial routine EEG will be normal in approxi-
mately one-half of children with clinically diagnosed 
epilepsy.55,56

Order the EEG without (or only partial) sleep deprivation 
because a recent prospective study of 820 EEGs specifically 
examining the diagnostic utility of sleep or varying degrees of 
sleep deprivation for finding IEDs in a child’s EEG showed: 
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both sleepwalkers and healthy controls from NREM 3. Using 
this technique, the investigators found they could trigger 1–3 
sleepwalking events in 30% of 10 patients with DoA by 
sounding a 40–70 dB buzzer during NREM 3 sleep. After 25 
hours of total sleep deprivation, the buzzer technique pro-
voked NREM arousal disorder behaviors in 100% of their 
subjects (and none of their controls). Sleep deprivation nearly 
tripled the percentage of auditory stimulus trials that induced 
a behavioral event (57% vs. 20%).

Scoring sleep studies in patients with epilepsy can be dif-
ficult, especially when IEDs are frequent, even more difficult 
when their sleep spindles are dysmorphic or low in amplitude, 
or they have inappropriate alpha intrusions in their sleep 
EEG.68 Almost continuous generalized spike-wave discharges 
first appearing during NREM sleep in a child warrant con-
sideration of continuous electrographic status epilepticus in 
NREM sleep.69,70 Figure 44.1 shows an example of this, and 
how the discharges are easier to identify in a 15-second epoch 
compared to 30 seconds. Electrographic seizures and IEDs in 
video-PSG are best identified by increasing the high-frequency 
filter of the EEG derivations to 70 Hz, re-mapping the 
frontal, central, and occipital channels to the ipsilateral 
mastoid to more easily recognize laterality of the discharges, 
and reviewing portions of the recording using vertical screen 
times (epochs) of 10 or 15 seconds.53,71 Figure 44.2 shows 
focal spike-wave discharges emanating from the midline 
central (Cz)–left central (C3) region. These were activated by 
NREM sleep. Note how these are least frequent during REM 
sleep. Seizures and IEDs are least likely to be seen during 
REM sleep, perhaps because the EEG is desynchronized 
during REM sleep and skeletal atonia present then. Figures 
44.3 and 44.4 show electrographic seizures which occurred 
from NREM 2 sleep in two different patients; both had noc-
turnal frontal lobe epilepsy, one whose seizures were primarily 
hypermotor, the other tonic.

EFFECTS OF VAGAL NERVE STIMULATION ON 
RESPIRATION DURING SLEEP

Vagal nerve stimulation (VNS, a treatment for medically 
refractory epilepsy) often alters the rate and amplitude of 
breathing when it ‘activates’ during sleep.72–77 Most often, the 
respiratory change is an increase in the respiratory rate and 
fall in respiratory amplitude when the device fires, which 
usually does not cause an arousal or desaturation. Frank 
obstructive events with significant desaturation when the 
VNS activates are uncommon. When observed, consider 
reducing the VNS stimulation current from 1 to 2 milliamps. 
This often suppresses the effect of VNS on respiration. The 
effects of VNS on breathing in sleep do not usually warrant 
its removal.

USE OF MELATONIN TO TREAT SLEEP DISORDERS IN 
CHILDREN WITH EPILEPSY

Alterations in the circadian rhythm secretion of melatonin 
and lower nocturnal melatonin levels have been reported in 
CWE, especially those with medically intractable epilepsy.78,79 
Melatonin may have anticonvulsant effects, demonstrated in 
several different animal models of epilepsy.4,80–84 Mechanisms 

monitoring from the beginning is often a better choice in 
patients with undiagnosed paroxysmal nocturnal events when: 
(1) the nocturnal behaviors do not occur nightly or every other 
night; (2) a primary sleep disorder (e.g., OSA) is unlikely; (3) 
a history exists of postictal agitation or wandering; and/or (4) 
cooperation of the patient is questionable.

TECHNICAL CONSIDERATIONS WHEN  
RECORDING VIDEO-POLYSOMNOGRAPHY IN 
CHILDREN WITH EPILEPSY

The AASM practice parameters recommend that video-
PSGs done to diagnose parasomnias need: (1) ‘additional 
EEG derivations in an expanded bilateral montage’ to diag-
nose paroxysmal arousals or other sleep disruptions thought 
to be seizure-related when the initial clinical evaluation and 
results of a standard EEG are inconclusive; (2) recording 
surface EMG activity from the left and right anterior tibialis 
and extensor digitorum muscles; (3) obtaining good audio-
visual recording; (4) having a sleep technologist present 
throughout the study to observe and document events; and 
(5) sleep specialists who are not experienced or trained in 
recognizing and interpreting both PSG and EEG abnormali-
ties should seek appropriate consultation or should refer 
patients to a center where this expertise is available.51

Regarding how many additional EEG derivations should 
be recorded in a PSG in a person with epilepsy, a study by 
Foldvary-Schaefer et al. found that recording 18 channels of 
EEG during video-PSG did not improve the ability to rec-
ognize frontal lobe seizures.64 The ability to recognize frontal 
lobe seizures by EEG alone was not helped by either more 
EEG channels, slower screen times or midline electrodes. 
When seizures are suspected or known, recording 18 channels 
of EEG during a video-PSG is warrented, particularly if 
seizures, electrographic seizure activity or IEDs are thought 
to contribute to the sleep–wake complaints.

Unfortunately, the habitual nocturnal event may not be 
captured by one night of in-laboratory video-PSG (unless the 
child has NFLE). One to two consecutive nights of video-
PSG provided valuable diagnostic information in 69% of 41 
patients whose paroxysmal motor behaviors were ‘prominent,’ 
41% of 11 patients referred for minor motor activity in sleep, 
and 78% of 36 patients with known epilepsy.65 Another study 
found video-PSG was diagnostic in 65% and ‘helpful’ in 
another 26% of 100 consecutive adults referred for frequent 
sleep-related injuries; video-PSG identified DoA in 54, RBD 
in 36, sleep-related dissociative disorders in seven, nocturnal 
seizures in two, and OSA in one.66 Unfortunately, only one-
third of patients with paroxysmal nocturnal events will have 
a typical spell on a single night of video-PSG.65,67

Sleep researchers have found they were able to increase the 
diagnostic yield of one night of video-PSG for recording 
NREM arousal disorders by recording in-laboratory PSG 
after 25 hours of total sleep deprivation then ringing loud 
auditory stimuli. Patients arrived at their customary bedtime, 
remained awake the entire night, then were permitted to fall 
asleep 1 hour later than their usual wake time (i.e., 25 hours 
of prior wakefulness). To further provoke DoA events, patients 
are subjected to auditory stimuli delivered via earphones 
inserted in both ears. The auditory stimulus was a pure sound 
lasting 3 seconds. Most often 40–90 dB was needed to arouse 
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Figure 44-1 (A) Staging sleep challenging when interictal epileptiform discharges almost continuous. (B) Discharges easier to recognize if reviewed in 
15-second epochs. (C) Note how much fewer discharges are seen in REM sleep. 
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B

C

by which melatonin may improve seizure control include its 
ability to reduce the electrical activity of neurons secreting 
glutamate (the primary central nervous system excitatory neu-
rotransmitter) while enhancing neuronal release of neurons 
which secrete γ-aminobutyric acid (GABA, the primary CNS 
inhibitory neurotransmitter). Moreover, melatonin is metabo-
lized to kynurenic acid (an endogenous anticonvulsant). 
Lastly, melatonin and its metabolites may have neuroprotec-
tive effects in that they can act as a free radical scavenger and 
antioxidant. However, relatively high doses of melatonin are 
needed to inhibit experimental seizures and such doses are 
much more likely to have undesirable adverse effects of 
decreased body temperature, and even cognitive and motor 
impairment.

Four randomized, double-blind, placebo-controlled studies 
of bedtime oral melatonin in children with epilepsy have 
shown positive effects on sleep.4,82,85,86 These studies found: 
(1) oral melatonin improved sleep latency and quality and 

reduced parasomnias by a mean of 60% in 31 children with 
epilepsy (ages 3–12);85 (2) nightly oral melatonin in 23 chil-
dren with medically refractory epilepsy resulted in significant 
improvements in bedtime resistance, sleep duration, sleep 
latency, nocturnal arousals, sleepwalking, nocturnal enuresis, 
daytime sleepiness, and even seizure frequency;4 (3) nightly 
use of oral melatonin (3 mg increased weekly to 9 mg as 
needed) in 25 children with epilepsy, mental retardation, and 
sleep–wake disorders (mean age 10.5 years) resulted in sig-
nificant subjective improvements in sleep;86 and (4) signifi-
cantly fewer nocturnal awakenings and better control of 
convulsions in 10 children with severe medically intractable 
epilepsy given 3 mg of oral melatonin before bed nightly for 
3 months followed by placebo for 3 months.82 In humans, 
melatonin has relatively low toxicity, rare reports of night-
mares, hypotension, and daytime sleepiness. A recently pub-
lished Cochrane Database Review found there were too few 
studies and of poor methodological quality to draw any 



Figure 44-2 (A) Activation of focal spike or multi-spike discharges midline central–left central in NREM 1 sleep in 3-year-old girl. (B) Midline central–left 
central spike-wave discharges during NREM 2. 
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Figure 44-3 Brief Frontal Lobe Seizure from NREM 2 Sleep 
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Figure 44-4 Nocturnal Frontal Lobe Hypermotor Seizure 

Clinical Pearls

•	 Children	with	epilepsy	are	much	more	likely	to	have	
parasomnias,	nocturnal	awakenings,	shorter	sleep	duration,	
daytime	sleepiness,	sleep	onset	delay,	and	bedtime	resistance	
than	controls.

•	 Even	children	with	epilepsy	whose	seizures	were	controlled	
were	more	likely	to	have	sleep	problems	than	their	siblings	
or	controls.

•	 Sleep	problems	in	children	with	epilepsy	increase	the	
likelihood	of	inattention,	hyperactivity,	impulsivity	and	
oppositional	defiant	disorder	than	in	their	siblings	or	
controls.

•	 Poor	sleep	hygiene	may	contribute	to	sleep	problems		
in	children	with	epilepsy,	especially	in	those	whose		

seizures	occur	primarily	during	sleep	and/or	are	poorly	
controlled.

•	 Abnormalities	in	sleep	architecture	seen	in	some	children	
with	epilepsy	include	reduced	sleep	efficiency,	decreased	
sleep	time,	increased	NREM	1,	increased	arousals	and	
awakenings,	and	reduced	REM	sleep	time.

•	 Obstructive	sleep	apnea	is	more	likely	to	be	found		
in	children	with	epilepsy	who	are	on	multiple		
antiepileptic	medications	and	whose	seizures	are		
poorly	controlled;	children	with	uncontrolled	seizures	on	
multiple	antiepileptics	should	be	screened	for	obstructive	
sleep	apnea.

conclusions about the role of melatonin in reducing seizure 
frequency or improving quality of life in patients with 
epilepsy.87

SUMMARY

The relationship between sleep and epilepsy is a fruitful  
and rewarding area for research. Much more research and 
knowledge is needed to better understand: (1) why sleep 

macro- and microarchitecture is altered in patients with epi-
lepsy; (2) whether treating OSA in patients with epilepsy 
improves seizure control; (3) the influence of circadian 
rhythms and chronotypes on different epilepsy syndromes; 
and (4) whether frequent IEDs during sleep with few or no 
seizures should be treated. Better understanding of the link 
between particular epilepsies, non-epileptic parasomnias, 
sleep fragmentation, and arousal to understand how to best 
improve overall function and that a multidisciplinary model 
will best serve patients with these disorders.
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Clinical Pearls

•	 Tonic	and	hypermotor	seizures	more	often	occur	during	
sleep;	clonic	and	absence	seizures	while	awake.

•	 Nocturnal	frontal	lobe	seizures	are	often	initially	
misdiagnosed	as	sleepwalking,	sleep	terrors,	nightmares	or	a	
psychiatric	problem.

•	 The	life-time	risk	of	NREM	arousal	disorders	is	sixfold	higher	
in	individuals	with	nocturnal	frontal	lobe	epilepsy.

•	 Video-PSG	with	expanded	EEG	is	indicated	in	children	with	
epilepsy	for	suspected	obstructive	sleep	apnea,	to	identify	
primary	sleep	disorders	contributing	to	complaints	of	
sleepiness,	fragmented	sleep	and/or	poorly	controlled	
seizures,	and/or	to	confirm	whether	nocturnal	events	are	
epileptic	or	not.

•	 Sleep	deprivation	the	night	before	a	sleep	study	may	
increase	the	likelihood	a	NREM	arousal	disorder	occurs	
during	a	single	night	of	in-laboratory	video-PSG.

•	 When	a	vagal	nerve	stimulator	fires	for	30	seconds	during	
sleep,	it	most	often	causes	an	increase	in	respiratory	rate	and	
fall	in	respiratory	amplitude	for	the	time	the	stimulator	fires.	
This	usually	does	not	cause	an	arousal	or	desaturation.	On	
occasion,	obstructive	apneas	occur	during	and	when	the	
vagal	nerve	stimulator	fires;	reducing	the	stimulator	current	
from	1	to	2	milliamps	often	lessens	this	effect.

•	 Melatonin	may	have	anticonvulsive	effects	and	can	have	
positive	effects	on	sleep	in	children	with	epilepsy,	especially	
those	with	other	neurological	comorbidities.

http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0125
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0135
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0210


362    Principles and Practice of Pediatric Sleep Medicine

66. Schenck CH, Milner DM, Hurwitz TD, et al. A polysomnographic and 
clinical report on sleep-related injury in 100 adult patients. Am J Psy-
chiatry 1989;146(9):1166–73.

67. Blatt I, Peled R, Gadoth N, et al. The value of sleep recording in evaluat-
ing somnambulism in young adults. Electroencephalogr Clin Neuro-
physiol 1991;78(6):407–12.

68. Marzec ML, Malow BA. Approaches to staging sleep in polysomno-
graphic studies with epileptic activity. Sleep Med 2003;4(5):409–17.

69. Brazzo D, Pera MC, Fasce M, et al. Epileptic encephalopathies with 
status epilepticus during sleep: new techniques for understanding patho-
physiology and therapeutic options. Epilepsy Res Treaat 2012;2012: 
642–725.

70. Loddenkemper T, Fernandez IS, Peters JM. Continuous spike and waves 
during sleep and electrical status epilepticus in sleep. J Clin Neurophysiol 
2011;28(2):154–64.

71. Grigg-Damberger M, Ralls F. Primary sleep disorders and paroxysmal 
nocturnal nonepileptic events in adults with epilepsy from the perspective 
of sleep specialists. J Clin Neurophysiol 2011;28(2):120–40.

72. Nagarajan L, Walsh P, Gregory P, et al. Respiratory pattern changes in 
sleep in children on vagal nerve stimulation for refractory epilepsy. Can 
J Neurol Sci 2003;30(3):224–7.

73. Hsieh T, Chen M, McAfee A, et al. Sleep-related breathing disorder in 
children with vagal nerve stimulators. Pediatr Neurol 2008;38(2): 
99–103.

74. Pruvost M, Zaaimi B, Grebe R, et al. Cardiorespiratory effects induced 
by vagus nerve stimulation in epileptic children. Med Biol Eng Comput 
2006;44(4):338–47.

75. Zaaimi B, Heberle C, Berquin P, et al. Vagus nerve stimulation induces 
concomitant respiratory alterations and a decrease in SaO2 in children. 
Epilepsia 2005;46(11):1802–9.

76. Khurana DS, Reumann M, Hobdell EF, et al. Vagus nerve stimulation 
in children with refractory epilepsy: unusual complications and relation-
ship to sleep-disordered breathing. Childs Nerv Syst 2007;23(11): 
1309–12.

77. Zaaimi B, Grebe R, Berquin P, et al. Vagus nerve stimulation induces 
changes in respiratory sinus arrhythmia of epileptic children during sleep. 
Epilepsia 2009;50(11):2473–80.

78. Paprocka J, Dec R, Jamroz E, et al. Melatonin and childhood refractory 
epilepsy – a pilot study. Med Sci Monit 2010;16(9):CR389–96.

79. Ardura J, Andres J, Garmendia JR, et al. Melatonin in epilepsy and febrile 
seizures. J Child Neurol 2010;25(7):888–91.

80. Scorza FA, Colugnati DB, Arida RM, et al. Cardiovascular protective 
effect of melatonin in sudden unexpected death in epilepsy: a hypothesis. 
Med Hypotheses 2008;70(3):605–9.

81. Sanchez-Forte M, Moreno-Madrid F, Munoz-Hoyos A, et al. [The 
effect of melatonin as anti-convulsant and neuron protector]. Rev Neurol 
1997;25(144):1229–34.

82. Uberos J, Augustin-Morales MC, Molina Carballo A, et al. Normaliza-
tion of the sleep–wake pattern and melatonin and 6-sulphatoxy- 
melatonin levels after a therapeutic trial with melatonin in children with 
severe epilepsy. J Pineal Res 2010.

83. Fenoglio-Simeone K, Mazarati A, Sefidvash-Hockley S, et al. Anticon-
vulsant effects of the selective melatonin receptor agonist ramelteon. 
Epilepsy Behav 2009;16(1):52–7.

84. Molina-Carballo A, Munoz-Hoyos A, Sanchez-Forte M, et al. Mela-
tonin increases following convulsive seizures may be related to its anti-
convulsant properties at physiological concentrations. Neuropediatrics 
2007;38(3):122–5.

85. Gupta M, Aneja S, Kohli K. Add-on melatonin improves sleep behavior 
in children with epilepsy: randomized, double-blind, placebo-controlled 
trial. J Child Neurol 2005;20(2):112–15.

86. Coppola G, Iervolino G, Mastrosimone M, et al. Melatonin in wake-
sleep disorders in children, adolescents and young adults with mental 
retardation with or without epilepsy: a double-blind, cross-over, placebo-
controlled trial. Brain Dev 2004;26(6):373–6.

87. Brigo F, Del Felice A. Melatonin as add-on treatment for epilepsy. 
Cochrane Database Syst Rev 2012;(6):CD006967.

42. Zarowski M, Loddenkemper T, Vendrame M, et al. Circadian distribu-
tion and sleep/wake patterns of generalized seizures in children. Epilepsia 
2011;52(6):1076–83.

43. Ramgopal S, Vendrame M, Shah A, et al. Circadian patterns of general-
ized tonic-clonic evolutions in pediatric epilepsy patients. Seizure 
2012;21(7):535–9.

44. Ramgopal S, Shah A, Zarowski M, et al. Diurnal and sleep/wake patterns 
of epileptic spasms in different age groups. Epilepsia 2012;53(7):1170–7.

45. Sinclair DB, Wheatley M, Snyder T. Frontal lobe epilepsy in childhood. 
Pediatr Neurol 2004;30(3):169–76.

46. Oldani A, Zucconi M, Asselta R, et al. Autosomal dominant nocturnal 
frontal lobe epilepsy. A video-polysomnographic and genetic appraisal of 
40 patients and delineation of the epileptic syndrome. Brain 1998;121(Pt 
2):205–23.

47. Bisulli F, Vignatelli L, Naldi I, et al. Increased frequency of arousal para-
somnias in families with nocturnal frontal lobe epilepsy: A common 
mechanism? Epilepsia 2010.

48. Guilleminault C, Palombini L, Pelayo R, et al. Sleepwalking and sleep 
terrors in prepubertal children: what triggers them? Pediatrics 
2003;111(1):e17–25.

49. Aurora RN, Zak RS, Karippot A, et al. Practice parameters for the res-
piratory indications for polysomnography in children. Sleep 2011;34(3): 
379–88.

50. Petit D, Touchette E, Tremblay RE, et al. Dyssomnias and parasomnias 
in early childhood. Pediatrics 2007;119(5):e1016–25.

51. Kushida CA, Littner MR, Morgenthaler T, et al. Practice parameters for 
the indications for polysomnography and related procedures: an update 
for 2005. Sleep 2005;28(4):499–521.

52. Aurora RN, Lamm CI, Zak RS, et al. Practice parameters for the non-
respiratory indications for polysomnography and multiple sleep latency 
testing for children. Sleep 2012;35(11):in press.

53. Kotagal NC, Grigg-Damberger MM, et al. Non-respiratory indications 
for polysomnography and related procedures in children: an evidence-
based review. Sleep 2012;35(11):in press.

54. Aydin K, Okuyaz C, Serdaroglu A, et al. Utility of electroencephalogra-
phy in the evaluation of common neurologic conditions in children. J 
Child Neurol 2003;18(6):394–6.

55. Camfield P, Gordon K, Camfield C, et al. EEG results are rarely the 
same if repeated within six months in childhood epilepsy. Can J Neurol 
Sci 1995;22(4):297–300.

56. Gilbert DL, Gartside PS. Factors affecting the yield of pediatric EEGs 
in clinical practice. Clin Pediatr (Phila) 2002;41(1):25–32.

57. Gilbert DL. Interobserver reliability of visual interpretation of electro-
encephalograms in children with newly diagnosed seizures. Dev Med 
Child Neurol 2006;48(12):1009–10; author reply 1010–11.

58. Gilbert DL, DeRoos S, Bare MA. Does sleep or sleep deprivation 
increase epileptiform discharges in pediatric electroencephalograms? 
Pediatrics 2004;114(3):658–62.

59. Watemberg N, Tziperman B, Dabby R, et al. Adding video recording 
increases the diagnostic yield of routine electroencephalograms in chil-
dren with frequent paroxysmal events. Epilepsia 2005;46(5):716–19.

60. Chen LS, Mitchell WG, Horton EJ, et al. Clinical utility of video-EEG 
monitoring. Pediatr Neurol 1995;12(3):220–4.

61. Valente KD, Freitas A, Fiore LA, et al. The diagnostic role of short 
duration outpatient V-EEG monitoring in children. Pediatr Neurol 
2003;28(4):285–91.

62. Bye AM, Kok DJ, Ferenschild FT, et al. Paroxysmal non-epileptic events 
in children: a retrospective study over a period of 10 years. J Paediatr 
Child Health 2000;36(3):244–8.

63. Mohan KK, Markand ON, Salanova V. Diagnostic utility of video EEG 
monitoring in paroxysmal events. Acta Neurol Scand 1996;94(5): 
320–5.

64. Foldvary-Schaefer N, De Ocampo J, Mascha E, et al. Accuracy of seizure 
detection using abbreviated EEG during polysomnography. J Clin Neu-
rophysiol 2006;23(1):68–71.

65. Aldrich MS, Jahnke B. Diagnostic value of video-EEG polysomnogra-
phy. Neurology 1991;41(7):1060–6.

http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0300
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0300
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0300
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0305
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0305
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0310
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0310
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0310
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0320
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0320
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0320
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0325
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0325
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0325
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0330
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0330
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0335
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0335
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0335
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0340
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0340
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0340
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0345
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0345
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0350
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0350
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0350
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0350
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0355
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0355
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0355
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0360
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0360
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0360
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0365
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0365
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0365
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0370
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0370
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0370
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0375
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0375
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0375
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0380
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0380
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0380
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0385
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0385
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0385
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0385
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0390
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0390
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0390
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0395
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0395
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0400
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0400
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0405
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0405
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0405
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0410
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0410
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0410
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0415
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0415
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0415
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0415
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0420
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0420
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0420
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0425
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0425
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0425
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0425
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0430
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0430
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0430
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0435
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0435
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0435
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0435
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0440
http://refhub.elsevier.com/B978-1-4557-0318-0.00044-9/sr0440


363

INTRODUCTION

Each year more than 61,000 children and adolescents under 
the age of 20 are diagnosed with a malignancy.1 Significant 
advances in treatment including surgery, intensive chemo-
therapy, and targeted radiation therapy have led to substantial 
increases in survival, with survival rates of 83% by 2009.1 As 
survival rates have increased over the past several years, both 
researchers and clinicians have increased focus on quality of 
life, including sleep and fatigue, in pediatric oncology patients 
and survivors.

Fatigue and sleep disturbances have consistently been 
found to be among the most frequently reported symptoms 
experienced by both adult and pediatric oncology patients 
undergoing cancer-directed therapy.2–4 Both fatigue and sleep 
disturbance have been reported in these patients, and it is 
important to distinguish between these two complaints. 
Fatigue, which is reported to be one of the most distressing 
symptoms in pediatric oncology patients, is defined as the 
subjective feeling of physical, emotional, or cognitive tiredness 
that interferes with the ability to participate in physical or 
social activities.5 In pediatric oncology patients, this may be 
directly caused by treatments including chemotherapy and/or 
radiation therapy, a side effect of specific medications, such as 
corticosteroids, and/or secondary to treatment-related effects 
such as anemia. Sleep disturbances are also observed in oncol-
ogy patients and can be the direct cause of the fatigue identi-
fied by these patients. Sleep disturbances and fatigue are of 
particular concern for children and adolescents with cancer 
because they may negatively impact immune functioning and 
healing, daily functioning, social activities, depressive symp-
toms, behavior problems, and overall quality of life.2,6–9

COMMON SLEEP COMPLAINTS

Sleep complaints are commonly associated with pediatric 
cancer, and include restless sleep, excessive daytime sleepiness 
(EDS), obstructive sleep apnea symptoms, and difficulty ini-
tiating and maintaining sleep.5,10 Zupanec and colleagues11 
observed a detrimental impact on sleep habits in children 
following a diagnosis of acute lymphocytic leukemia (ALL), 
the most common childhood cancer. Sixty-seven percent of 
parents reported sleep problems, increased restlessness, night-
time awakenings, bedtime resistance, frequency of nightmares, 
and more changes in sleep location during the night. Parents 
attributed their children’s poorer sleep habits and subsequent 
decreased sleep quality to medication schedules and side 
effects, among other psychological factors related to their 
diagnosis and treatment.11 Hinds and colleagues12 reported 
that children on ALL maintenance therapy slept longer while 

receiving dexamethasone treatment (a backbone of leukemia 
treatment) but demonstrated poorer sleep quality with more 
nighttime awakenings, more restless sleep, and more daytime 
napping as documented by actigraphic recording.

Sleep complaints are frequently reported not only when 
children are undergoing treatment for cancer, but also in the 
survivorship period. One study of childhood cancer survivors 
referred to a sleep center revealed that 60% of children pre-
sented with EDS, 40% with sleep-disordered breathing, 24% 
with insomnia, 4% with circadian rhythm dysfunction, and 
9% demonstrated parasomnias.13 Furthermore, sleep disrup-
tions in pediatric brain tumor survivors may be enduring. 
While sleep complaints have been found to resolve following 
treatment in child survivors of leukemias, brain tumor survi-
vors continue to experience sleep disruptions even 1 year post 
treatment14 and report excessive daytime sleepiness more than 
5 years post treatment.15 In addition to excessive daytime 
sleepiness, adolescents with cancer have continued to report 
significant fatigue up to 5 years after treament and even into 
adulthood.16,17

Excessive Daytime Sleepiness
Excessive daytime sleepiness (EDS) is the most commonly 
reported sleep problem in children and adolescents with 
cancer with rates higher than those observed in otherwise 
healthy obese adoelscents.10,13,15,18–20 EDS is characterized by 
increased total duration of sleep, recommencement of daytime 
naps, inability to easily awaken in the morning, and/or diffi-
culty staying awake during daytime activities.10,19 It is espe-
cially prevalent and more severe in children with brain tumors; 
50–60% of all pediatric oncology patients report fatigue and 
EDS, while 80% of children with brain tumors involving  
the hypothalamus, thalamus, and brainstem experience these 
symptoms.19,21 In survivors of pediatric brain tumors, up to 
one-third self-reported significant EDS that was not well 
recognized by their parents.15 Not surprisingly, children and 
adolescents with brain tumors report EDS-related impair-
ments in their functioning at home and school.5

Insomnia
Sleep onset or maintenance insomnia is characterized by dif-
ficulty initiating or maintaining sleep; in children, it may be 
the result of inadvertent, behavioral conditioning from their 
parents.13 Given the demands of treatment and the physio-
logical symptoms experienced by children with cancer, it is 
not uncommon for parents to become overly involved in their 
child’s bedtime routine. This sometimes results in condition-
ing the child to require parental presence to initiate and/or 
maintain sleep. Insomnia has also been linked to uncontrolled 
pain13 (see Chapter 12) and/or high-dose corticosteroid treat-
ments, which frequently accompany oncological therapy.

Chapter 
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patients have found no gender differences.28 Research related 
to age differences has also yielded mixed results. One study 
compared children with ALL to their healthy same-age peers 
and found that only younger children with ALL exhibited 
significantly longer sleep duration.8 Conversely, a study of 
children successfully treated for CNS tumors found that 
patients aged 8–12 exhibited significantly more sleep distur-
bances, while patients aged 4–8 and 12–18 did not exhibit 
greater sleep difficulties than their same-age peers.29 On the 
other hand, children aged 6–12 have been reported to experi-
ence a decrease in fatigue over the course of treatment while 
adolescents aged 13–18 experienced no change.28

IMPACT OF SLEEP DISTURBANCE

Sleep disturbances have been associated with poorer health, 
mood, behavior regulation, academic performance, neurocog-
nitive function, immune function, and overall quality of  
life.30–32 The consequences of sleep disturbances are of par-
ticular concern to pediatric oncology patients because sleep is 
critical for neural recovery and tissue renewal; disrupted sleep 
may hinder the child’s recovery.17,30 Similarly, the conse-
quences of sleep disruption on the child’s psychological well-
being should be considered. More specifically, reduced 
adaptive functioning, limited engagement in social activities, 
behavioral and mood problems, and/or negative impact on 
treatment adherence have been associated with nocturia, 
fatigue, and disturbance of sleep–wake cycles.2,6,7,27

Academic Functioning
Poor and insufficient sleep has been found to negatively 
impact academic functioning in children with obesity.33,34 
While the relationship between sleep, cancer, and school  
performance has not been explicitly studied, the impact of 
sleep disturbances on school performance has been researched 
in otherwise healthy children. For example, treatment of 
obstructive sleep apnea has been linked with significantly 
improved academic performance.35 Moreover, a ‘learning debt’ 
has been hypothesized whereby sleep-disordered breathing in 
early childhood may impair future school performance.36 
Children with pediatric cancers are already at risk for poor 
school performance due to extended school absences and neu-
rocognitive late effects of cancer treatments;37–39 problematic 
sleep may only compound this risk, and warrants further 
investigation.

Mood and Behavior
A growing body of research suggests that sleep deprivation 
has its greatest impact on an adolescent’s ability to regulate 
behavior, emotions, and attention.40 Studies investigating the 
link between sleep regulation and emotional/behavioral regu-
lation in healthy adolescents have revealed an interactive rela-
tionship, wherein emotional disorders influence sleep quality, 
regulation, and duration, and sleep quality and duration influ-
ence an adolescent’s ability to regulate emotions and behav-
ior.40,41 Similarly, in a study of 67 children and adolescents 
undergoing chemotherapy, sleep disturbances (e.g., nighttime 
awakenings, poor sleep duration) and fatigue negatively influ-
enced interpersonal relations, anxiety, and depressive symp-
toms in adolescents, whereas fatigue alone was associated with 
depressive symptoms and behavioral changes in children.7

CONTRIBUTORS TO SLEEP DISTURBANCE

Many factors contribute to sleep disturbances in children and 
adolescents who are receiving cancer-directed therapy, includ-
ing disease process, treatment modality,6 frequent nocturnal 
awakenings in hospitalized patients,3 nighttime caretaking 
needs, and poor sleep quality.22

Disease-related variables are likely to account for the sig-
nificant fatigue in pediatric oncology patients both during and 
after treatment. Several studies have investigated children’s 
sleep and fatigue while receiving treatment, typically for ALL, 
and have found that use of steroids, a backbone of leukemia 
treatment, may contribute to fatigue. Both actigraphic record-
ing and parent report have indicated that children with ALL 
have poor sleep while receiving treatment. This poor sleep has 
been characterized by decreased total sleep time at night, 
increased daytime napping, increased nighttime awakenings, 
and more restless sleep, particularly while children are receiv-
ing steroid treatment in comparison to days when they are not 
receiving steroids.12,23

Excessive daytime sleepiness can result from the cumulative 
effect of insufficient sleep, fragmented sleep, irregular sleep–
wake schedules, and circadian rhythm disruption.10 In pedi-
atric patients with centrally located brain tumors, the 
mechanism of EDS is likely twofold because the hypothala-
mus regulates both neurological sleep control and weight. 
First, EDS may result from hypothalamic injury following 
tumor resection and/or from the tumor itself, resulting in the 
child’s inability to effectively maintain sleep and wakefulness. 
Second, increased risk for obesity due to hypothalamic dys-
function or injury may result in obstructive sleep apnea.10,13,18,24,25 
In this way, tumor location, rather than type, is more of a 
determinant of EDS symptoms. One study of children referred 
to a sleep center who were currently receiving cancer treat-
ment or had completed treatment found that children with 
brain tumors, particuarly tumors of the hypothalamus, thala-
mus, and brainstem, accounted for over two-thirds of all refer-
rals.13 In pediatric brain tumor survivors evaluated during 
their survivorship clinic visits who had not been referred to a 
sleep clinic, however, tumor location was not as consistently 
related to levels of excessive daytime sleepiness.15 Thus, while 
survivors of CNS tumors have increased likelihood of sleep 
disturbances, the etiology of these sleep disruptions is complex 
and likely multifactorial.

DEMOGRAPHIC VARIABLES RELATED TO 
DIFFERENCES IN SLEEP PROBLEMS

Demographic variables that may relate to differences in sleep 
and fatigue in pediatric oncology patients have received 
limited attention; however, there is some evidence to suggest 
that gender and age may contribute to sleep disturbance and 
fatigue. For example, in a study examining sleep disruption in 
pediatric ALL patients in the maintenance phase of treat-
ment, girls were found to nap more and had more consoli-
dated nighttime sleep than did boys. This finding was 
consistent even after controlling for differences in age, treat-
ment, and risk group.26 Another study examining changes in 
fatigue over the course of cancer treatment also found that 
girls reported more fatigue than boys.27 However, this is an 
equivocal finding, as other studies of pediatric oncology 
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sleep quality in children and adolescents with pediatric cancer 
is lacking, potentially because no formalized interventions 
have been developed specifically for this population at this 
time. However, interventions for facilitating sleep that have 
been used to address the antecedents to sleep disruptions,  
such as bedtime refusal, anxiety, and problematic sleep– 
wake cycles, may be effective. Because sleep involves both 
biological and psychological components,10 a variety of poten-
tial interventions are offered. Similarly, the cause of the child’s 
sleep disruption, such as cancer treatment, hospitalization, or 
behavioral disruptions, should be identified to better tailor 
sleep interventions.56

Behavioral Sleep Medicine Interventions
Behavioral strategies may facilitate and maintain development 
of healthy sleep habits in children with cancer. Establishing 
and maintaining effective sleep hygiene is a mainstay in sleep 
intervention. Families of children with cancer may be tempted 
to disregard a sleep routine, given the child’s health status, 
parental distress, overprotectiveness, or disrupted routines as 
a result of medication schedules or hospitalizations.11 Thus, 
establishing a daily schedule with specific periods of rest and 
activity may be beneficial.11,56 Enforcing a consistent bedtime 
and wake time, developing a bedtime routine, eliminating 
stimulating activities before sleep, decreasing caffeine intake, 
and providing a cool and quiet sleep environment are recom-
mended.11,59,60 Nurses may assist parents in maintaining these 
limits while the child is on the inpatient unit in an effort to 
reduce parental distress.61 Graduated extinction methods have 
also demonstrated effectiveness in case reports for children 
with sleep onset difficulties who also have medical complica-
tions.62 Gradually reducing parental attention to sleep distur-
bances, rather than traditional extinction methods, may 
facilitate parental adherence to the intervention by reducing 
aversive extinction bursts in which the negative behavior tem-
porarily worsens prior to extinguishing.63 Moreover, stimulus 
control (or minimizing negative associations of frustration 
with the child’s bed) with consideration for the child’s current 
medical presentation has demonstrated benefit.5,11

Interventions that target mood-related antecedents to sleep 
disturbances are also recommended. For example, cognitive-
behavioral therapy to reduce anxiety, as well as interventions 
that promote self-soothing behaviors after nighttime awaken-
ings, may be beneficial.11 Guiding the child in cognitive 
restructuring may be helpful in reducing maladaptive sleep 
cognitions. Furthermore, relaxation training, including dia-
phragmatic breathing, progressive muscle relaxation, autogenic 
training, and imagery techniques, may facilitate a child’s sleep 
onset and ability to return to sleep after nighttime awakenings 
(see Chapter 12). Finally, improving illness management, such 
as decreasing pain or managing obesity, may indirectly benefit 
a child’s sleep.64

Hospital-Based Interventions
Environmental restructuring of the hospital environment may 
serve to protect children’s sleep while they are admitted for 
cancer-directed treatment. During an inpatient stay, children 
were found to have an average of 11 room entries/exits by staff 
during the nighttime period with a mean of 12–16 nighttime 
awakenings each night of the admission. Not surprisingly, 
over the course of the hospital admission, children’s reported 
fatigue steadily increased, which was associated with the 

Anxiety may have a similar effect. In addition to nausea, 
vomiting, and frequent bathroom use, nightmares and fear 
were among the most commonly reported reasons for night-
time awakenings in a study on sleep quality in children with 
cancer.11 The authors surmised that anxiety may play more of 
a role in sleep disruption than previously understood, suggest-
ing that the child’s or adolescent’s ability to self-soothe may 
have been negatively impacted by their illness and treatment 
experiences. Treatment-related anxiety and disease-related 
cognitive rumination may also contribute to difficulty with 
sleep onset.42–46

Environmental stressors such as family stress or hospital-
related sleep interruptions (e.g., entry and exit from the 
patient’s room), have also been shown to impact sleep 
quality.3,47 While undergoing cancer treatment certainly quali-
fies as a stressful event, most children with cancer do not meet 
diagnostic criteria for depression or anxiety but remain at risk 
for these difficulties.48–50 Given the neurocognitive sequelae 
associated with their disease, children and adolescents with 
brain tumors continue to be at risk for anxiety and depression 
in the survivorship period.51 Increased risk for both emotional 
difficulties and sleep disruptions may create compounding 
sleep-related problems in this population.

Quality of Life
Quality of life is defined as an individual’s functional inde-
pendence within physical, emotional, social, and cognitive 
domains52 and emphasis on improving quality of life has 
increased with improved childhood cancer survival rates.53 
Adolescents undergoing cancer therapy have reported lower 
quality of life when compared to healthy peers, particularly 
with regard to physical functioning and mood.54 Cancer diag-
noses and therapy have also have been shown to impact 
quality of life, with higher-risk disease and extended, aggres-
sive treatment related to lower quality of life.55

One important contributor to overall quality of life that has 
received more recent attention is sleep. Sleep disturbances 
have the potential to interfere with functional domains inde-
pendently or in combination with other factors, therein nega-
tively impacting quality of life.56 For example, adolescents 
with cancer have endorsed EDS and difficulty with sleep 
onset, insufficient sleep duration, and multiple nighttime 
awakenings that interfere with their daily functioning.8 More-
over, symptoms of nausea, pain, worry, and anxiety have also 
been reported,42–45 which also decrease opportunities to engage 
in developmentally typical activities, resulting in poorer 
quality of life.56 Combining symptoms of disrupted sleep, 
EDS, and the physical and social/emotional consequences of 
pediatric cancer may result in greater detriment to quality of 
life than any of these symptoms alone.42 Dissatisfaction with 
functional independence has been found to affect psychosocial 
functioning both during and after treatment.57,58 As a result, 
interventions targeted toward improving sleep and fatigue 
have the potential to improve quality of life in pediatric oncol-
ogy patients.

INTERVENTIONS

Interventions that facilitate efficient sleep and developmen-
tally appropriate maintenance of daily activities should be 
explored.56 Research in the efficacy of interventions to improve 
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number of nighttime awakenings.3 Changes in nursing prac-
tices such as ‘bundling care’ whereby all necessary, scheduled 
care occurs simultaneously during the night with the remain-
der of room entries confined to unexpected needs that arise 
may help protect children’s sleep while an inpatient. Further-
more, nursing-led interventions to facilitate improved sleep in 
oncology patients admitted for high-dose chemotherapy have 
been shown to be feasible. Feasible changes to the inpatient 
unit included having the child and parent determine a bedtime 
and wake time, use of white noise machines and light-blocking 
blinds, pre-bedtime routines, bundled care, and out-of-bed 
activity during the day.65

Pharmacological Interventions
Pharmacological intervention that is used conjointly with 
behavioral strategies, such as administration of melatonin,66 
may facilitate sleep onset in those patients with difficulty initi-
ating sleep. Similarly, sedative hypnotics have been used to 
address steroid-induced insomnia.13 Tricyclic antidepressants 
have also been prescribed for use at bedtime to assist in sleep 
consolidation (see Chapter 12). Stimulant medications, such as 
methylphenidate, amphetamines, and modafinil, have demon-
strated promise in treating EDS in children with brain tumors.10 
Relatedly, assisted breathing devices, such as continuous posi-
tive airway pressure (CPAP) or bilevel positive airway pressure 
(BIPAP), may improve symptoms of sleep-disordered breath-
ing in those patients with hypothalamic obesity.10,13

Both pharmacologic and non-pharmacologic interventions 
that show evidence for effective symptom management of 
sleep disturbances in the pediatric cancer population are 
needed. Continuing to enhance our understanding of the 
contributors to common sleep complaints will help guide 
future research in developing successful treatment strategies.

SUMMARY

As research into the impact of cancer, its treatment, and the 
survivorship period is a relatively new area of study, many more 
questions than answers exist. It is becoming increasingly clear 
that children and adolescents receiving cancer-directed treat-
ment are at increased risk for a number of sleep disturbances 
that likely contribute to fatigue, which is one of the more 
burdensome symptoms of pediatric oncology patients. These 
sleep disturbances are multifactorial and include difficulty ini-
tiating and maintaining sleep and restless sleep, likely caused 
by a combination of direct physiological effects of cancer and 
medications (particularly corticosteroids), changes in routine, 
stress and anxiety, and environmental disruptions on the inpa-
tient unit. Resulting fatigue may be related not only to sleep 
disruptions but also to the physiological effects of cancer-
directed therapy such as pain and anemia. After completion of 
cancer-directed therapy, pediatric survivors of brain tumors are 
at risk for hypothalamic obesity, which can lead to symptoms 
of obstructive sleep apnea above and beyond otherwise healthy 
children, and to excessive daytime sleepiness. Interventions are 
needed to target symptoms during both the treatment and the 
survivorship periods and should include a combination of both 
behavioral and pharmacologic interventions targeted to the 
specific symptoms of the child. Although much research is 
necessary, targeted interventions should demonstrate a positive 
impact on patients’ quality of life.

Clinical Pearls

•	 Fatigue	is	one	of	the	most	commonly	reported	symptoms	
in	children	and	adolescents	undergoing	treatment	for	
cancer.

•	 Restless	sleep,	excessive	daytime	sleepiness	(EDS),	
obstructive	sleep	apnea	symptoms,	and	difficulty	initiating	
and	maintaining	sleep	are	common	sleep	disturbances	
observed	in	pediatric	oncology	patients	and	survivors.

•	 Disease	process,	treatment	modality,	frequent	nocturnal	
awakenings	in	hospitalized	patients,	nighttime	caretaking	
needs,	and	poor	sleep	quality	may	individually	or	in	
combination	affect	sleep	quality	in	pediatric	patients	
undergoing	cancer-directed	therapy.

•	 Poor	sleep	in	pediatric	oncology	patients	is	associated	with	
reduced	adaptive	functioning,	limited	engagement	in	social	
activities,	behavioral	and	mood	problems,	and/or	negative	
impact	on	treatment	adherence.

•	 Both	behavioral	sleep	medicine	and	pharmacological	
interventions	should	be	considered	in	this	patient	
population.
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INTRODUCTION

Behavioral and emotional development in children and ado-
lescents is closely linked to the maturation of sleep–wake 
regulatory systems. Early disruptions in the organization of 
sleep states may contribute to dysregulation of affect and 
behavior and subsequently lead to the development of psy-
chopathology. Alternatively, psychiatric disorders can contrib-
ute to the development of sleep disturbances that are long- 
lasting and require specific interventions to prevent further 
deterioration of the neurobehavioral functions.

Sleep problems are commonly reported among children 
and adolescents with psychiatric disorders. Growing numbers 
of epidemiological studies in patients attending child psychi-
atric clinics have described a high prevalence of sleep-related 
disorders that include: bedtime refusal, fear of the dark, night-
mares, night terrors, and restless sleep.1 Long sleep latencies, 
short sleep durations, frequent nocturnal awakenings, and 
restless sleep have all been shown to correlate with the severity 
of psychiatric symptoms in a diverse cohort of children with 
psychiatric disorders.2

Numerous surveys have indicated a strong association 
between sleep complaints and symptoms of emotional dis-
tress, depression, and anxiety in children.3–6 In a large 
community-based prospective study of 6-year-old children, 
13% of those with trouble sleeping were found to have clini-
cally elevated anxiety and depressive scores compared to just 
3% of children without problems sleeping; at age 11, the 
percentage of children with anxiety or depressive symptoms 
increased to 29% and 4%, respectively.7

Adolescents with sleep problems have significantly elevated 
rates of depression, anxiety, low self-esteem, excessive worry, 
and irritability, as well as an increased likelihood of using 
alcohol, nicotine, and caffeine.8–12 A recent cross-sectional and 
prospective study of 12–18-year-olds found that 54% of ado-
lescents with insomnia reported depressive symptoms, 26% 
had suicidal ideation, and 10% indicated a history of suicide 
attempts, with all frequencies higher than those found in  
a non-insomnia group (which were 32%, 12%, and 3%, 
respectively).13

SLEEP IN EARLY-ONSET MAJOR DEPRESSION

Major depressive disorder (MDD) is a severe and debilitating 
clinical condition that is often recurrent and associated with 
poor psychosocial, academic, and occupational outcomes. 
Approximately 2% of children and 8% of adolescents are 
affected by MDD with a male-to-female ratio of 1 : 1 in chil-
dren and 1 : 2 in adolescents.14 Suicide is the most dramatic 
outcome of MDD and the third leading cause of death for 
people aged 15 to 24.15

Subjective sleep complaints are characteristic of MDD  
in adults and include: sleep initiation and sleep maintenance 

insomnia, early morning awakenings, non-refreshed sleep, 
disturbed dreams, and decreased total sleep time. A subset of 
adult patients with MDD present with hypersomnia and 
daytime fatigue. Objective polysomnographic (PSG) studies 
of adults with MDD yielded consistent findings with pro-
longed sleep onset latency, short rapid eye movement (REM) 
sleep onset latency, reduced slow-wave sleep, and increased 
sleep fragmentation.16 Furthermore, research data suggest that 
insomnia predicts relapse of depression in previously remitted 
patients,17 and that objectively measured prolonged sleep 
onset latency and short sleep duration, with or without com-
plaints of insomnia, are risk factors for poor depression treat-
ment outcome.18

Subjective Sleep Complaints in Early-Onset  
Major Depression
Early studies of sleep complaints in clinically depressed pre-
adolescent children revealed that two-thirds of children with 
depression reported sleep onset and sleep maintenance prob-
lems and half suffered from terminal insomnia. Furthermore, 
their sleep complaints continued throughout the depressive 
episode with 10% of children experiencing insomnia after 
remission.19,20 In a large community sample of 1507 adoles-
cents, 88.6% of those who met diagnostic criteria for major 
depression reported sleep disturbances.21 Interestingly, the 
75.7% of adolescents who went on to develop a major depres-
sive episode over a 12-month period had insomnia as an initial 
complaint. A more recent study assessed sleep-related symp-
toms among children and adolescents ages 7.3 to 14.9 years 
diagnosed with major depression using a structured diagnostic 
interview.22 Sleep complaints were present in 72.7% of the 
patients. Children and adolescents with sleep disturbances 
had more severe depression with higher rates of anxiety symp-
toms. In that same clinical sample, 53.5% of those with sleep 
complaints reported insomnia, 9% experienced hypersomnia 
alone, and 10.1% had both insomnia and hypersomnia (with 
that combination of symptoms seemingly associated with the 
most severe forms of depression).22

Sleep Complaints and Adolescent Suicide
Sleep disturbances, especially insomnia and nightmares, have 
been associated with increased rates of reported suicidal idea-
tion and suicide attempts in youngsters.23–25 In the only known 
study that examined sleep disturbances in 15 to 19-year-old 
suicide completers, insomnia was 10 times more likely to have 
been reported in that group than it was in community con-
trols. Furthermore, adolescents who completed suicide were 
five times more likely than controls to have exhibited insom-
nia in the week preceding death.26

An association between suicidality and sleep duration  
was examined using the Youth Risk Behavior Surveys from 
2007 and 2009, which consist of school-based, nationally  
representative samples (n = 12 154 for 2007, n = 14 782 for 
2009). Adolescents who reported sleeping ≤5 or ≥10 hours 
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range of participants, and presence of anxiety, attention deficit 
hyperactivity disorder (ADHD), or other psychiatric 
symptoms.40,41

Based on the available research data, there seems to be a 
stronger association between subjective sleep complaints and 
depression than there is to objective instrumental measures of 
sleep and MDD. When both subjective and EEG sleep char-
acteristics were examined in youngsters with MDD, there was 
no evidence of EEG sleep disruptions in children with depres-
sion compared to healthy controls, even in the presence of 
significant sleep-related complaints. What is even more inter-
esting is that children with the highest rating of insomnias 
showed the highest sleep efficiencies according to PSG 
reports.42 Perception of sleep thus seems to be different in 
depressed individuals than in normal controls.

In summary, increased sleep onset latency emerged as the 
most consistent finding across all studies of sleep and early 
depression, with some subgroups of children and adolescents 
with MDD also having reduced REM latency.

Objective Sleep Measures in Early-Onset  
Major Depression: Actigraphic Studies
Actigraphy has been used to assess sleep characteristics, such 
as sleep onset latency, sleep efficiency, the frequency and dura-
tion of nocturnal awakenings, nocturnal and diurnal activity 
levels, and circadian rhythmicity in patients with MDD.

Abnormal circadian rhythms were described in children 
and adolescents with depression compared to controls; these 
were characterized by blunted activity level with diurnal vari-
ations that did not peak until early evening.43,44 Armitage 
et al. found that among children (as opposed to adolescents) 
with MDD, there were sex differences noted, with damped 
circadian amplitudes seen only in girls.44

When children with depression were compared, by acti-
graphic study, both with normal children and ones with a 
history of abuse, the children who had been abused showed 
both the highest levels of nocturnal activity and the longest 
sleep onset latencies.45 The authors concluded that abuse has 
a more profound effect on sleep regulation than does depres-
sion alone.

SLEEP IN EARLY-ONSET BIPOLAR DISORDER

Bipolar disorder is a chronic severe psychiatric illness with a 
prevalence rate in the pediatric population of 1.8%.46 There 
are four types of bipolar disorder currently defined in the 
DSM-IV: bipolar-I disorder, bipolar-II disorder, bipolar 
disorder-not otherwise specified (NOS), and cyclothymia. 
Research studies in adults with bipolar disorder showed  
sleep problems to be associated with every phase of bipolar 
illness and usually include insomnia with reduced need for 
sleep during the manic phase, and insomnia with hypersomnia 
during depressed phase.47–50

Circadian and social rhythm dysfunction has been pro-
posed as one of the pathophysiological mechanisms of bipolar 
disorder in adults.51 Although research on circadian rhythms 
in pediatric bipolar disorder is limited, some evidence exists 
that interpersonal and social rhythm therapy is beneficial to 
adolescents with bipolar illness.52,53 Interpersonal and social 
rhythm therapy is based on the belief that sleep deprivation, 
and disruptions of our circadian rhythms, may provoke or 

had a significantly higher risk for suicidality compared to 
those with a total sleep time (TST) of 8 hours. The largest 
odds ratios were found among the most severe forms of 
suicide attempt behaviors (such as those requiring treatment) 
with an odds ratio of 5.9 for a TST ≤4 hours and 4.7 for a 
TST ≥10 hours.27

In a 2011 prospective study of high-risk adolescents, Wong 
et al. compared 392 children (280 boys and 112 girls, 12–14 
years old) from high-risk alcoholic families to controls.28 They 
found that having sleep problems at 12 to 14 years signifi-
cantly predicted suicidal thoughts and self-harm behaviors at 
15 to 17 years, even when controlling for other variables such 
as gender, parental alcoholism or prior suicidal thoughts. 
Interestingly enough, variables such as depression and 
substance-related problems at age 12 to 14 were not signifi-
cant predictors. This study emphasized the importance of 
sleep assessment when screening for risk factors for suicidal 
behaviors in adolescents.

Objective Sleep Measures in Early-Onset  
Major Depression: PSG/EEG Studies
PSG characteristics of sleep have been examined in prepuber-
tal children with major depression and have yielded inconsist-
ent results. The early work by Puig-Antich and colleagues 
(1982) failed to reveal significant differences in any sleep vari-
ables between children with major depression and normal 
controls.19 Their findings were later supported by other studies 
that demonstrated no differences in PSG characteristics 
between children with MDD and healthy controls.29,30 
However, when depressed children were recruited from inpa-
tient facilities, reduced REM onset latencies, increased REM 
time, and increased sleep onset latencies were found in a 
subset of prepubertal children with MDD30,31 Based on such 
PSG characteristics, it was suggested that inpatient status, 
severity of MDD, and presence of other psychiatric comor-
bidities may influence sleep characteristics in pre-adolescent 
depressives. Over the years of PSG research, a prolonged 
latency to sleep onset has emerged as one of the more stable 
characteristics of sleep dysregulation associated with early-
onset MDD.32

PSG characteristics have been examined much more exten-
sively in adolescents with MDD. The first such study, which 
compared 13 depressed adolescents with 13 age-matched 
normal controls, revealed shorter REM onset latencies and 
greater REM densities in the depressed patients.33 At least 
one subsequent study found PSG abnormalities in early-onset 
MDD to be similar to those found in depressed adults.34 
However, a few other studies failed to differentiate adoles-
cents with MDD from normal controls based on REM sleep 
characteristics.35–37

In a more recent mixed-age group sample of children aged 
7 to 17 years with either MDD or an anxiety disorder, subjec-
tive and objective sleep characteristics were similar in the 
MDD group and normal controls.38 When electroencephalo-
graphic (EEG) sleep measures during an episode were com-
pared to those during recovery, 15–17-year-old adolescents 
with MDD demonstrated lower sleep efficiencies and REM 
latencies than controls, a reduction that remained unchanged 
even in remission, suggesting that EEG sleep changes are 
state-independent and represent a biological trait of MDD.39

The discrepancies between studies may be explained by the 
subtypes of depression, severity of clinical state, gender, age 
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found among the groups; however, those with bipolar disorder 
demonstrated increased amounts of stage 1 sleep and reduced 
percentages of stage 4 sleep.

In a study by Mehl et al., PSGs of children, whose results 
on the Child Behavior Checklist (CBCL) were suggestive of 
bipolar disorder, were compared with normal controls.62 Sleep 
measures of children with bipolar profile revealed reduced sleep 
efficiencies, reduced amounts of REM sleep, and increased 
numbers of nocturnal awakenings. On sleep questionnaires, 
parents of children with bipolar profile reported that their 
children had more problems with sleep onset, more restless-
ness, and more frequent nightmares and morning headaches 
than did controls. This study, however, was limited by the lack 
of validated clinical assessment of bipolar disorder in children 
participating in the study.

In a 2011 study, sleep was assessed in a small sample of 
adolescents with bipolar disorder, who were between mood 
episodes, and compared both to children with ADHD and to 
normal controls.63 Patients with bipolar disorder experienced 
their sleep as more fragmented and less restorative than their 
peers. However, actigraphy indicated the reverse, namely 
longer periods of sleep and fewer interruptions compared to 
their peers. Further research is needed to understand the dis-
crepancy between self-perception of sleep and actigraphic 
sleep measures in this population.

SLEEP IN CHILDHOOD ANXIETY DISORDERS

The presence and frequency of sleep disruption in children 
with anxiety disorders is among the highest seen in any form 
of child psychopathology. For example, in addition to rates of 
sleep problems above 90% in samples of anxious youth,64–66 
group-based comparisons found that anxious youth experi-
enced more frequent and more varied types of sleep problems 
than did their counterparts with ADHD.67 Conversely, chil-
dren presenting with insomnia complaints were also most 
likely to have co-occurring anxiety disorders.2,68 Problems 
with sleep initiation, nighttime awakenings, nightmares, and 
bedtime resistance are among the problems most commonly 
reported.65,66

Retrospective reports of sleep are nonetheless subject to a 
range of potential limitations including reporter and  
recall biases. Far fewer studies have investigated the sleep of 
anxious youth prospectively. In one of the few studies to 
examine at-home sleep patterns, anxiety-disordered and 
healthy control children completed prospective 1-week sleep 
diaries. Later bedtimes, less sleep on weekdays, and more 
variable weekend sleep patterns were found among those with 
anxiety.69

Reports of sleep also have been found to vary based on 
informant. In particular, and in contrast to community samples 
where parents tend to underestimate child sleep problems,70,71 
anxious youth reported fewer sleep problems than did their 
parents.66,72 Differential findings may be explained by greater 
parental awareness of, or sensitivity to, sleep problems in clini-
cally anxious youth due to these problems commonly being 
covert or of an embarrassing nature (e.g., nighttime fears, 
requests to co-sleep, night terrors). It is also possible that 
anxious youth possess distorted perceptions about their sleep. 
Children with anxiety disorders have been found to underre-
port sleep disruption compared to objective sleep measures.73

exacerbate symptoms commonly associated with bipolar dis-
order. This form of therapy uses methods from both interper-
sonal psychotherapy and cognitive-behavioral therapy to 
teach patients the importance of, and help them maintain in 
a regular fashion, their daily circadian rhythms and activity 
routines such as of eating and sleeping.

Sleep Complaints in Early-Onset Bipolar Disorder
Examinations of sleep complaints among different samples of 
children and adolescents with bipolar disorder-I, bipolar 
disorder-II, and cyclothymia revealed a weighted average of 
72% of patients reporting a decreased need for sleep with 
symptoms of mania.54 Geller et al. compared the clinical char-
acteristics of 7–16-year-old children and adolescents with 
bipolar disorder, ADHD, and healthy controls and found a 
reduced need for sleep in 40% of children with mania com-
pared to only 6.2% of those with ADHD and 1.1% of normal 
controls.55 Thus, decreased need for sleep is one of the core 
symptoms of pediatric mania along with hypersexuality, elated 
mood, racing thoughts, and grandiosity.

When both parent and child reports of sleep problems were 
analyzed in patients with early-onset bipolar disorder, Loft-
house et al. found that 96.2% of children suffered from sleep 
disturbances related to manic, depressive, or comorbid symp-
toms during different phases of their illness.56 In their more 
recent web-based survey completed by parents of children 
with bipolar disorder, the following sleep problems were fre-
quently reported: insomnia, daytime sleepiness, parasomnias, 
night wakings, bedtime resistance, anxiety, and sleep-
disordered breathing.57 Nearly all children whose parents 
completed the web-based survey (96.9%) were affected by 
sleep disturbances that required either pharmacological or 
non-pharmacological sleep interventions.57,58

Diurnal variations of mood have been described in youth 
with bipolar disorder, with findings of evening acceleration of 
mood and energy and of delayed sleep onset with difficulty 
waking up in the morning. Nearly 30% of children exhibited 
elevated mood during the day switching into depression 
overnight.59

In their 2012 study, Baroni et al. evaluated sleep complaints 
in youth with bipolar-I and bipolar-NOS using a structured 
diagnostic interview (K-SADS-PL) during both manic and 
depressive episodes.60 At least one sleep symptom was reported 
by 84.3% of subjects: 71.4% of patients had insomnia during 
depressive episodes, 51.4% experienced decreased need for 
sleep during hypomania/mania, 22% of subjects reported cir-
cadian reversal, and 27% reported nocturnal enuresis. 
Decreased need for sleep correlated significantly with meas-
ures of global functioning, which suggests that manic symp-
toms, perhaps, have a more profound impact on global 
functioning in youth. There were no significant differences 
found in sleep characteristics between bipolar-I and bipolar-
NOS, according to this study.

Objective Sleep Measures in Early-Onset  
Bipolar Disorder
There are only a few studies that have used PSG or acti-
graphic assessment of sleep in bipolar youth. In the first such 
study, published by Rao et al. in 2002, EEG characteristics of 
sleep were compared among three groups: adolescents with 
unipolar depression, those with bipolar disorder, and normal 
healthy controls.61 There were no differences in REM sleep 
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diagnostic symptoms of SAD are specific to sleep: persistent 
reluctance or refusal to sleep alone, and repeated nightmares 
involving themes of separation. Refusing to sleep alone is 
among the most common reasons for referral to an anxiety 
specialty clinic.81 Although empirical studies examining sleep 
problems in children with SAD specifically are limited, one 
study, based on parent and clinician reports, found that  
97% of children with SAD had at least one sleep problem, 
which was more than that seen in children with social anxiety 
disorder (but not more than seen in children with GAD).65 
Based on child reports, 60% of children with SAD reported 
difficulty sleeping.66 The most frequently listed sleep problems 
were insomnia, reluctance or refusal to sleep alone, and  
nightmares.65 Parents of children with primary SAD also 
reported that their children exhibited more parasomnias 
(including sleepwalking, bedwetting, and night terrors) than 
did parents of youth with social anxiety disorder.66 This last 
finding agrees with results, reported by Verduin and Kendall, 
that parasomnias commonly occur in the presence of SAD 
diagnosis.82

Obsessive–Compulsive Disorder
Although sleep-related difficulties are not DSM-IV diagnos-
tic criteria for pediatric obsessive–compulsive disorder (OCD), 
youth with OCD commonly do experience sleep-related 
problems. One study found 92% of pediatric OCD patients 
experienced at least one type of sleep problem.72 Less sleep 
also was associated with greater OCD severity. Two other 
studies have reported lower (56% and 54%), albeit still clini-
cally meaningful, rates of sleep problems in this population of 
youth.66,83 Sleep may be especially problematic for young chil-
dren and females with OCD.72

In the only published OCD study to utilize PSG, Rapaport 
and colleagues compared the sleep of nine adolescents with 
OCD to a matched healthy control group.84 Adolescents 
with OCD exhibited less total sleep, longer sleep onset latency, 
and shortened latency to REM sleep than did controls. 
However, because a majority of subjects had a current or 
previous depressive disorder, the extent to which these sleep 
patterns were reflective of other forms of psychopathology  
is unclear.

In a small, non-depressed sample of 7 to 11-year-old chil-
dren, Alfano and Kim used subjective reports as well as seven 
nights of actigraphy to examine the sleep patterns of children 
with OCD and compare them to those from a matched 
healthy control group.85 In line with parental reports indicat-
ing clinically significant sleep problems, actigraphy data 
revealed significantly fragmented sleep in children with OCD 
as well as less total sleep and longer nighttime awakenings. A 
significant negative association between total sleep time and 
severity of compulsive behaviors was also found, potentially 
reflecting the negative impact of insufficient sleep on ability 
to monitor and inhibit behavior.85

Post-Traumatic Stress Disorder and Trauma
Post-traumatic stress disorder (PTSD) is characterized by 
distressing symptoms including re-experiencing of a trau-
matic event, avoidance of situations, places, or people that are 
reminders of the trauma, and hyperarousal.74 Sleep distur-
bances, including trauma-related nightmares and difficulty 
initiating or maintaining sleep, are core features of PTSD. In 
lieu of a wealth of investigations focused on the relationship 

In one of the few studies to examine PSG sleep patterns  
in these children, Forbes et al. used two nights of laboratory-
based PSG to compare the EEG sleep patterns of three 
groups of children, all aged 7–17 years: those with anxiety 
disorders (including generalized anxiety disorder, panic  
disorder, separation anxiety disorder, or social phobia), those 
with depression, and those comprising a group of healthy 
controls.73 On both nights the anxiety group had more 
awakenings than the depressed group and less slow-wave 
(deep) sleep than depressed and control children. On the 
second PSG night anxious youth exhibited a prolonged sleep 
onset latency, whereas the latency to REM sleep decreased in 
both other groups. A greater percentage of missing data from 
night two was also reported in the anxious group. Thus, in 
addition to alterations in sleep architecture, results suggest 
that anxious children experience greater difficulty adapting to 
the sleep lab environment. Such data underscore a need for 
research examining objective sleep patterns in the home 
environment.

There is also evidence to suggest that rates and types of 
sleep problems differ among the various forms of anxiety. The 
following sections provide a review of available findings across 
specific anxiety diagnoses most closely associated with sleep 
disruption.

Generalized Anxiety Disorder
Diagnostic criteria and empirical data indicate that sleep plays 
an important role in pediatric generalized anxiety disorder 
(GAD). First, in addition to excessive and uncontrollable 
worry, DSM-IV criteria specifically include ‘difficulty falling 
or staying asleep’ as one of six possible physiological symp-
toms.74 Similar to rates in adults with GAD,75 a majority of 
youth experience difficulty sleeping, with rates as high as 
94%.64–66 Other common sleep-related problems include 
nightmares and daytime sleepiness. Although a majority of 
research is based on parent report, one study found 87% of 
youth with a primary GAD diagnosis self-report difficulty 
sleeping and difficulty awakening in the morning, a greater 
proportion than seen in children with other primary anxiety 
disorders.66

In a study of EEG-based sleep patterns, Alfano and col-
leagues examined the sleep of prepubescent children (7 to 11 
years) with GAD in comparison to a matched healthy control 
group based on one night of PSG.76 Anxious children studied 
were not depressed or taking any psychotropic medications at 
the time of the study. Children with GAD exhibited signifi-
cantly longer sleep onset latency and reduced latency to REM 
sleep than controls. A marginally significant increase in REM 
sleep, and a decrease in sleep efficiency, also was found in the 
GAD group. Thus, although anxious children did not meet 
criteria for comorbid depressive diagnoses, objective sleep 
findings correspond in part with the trait-like sleep alterations 
found in clinically depressed and at-risk samples of adults.77–79 
A shared genetic basis for GAD and depression, with overlap-
ping of clinical features (i.e., negative affectivity) and/or of 
other neurobiological markers of risk, may serve to explain a 
similar overlap in sleep parameters.80

Separation Anxiety Disorder
Separation anxiety disorder (SAD) is characterized by devel-
opmentally inappropriate and excessive anxiety surrounding 
separation from major attachment figures.74 Two possible 
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insomnia.103 In support of this theory, Barclay and Gregory 
found that poor sleepers are more likely than good sleepers to 
catastrophize about the consequences of sleeplessness as well 
as other topics, though findings were largely mediated by 
anxiety and worry.104

Using an experimental paradigm among both adolescent 
and adult participants, Talbot and colleagues did not find that 
sleep restriction resulted in increased worries or longer cata-
strophizing sequences, but they did find that catastrophizing 
following sleep restriction produced more anxiety and increased 
estimation of the likelihood that ‘catastrophes’ might occur.94 
Furthermore, an early adolescent subgroup (aged 10–13 years) 
rated their most threatening worry as significantly more threat-
ening when they were sleep deprived than when rested.

Other studies highlight significant associations between a 
negative attributional style and dysfunctional cognitions in 
connection with sleep disruption, depression, and anxiety in 
youth.105–107 One study found a significant association between 
cognitive errors (such as catastrophizing, overgeneralization, 
personalizing, and selective abstraction errors) and sleep prob-
lems, specifically during adolescence.105 Additionally, an asso-
ciation between decreased total sleep duration and greater 
levels of pre-sleep cognitive arousal has been documented in 
children with various anxiety disorders.66

In addition to evolving interest in genetic and cognitive 
factors, the sleep environment in which problems develop 
remains a critically important area of investigation. In the 
large twin study conducted by Gregory and colleagues, longi-
tudinal associations between sleep problems at age 3–4 years 
and anxiety at age 7 were largely mediated by shared environ-
mental factors.108 Research examining specific familial 
characteristics of, and parenting behaviors within, the early 
sleep environment interestingly revealed that both under- or 
over-involvement in behaviors related to sleep impacted sleep 
in a negative manner. For example (in a manner consistent 
with findings that the regularity of children’s sleep schedules 
is essential for optimal daytime functioning109,110) familial dis-
organization (e.g., lacking structure and routines in the home) 
was found to account for a significant portion of the variance 
in childhood sleep problems and anxiety.108 Although the 
precise pathways through which familial disorganization 
impacts children’s sleep remain to be delineated, it is known 
that lack of parental rules with respect to sleep is associated 
with shorter sleep duration in school-aged children.111

On the other hand, parental over-involvement in their chil-
dren’s sleep may be problematic, particularly for at-risk and 
anxious children. Warren and colleagues found mothers with 
anxiety disorders were overly involved in infant and toddler 
bedtime sleep routines (e.g., co-sleeping or putting children 
to bed when already asleep), and these behaviors were associ-
ated with higher rates of child sleep problems.112 Such paren-
tal behaviors might function as moderators of both sleep and 
anxiety-based outcomes in this population of children. More 
specifically, at-risk children who do not adequately learn how 
to negotiate sleep onset independently may similarly struggle 
with, and feel ineffective in their ability to manage, anxiety-
producing daytime situations. Sleep disruption that results 
from prolonged sleep onset or nighttime awakenings related 
to a need for parental support could further exacerbate daytime 
anxiety.113 Overall, the broad range of intra- and inter-
individual factors impacting both sleep and anxiety dictate a 
need for investigations aimed at understanding how multiple 

between trauma exposure and sleep disruption in adults, 
research in pediatric samples is limited. Nightmares, bedwet-
ting, and night terrors nonetheless appear to be common in 
the aftermath of trauma.86 In a study of children and adoles-
cents exposed to Hurricane Hugo, bad dreams showed strong 
diagnostic correlation to a subsequent PTSD diagnosis.87 In 
a longitudinal study of children exposed to Hurricane Katrina, 
the presence of sleep problems 2 years after the hurricane 
predicted the maintenance of existing PTSD symptoms, as 
well as the emergence of new ones, 6 months later.88

In an actigraphy-based study of a sample of trauma-exposed 
children, Glod and colleagues reported that abused children 
demonstrated significantly longer sleep onset latency than did 
both a sample of depressed youth and a group of controls.45 
A lower sleep efficiency was also seen in the abused group 
compared to controls, and also in those with a history of 
physical as opposed to sexual abuse. Differences in sleep pat-
terns as a function of a PTSD diagnosis were not found.

Other research, too, suggests that the negative impact of 
early trauma on sleep may persist into the adult years. For 
example, Bader and colleagues found childhood trauma to be 
the strongest predictor of values of sleep onset latency, sleep 
efficiency, and nocturnal activity in adulthood, even after con-
trolling for levels of stress and depression.89 Similarly, females 
who experienced sexual abuse as children were more likely to 
experience sleep problems as adults irrespective of depressive 
symptoms.90 Overall, available research suggests that trauma 
exposure, more so than a PTSD diagnosis per se, is closely 
associated with persistent sleep disruption.

SHARED FACTORS AND MECHANISMS OF INTEREST

At a basic level an increased state of arousal, which is a central 
feature of all anxiety disorders, is incompatible with quies-
cence and sleep.91 Similarly, insufficient sleep produces 
increases in arousal systems, mood disturbance, anxiety, and 
tension.92–95 At a more complex level, the pervasive overlap 
between symptoms of sleep and anxiety disorders appears 
rooted in a variety of potentially mediating and synergistic 
factors including genetics, cognitive style, and environmental 
influences. For example, genetic factors alone have been found 
to account for 74% of the covariance in the association 
between early sleep and anxiety symptoms.96 Certain circa-
dian clock-related genes, specifically BCL2, DRD2, and 
PAWR, are also associated with anxiety disorders.97 The latter 
set of genes belongs to the signaling pathway connecting 
circadian rhythmicity and anxiety-related behavior, thus sug-
gesting a possible shared genetic predisposition for problems 
in both domains. However, a specific link with anxiety, as 
opposed to a broader range of psychiatric symptoms and dis-
orders, has not been established. For example, results from a 
large study of 8-year-old twin pairs reported that the genes 
influencing sleep problems are more closely associated with 
depression than anxiety.98 Also, the serotonin transporter gene 
(5-HTTLPR) has been implicated in sleep disturbance99 and 
depression100 as well as in anxiety.101,102

Problems sleeping are also consistently associated with a 
range of cognitive factors and styles shared by anxious indi-
viduals. Catastrophizing, which is a negative, iterative thought 
process similar to rumination or worry, is hypothesized to  
play a critical role in the development and maintenance of 
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associations. Temporarily delaying a child’s bedtime can serve 
to increase the homeostatic sleep drive and better align the 
sleep–wake schedule.

At present, it is not fully understood whether or how sleep 
is impacted by interventions that do not specifically target 
sleep problems co-occurring with anxiety or depressive disor-
ders.65,72 Results from the Treatment for Adolescents With 
Depression Study (TADS)127 indicate sleep problems were the 
most common residual symptoms in depressed youth who 
responded to mood-focused treatment (either CBT, fluoxet-
ine, or their combination) but had not yet progressed to full 
remission.128 Emslie and colleagues found that among adoles-
cents successfully treated for depression, those with a longer 
sleep onset latency were significantly more likely to relapse 
within 12 months.129 Thus, similar to experience with adult 
populations,130 joint treatment of sleep and mood disorders 
(i.e., based on the use of strategies targeting both problems) 
may improve outcomes in younger populations116 or even 
prevent initial onset of depression.131

Finally, several case reports and controlled studies have 
reported significant reductions in nighttime fears and associ-
ated sleep difficulties following the use of behavioral sleep 
interventions.132 The development of these interventions has 
followed the general direction of effective treatments for fears, 
phobias, and anxiety in children133 and are based on standard 
CBT techniques.132 Efficacy of treatments for severe night-
time fears has been demonstrated in case studies and in a 
limited number of controlled studies.132,134–136 In 2011, Kushnir 
and Sadeh reported the effectiveness of two brief interven-
tions for nighttime fearful preschool-aged children. Both 
interventions provided children a puppy doll along with either 
directions to take care of the doll or, alternatively, reassurance 
that the doll would protect them.137 Both interventions sig-
nificantly reduced children’s nighttime fears and sleep prob-
lems. Furthermore, they both also significantly reduced 
parental fear management behaviors, and results were main-
tained at 6 months post treatment.

PHARMACOLOGICAL TREATMENT

There is very limited evidence-based research for the phar-
macological treatment of depression-related sleep problems  
in children and adolescents. Some antidepressants may  
cause changes in sleep characteristics when used in pediatric 
population. For example, imipramine can increase stage 2 
sleep and wakefulness and decrease stage 4 sleep, and it also 
appears to decrease sleep efficiency and cause REM suppres-
sion.138,139 Similarly, fluoxetine was found to increase stage 1 
sleep and REM density. However, REM suppression was not 
evident in this sample of children. Fluoxetine may also cause 
oculomotor abnormalities, increased myoclonic activity, and 
subjectively reported lower-quality sleep and more awaken-
ings.140 Trazodone has been shown to be therapeutic in alle-
viating insomnia in a small sample of children with 
depression.141 However, it should be used with caution as it 
has the potential for significant side effects due to its interac-
tions with fluoxetine.142,143

Concurrent treatment of insomnia and depression or anxiety 
should be considered in youth, with careful selection of sedative–
hypnotic agents based on knowledge of  the drugs’ pharmaco-
logical properties and individual patient characteristics.

levels of factors interact to create these commonly co-occurring 
problems.

PSYCHOSOCIAL TREATMENT

Although sleep disturbances commonly co-occur with psychi-
atric disorders (particularly those of mood and anxiety) in 
both children and adults,22,114–116 understanding of optimal 
methods for, and ideal timing of, treatment targeting sleep 
problems in this context is limited.65,116 Lack of understanding 
is directly linked to the fact that empirically supported treat-
ments for anxiety and mood disorders do not typically address 
sleep problems directly, and behavioral interventions for 
childhood sleep problems do not specifically measure changes 
in anxiety or mood.117 Thus, current understanding in chil-
dren has largely evolved from theoretical models, adult-based 
studies, and case reports. A growing body of evidence none-
theless suggests that addressing sleep in anxious and depressed 
youth might be critical for positive long-term outcomes.

A meta-analysis of research in adults shows that cognitive 
behavioral treatments (CBT) for anxiety reduce co-occurring 
sleep difficulties.118 CBT for insomnia (CBT-I) also appears 
to reduce anxiety and depressive symptoms in adults with 
primary insomnia.117 In one study, patients receiving com-
bined CBT-I and treatment for depression reported improve-
ments in sleep and depressive symptoms.119 Although far less 
is known about treatment in children, research highlighting a 
bidirectional relationship between sleep and emotional func-
tioning in youth underscores the potential importance of 
addressing functioning in both domains.113

As in anxious and depressed adults, the most common sleep 
problems in youth relate to difficulty initiating and/or main-
taining sleep.65,113,116 Also, as with adult-based interventions, 
effective child-focused treatments consider the behavioral, 
somatic, and cognitive symptoms present, as each may have 
relevance for sleep disruption. Behavioral aspects of treatment 
target maladaptive sleep-related behaviors such as bedtime 
avoidance, inconsistent sleep schedules and routines, interfer-
ing sleep-onset associations (e.g., parental presence), and poor 
sleep hygiene.120,121 However, since sleep problems may be 
more disruptive to parents than to children, a lack of motiva-
tion for change on the part of the child can be a significant 
barrier to treatment success. For youth who are initially hesi-
tant or unwilling to address maladaptive sleep behaviors, 
intangible and tangible rewards may be used with success. In 
other cases, setting firmer parental limits surrounding sleep 
may be necessary.122–124

Worrisome thoughts, rumination and catastrophizing 
among anxious and depressed youth, which often prolong 
sleep onset, can be particularly problematic during the pre-
sleep period due to the absence of environmental distract-
ers.66,125 Reduction of problematic nighttime cognitive activity 
through provision of corrective information about sleep and 
the effects of sleep loss, use of positive imagery techniques, 
and scheduled worry periods during afternoon hours can be 
effective.126 Pre-sleep cognitive activity also may result in 
increased somatic arousal at night for which progressive 
muscle relaxation techniques are commonly used. Impor-
tantly, increased levels of arousal and wakefulness at bedtime 
can also contribute to feelings of frustration at bedtime, 
thereby undermining development of positive sleep-onset 
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Clinical Pearls

•	 Sleep	assessment	is	an	essential	part	of	the	comprehensive	
evaluation	of	children	and	adolescents	with	mood	and	
anxiety	disorders.

•	 Increased	sleep	onset	latency	is	the	most	consistent	finding	
in	the	sleep	of	children	and	adolescents	with	early	
depression.

•	 Some	subgroups	with	major	depression	also	have	reduced	
REM	latency.

•	 In	adolescents,	there	is	an	apparent	relationship	between	
the	presence	of	sleep	disturbances	and	an	increased	risk	for	
suicide.

•	 Children	presenting	with	insomnia	complaints	also	have	an	
increased	likelihood	of	currently	or	subsequently	meeting	
criteria	for	a	disorder	of	anxiety.

•	 Childhood	sleep	and	anxiety	disorders	are	linked	by	a	range	
of	genetic,	behavioral,	cognitive,	and	environmental	
influences.

•	 Effective	psychosocial	interventions	target	child	behaviors	
and	cognitions,	physiologic	tensions,	and	parenting	and	
environmental	influences	that	maintain	hyperarousal	at	
night.
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INTRODUCTION

Caring for children with cancer presents a sleep clinician with 
unique challenges and opportunities. Children with cancer 
face a life-threatening illness which may require painful and 
toxic therapies. The opportunities to positively impact the 
child and family rests in identifying sleep-related issues that 
are generally similar to sleep problems seen in children without 
cancer. These sleep disorders are likely to be familiar to sleep 
clinicians, are easy to recognize, and typically respond well to 
appropriate therapy. Managing sleep-related disorders in chil-
dren with cancer can provide much-needed respite from the 
rigors of required therapeutic interventions.

OVERVIEW OF CANCER IN CHILDREN

Prevalence of cancer is 15 per 100 000 children.1 Neoplasia 
occurs due to a breakdown of the existing biological balance 
of cellular renewal and cellular apoptosis/elimination within 
the body. This disruption is the result of an imbalance of the 
signaling pathways that control essential cellular functions 
including cell growth, differentiation and survival.2,3 The 
majority of cancers are caused by random mutations or alter-
nations to molecular pathways, which increase cancer suscep-
tibility, though some may be the result of hereditary and/or 
environmental factors. Childhood cancers comprise a wide 
spectrum of markedly different malignancies, which vary  
by histology, gender, age, site of origin and race. The  
most commonly diagnosed childhood cancers are acute lym-
phocytic leukemia (ALL) and central nervous system (CNS)  
malignancies, which comprise 27% and 22% of all childhood 
cancers, respectively.1 CNS tumors are the most commonly 
diagnosed solid tumors in children.

The 5-year survival rate for childhood cancer has dramati-
cally improved over the past 10 years. The overall survival rate 
averaged across all types of cancers, is about 75%. To achieve 
this high cure rate, however, children must often endure 
several years of intensive treatment, which may involve, chem-
otherapy, radiation therapy, and surgery. Cancer treatment is 
often a traumatic process requiring frequent and painful pro-
cedures or therapies. Morbidity from cancer may be the direct 
result of the destructive effect of the cancer, or may be from 
collateral injury to normal tissues caused by toxic treatments. 
Morbidity in cancer may occur immediately, as a result of 
acute toxic side effects of treatment, or may develop as the 
child grows older.4 Some morbidities may not become appar-
ent until well after the cancer has been cured. With respect 
to sleep-related comorbidity, when investigated, sleep prob-
lems have been recognized in children during and after treat-
ment for leukemia5–10 and brain tumors,11,12 the two most 
common malignancies in children (Table 47.1).

SLEEP IN CHILDREN WITH CANCER

The sleep problems in children with cancer can be understood 
as the result of four distinct processes:
1. Children with cancer are expected to have the same back-

ground prevalence of sleep problems seen in all children.
2. Sleep problems that are the result of the stress on the child 

and family from the child having a life-threatening disease.
3. Sleep problems that are the direct result of brain injury 

from brain tumors and CNS-directed therapies including 
cranioradiotherapy (CRT) for children with brain tumors 
and leukemia.

4. Sleep problems that are the indirect result of chemotherapy  
and the many medical complications of cancer including: 
cancer-related fatigue (CRF), pain, seizures, obesity, endo-
crinopathies, heart failure, blindness, medication.
There have been no prospective studies of sleep in children 

with cancer, so the prevalence of sleep problems in this group 
of children is not known. However, there have been published 
case series reviews of children with CNS tumors followed in 
the neurosurgery clinic after surgery,13 children with CNS 
tumors and other non-CNS malignancies followed in oncol-
ogy clinics,12 and of children with cancer who were referred 
for a sleep evaluation because of a sleep complaint identified 
by their oncologist or primary care doctor.11 Together, these 
studies provide some insights into the types and frequency of 
sleep problems in children with cancer.

Sleep problems seen in a study of 70 children with cancer, 
48 with CNS tumors, 18 with leukemia or lymphoma, and 4 
with solid tumors who were referred for an evaluation and 
seen over a 15-year period in a single institution, are described 
in Box 47-1. Sleep problems identified were: excessive daytime 
sleepiness (EDS), present in 60% of the children; apnea, 
present in 40%; insomnia, present in 24%; parasomnias present 
in 9% and circadian rhythm disorders present in 4% of the 
children. More than one sleep problem was identified for 
many of the children. Excessive daytime sleepiness was the 
most common sleep problem identified. Parents did not 
describe EDS as present at the time of diagnosis, but rather 
developing after the treatment with CNS-directed therapies 
were instituted. Insomnia was present in 24% of the children, 
but in most cases was not of great concern to the parents, who 
viewed it as an inevitable consequence of cancer treatment. 
Noteworthy in this case series was the distribution of sleep 
problems seen in children with cancer. This distribution 
varied significantly from the expected prevalence of sleep 
problems in children. The type of sleep problem was related 
to both the type of cancer, and more specifically the location 
of the cancer, particularly in the case of brain tumors. Although 
accounting for only 25% of cancers in children, those with 
brain tumors were the most commonly referred group of 
children seen in this study, accounting for almost 70% of the 
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Table 47.1  Sleep Problems in Children with Cancer Referred for a Sleep Evaluation11

CHILDREN WITH CANCER SEEN 
IN SLEEP CLINIC 1994–2009

TOTAL # OF 
PATIENTS

EDS/LONG 
SLEEPERS

APNEA INSOMNIA CIRCADIAN PARASOMNIA

Total 70 42/70 (60%) 28/70 (40%) 17/70 (24%) 3/70 (4%) 6/70 (9%)

Tumors of CNS 48

 Hypothalamus/brainstem 35 28/35 (80%) 16/35 (46%) 5/35 (14%) 2/35 (6%) 2/35 (6%)

 Posterior fossa 7 6 2 2 0 1

 Cortex 6 4 2 1 0 2

Leukemia/other blood 18 4/18 (22%) 6/18 (33%) 7/18 (39%) 1/18 (6%) 1/18 (6%)

Other solid tumors 4

 Upper airway 3 0 2 1 0 0

 Kidney 1 0 0 1 0 0

Box 47-1  Sleep History in Children with Cancer

Chief complaint – insomnia, EDS, unusual awakenings from 
sleep, snoring/OSA (often more than one complaint)

History of Present Illness
Cancer
• Leukemia:

• Age of diagnosis, presenting symptoms
• CNS radiation
• Corticosteroid treatment
• Chemotherapy protocol

• Brain tumor:
• Type, location (if solid tumor), age of diagnosis, presenting 

symptoms of cancer, initial treatment
• Surgeries – dates, type (biopsy, partial resection, gross total 

research, shunt)
• Cranial radiation – dose _______ cGray
• Field _______
• Chemotherapy – protocol_________
• Corticosteroids

Sleep History
• Sleep before cancer diagnosis

• Bedtime, wake time, naps
• Problems with sleep – sleep onset, snore/OSA, awakenings, 

circadian – regularity, timing
• Number of hours of sleep child averaged/night

• Current sleep history
• Sleep log – 2 weeks
• Bedtime – weekday/weekend
• Wake time – weekday/weekend
• Preferred vacation sleep schedule – timing, duration
• Sleep onset – restless legs, fears, pain, parents present or 

not, hypnagogic hallucinations, sleep onset paralysis. How 
and where does the child fall asleep, who else is present at 
sleep onset, is there any inadvertent reinforcement of 
problem behaviors

• Sleep – snore/OSA, CSA, choke, vomit, seizures, enuresis, 
sleepwalking, confusional arousals, night terrors, 
nightmares, sleep eating

• Awakenings – frequency, response to awakenings by 
parents, any inadvertent reinforcement of awakenings by 
parents (allowing child to co-sleep, if so how often does it 
occur and by which parent)

• Daytime cataplexy

Past Medical History
• Current medications

• Corticosteroids?
• What medications have been used for sleep? With what 

success?
• Caffeine use – type (pop, coffee, tea, energy drinks), 

amount
• Recreational drugs – nicotine, alcohol, marijuana, other 

– use/abuse
• Hospitalizations
• Allergies
• HEENT – eye: visual impairment, blindness
• ENT – ear infections, enlarged tonsils and adenoids, strep 

infections, sinusitis, chronic mouth breathing, difficulty 
swallowing, aspiration/choking on food

• Cardiopulmonary – asthma, pneumonia, heart disease, 
cardio-toxic chemotherapy

• GI – reflux, vomiting, abdominal pain, constipation,  
diarrhea

• Neuro – headaches, seizures, hypotonia, hypertonia, 
developmental/cognitive/behavioral problems, pain, ADD

• School – grade, academic performance, behavior
• Endocrine – deficiencies/replacement hormones – thyroid, 

growth hormone, cortisol, sex hormones, diabetes insipitus, 
diabetes, obesity

Family History
• Identified sleep problems in parents and other family 

members – OSA, RLS, circadian chronotypes of parents
• Parents’ parenting style; parents’ belief around sleep and their 

child’s illness
• Parental concern about child’s illness (including prognosis, 

course of treatment, psychological impact on child and family)

referrals. Excessive daytime sleepiness was the most common 
problem in children with brain tumors, presenting in almost 
80% of these children. In contrast, only 22% of the children 
with leukemia/lymphoma present with EDS as their pre-
dominant complaint. In one-third of children with brain 
tumors and EDS which began after their brain tumor 

diagnosis, the mean sleep latency on a multiple sleep latency 
test (MSLT) was greater than 15 minutes. This objective 
measure of daytime sleepiness would not meet criteria for 
hypersomnolence as defined by the International Classifica-
tion of Sleep Disorders, 2nd Edition. Nonetheless, these  
children had a history of an increase in total 24-hour sleep 
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described by Von Economo,16 based on his observations of 
patients with encephalitis. Since Von Economo’s original 
clinical observations, many other types of injuries to this criti-
cal area of the brain have been recognized as causing problems 
with sleep. The most commonly reported sleep problem after 
a CNS injury is EDS. Brain injuries that have resulted in EDS 
have been summarized in a comprehensive review of sympto-
matic narcolepsy by Nishino and Kanbayashi.17 The 116 cases 
of symptomatic narcolepsy which have been reported in the 
literature were associated with: inherited disorders (34%), 
brain tumors (29%), head trauma (16%), demylenating disor-
ders (9%), stroke (5%), infection (3%), and degenerative dis-
orders (3%). In Nishino’s series, many different types of brain 
tumors were associated with EDS. Seventy percent of the 
tumors involved the hypothalamus or adjacent structures 
including pituitary, supracellar, or optic chiasm, and 10% 
involved the brainstem. Some tumors involved multiple sites, 
but in only 12% were areas of the brain other than the brain-
stem or hypothalamus involved, and in many of these cases 
CRT was one of the treatments. In 10 of the patients with 
brain tumors in Nishino’s review, cerebrospinal fluid (CSF) 
hypocretin was measured. Hypocretin was found to be low in 
3/10, and normal in 7/10; suggesting that in the majority of 
cases EDS in patients with brain tumors is not simply caused 
by the destruction of the hypocretin-secreting cells in the 
lateral hypothalamus.

CRANIAL RADIATION THERAPY (CRT)

Cranial radiation is a common treatment modality for pedi-
atric brain tumors, and for the treatment of CNS leukemia. 
CRT has substantial morbidity, which is related to the radia-
tion dose and field, and is especially toxic to children under 
age 3 years. Though no systematic survey has been done of 
sleep in children receiving radiotherapy, sleep problems do 
appear to be common in case reports of children with brain 
tumors and leukemia treated with CRT. The most common 
sleep problem reported is EDS. The increase in daytime sleep-
iness after treatment with CRT can be transient or perma-
nent. Radiation hypersomnia is a constellation of symptoms 
including EDS, increased total sleep time, irritability, ano-
rexia, low-grade fever, nausea, vomiting, dysphagia, and head-
aches, which can be seen in up to 60% of children treated  
with 2400 cGy cranial radiation.18–20 The syndrome typically 
appears 3–12 weeks post radiation, and lasts for 3–14 days. 
Affected children become sleepier, increasing the amount of 
sleep they require on a daily basis and often, in spite of an 
increased total sleep time, experience significant fatigue and  
EDS making it difficult for them to participate in normal 
activities of daily living. These findings were described in a 
long-term follow-up study of sleep in adult brain tumor sur-
vivors, who were treated as children with cranial radiation 
5–15 years earlier.21 Actigraphy was used to compare the sleep 
of the survivors to that of normal controls. The radiation-
treated group showed an increase in sleep duration, decreased 
sleep fragmentation, and decreased tolerance for alterations in 
the timing of sleep. There was a clear dose–effect relationship 
with higher doses of cranial radiation associated with longer 
sleep bouts and decreased tolerance for alterations in the 
timing of sleep. The underlying mechanism responsible for 
these changes is not understood.

duration, resumption of daytime napping, inability to awaken 
at the desired morning rise time, and/or an inability to remain 
awake during daytime activities, all of which began after their 
cancer diagnosis. When these children were treated with 
stimulant medication, their symptoms of EDS improved, 
allowing them to fully participate in the activities of their day.

Sleep-disordered breathing was present in 40% of the chil-
dren. The majority of these children had obstructive sleep 
apnea (OSA), though clinically significant central sleep apnea 
(CSA) was present in 10% of the children. All of the children 
with CSA had brain tumors and/or CNS-directed therapies 
affecting the respiratory control center of the medulla. In two 
children with sleep apnea, the event that led to their referral 
was a respiratory arrest during conscious sedation for an elec-
tive procedure. In one other child, the CSA was a manifesta-
tion of a seizure disorder and was effectively treated with 
anticonvulsants. Three children with CSA required nocturnal 
ventilation.

All of the children diagnosed with EDS were provided with 
education regarding sleep hygiene to regularize and extend 
their sleep duration, but in most cases this alone did  
not correct their EDS. In all of the children, stimulant  
medications were prescribed, methylphenidate (10–56 mg/
day), modafanil (200–400 mg/day), or amphetamine salts 
(20–40 mg/day) and were all effective in correcting the EDS. 
The medication was titrated clinically with the primary  
goal to help the children remain awake during the school day 
and allowing them to participate in after-school activities. 
Once an effective dose was established, hypersomnia remained 
well controlled without the need for significant escalation in 
dose. Side effects of medications were uncommon but did 
included headaches and anorexia. In children with EDS, the 
symptoms persisted long term, recurring whenever the stimu-
lant medication was discontinued over a 15-year follow-up. 
Though insomnia was identified in 24% of the children 
referred to the sleep clinic for an evaluation, it was rarely the 
reason for the referral. Insomnia was considered an incidental 
problem in a child who was referred for either EDS or OSA, 
and for most of the parents treatment of insomnia was not a 
priority.

Sleep in children with cancer is often made worse during 
hospitalization because of frequent interruptions of the child’s 
sleep by caregivers. This was described in a study of 29 chil-
dren with cancer hospitalized for 2–3 days. The children were 
awakened 0–40 times/night, mean 14. The longest duration 
of uninterrupted sleep for 70% of the children was 1 hour.14

NEUROANATOMY OF SLEEP AND WAKEFULNESS

Sleep and wake are complex neurologic processes which are 
actively generated by coordinated, overlapping mechanisms 
controlled by nuclei in the hypothalamus, thalamus, basal 
forebrain and brainstem.15 Each of these systems controls a 
different facet of sleep and/or wake, and each has different 
roles, so the loss of any one system may be partially compen-
sated by other systems. CNS-directed therapies for cancer 
may impact sleep by direct damage to the brain centers that 
are responsible for the regulation of sleep–wake by a brain 
tumor or neurosurgery, or by the neurotoxic effects of CRT 
and chemotherapy. The relationship between injury to the 
brain and the development of sleep problems was first 
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non-respiratory, non-neurologic contributors to OSA seen in 
children with cancer are obesity and hypothyroidism. In most 
children with OSA, the sleep-disordered breathing is present 
whenever the child is asleep, but in some children the OSA is 
only present or is much worse when the child is asleep, sedated 
with drugs such as benzodiazepines, chloral hydrate, or when 
treated for pain with narcotic analgesics. These dangers are 
especially important in children with cancer because these chil-
dren frequently undergo conscious sedation for diagnostic pro-
cedures and are commonly treated with narcotics for pain 
control. Both conscious sedation and good pain control can be 
achieved in children with OSA, but it is important that the 
appropriate precautions are taken.

CENTRAL SLEEP APNEA

Clinically significant central sleep apnea is uncommon in 
children older than 1 year, unless they have a brainstem mal-
formation such as an Arnold–Chiari malformation, or have 
sustained a severe brain injury from a tumor, infection, trauma 
or stroke. Central nervous system injury may result in CSA 
or centrally mediated OSA. Central sleep apnea in children 
with cancer is most commonly caused by: (1) an injury to the 
respiratory control center of the brain located in the medulla 
oblongata, (2) an unusual manifestation of a seizure, or (3) 
damage to the phrenic nerve. The symptom of a child with 
central sleep apnea typically is non-obstructive hypoventila-
tion during sleep; which leads to sleep-related hypoxemia 
and/or hypercarbia, and, if severe, may cause waking hyper-
capnia, and/or cor pulmonale.

PSYCHOLOGICAL/BEHAVIORAL INFLUENCES

When parents are specifically asked about sleep problems in 
their children using standardized questionnaires, 60% of 
parents of children with cancer rate their children as problem 
sleepers31 and acknowledge that the sleep problems have a 
negative impact on both their lives and their children’s lives. 
However, the majority of these parents view insomnia as an 
inevitable consequence of either cancer or the chemotherapy, 
and rarely seek treatment for the insomnia.

Sleep is an arena where many of the forces that control a 
child’s life play out. The predominant forces are biological, 
circadian, neurodevelopmental and behavioral/psychological/
environmental. The sleep–wake system is dynamic, and can 
be thought of as functioning like a mobile hanging from a 
ceiling. Counterbalancing forces can lead to either a delicate 
stable balance or chaotic movement. When the system is bal-
anced, a child will fall asleep independently at a consistent 
bedtime without difficulty, sleeps through the night without 
behavioral awakenings, spontaneously awakens in the morning 
feeling refreshed, and maintains a high level of daytime alert-
ness the following day except for well-defined nap times. 
When balance is not achieved, the child has difficulty falling 
asleep. Sleep will occur at variable times and the child may 
need a parent’s presence for transition. Numerous behavioral 
awakenings during the night may also occur, often requiring 
parental assistance for the child to return to sleep. The child 
may not wake spontaneously at a desired time in the morning, 
is fatigued during the day, and often naps at irregular times. 

CANCER-RELATED FATIGUE

Cancer-related fatigue (CRF) is described as a near universal 
experience of individuals with cancer, present in over 70% of 
patients.22–29 Fatigue is clinically different from sleepiness, a 
distinction that is often not made by parents and/or oncolo-
gists. Fatigue is a subjective complaint quantified by using 
standardized questionnaires. However, all standardized ques-
tionnaires utilized to measure fatigue include questions 
regarding sleep. Therefore, distinction between fatigue and 
sleepiness is often blurred. Children and their parents char-
acterize CRF as multidimensional, with physical, emotional, 
and mental facets. The multidimensional fatigue scale is a 
validated questionnaire which distinguishes general fatigue, 
sleep/rest fatigue, and cognitive fatigue. This scale has dem-
onstrated an increasing level of fatigue in children with brain 
tumors, after they have completed therapy, and have been 
‘cured’ of their cancer.27 Children with brain tumors had more 
fatigue than children with leukemia, and two-thirds of chil-
dren with brain tumors were >1 SD below the norms of 
fatigue of healthy control children (greater fatigue). Numer-
ous causes and comorbidities for CRF have been proposed, 
including: pain, depression, anxiety, anemia, poor nutrition, 
sleep disorders, physical deconditioning, infection and organ 
system failure.24 It has been suggested that sleepiness and 
fatigue may share some common biologic pathways mediating 
both symptoms, which would explain the great deal of overlap 
between fatigue and sleepiness. Inflammatory cytokines, 
tumor necrosis factor alpha and interleukin-6, both seem to 
be important mediators of both fatigue and sleep.25 Fatigue 
from whatever cause often results in an increased time in bed, 
with an earlier bedtime and a later rise time. These schedule 
modifications are often accompanied by a decrease in daytime 
activity, which in turn may result in a decrease in morning 
light exposure. The net result of all of these changes, many of 
which seem to make intuitive sense and are often recom-
mended by physicians who encourage their patients to get 
more ‘rest,’ is a loss of the normal synchronization between 
circadian rhythmicity and homeostatic sleep drive. This inevi-
tably leads to a poorer-quality sleep, with decreased sleep 
efficiency, a poorer quality of wakefulness as well as contribut-
ing to physical deconditioning, all of which leads to worsening 
fatigue. In surveys, children with cancer describe feeling 
impaired by fatigue and rate it as one of the most distressing 
treatment-related symptoms they experience.28

SLEEP-DISORDERED BREATHING IN CHILDREN  
WITH CANCER

Snoring is a common pediatric symptom, present in 12% of all 
children, and OSA in about 2%, so either may be present before 
a child develops cancer.30 Obstructive sleep apnea is always a 
multifactorial problem, the cumulative result of craniofacial, 
neuromuscular and soft tissue factors. In children with brain 
tumors, the neurologic contributors to OSA may be secondary 
to: (1) state-dependent change in pharyngeal tone during sleep, 
(2) hypotonia, (3) hypertonia, (4) injury to the medulla resulting 
in a loss of the synchronization of the pharyngeal dilators  
with the diaphragmatic contractions, and (5) peripherally 
mediated injury to the vagus, glossopharyngeal or hypoglossal 
nerves, which control the pharyngeal dilators. Two important 
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been associated with increased pain sensitivity,34 establishing 
a vicious spiral. In adults, pain has also been shown to play a 
mediating role in the development of CRF.35 Medications 
used to treat pain, particularly the narcotic analgesics, can also 
cause sleep problems, including the development or exacerba-
tion of sleep-disordered breathing, and daytime sedation. 
These reactions to medication may lead to daytime napping, 
and in turn may impact circadian rhythmicity and synchroni-
zation with the homeostatic sleep drive.

OTHER MEDICAL PROBLEMS

Sleep disruption may occur in many other medical problems 
which may be present in a child with cancer including: obesity, 
asthma, endocrinopathies, gastroesophageal reflux, heart 
failure, abdominal pain, arthritis, seizures and atopic derma-
titis. These medical problems may cause sleep fragmentation 
which may contribute to the symptoms of insomnia, increase 
in pain sensitivity and/or daytime sleepiness.

MEDICATIONS

Sedation and/or insomnia are listed as a side effect of over 500 
prescription and over-the-counter drugs in the side effect index 
of the physicians desk reference.36 These drugs may affect 
sleep–wake directly by leading to either an increased level of 
arousal (causing insomnia) or a decreased level of arousal 
(causing sedation), or indirectly by causing sleep fragmenta-
tion. In many of the medications that affect the CNS neuro-
transmitters the drugs may have a primary effect (often sedation 
or increased arousal), or the opposite effect, which may be 
secondary to withdrawal or to an idiosyncratic reaction to the 
drug. This has most commonly been described with diphenhy-
dramine (H1 antagonist), which usually results in sedation; but 
may cause hyperactivity in some children. Opioid analgesics are 
an important part of the pain management of children with 
cancer. Good pain control is essential for good sleep in children. 
However, opioids may also be a factor that can negatively 
impact on sleep in a number of ways. Opioids may cause 
daytime sedation and fatigue, raise the arousal threshold for 
sleep apnea, and lead to respiratory depression. High-dose 
corticosteroids have become a mainstay in the treatment of 
many types of cancer. Most chemotherapy protocols for 
standard-risk and high-risk acute lymphoblastic leukemia 
include 30–60 mg/m2 of dexamethasone for 2 to 3 years given 
monthly. Sleep disruption is a commonly reported adverse side 
effect of dexamethasone amongst affected children, present in 
30–50% of the children.7,8 Insomnia and hypersomnia are both 
commonly reported. Insomnia is more common among adoles-
cents and hypersomnia in children less than 10 years of age.

SLEEP DURING THE TERMINAL PHASE OF 
CHILDHOOD CANCER

Two studies have detailed sleep during the terminal phase  
of cancer treatment from the perspective of palliative care 
providers37 and parents.38 In the last month of the child’s 
life, parents and the doctors reported fatigue in 92%, daytime 
sleepiness in 60%, and insomnia in 16–40% of children. 

Because of the importance of sleep for both a child with 
cancer, and the parents of children with cancer, keeping the 
system balanced should be a high priority.

For any child, the periods of transition from wakefulness to 
sleep, which occur at sleep onset and again at numerous times 
throughout the night after normal spontaneous awakenings, 
are vulnerable to the influences of behavioral, psychological, 
and environmental factors. In children with cancer, the amount 
of potentially influencing factors across all three domains 
increases exponentially, thereby increasing the likelihood of 
problems during this transition. Parents of children with cancer 
are typically much more vigilant and often have justifiable 
fears for their child’s safety and health. This often results in 
changes in parental behavior including increased parental 
monitoring at night and alterations in sleeping arrangements 
such as co-sleeping. While this has not been empirically exam-
ined in pediatric cancer, research investigating alterations in 
sleeping arrangements of epilepsy patients found that 22% of 
children experienced a change towards less independent sleep-
ing arrangements after diagnosis. Parents of these children 
were more likely to endorse worry about seizure activity as the 
reason for the change in sleeping arrangements.32

As a result of heightened parental vigilance and fears, it is 
not uncommon for parents of cancer patients to be involved in 
the child’s falling asleep. This may inadvertently set the stage 
for the development of a conditioned sleep-onset association 
disorder. The hallmark symptom of this problem is the parental 
presence as the child transitions to sleep at bedtime; and the 
necessity of parental involvement after the child has a night-
time awakening. The symptom arises because the transition to 
sleep may be difficult for the child because of anxiety, or as a 
result of parents wanting to be present with the child at bedtime 
for the reasons described above. When the parent is present at 
the beginning of the night at sleep onset, this often does help 
the child transition to sleep at bedtime more quickly, but it may 
also inadvertently create a learned association, resulting in the 
child’s wanting and/or needing to have the parents present to 
facilitate the return to sleep after normal awakenings, which 
might occur 5–6 times throughout the night. When the parent 
responds to these awakenings by again helping the child return 
to sleep during the night, they are inadvertently re-enforcing 
the sleep onset association and perpetuating the arousals. This 
pattern often results in adequate sleep for the child, but very 
disrupted sleep for the parents. For parents already dealing with 
other stressors related to their child’s medical illness, this can 
significantly impact their daytime functioning.

PAIN

Pain is common in children with cancer, particularly at the 
time of diagnosis, and when pain is present sleep is often 
disrupted. In a study of pain in children with cancer,33 at the 
time of their diagnosis 78% experienced significant pain and 
in almost three-quarters of them the pain led to sleep disrup-
tion, causing multiple awakenings from sleep. Nine percent 
had severe sleep disruption and were unable to return to sleep, 
even with analgesic medication, 32% had a moderate degree 
of sleep disruption and were able to return to sleep only after 
medication, and 20% had mild sleep disruption, returning to 
sleep without medication. In many clinical settings, acute and 
chronic pain leads to sleep fragmentation, which in turn has 
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matrix (Figure 47-1) is a tool for organizing and analyzing 
the processes that regulate sleep and is particularly helpful 
when evaluating children with complex medical problems 
such as cancer. The sleep history is the primary tool for evalu-
ating sleep problems in children (see Box 47-1). The history 
can be organized into the different domains important to 
sleep regulation: circadian, ultradian, homeostatic, develop-
mental, radiation, cardio-respiratory, neurologic, behavioral–
psychiatric, drugs/alcohol, other medical. The hypotheses, 
which are developed within each domain, are confirmed or 
refuted as the history unfolds to best explain the sleep prob-
lems. This process leads to an analysis/synthesis which may 
require a diagnostic test such as a PSG, actigraphy or MSLT 
to confirm a diagnosis. Though the causes of sleep-disordered 
breathing and excessive daytime sleepiness in children with 
cancer are often related to their cancer; the evaluation and 
treatment for these conditions is not substantially different in 
children with or without cancer.

However, treating insomnia in child cancer patients differs 
significantly. Behavioral management strategies to treat insom-
nia in healthy infants, toddlers, and preschoolers have been 
well-studied and validated. The standard treatments include 
unmodified extinction and graduated extinction. In an unmodi-
fied extinction treatment paradigm, the parents put the child to 
bed at a designated bedtime and then ignore the child until 
morning, with the objective of reducing the undesirable behav-
ior (e.g., crying) by eliminating the reinforcer (parental atten-
tion). In a graduated extinction paradigm, parents are instructed 
to ignore bedtime crying for a predetermined period before 
briefly checking on the child. A progressive/graduated check-
ing schedule or fixed checking schedule can be used, depending 
on parental preference. Similar to the unmodified extinction, 
the goal is to remove the reinforcer of parental attention and 
enable the child to develop self-soothing skills, allowing them 
to fall asleep independently.40

Treatment of sleep problems may need to be addressed within 
the context of palliative care in these children.

LATE EFFECTS OF CANCER

As a result of advances in treatment, 75% of children and ado-
lescents who are diagnosed with cancer as a child are long-term 
survivors. The cancer survivors often suffer from a variety of 
late effects, which were documented in a recent study of long-
term survivors of childhood cancer.4 Severe or life-threatening 
medical problems occurred in 27.5%. Chemotherapy and radi-
ation therapy but not surgery were most commonly associated 
with the late effects, suggesting that the treatments more than 
the cancer itself are responsible for the late effects. In a study of 
acute lymphoblastic leukemia survivors ages 18 to 41 who were 
off treatment for an average of 14 years, sleep problems (not 
specified) were the most common late effect, present in 49% of 
the adults surveyed.10 Neurocognitive impairment is among 
the most common late effects experienced by long-term survi-
vors of pediatric cancer, with 20–40% of patients exhibiting 
deficits. In a study of 1426 survivors from the Childhood 
Cancer Survivors Study, using sibling controls, 20% of cancer 
survivors had neurocognitive deficits. Multivariate regression 
models revealed daytime sleepiness and poor sleep quality as 
two of the most important factors contributing to the neuro-
cognitive deficits. The relative risk of neurocognitive deficits 
associated with fatigue and sleep disturbance was equivalent to 
that of high-dose cranial radiation.39

EVALUATION AND TREATMENT OF SLEEP PROBLEMS

Sleep is the result of the interaction and synchronization of a 
number of different physiologic processes. The sleep process 

Figure 47-1 Sleep process matrix is a tool for organizing and analyzing how the fundamental processes that regulate sleep interact with each other and 
lead to sleep symptoms. Generally, the sleep history provides the information necessary to develop hypotheses within each pathophysiologic domain. As the 
patient’s history unfolds, the data gathered either confirm or refute these hypotheses. Diagnostic sleep studies may be necessary to establish the diagnosis. 
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6. If the child is not ready to go to bed at the designated 
bedtime; this is not a problem. The parent should allow 
the child to go to bed as late as they wish. Prior to bedtime 
the child can play quietly until he or she is clearly ready 
to fall asleep. However, no matter when the child goes to 
sleep, wake time remains the same.

7. Before bedtime, parents should anticipate all of the typical 
stalling tactics their child will use – one more drink, one 
more hug, etc. – so they are not responding to the child’s 
demands at bedtime.

8. Once the child is in bed, parents check on the child regu-
larly (intervals depending on the child and parent) until the 
child is asleep. If the child leaves the bed, gently take the 
child back to bed. If the child does not fall asleep within 
15 minutes, the parents are permitted to take the child out 
of bed and allow the child to play until the child  becomes 
sleepy, at which point the child is placed back into bed.

9. Parents continue this until they win no matter how long 
it takes. The goal is for the child to fall asleep in their 
own bed by themselves, without a parent present, which 
is what the child will need to do to return to sleep after 
a normal nighttime awakening.

10. If the child awakens during the night parents adopt the 
same routine as at bedtime.

11. Parents never lie with the child in the child’s bed nor do 
they allow the child to sleep in the parents’ bed. If the 
parents are not willing to accept this, this strategy may 
not be feasible.

12. Wake time in the morning stays the same regardless of 
how late the child went to sleep, how many times it 
awakened during the night, and how long the child was 
awake during the night. Upon awakening, the child 
should be exposed to bright natural light (20 min of pho-
totherapy may be necessary if this is before sunrise).

13. Daytime naps are limited to a predefined nap windows, 
to be decided with the parents based on the child’s typical 
schedule. The child is not allowed to fall asleep before 
nap time and is awakened at the end of the nap window 
regardless of how long the child has been asleep. The 
timing and duration of the nap window may be modified 
based on the child’s response to the treatment. The child 
may choose to skip naps but should not be allowed to nap 
outside of the designated nap window.

This approach is simply a variation of good sleep hygiene, it 
maintains the child’s circadian rhythm by fixing the wake time 
and exposing the child to bright light upon awakening in the 
morning, gradually builds an increasing amount of homeo-
static drive through sleep restriction, and limits the inadvert-
ent reinforcement by the parents. The homeostatic drive is a 
very powerful one, especially in young children and, if har-
nessed, can overpower almost any other problem leading to 
insomnia except severe anxiety.

Once the child has consolidated the nighttime sleep and is 
falling asleep independently and not having behavioral awak-
enings during the night, the bedtime is gradually moved 
earlier (in about 15-min increments) until the sleep restriction 
is eliminated. When the sleep–wake pattern is reset, most 
children are able to maintain it.

Using this approach, parents are exerting leverage on the 
child’s sleep where they have control – in keeping the child a 
wake, and awakening them in the morning – and not attempt-
ing to exert control where they have none – getting the child 
to fall asleep.

These standard treatment recommendations are often not 
practical, nor successful, when treating insomnia in pediatric 
cancer patients for a number of reasons. First and foremost, 
parents of a medically ill child have justifiable fears about  
their child’s safety and health, and therefore they will be 
extremely reluctant to ‘ignore’ cries of distress from their  
child, as these cries could indicate a medical distress. While 
extinction paradigms allow for parents to monitor for these 
issues, it is often difficult to distinguish between crying as  
an attention-seeking behavior and crying due to physical dis-
tress, especially in young children. Even a modified extinction 
program, such as that with parental presence, is often difficult 
for parents to implement, for the same reasons identified 
above.

Because the standard behavioral therapies can often not  
be used with this population, an alternative treatment plan  
that harnesses the power of the combined forces of the  
homeostatic and circadian drives has been developed by the 
authors.

Prior to implementing the treatment plan one must:
1. Form an alliance with the family so the parents believe 

and trust the recommendations given to them.
2. Educate the parents regarding normal sleep physiology so 

they understand that children learn how to transition to 
sleep at bedtime, and often do it the same way after they 
have a normal awakening during the night. If the parent 
is part of the child transitioning to sleep at bedtime, they 
often need to be part of the return to sleep after normal 
awakenings during the night.

3. Understand the child’s circadian chronotype and typical 
sleep need.

4. Establish with the parents that the goal is to teach the 
child to fall asleep by themselves at bedtime and after 
normal spontaneous awakenings which occur throughout 
the night.

5. Obtain a careful sleep history and 2 weeks of sleep logs 
prior to beginning treatment.

Developing the Individual Treatment Plan:
1. Based on the sleep log (Figure 47-2), determine how 

many hours the child is sleeping (not time in bed) during 
the night at present.

2. Based on the scheduling demands of the child and parent, 
determine at what time the child needs to awaken. This 
will be wake time 7 days/week.

3. Schedule bedtime so that the number of hours of sleep 
the child averages equals the number of hours of time in 
bed. For children with significant sleep-onset and sleep-
maintenance insomnia this calculation leads to a much 
later bedtime than their current bedtime. Parents need to 
be reminded that this calculation is based on the number 
of hours of sleep the child is currently getting so that the 
later bedtime does not mean less sleep, just less time in 
bed awake.

4. Develop with the parents a pleasant bedtime routine in a 
neutral family space, not in the child’s or the parents’ 
bedroom, preceding the designated bedtime. The parents’ 
job becomes keeping their child awake until the desig-
nated bedtime, instead of struggling to get the child to 
sleep, even if the child is tired and wants to fall asleep 
earlier some nights.

5. Limit electronics – television, cell phones, computers, 
video games – and high-energy activities for the several 
hours before bedtime.
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Figure 47-2 Sleep log. 

Child's name

Birthdate

A.M P.M

Mid-
night 2:00 4:00 6:00 8:00 10:00 2:00 4:00 6:00 8:00 10:00Noon

Mid-
night

1/7/97 Mon Sleep Nap

Nap

Sleep

1/8/97 Tues

Date Day

Sleep Sleep

Leave blank the periods your child is awake Mark your child's bedtimes with arrows pointing downwards

Fill in the times your child is
asleep with shaded boxes

Mark the times your child gets up in the morning
and after naps with arrows pointing upwards

Clinical Pearls

• Fatigue is an almost universal and generally multifactorial 
symptom in children with cancer that overlaps with but 
needs to be distinguished from sleepiness.

• Corticosteroids are commonly used as chemotherapy for 
cancer and can lead to either sleepiness and insomnia.

• Excessive daytime sleepiness is most commonly seen in 
children with tumors or treatment involving the 
hypothalamus.

• Excessive daytime sleepiness and sleep-disordered  
breathing in children with cancer respond well to  
treatment.

• For the treatment of insomnia in children with cancer, 
standard behavioral treatments may not be appropriate. 
Utilizing treatment methods that harness the combined 
forces of the circadian and homeostatic drives is key to 
success in treating insomnia in this population.
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INTRODUCTION

One important feature of sleep problems in children and 
adolescents is that academic performance degrades or they fall 
asleep in class or are inattentive. This is often (and sometimes 
erroneously) attributed to attention deficit hyperactivity dis-
order. In some instances the problem is due to sleep pathology 
(such as sleep apnea or narcolepsy, which is covered elsewhere 
in this volume) and in other instances is due to a lack of 
synchrony between a child’s circadian rhythm and the school 
schedule. To help an individual student succeed, schools 
might have a role by physical accommodation (e.g., making 
nap rooms available for children with narcolepsy) or by chang-
ing a student’s class and activity schedule (as might be the 
case in a child or adolescent with a disorder of circadian 
rhythm). In this chapter we focus on the adolescent without 
sleep pathology whose circadian rhythm is not compatible 
with his or her school start time. Sleep in adolescents is 
impacted not just by their biology, but their lifestyles and 
often irregular sleep–wake schedules.

Over the last three decades, an accumulation of studies have 
clearly demonstrated that delaying school start times works 
as an effective countermeasure to adolescents’ chronic insuf-
ficient sleep while also enhancing students’ health, safety, and 
academic success.1–5 Inadequate sleep is one of the most 
common, significant, and potentially reparable health chal-
lenges that adolescents struggle with over the middle through 
high school years. From a biological perspective, at about the 
time of puberty, the majority of adolescents begin to experi-
ence later sleep onset and offset times (i.e., a circadian phase 
delay).6–10 This shift can be as long as 2 hours in comparison 
to elementary schoolers’ sleep–wake schedules. For more than 
two decades, studies have demonstrated that three key changes 
in sleep regulation are probably responsible for this phenom-
enon: (1) adolescents experience a delay of the evening onset 
of melatonin secretion, expressed as a shift in circadian phase 
preference from lark to owl type, resulting in difficulty falling 
asleep at an earlier bedtime; (2) adolescents undergo a change 
in regulatory homeostatic ‘sleep drive’ whereby the accumula-
tion of sleep propensity while awake slows relative to younger 
children, making it easier for them to stay up later; (3) ado-
lescents’ sleep needs do not decline from pre-adolescent levels 
with optimal sleep amounts ranging from 8.5 to 9.5 hours per 
night.8,7,10–13 On a practical level, this means that the average 
adolescent has difficulty falling asleep before about 11 p.m., 
and is unlikely to wake up before 8 a.m. In addition to these 
three significant developmental changes, environmental and 
lifestyle factors interfere with adolescents getting sufficient 
and regular sleep. There is clear and compelling evidence  
that delaying middle and high school start times gives ado-
lescents the opportunity to obtain an adequate amount of 
sleep with implications for academic performance and health. 
In the chapter that follows, we review over 30 years of research 
on adolescent sleep–wake patterns and the countermeasures 

and interventions where schools delayed their school start 
times.

ADOLESCENTS’ SLEEP–WAKE NEEDS AND PATTERNS

It is not surprising that adolescents often ignore their need 
for sleep to accommodate social, technology, academic, and 
escalating extracurricular demands.8,14–16 Teenagers’ ability to 
function throughout the school day, however, is influenced by 
the quantity, regularity, and quality of their sleep. As observed 
in many countries, self-reported sleep patterns show marked 
changes over the adolescent years.17–20 Beginning as early as 
sixth or seventh grade (approximately age 12), the majority of 
adolescents report increasingly later bedtimes, especially on 
weekend and vacation nights.20–23 School-night bedtimes 
range from 9:30 p.m. to midnight with high school-aged 
adolescents (ages 14–19 years), reporting significantly later 
bedtimes than their early adolescent peers (ages 10–13 
years).3,24 Rise times on school days remain relatively stable 
across this developmental stage largely due to school sched-
ules.3,7,22,24 Many schools in the USA, Great Britain, Canada, 
and elsewhere, however, start significantly earlier than 8 a.m., 
leading to wake times that range from about 6:00 a.m. to 7:00 
a.m. (Figure 48-1).25–27

Chapter 
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Figure 48-1 This clock represents a breakdown of how an adolescent 
may spend the 24 hours of his or her day. The orange pie shape represents 
the hours spent awake, while the blue signifies hours spent asleep, 
compared with the recommended 9.2 hours. The overlap shows the 
difference in hours of sleep lost when school start time is earlier than 
recommended by research. 
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act like they can remain alert after a late night sleepover, 
whereas younger, middle school-aged adolescents cannot 
function following a sleepover. This pronounced sleep debt 
leads to school absenteeism and tardiness, daytime sleepiness, 
emotion regulation difficulties, and academic struggles.3,5,28,37 
Moreover, adolescents perhaps compensating for sleep loss 
with increased caffeine and stimulant use or drug use and 
abuse.38–41 There is little doubt that adolescents are getting 
insufficient and inconsistent sleep, with clear negative impli-
cations for physical and emotional well-being, academic per-
formance, and other daytime behaviors and activities.

Environmental constraints and lifestyle decisions including 
family socioeconomic status, substance use, after-school 
employment hours, and high-tech use further exacerbate and 
interfere with many adolescents’ ability to obtain sufficient 
sleep or to maintain a regular sleep–wake schedule.3,14,22,40,42–44 
Undoubtedly, the biological delay in sleep onset and the social 
pressures of the teen years in combination with the need to 
arise early in the morning for school easily creates a situation 
in which the adolescent chronically obtains inadequate sleep. 
Extracurricular activities and technology use may be more or 
less under an adolescent’s control; however, the determination 
of high school and middle school start times is not in their 
hands.

MEETING ADOLESCENTS’ SLEEP NEEDS: DELAYING 
SCHOOL START TIMES

Minimal research exists to explain why high schools histori-
cally start earliest, followed by middle schools, and why ele-
mentary schools traditionally start the latest.25 High school 
start times across the United States have been informally and 
formally surveyed. One pilot study compared data over the 
period of 1975–1996 for 59 early-starting (before 8:00 a.m.) 
and late-starting (8:00 a.m. and later) high schools. Early-
starting schools maintained their early schedules over the 
20-year time period.45 A sampling of 1996–1997 school year 
schedules posted on the Internet from 40 high schools 
throughout the United States found that 48% had start times 
of 7:30 a.m. or earlier, with only 12% starting between 8:15 
and 8:55 a.m.44 Another assessment of 50 high schools from 
around the country for the 2001–2002 school year found 35% 
of schools posted start times before 7:30 a.m. and 16% between 
8:15 and 8:55 a.m.46 Ten years later, in a 2012 web-based 
sampling of 50 high schools’ school year bell schedules, 30% 
of the high schools still listed start times for before 7:30 a.m., 
with 10% of the high schools listing 8:15–9:00 a.m. as their 
2012–2013 school start times. In comparison, a sampling of 
50 middle schools’ 2012–2013 schedules revealed that 14% 
set start times for 7:30 a.m. or earlier, with 20% starting 
between 8:15 and 8:55 a.m. Previously, Wolfson and Carska-
don conducted a comprehensive analysis of factors that con-
tributed significantly to the determination of high school start 
times and whether these times changed across the decades.25 
Over 4000 public high schools, representing 10% of public 
high schools in the United States, were randomly selected 
from the National Center for Education Statistics’ online 
database and asked to complete a brief survey regarding the 
pattern of school schedules and student demographics. Addi-
tionally, schools were asked about whether or not they had 
considered changing the school start times and perceived 

Due largely to early wake times and delayed bedtimes on 
school days, adolescents tend to report increasingly less sleep 
during the week over the middle and high school years. Time 
in bed ranges from as little as 5 to closer to 8 hours, with older 
adolescents reporting less time in bed than younger adoles-
cents.3,24,28,29 In striking contrast to self-report studies, 
laboratory-based research reveals that older adolescents may 
need the same amount or even more sleep in comparison to 
their younger early adolescent peers.8,12,30,31

In Carskadon and colleagues’ landmark research, now 
known as the Stanford Sleep Camp study, pre- and early ado-
lescents, ages 10 to 12, were assessed during three consecutive 
summers.31 Participants were given the opportunity to sleep 
for a maximum of 10 hours (10 p.m.–8 a.m.) while in the 
laboratory for three consecutive nights. Using polysomno-
graphic (PSG) recordings, Carskadon and colleagues found 
that the amount of time spent asleep during these 10 hours 
remained constant across puberty stages (Tanner stages 1–5), 
and averaged 9.2 hours.31 In fact, if anything, it was the older 
and more mature adolescents who needed to be awakened 
after 10 hours, suggesting that they may have slept longer if 
given the opportunity.

Research suggests that many adolescents attempt to make 
up for insufficient school-night sleep by oversleeping on the 
weekend. Time in bed averages about 0.5 to 2.5 hours more 
on weekend compared to school nights, and this disparity 
increases from ages 14 to 18.3,24,32,33 Likewise, most adoles-
cents typically delay going to sleep about 1 to 2 hours on 
weekends in comparison to school nights, and extend their 
sleep period by waking 1 to 4 hours later on weekends. Self-
reported bedtimes characteristically range from about 10:30 
p.m. to midnight or later on weekend nights, and weekend 
wake times typically range between 9 and 10 a.m. or later on 
weekend mornings, with older adolescents reporting later 
sleep–wake schedules than their younger siblings and 
friends.3,22,32,33

DEVELOPMENTAL CHANGES TO SLEEP/WAKE 
REGULATORY SYSTEMS

The adolescent’s circadian system also undergoes significant 
developmental changes.11,34 In self-report, questionnaire-
based studies, more advanced pubertal status is associated 
with owl-like preferences, and laboratory studies demonstrate 
that more mature adolescents experience later onset and offset 
melatonin secretion or what is referred to as a circadian phase 
delay.7,11,35 Sadeh and colleagues examined developmental 
sleep changes in relationship to the timing of the onset of 
puberty.36 Using actigraphy and self-reported pubertal status, 
they found that later sleep onset times and shortened sleep 
times emerge prior to the expression of secondary sexual char-
acteristics associated with puberty.36 Alterations to the sleep–
wake regulatory systems during puberty seem to allow mature 
adolescents to stay awake later at night to finish their favorite 
You-Tube or Netflix video or to text message a few more 
friends, while their younger and less mature peers are more 
likely to fall asleep more easily. As a result, it is more difficult 
for adolescents to fall asleep and awaken early compared to 
their elementary school or pre-adolescent-aged friends and 
siblings. Parents might experience this as the ‘sleep-over’ 
problem. In other words, it is easier for older adolescents to 



Sleep and School Start Times    391

school students continuously enrolled in the district or the 
same school increased; (3) grades showed a slight but not 
statistically significant improvement; and (4) high school stu-
dents, themselves, reported bedtimes similar to students in 
schools that did not change start times, obtaining nearly 1 
hour more of sleep on school nights during the 1999–2000 
school year.5,27 Similarly, Dexter and colleagues compared 
10th- and 11th-graders attending late versus early-starting 
public high schools in the Midwest and found that adoles-
cents at the late-starting high school reported more sleep and 
less daytime sleepiness as measured by the Epworth Sleepi-
ness Scale.51 Htwe and colleagues surveyed high school stu-
dents before and after their New England public school 
district delayed school start times from 7:35 to 8:15 a.m.52 As 
in previous studies, students reported sleeping, on average, 35 
additional minutes and experienced less daytime sleepiness 
with the delayed high school start time.52

In a more recent study of 9th through 12th-graders at a 
private high school that instituted a 30-minute delay (from 8 
to 8:30am), mean self-reported school night sleep duration 
increased by 45 minutes and mean bedtimes advanced by 18 
minutes.4 The percentage of students getting less than 7 hours 
of sleep decreased by nearly 80% and those reporting at least 
8 hours of sleep increased from 16% to 55%. Owens and col-
leagues also found that students reported significantly more 
satisfaction with their sleep, improved motivation as well as 
less daytime sleepiness, fatigue, and depressed mood following 
the delayed school start time.4 Health-related variables such 
as health center visits for fatigue-related complaints and class 
attendance also improved.4

Research on the impact of early versus delayed school start 
times for early adolescents has demonstrated strikingly similar 
findings. Specifically, 7th and 8th-graders at a later-starting 
urban middle school (8:37 a.m.) reported less tardiness, less 
daytime sleepiness, better academic performance (especially 
the 8th-graders), more school-night total sleep, and later rise 
times in comparison to middle school students at an earlier-
starting school (7:15 a.m.) in the same district.26 A pilot study 
of 116 5th and 6th-graders attending early (7:45 a.m.) versus 
late (8:25 a.m.) starting elementary schools from the same 
large, urban New England district mentioned above found 
that students at the later-starting school reported later rise 
times, more sleep, and less daytime sleepiness than their pre- 
and early adolescent peers at the earlier-starting school.21 
Likewise, Epstein and colleagues’ study of 811 10–12-year-
olds from 18 Israeli schools with starting times that ranged 
from 7:10 to 8:30 a.m. demonstrated the importance of delay-
ing school start times for pre- and early adolescents.53 Nearly 
15 years ago, they compared schools that started at least 2 days 
per week at 7:15 a.m. or earlier with schools that started regu-
larly at 8:00 a.m. Based on self-report, the pre- and early 
adolescents attending the early-starting schools obtained sig-
nificantly less sleep (8.7 vs. 9.1 hours), complained more of 
daytime sleepiness, dozed off in class more often, and reported 
more attention and concentration difficulties than the stu-
dents at the later-starting schools.53 Using an experimental 
design, Lufi and colleagues examined the impact of delaying 
middle school start time by 1 hour on sleep duration and 
attention in two groups of 14-year-olds.2 The experimental 
group was on a delayed schedule for 1 week and back on the 
original schedule for the second week of the study, while the 
control group kept their regular schedule for the 2 weeks.2 

barriers to making the change. Results indicated that, on 
average, school start and end times did not change across the 
15-year span from 1986–1987 to 2001–2002 (mean = 7:55 
a.m.); however, early-starting schools reported increasingly 
earlier starting times over this period, whereas late-starting 
schools reported increasingly delayed bell schedules.25 Factors 
associated with earlier start times were higher socioeconomic 
status, urban environment, and larger student populations 
with busing systems that operate multiple routes at different 
times each day.25

Research on the impact of delaying the start time of middle 
and high schools for adolescents’ sleep and daytime function-
ing is discussed below.

In a now hallmark school transition study, Carskadon and 
colleagues assessed the impact of a 65-minute school start 
time advance across the transition from 9th grade (8:25 a.m.) 
to 10th grade (7:20 a.m.) for 40 14–16-year-olds attending a 
suburban, public school in the northeastern part of the US.7 
In the spring of 9th and fall of 10th grades, assessments 
involved 2 weeks of actigraphy and sleep–wake diaries and an 
overnight laboratory evaluation that included dim light sali-
vary melatonin and the Multiple Sleep Latency Test (MSLT). 
Actigraphic sleep records demonstrated that just over 60% of 
the 9th-graders and fewer than 50% of the 10th-graders 
obtained an average of 7 hours or more of sleep on school 
nights, and they awakened significantly earlier on school 
mornings, obtained less sleep, yet they did not go to sleep 
earlier in 10th than in 9th grade. In 10th grade, students’ 
DLSMO phase was significantly later and they also displayed 
atypical sleep patterns on the MSLT. For example, they fell 
asleep faster in 10th versus 9th grade, and about 50% of the 
10th-graders experienced at least one REM sleep episode on 
the MSLT. Transitioning to an earlier school start time from 
9th to 10th grade was associated with insufficient sleep and 
daytime sleepiness that is ordinarily seen in narcolepsy.47

Since the 1990s, researchers have examined the effects of 
school start times on adolescents’ sleep patterns and daytime 
functioning. Allen demonstrated that students from early- 
compared to late-starting schools reported shorter sleep times 
and a longer sleep phase delay.48 His own follow-up study 
indicated that students at an earlier-starting school (7:40 
a.m.) slept less on school nights and woke up later on week-
ends than students at a later-starting school (8:30 a.m.).49 
Moreover, later weekend bedtimes were associated with 
poorer grades in all students, with a higher percentage of 
students with ‘average grades’ reporting bedtimes after 2:30 
a.m. in comparison to students who reported the highest 
grades. Another study that examined early-starting schools 
(7:20 a.m.) versus late (9:30 a.m.) found that students at both 
schools reported similar bedtimes, but students at the earlier-
starting schools had shorter total sleep times and more irregu-
lar sleep schedules, which were also associated with poorer 
grades.50

Struck by Carskadon and colleagues’ laboratory school 
transition study, Wahlstrom and colleagues conducted a large-
scale, convenience study in Minneapolis, Minnesota.5,7 Over 
18 000 high school students in the Minneapolis School Dis-
trict were evaluated before and after the district delayed its 
high school start times from 7:15 a.m. to 8:40 a.m. beginning 
with the 1997–1998 school year.5,27 Wahlstrom and colleagues 
found the following: (1) attendance rates for students in 
grades 9 through 11 improved; (2) the percentage of high 
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loss. The hours immediately after school release times had the 
highest rates of juvenile crime, suggesting that delayed school 
end times may lead to some reduction in crime.58

Furthermore, economic and education policy researchers 
have recently examined data surrounding school start times 
and academic achievement in an effort to construct a cost-
benefit ratio for later start times.59–61 In the Hamilton Report,59 
economists calculated a 9:1 benefit-to-cost ratio for later start 
times. They utilized studies conducted by Carrell and col-
leagues and Edwards to show that delaying start times by 1 
hour might increase test scores by an average of 0.175 stand-
ard deviations.60,61 In particular, Carrell and colleagues exam-
ined first-year Air Force Academy students who keep varying 
regimented schedules and complete standardized assessment 
examinations and found that students beginning classes before 
8:00 a.m. performed the poorest in all of their courses.60 A 
1-hour delay corresponded to a 0.5 standard deviation increase 
in performance.60 Edwards found that Wake County, North 
Carolina, middle school students who started school 1 hour 
later experienced a 2.2 percentile increase in their standard-
ized math test scores and a 1.5 percentile increase in reading, 
on average, with increased benefits for disadvantaged stu-
dents.61 Starting school 1 hour later had further benefits, 
including less television viewing per day, more time devoted 
to homework per week, and fewer absences.61 At the district 
level, transportation costs for changing school start times were 
estimated based on recent research to range from $0 to $1950 
per student over their entire school career, putting the benefit 
to cost ratio at a minimum of 9:1.59–61

In addition, delaying middle and high school start times 
might have particular benefits for adolescents from lower 
socioeconomic status (SES) backgrounds. In Marco and col-
leagues’ study of seventh-graders in an urban school district 
where middle schools started at 8:37 a.m., the timing and 
consistency of actigraphically estimated school- and weekend-
night sleep were associated with demographic, behavioral, and 
neighborhood aspects of SES.22 In other words, early adoles-
cents from lower SES backgrounds obtained less sleep and 
had more erratic sleep–wake schedules than their peers from 
higher SES families. As noted, the adolescents in this study 
attended schools with relatively late school start times (8:37 
a.m.) in comparison to middle schools throughout the United 
States.25 As Marco and colleagues discuss, if these seventh-
graders had to get to an early-starting middle school, it is 
likely that their sleep would be further disadvantaged, as sug-
gested by a study by Wolfson et al. in the same school dis-
trict.22,26 Because insufficient and inconsistent sleep patterns 
place young adolescents at greater risk for behavioral disor-
ders, academic difficulties, and physical illness, the findings of 
this study strengthen the concern regarding the negative ram-
ifications of early-starting schools for adolescents, especially 
those from lower SES households.20,22,23

All together, it is clear that when schools designed for 
adolescents carefully consider the start time of school, middle- 
and high-school-aged students obtain more sleep and behav-
ioral well-being and academic performance improves. 
Contrary to earlier questions and concerns, students obtain 
more sleep due to later school morning rise times and bed-
times remain fairly consistent. Overall, adolescents at later-
starting schools also report less daytime sleepiness, decreased 
tardiness, better academic performance, improvement on 
other daytime functioning factors.

Participants’ sleep was estimated using actigraphy and atten-
tion was measured with two different measures of attention. 
In keeping with previous studies, during the delayed condi-
tion, the experimental group of middle schoolers slept nearly 
an hour longer and they performed better than the compari-
son group on tests requiring attention beyond practice effects.2 
Undoubtedly, delaying the start of middle school allows early 
adolescents to obtain sufficient sleep and to perform better in 
school, similar to their older, high-school-aged peers.

COMPLEMENTARY BENEFITS OF LATER HIGH 
SCHOOL START TIMES

With adolescents and emerging adults at particular risk for 
sleepy driver and fall asleep at the wheel motor vehicle acci-
dents, researchers have also assessed the effects of delayed 
high school start times on sleep patterns and automobile 
accidents.54–56 Danner and Phillips queried middle school and 
high-school-aged students in a school district that delayed 
high school start times by 1 hour (7:30 to 8:30 a.m.) from one 
school year to the next, keeping middle school start times the 
same.53 Similar to the studies discussed above, after delaying 
high school start times by 1 hour, students averaged from 12 
minutes (grade 9) to 30 minutes (grade 12) more self-reported 
nightly sleep. Students who got at least 8 hours of sleep prior 
to the start time change increased from 37% to 50% and those 
who got 9 hours increased from 6.3% to 10.8%.53 Moreover, 
average additional weekend sleep decreased from nearly 2 
hours to 1 hour when start times were delayed, suggesting that 
the adolescents were getting insufficient sleep and needed to 
catch up on sleep under the earlier school start time sched-
ule.54 These researchers also examined the automobile acci-
dent records for the 17–18-year-olds. Separate accident rates 
were computed for the county that changed high school start 
times and for the state as a whole with crash rates computed 
for the 2 years prior to the school start change through 2 years 
following the school start change. Analyses revealed a decrease 
of 16.5% in the 2 years following the school start time  
delay; however, there was a significant increase of 7.8% across 
the same time period for the rest of the state. Similarly,  
Vorona and colleagues compared neighboring cities’ teen 
driver crash rates where one school district’s high school start 
times were 75 to 80 minutes earlier.56 The city with the earlier 
high school start times reported significantly higher teen  
crash rates with teen drivers’ accident peaks occurring 1 hour 
earlier in the morning in the city with earlier high school  
start times.55 Taken together, these studies document a trou-
bling consequence of early school start times and insufficient 
sleep – drowsy driving.54,56 However, these studies didn’t 
utilize individual-level data, making it difficult to draw reli-
able conclusions. Future studies should clarify which aspects 
of adolescents’ insufficient sleep and/or circadian timing  
contribute to drowsy driving and fall-asleep motor vehicle 
accidents.

Clinkinbeard and colleagues examined sleep deprivation 
and crime rates in adolescents.57 Sleep deprivation was posi-
tively associated with the amount of violent and property 
crime in the sample of adolescents.57 Sleeping just 1 hour less 
(7 hours) than the recommended reference group (8–10 hours 
of sleep) contributed to an increased likelihood of property 
delinquency, and the effect increased for each hour of sleep 
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Some coaches and athletic directors argue that delayed high 
school start times make it difficult to accommodate some 
after-school sports.5 A variety of creative solutions to this 
problem have been proposed previously, such as exempting 
athletes from physical education requirements and adjusting 
class schedules so that late dismissal times are minimized.4,63 
If study halls or free periods could be scheduled at the end of 
the day, it would allow for less delayed participation in a 
variety of different after-school extracurricular activities. To 
address certain concerns such as delayed playtime on athletic 
fields, lights could be installed and transportation schedules 
could be shifted for the older students.62,63

Despite these political and logistical barriers to change, 
delaying school start times ultimately comes down to school 
districts appreciating the impact of sufficient sleep on learning, 
feasibility, and openness to change within a community. Previ-
ously, research on the impact of delaying school start times was 
not systematic; however, as discussed throughout this chapter, 
a significant number of studies demonstrate the clear, positive 
impact on adolescents’ sleep and daytime functioning.4,26,64

On a national level in the United States, a small number 
of politicians have taken on school start times. For example, 
California’s US Representative Zoe Lofgren recently reintro-
duced a bill in Congress called the ‘Zs to As’ Act (H.Con.
Res. 176–111th Congress: Zzz’s to A’s Resolution, 2009).67 
As an incentive, this bill would allow school districts consider-
ing later school times to apply to the federal government for 
grants of up to $25 000.67 At a national, community-organizing 
level, a petition was brought to Congress during the 2012 
National Sleep Awareness Week arguing that US public 
schools should not start before 8 a.m. Start School Later is a 
group of health professionals, educators, and researchers com-
mitted to raising public awareness about ensuring health and 
safety through proper sleep and school hours.68 Their mission 
is to advocate for what the data clearly show about the benefits 
of later start times, and one of the goals is to support school 
communities striving to implement these changes.68

Undoubtedly, local, national, and international-level advo-
cacy is required to bring about creative school start time solu-
tions. To stress the urgency of the problem, community 
stakeholders need to be fully informed of the scientific ration-
ale that supports the benefits of delaying school start times. 
Education on the merits of delaying school start times and 
about adolescents’ sleep needs is key to working with school 
districts on changing school start times.64 For example, sleep-
smart techniques need to be added to health and science 
curriculums in order to teach adolescents about sleep and 
healthy sleep hygiene practices.22 Sleep needs to be valued as 
much as diet and exercise for maintaining good health. Studies 
have demonstrated that insufficient sleep may be a screening 
indicator for poor overall health.69 For example, appropriate 
caffeine and high-tech use in relationship to sleep may not be 
obvious.14,40 Adolescents need to be taught how caffeinated 
drinks in the hours before bedtime further delay sleep onset 
and, in particular, to stay away from the dangers associated 
with excessive energy drink usage, such as caffeine depend-
ence and using caffeine to get through the day.14,40 Healthcare 
providers including pediatricians, family medicine physicians, 
nurses, physicians assistants, psychologists, and social workers 
can begin to play a significant role in advocating and working 
with educators so that schools start at times that are best for 
adolescents’ health and academic endeavors.

TRIALS AND TRIBULATIONS WITH CHANGING 
POLICIES TO DELAY SCHOOL START TIMES

The numerous studies discussed throughout in this chapter 
document how school-night sleep time is drastically reduced 
because of early school start times.3,5,7,8 Additionally, the 
problem has intensified as schools’ start times have drifted to 
earlier times over at least the past 25 years.25 Despite the 
substantial evidence that delaying school start time is benefi-
cial for adolescents, a seemingly simple quick fix actually 
presents a complicated and sometimes controversial situation 
for many communities.62 School districts and communities 
are faced with a number of opportunities and challenges  
when working to delay school start times for middle- and 
high-school-aged adolescents. Because schools and school 
districts usually make policy decisions based on historical 
precedent, and districts typically have the natural tendency to 
resist change, it makes it that much more difficult for the 
logical, research-based argument to prevail.63,64 Individual 
communities must assess their priorities because, without 
parental and school cooperation, changes are very difficult to 
implement, even when clear, positive outcomes have been 
demonstrated.62,65

The barriers to changing school start times largely stem 
from the diverse groups within a community affected by 
school scheduling. From teachers, administrators, and staff to 
custodial, transportation, and food service employees, before 
and after school childcare staff, and local businesses that 
employ students, school districts and the schools, themselves, 
need to consider a range of constituents and stakeholders 
when making system-wide decisions.4,63 As stated in Wolfson 
and Carskadon’s analysis of the factors significantly contribut-
ing to the determination of high school start times, earlier start 
times were associated with higher socioeconomic status, urban 
environment, and larger student populations with a greater 
number of bus tiers in the transportation systems.25 For 
example, a three-tier transportation system means that the 
elementary-, middle-, and high-school-level buses are stag-
gered to start and end at different times, coordinating so that 
one bus can run three separate routes instead of three buses 
running one each.66 One large school district in Fort Worth, 
Texas, created a committee of transportation partners and 
school officials to gather information about transportation 
tiers, including routes, schedules, and school start times, to 
best meet the needs of the entire district.66 They arranged that 
the high school buses run on the latest fleet of buses to accom-
modate this student body’s sleep patterns and have tried to 
accommodate after-school sports and work schedules as well.66

The long-standing belief that high schools should start the 
earliest has become engrained in many school districts; despite 
what the research clearly demonstrates.63 Public opinion 
remains divided over whether or not different types of tiered 
scheduling are efficient and necessary.63 However, Wahlstrom 
found that both suburban and urban school districts are able 
to implement delayed high school start times without impact-
ing transportation budgets.64 Nevertheless, one of the primary 
parental concerns is before and after school childcare costs 
and questions about elementary school-aged children’s sleep 
needs and schedules if middle and high school start times are 
delayed.4,63 Also, for those working parents who rely on high-
school students for childcare, an alternative may be needed 
with later schedules.
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problems such as excessive daytime sleepiness and whether 
their sleep concerns are due to a sleep disorder versus inade-
quate sleep due to early middle and high school start times.

FUTURE DIRECTIONS AND RECOMMENDATIONS

1. Pediatricians should educate adolescents and parents 
regarding the optimal amount of sleep teens need to match 
physiologic sleep needs (8.5 to 9.5 hours). While napping, 
extending sleep on weekends and caffeine consumption 
can temporarily counteract sleepiness, these actions are not 
a substitute for consistent sufficient sleep.

2. Healthcare professionals should educate themselves on 
adolescent sleep needs and educate parents, teens, teachers, 
education administrators, athletic coaches, and others 
about the biological and environmental factors, including 
early school start times, which contribute insufficient sleep 
for adolescents.

3. Pediatricians and other healthcare providers should educate 
school administrators, PTAs, and school boards about the 
benefits of delaying school start times as a cost-effective 
countermeasure to adolescent sleep deprivation.

4. Pediatricians and other healthcare professionals should 
provide research, evidence-based rationales, guidance, and 
support in their communities to school districts contem-
plating delaying school start times in schools that educate 
adolescents.

5. Researchers, partnering with communities and school dis-
tricts, need to continue to collect data on the impact of 
delayed school start times and other countermeasures on 
adolescents’ sleep and overall well-being in order to insure 
that developing adolescents obtain adequate sleep and, in 
turn, do their best academically and in other facets of their 
lives.

SUMMARY

In conclusion, insufficient sleep in children and adolescents 
should be treated as a public health concern. With school start 
times being the main determinant of wake times and, there-
fore, significantly contributing to adolescents’ average sleep 
duration, school districts, educators, healthcare providers, 
parents, and adolescents, themselves, should advocate for 
delaying school start times as a countermeasure, along with 
interventions at the individual level such as improving sleep 
hygiene.4,26 Administrators considering a shift to a later school 
start time are advised to initiate a district-wide assessment on 
start times, varying scheduling options, decreasing nightly 
homework hours, and instituting sleep education into the 
curriculum.26 Schools are systems of highly choreographed 
activities and therefore many different fiscal, financial, psy-
chological, and logistical factors must be taken into account, 
as one solution does not fit all.63,64 As discussed in this chapter, 
however, research clearly demonstrates that later school start 
times allow adolescents to obtain sufficient sleep and, in so 
doing, do better in school and in their daily lives.1,2,21

Healthcare providers can initiate positive behavior changes 
by educating adolescents and their parents about sleep needs, 
and by serving as ambassadors in their communities.63 Pedia-
tricians and other healthcare providers who work closely with 
children and adolescents can reinforce what is known from 
the research by passing the information along to families, and 
encouraging parents and teens, themselves, to be advocates for 
change in their communities. Sleep medicine professionals 
can help adolescents and their parents assess the etiology of 
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•	 The	assessment	of	the	child	or	adolescent	with	sleep	
problems	should	include	a	review	of	how	the	child	is	doing	
at	school.

•	 Accommodations	such	as	the	availability	of	nap	rooms,	or	
changing	a	child’s	schedule	can	help	a	child	or	teen	who	
has	sleep	problems	to	succeed	in	school.

•	 Delaying	the	start	time	of	middle	and	high	schools	allows	
adolescents	to	obtain	adequate	sleep	throughout	the	week,	
along	with	evidence	of	improved	academic	performance	
and	behavior,	and	are	associated	with	improved	health	and	
mental	health	outcomes.

•	 Pediatricians,	school	and	child	psychologists,	other	
healthcare	professionals,	and	researchers	have	the	tools	and	
information	to	educate	adolescents,	parents,	and	education	
administrators	concerning	evidence-based	rationales,	
guidance,	and	support	for	adolescent	sleep	needs	and	
delaying	school	start	times.

References
1. O’Malley EB, O’Malley MB. School start time and its impact on learning 

and behavior. In: Ivanenko A, editor. Sleep and psychiatric disorders in 
children and adolescents. New York: Informa Healthcare; 2008. p. 
79–94.

2. Lufi D, Tzischinsky O, Hadar S. Delaying school starting time by one 
hour: Some effects on attention levels in adolescents. J Clin Sleep Med 
2011;7(2):137–43.

3. Wolfson AR, Carskadon MA. Sleep schedules and daytime functioning 
in adolescents. Soc Res Child Dev 1998;69(4):875–87.

4. Owens JA, Belon K, Moss P. Impact of delaying school start time on 
adolescent sleep, mood, and behavior. Arch Pediatr Adolescent Med 
2010;164(7):608–14.

5. Wahlstrom K. Changing times: findings from the first longitudinal study 
of later high school start times. NASSP Bulletin 2002;86(633):3–21.

6. Carskadon MA. Evaluation of excessive daytime sleepiness. Clin Neu-
rophysiol 1993;23:91–100.

7. Carskadon MA, Wolfson AR, Acebo C, et al. Adolescent sleep patterns, 
circadian timing, and sleepiness at a transition to early school days. Sleep 
1998;21(8):871–81.

8. Carskadon MA, Acebo C. Regulation of sleepiness in adolescence: 
Update, insights, and speculation. Sleep 2002;25:606–16.

9. Crowley SJ, Acebo C, Fallone G, et al. Estimating dim light melatonin 
onset (DLMO) phase in adolescents using summer or school year sleep/
wake schedules. Sleep 2006;29(12):1632–41.

10. Carskadon MA, Acebo C, Richardson GS, et al. An approach to studying 
circadian rhythms of adolescent humans. J Biolog Rhythms 1997;12(3): 
278–9.

11. Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and 
delayed phase in adolescence. Sleep Med 2007;8:602–12.

12. Jenni O, Achermann P, Carskadon MA. Homeostatic sleep regulation in 
adolescents. Sleep 2005;28:1446–54.

13. Taylor DJ, Jenni OG, Acebo C, et al. Sleep tendency during extended 
wakefulness: insights into adolescent sleep regulation and behavior. J 
Sleep Res 2005;14:239–44.

14. Calamaro CJ, Mason TBA, Ratcliffe SJ. Adolescents living the 24/7 
lifestyle: Effects of caffeine and technology on sleep duration and 
daytime functioning. Pediatrics 2009;123(6):e1005–10.

15. Dahl RE, Lewin DS. Pathways to adolescent health sleep regulation and 
behavior. J Adolesc Health 2002;31:175–84.

16. Wolfson AR, Acebo C, Fallone G, et al. Actigraphically-estimated sleep 
patterns of middle school students. Sleep (Abstract Supplement) 
2003;26:313–15.

17. Dohnt HK, Gradisar MS, Short M. Insomnia and its symptoms in 
adolescents: Comparing DSM-IV and ICSD-II diagnostic criteria. J 
Clin Sleep Med 2012;(3):295–99.

http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0010
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0015
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0020
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0025
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0030
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0035
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0040
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0045
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0050
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0055
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0060
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0065
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0070
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0075
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0080
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0085
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0090
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0090


Sleep and School Start Times    395

43. Pieters S, Van Der Vorst H, Burk WJ, et al. Puberty-dependent sleep 
regulation and alcohol use in early-adolescents. Alcohol Clin Exp Res 
2010 in press.

44. Wolfson A. Bridging the gap between research and practice: What will 
adolescents’ sleep/wake patterns look like in the 21st century. In: Car-
skadon MA, editor. Adolescent sleep patterns: Biological, social and 
psychological influences. New York: Cambridge University Press; 2002. 
p. 198–219.

45. Carskadon MA, Acebo C. Historical view of high school start time: 
preliminary results. Sleep 1997;26:184.

46. Acebo C, Wolfson AR. Inadequate sleep in children and adolescents. In: 
Kushida CA, editor. Sleep deprivation: clinical issues, pharmacology, and 
sleep loss effects. New York: Marcel Dekker; 2004.

47. Guilleminault C, Anagnos A. Narcolepsy. In: Kryger MH, Roth T, 
Dement WC, editors. Principles and practice of sleep medicine. 3rd ed. 
Philadelphia: Saunders; 2000. p. 676–86.

48. Allen RP. School-week sleep lag: Sleep problems with earlier starting of 
senior high schools. Sleep Res 1991;20:198.

49. Allen R. Social factors associated with the amount of school week sleep lag 
for seniors in an early starting suburban high school. Sleep Res1992;21:114.

50. Kowalski NA, Allen RP. School sleep lag is less but persists with very 
late starting high school. Sleep Res 1995;24:124.

51. Dexter D, Bijwardia J, Shilling D, et al. Sleep, sleepiness and school start 
times: a preliminary study. Wisconsin Med J 2003;102(1):44–6.

52. O’Malley EB, O’Malley MB. School start time and it’s impact on learn-
ing and behavior. In: Ivanenko A, editor. Sleep and psychiatric disorders 
in children and adolescents. New York, NY: Informa Healthcare; 2008. 
p. 79–94.

53. Epstein R, Chillag N, Lavie P. Starting times of school: Effects of daytime 
functioning of fifth-grade children in Israel. Sleep 1998;21(3):250–6.

54. Danner F, Phillips B. Adolescent sleep, school start times, and teen motor 
vehicle crashes. J Clin Sleep Med 2009;4:533–5.

55. Pack AI, Pack AM, Rodgman D, et al. Characteristics of crashes attrib-
uted to the driver having fallen asleep. Accident Anal Prevent 
1995;27:769–75.

56. Vorona RD, Szklo-Coxe M, Wu A, et al. Dissimilar teen crash rates in 
two neighboring southeastern Virginia cities with different high school 
start times. J Clin Sleep Med 2011;7(2):145–51.

57. Clinkinbeard SS, Simi P, Evans MK, et al. Sleep and delinquency: Does 
the amount of sleep matter? J Youth Adolesc 2011;40(7):916–30.

58. National Archive of Criminal Justice Data, 2008.
59. Jacob BA, Rockoff JE. Organizing schools to improve student achieve-

ment: start times, grade configurations, and teacher assignments . Wash-
ington, D.C.: Brookings Institution; 2011.

60. Carrell SE, Maghakian T, West JE. A’s from ZZZZ’s? The causal effect 
of school start time on the academic achievement of adolescents. Am 
Econ J 2011;3(3):62–71.

61. Edwards F. Early to rise: The effect of daily start times on academic perform-
ance. Working paper, University of Illinois at Urbana-Champaign. 2011.

62. National Sleep Foundation. ‘Backgrounder: Later School Start Times.’ 
(2011). (http://www.sleepfoundation.org/article/hot-topics/backgrounder-later- 
school-start-times)

63. Davison CM, Newton L, Brown RS, et al. Systematic review protocol: 
later school start times for supporting the education, health, and well-
being of high school students. The Campbell Collaboration 2011.

64. Wahlstrom K. School start time and sleepy teens. Arch Pediatr Adolesc 
Med 2010;164(7):676–7.

65. Wolfson AR, O’Malley EB. Sleep-related problems in adolescence and 
emerging adulthood. In: Morin CE, Espie CA, editors. The Oxford hand-
book of sleep and sleep disorders. Oxford: Oxford University Press; 2010.

66. ‘Eagle Mountain-Saginaw. New School Hours Facts’. http://www. 
emsisd.com/domain/4

67. H.Con.Res. 176–111th Congress: Zzz’s to A’s Resolution. 2009. In: 
GovTrack.us (database of federal legislation) from http://www.govtrack.us/
congress/bills/111/hconres176).

68. ’Start School Later – Health, Safety, and Equity in Education’. www 
.startschoollater.net. Accessed November 1, 2013.

69. Moore M, Kirchner HL, Drotar D, et al. Relationships among sleepiness, 
sleep time, and psychological functioning in adolescents. J Pediatr 
Psychol 2009;34(10):1175–83.

18. Iglowstein I, Jenni OG, Molinari L, et al. Sleep duration from infancy 
to adolescence: reference values and generational trends. Pediatrics 
2003;111(2):302–7.

19. Thorleifsdottir B, Bjornsson J.K, Benediktsdottir B, et al. Sleep and sleep 
habits from childhood to young adulthood over a 10-year period. J Psy-
chosomatic Res 2002;53:529–37.

20. Fredriksen K, Rhodes J, Reddy R, et al. Sleepless in Chicago: tracking 
the effects of adolescent sleep loss during the middle school years. Child 
Dev 2004;75(1):84–95.

21. Spaulding N, Butler E, Daigle A, et al. Sleep habits and daytime sleepi-
ness in students attending early versus late starting elementary schools. 
Sleep (Supplement) 2005;28:A78.

22. Marco CA, Wolfson AR, Sparling M, et al. Family socioeconomic status 
and sleep pattern of young adolescents. Behav Sleep Med 2012;10(1): 
70–80.

23. Wolfson AR, Richards M. Young adolescents struggles with insufficient 
sleep. Sleep and development: familial and socio-cultural considerations. 
Oxford: Oxford University Press; 2011.

24. National Sleep Foundation. Sleep in America Poll. Teens and Sleep. 
National Sleep Foundation website; 2006. Available at http://www. 
sleepfoundation.org/article/sleep-america-polls/2006-teens-and-sleep/
html.

25. Wolfson AR, Carskadon MA. A survey of factors influencing high 
school start times. NASSP Bulletin 2005;89:47–66.

26. Wolfson AR. Adolescent sleep update: Narrowing the gap between 
research and practice; 2007. On-line publication: March/April 2007, 
www.sleepreviewmag.com.

27. Wahlstrom K. Accommodating the sleep patterns of adolescents within 
current educational structures: An uncharted path. In: Carskadon M, 
editor. Adolescent sleep patterns: biological, social, and psychological 
influences. Cambridge, UK: Cambridge University Press; 2002.

28. Carskadon MA. Patterns of sleep and sleepiness in adolescents. Pediatri-
cian 1990;17:5–12.

29. Carskadon MA, Labyak SE, Acebo C, et al. Intrinsic circadian period 
of adolescent humans measured in conditions of forced desynchrony. 
Neurosci Lett 2009;260:129–32.

30. Carskadon MA, Harvey K, Duke P, et al. Pubertal changes in daytime 
sleepiness. Sleep 1980;19:453–60.

31. Carskadon MA, Dement WC. Cumulative effects of sleep restriction on 
daytime sleepiness. Psychophysiology 1981;18:107–13.

32. Strauch I, Meier B. Sleep need in adolescents: A longitudinal approach. 
Sleep 1988;11(4):378–86.

33. Szymczak JT, Jasinska M, Pawlak E, et al. Annual and weekly changes 
in the sleep–wake rhythm of school children. Sleep 1993;16(5): 
433–35.

34. Giannotti F, Cortesi F, Sebastiani T, et al. Circadian preference, sleep 
and daytime behavior in adolescence. J Sleep Res 2002;11:191–9.

35. Yoon C, May CP, Hasher L. Aging, circadian arousal patterns, and cogni-
tion. In: Schwarz N, Park D, Knauper B, et al, editors. Aging, cognition 
and self reports. Washington, DC: Psychological Press; 1999. p. 
117–43.

36. Sadeh A, Dahl RE, Shahar G, et al. Sleep and the transition to adoles-
cence: a longitudinal study. Sleep 2009;32(12):1602–9.

37. Wolfson AR, Carskadon MA. Understanding adolescents’ sleep patterns 
and school performance: a critical appraisal. Sleep Med Rev 2003;7(6): 
491–506.

38. Cohen-Zion M, Drummond SP, Padula CB, et al. Sleep architecture in 
adolescent marijuana and alcohol users during acute and extended absti-
nence. Addict Behav 2009;34(11):976–9.

39. Orbeta RL, Overpeck MD, Ramcharran D, et al. High caffeine intake 
in adolescents: associations with difficulty sleeping and feeling tired in 
the morning. J Adolesc Health 2006;38(4):451–3.

40. Ludden AB, Wolfson AR. Understanding adolescent caffeine use: con-
necting use patterns with expectancies, reasons, and sleep. Health Educ 
Behav 2010;37(3):330–42.

41. Pollack CP, Bright D. Caffeine consumption and weekly sleep patterns 
in US seventh, eighth, and ninth graders. Pediatrics 2003;111(1):42–6.

42. Singleton RA Jr, Wolfson AR. Alcohol consumption, sleep, and academic 
performance among college students. J Stud Alcohol Drugs 2009;0(3): 
355–63.

http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0095
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0100
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0105
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0110
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0115
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0120
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0130
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0140
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0145
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0150
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0155
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0160
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0165
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0170
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0175
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0180
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0185
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0190
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0195
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0200
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0205
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0210
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0215
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0220
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0225
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0230
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0235
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0240
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0245
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0250
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0255
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0260
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0265
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0270
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0275
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0280
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0285
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0290
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0295
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0305
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0305
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0305
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0310
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0310
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0315
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0335
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0335
http://refhub.elsevier.com/B978-1-4557-0318-0.00048-6/sr0335
http://www.sleepfoundation.org/article/sleep-america-polls/2006-teens-and-sleep/html
http://www.sleepfoundation.org/article/sleep-america-polls/2006-teens-and-sleep/html
http://www.sleepfoundation.org/article/sleep-america-polls/2006-teens-and-sleep/html
http://www.sleepreviewmag.com
http://www.sleepfoundation.org/article/hot-topics/backgrounder-later-school-start-times
http://www.sleepfoundation.org/article/hot-topics/backgrounder-later-school-start-times
http://www.emsisd.com/domain/4
http://www.emsisd.com/domain/4
http://www.govtrack.us/congress/bills/111/hconres176
http://www.govtrack.us/congress/bills/111/hconres176
http://www.startschoollater.net
http://www.startschoollater.net


Chapter 49 Polysomnography and MSLT
Jyoti Krishna
While clinical evaluation alone suffices to make many diagnoses in sleep medicine, it frequently falls 
upon the sleep laboratory to lend support to clinical suspicions. Studying children in the sleep 
laboratory poses unique challenges stemming from their smaller size, changing developmental 
needs and any associated special clinical conditions. These warrant appropriately sized equipment, 
as well as creativity and diligence in running the test successfully. Moreover, the rules of scoring and 
interpreting sleep studies are significantly different from those in adults. Further, the pediatric 
population is a ‘moving target,’ as it were, since many physiological parameters change even within 
the pediatric age group as the baby transitions into adulthood. This requires expertise at all levels of 
care, beginning with technologists and ending with the sleep specialist. This chapter discusses the 
polysomnogram and multiple sleep latency tests in the context of the child-friendly sleep laboratory.

SECTION 

VII
SCORING AND ASSESSMENT 
OF SLEEP AND RELATED 
PHYSIOLOGICAL EVENTS
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INTRODUCTION

Cliched as it may be the wisdom in the art of medical evalu-
ation of the sick lies primarily in a thorough history and 
clinical examination. The preceding chapters have aptly illus-
trated the complexities of evaluating the child with sleep 
disorders in this regard. Thus, the reader will have appreciated 
that several medical and non-medical conditions can lead to, 
or, even masquerade as, a sleep disorder. The reverse is cer-
tainly true as well. For instance, excessive daytime sleepiness 
(EDS) may present with depressive symptoms and obstructive 
sleep apnea syndrome (OSAS) as attention deficit disorder. 
As in all other branches of medicine, recourse to diagnostic 
testing is helpful to clarify clinical suspicions and confirm 
diagnoses. It is now clearly established by several studies that 
no combination of clinical history and physical examination 
will reliably distinguish the presence or absence of OSAS in 
a snoring child.1–3 This observation illustrates the need for 
confirmatory diagnostic testing, specifically polysomnography 
(PSG). Similarly, PSG is required for the diagnosis of rapid 
eye movement (REM) sleep behavior disorder where the 
absence of the skeletal muscle atonia normally present during 
REM sleep is useful to confirm clinical suspicion. Further-
more, the multiple sleep latency test (MSLT) is a standard 
tool to objectively ascertain the propensity of daytime sleepi-
ness in patients with symptoms suggestive of EDS.

Alternate tools for the evaluation of the child with a sleep 
disorder do exist. For instance, with respect to the child with 
suspected OSAS (the commonest indication for PSG), it has 
been felt that due to a shortage of pediatric sleep testing 
centers in the United States or for financial reasons, substitute 
diagnostic tests such as home video monitoring, daytime nap 
testing, abbreviated sleep studies (such as overnight oximetry 
and portable home recordings) may be tried.4 However, the 
relatively lower predictive values of these tests make them less 
desirable when compared to the ‘gold standard’ PSG.3 Other 
tools often used in sleep clinics include a variety of sleep logs 
and questionnaires for sleep habit screening and to evaluate 
daytime sleepiness or circadian preferences.5 Actigraphs, 
which are wrist-watch-sized devices housing accelerometers, 
sense motion or lack thereof as a measure of rest and activity 
levels. These activity-reporting data are then useful as surro-
gate indicators of wake and sleep. Less commonly, HLA-
markers as well as cerebrospinal fluid hypocretin levels are 
used in the evaluation of patients with EDS who are suspected 
to have narcolepsy.6,7

In this chapter, we will discuss the indications and tech-
niques pertaining to PSG and MSLT, with special emphasis 
on infants and children. Technical details relative to the stand-
ards of clinical practice and laboratory space, laboratory  
protocols, instrumentation, and specific scoring rules are not 

discussed in detail in this chapter. The reader is directed  
to the official guidelines set forth in publications by the 
American Academy of Sleep Medicine (AASM).8–10 Excel-
lent information on the requirements for maintaining  
accreditation of sleep diagnostic facilities is also available  
at the AASM’s website (http://www.aasmnet.org/accred_
centerstandards.aspx). Furthermore, while the merits and 
standards of studying childhood sleep disorders in integrated 
adult and pediatric laboratories versus pediatric specific 
accredited laboratories is being hotly debated,11,12 this chapter 
will simply describe the traditional ‘attended in-lab’ types of 
sleep studies in a child-friendly setting.

INDICATIONS FOR POLYSOMNOGRAPHY

By far, the commonest reason for ordering a sleep study is to 
confirm the suspected diagnosis of OSAS and other types  
of sleep-related breathing disorders (SRBD) prior to any 
therapeutic intervention. In recent statements, the American 
Academy of Pediatrics and the AASM have outlined their 
positions on the diagnosis and management of OSAS and 
emphasized that follow-up PSG should be additionally per-
formed after an intervention such as tonsilloadenoidectomy 
(T&A) in children with persisting symptoms as well as  
those at high risk for incomplete resolution of OSAS with 
T&A. Such children include those with severe preoperative  
OSAS, obesity, craniofacial anomalies impacting the upper 
airway, certain neurological conditions (e.g., meningomye-
locele) and genetic disorders (e.g., Down syndrome). These 
children may require additional interventions for persisting 
SRBD such as positive airway pressure (PAP) therapy.3,13 
Evidence is less robust for the use of PSG for suspected 
SRBD accompanying chronic lower airway diseases such as 
asthma, cystic fibrosis, pulmonary hypertension, bronchopul-
monary dysplasia, or chest wall abnormality such as kypho-
scoliosis.13 Non-respiratory indications for PSG include 
apparent life-threatening events (ALTE), periodic limb 
movement disorder (PLMD), REM sleep behavior disorder 
(RBD) and selected cases of childhood restless legs syndrome 
(RLS)14 (Table 49.1).

ORGANIZATION OF SLEEP SERVICES IN THE 
CONTEXT OF THE SLEEP STUDY

Equipment and Study Timing
While the pediatric sleep study is broadly very similar to its 
adult counterpart in the scope of the sleep disorders tested,15 
several key differences are worthy of emphasis. Pediatric pop-
ulations are diverse in age, and any sleep laboratory catering 
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Adapted from Aurora RN, Zak RS, Karippot A, et al; American Academy of Sleep Medicine. Practice parameters for the respiratory indications for polysomnography in children. Sleep. 
2011; 34(3):379–88 and Aurora RN, Lamm CI, Zak RS, et al. Practice parameters for the non-respiratory indications for polysomnography and multiple sleep latency testing for children. 
Sleep. 2012; 35(11):1467–73.

Standard, guideline and optional categories reflect patient-care strategy with high, moderate, and conflicting degrees of clinical certainty based on expert opinion or available evidence.
Abbreviations: OSAS, obstructive sleep apnea syndrome; T&A, tonsilloadenoidectomy; PAP, positive airway pressure; ALTE, apparent life-threatening events; PLMD, periodic limb movement 

disorder; RBD, REM sleep behavior disorder; RLS, restless legs syndrome.

RESPIRATORY NON-RESPIRATORY

Standard 
indications

To confirm clinically suspected OSAS
After T&A in children with mild OSAS pre-operatively only if suspicion of 

non-resolution remains on clinical follow-up
To confirm resolution of OSAS after T&A in children with high pre-operative risk 

of non-resolution of OSAS following T&A
For PAP titration studies for treatment of OSAS

To confirm clinical suspicion of PLMD
For evaluation of narcolepsy (in 

conjunction with MSLT)

Guideline 
indications

For suspected hypoventilation due to congenital central hypoventilation, 
neuromuscular, or chest wall disease

For selected cases of primary sleep apnea of infancy or ALTE
In children being considered for T&A for suspected OSA
To monitor for changes in PAP support requirement in growing children, in those 

with recurrence of symptoms, or those treated with other methods for OSAS

For evaluation of nocturnal phenomena 
such as non-REM parasomnia, epilepsy 
or enuresis when there is clinical 
suspicion of comorbid OSAS or PLMD

Optional 
indications

To assess response of OSAS to rapid maxillary expansion or oral appliance
To titrate non-invasive positive pressure ventilation in breathing disorders other 

than OSAS
To adjust mechanical ventilator settings
To assess readiness for decannulation of tracheostomy for sleep related 

breathing disorder
To assess suspected sleep related breathing disorder in certain chronic 

pulmonary airway, parenchymal, vascular or chest wall conditions

In conjunction with MSLT for 
hypersomnia other than narcolepsy

Utilizing an expanded montage EEG to 
investigate atypical or dangerous 
parasomnia behaviors (including RBD) 
or to distinguish these from suspected 
seizures

To support clinical suspicion of RLS

PSG not 
recommended

For diagnosis of OSAS using abbreviated duration PSG (Nap study)
For titration of oxygen therapy

Sleep related bruxism

Table 49.1  Respiratory and Non-Respiratory Indications for and against PSG in Children

to childhood sleep disorders needs to be equally adept in 
monitoring a newborn infant as well as an older teenager. It 
is therefore essential to maintain the equipment to cater to 
these age groups in the inventory. This applies to the sensors 
(e.g., nasal cannula) as well as therapy (e.g., interfaces to 
deliver positive airway pressure).

The study may need to be timed to match the variable sleep 
times of children at different levels of maturity. Newborns will 
sleep for substantial periods in the day and planning of 
daytime PSGs may free up beds at night for the laboratory. 
Conversely, a delayed testing schedule may be needed to 
match the teenager apt to present with a circadian phase 
delay.16

Location
While the physical location of the sleep laboratory is typically 
in an outpatient setting for adults, many pediatric centers do 
cater to medically complex children within the hospital setting. 
For example, ‘ventilator checks’ and tracheotomy decannula-
tion protocols may be safer to run in an inpatient setting. As 
a result, many exclusively pediatric sleep laboratories are 
located within the floor space of a pediatric ward. In other 
instances, mobile equipment capable of running a complete 
attended sleep study is utilized at bedside within the hospital, 
while the bulk of the sleep studies are run in an outpatient 
laboratory setting. Although the clear advantage of in-hospital 
PSG is the availability of trained on-call staff to respond to 
emergencies, should such a need arise for the complex medi-
cally unstable child, the latter scenario has the distinct potential 
disadvantage of poor sound and electrical insulation from the 
ambient hospital environment. Nonetheless, creative ways of 

assuring an uninterrupted night (e.g., private room) may be 
utilized since safety and reassurance of trained back-up is the 
priority driving a bedside study in such cases.

Friendliness Factor
Perhaps the single most important factor that makes a sleep 
laboratory worthy of qualifying as a pediatric sleep laboratory 
is its ‘child friendliness factor.’ This applies not only to the 
physical space itself, but also extends most vitally to the 
friendliness of the technical and non-technical staff. Zaremba 
and colleagues have described the ingredients of such a setting 
very well.17 As soon as they enter the door, the child’s experi-
ence often begins to shape the likelihood of cooperation. The 
decor, the friendliness of the reception area and reassuring 
words, all go a long way in setting the stage. While teens 
should not be talked down to or patronized, the younger 
children may need repeated reassurance and gentle handling. 
Simple language should be used to describe the plan for the 
night. A ‘show and tell’ attitude for equipment needs to be 
borne in mind before the hook-up. The child should under-
stand that the hook-up will be painless (‘no ouchies,’ ‘no 
needle sticks’) and the technologist must not neglect to assure 
the young patient that all equipment will come off painlessly 
next morning. A quick little demonstration with an EEG 
sticker application on a parent (with the child’s permission!) 
may be very reassuring to reinforce this fact as well as to enlist 
the child’s active participation in the process. Younger girls 
may be excited about wearing ‘shiny hair jewelry,’ whereas 
boys may like to hear they will look ‘like a space cadet’ once 
they are all hooked up with the EEG electrodes. Asking 
families to bring their cameras along to take ‘cool looking’ 
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A

B

Figure 49-1 (A) This child has been hooked up for a polysomnogram. This 
close-up shows the placement of oro-nasal thermistor and transducer to 
capture airflow as well as measure ETCO2. Right ocular and chin electrodes 
covered with tape can be seen. The referential right mastoid lead can be 
seen behind the right pinna. A snore microphone is attached to the neck.
Reprinted with permission, Cleveland Clinic Center for Medical Art & 
Photography © 2013. All Rights Reserved. (B) The non-threatening 
environment of this child friendly sleep center is apparent. This young child 
feels right at home and is able to watch his favorite DVD during and after 
his PSG hook-up. Visible scalp electrodes include ground (mid forehead), left 
frontal and central electrodes. Notice the stuffed toy animal by his side for 
comfort. The jack box hanging around his neck accepts all the electrodes 
allowing mobility. The jack box will be finally connected to the control room 
computers once the child is in bed. Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2013. All Rights Reserved.

pictures adds to the excitement of ‘camping out at the sleep 
center!’; TV, DVD and other diversions help. The child may 
need reassurance that their parent will be in the room and  
that their favorite teddy bear can accompany them to bed 
(Figure 49-1).

The beds used in the pediatric sleep laboratory have to be 
configurable to allow for a parent to room-in with the child 
in their own separate bed. Ability to bring in a crib or toddler 
bed for the younger patient or substitute these with a full-size 
bed for the teenager requires adequate planning for storage 
space for extra beds. Furthermore, beds have to have safety 
rails for the appropriate cases, and other safety cautions may 
have to be modified for the child.18 Finally, easy access to 
restroom facilities, odor-sealing diaper disposals, and accom-
modations for wheelchairs or special equipment for the medi-
cally challenged child all need to be considered while planning 
and designing the sleep center.

Pre-Planning the Logistics of the Study
Given the foregoing description, the reader will have appreci-
ated the complexity of the task involved in running a sleep 
laboratory smoothly. Both equipment and personnel must 
work together in a situation where the patient may be fearful, 
anxious or simply unwilling for the procedure. It is perhaps 

safe to say that every pediatric sleep laboratory will have a few 
‘failed studies’ for one reason or another from time to time. 
Barring illness on the day of study which can rarely be pre-
dicted, there are many things that can be preempted to 
increase the likelihood of an optimal outcome.

First, the clinical encounter must clarify if a study is needed 
at all and articulate the exact clinical question to be answered 
during the study. This becomes especially important if the 
laboratory accepts direct referrals from non-sleep physicians. 
Tailoring the study to the child is highly desirable to prevent 
or minimize chance of failure. To this effect, information on 
the child’s age, baseline state of health, and nature of sleep 
issues must be available to the testing laboratory. Usually, 
accredited laboratories have standardized sleep order sets  
that ask the appropriate screening questions from ordering 
physicians.

All orders ideally should be carefully scrutinized by a 
knowledgeable person in the laboratory to ascertain that the 
study can be run as directed. For instance, usually one PSG 
technologist runs two studies at night in most adult settings. 
This is commonly referred to as 1 : 2 staffing. In the pediatric 
setting, however, due to the laborious nature of the task, 
especially in children with special needs or the younger child, 
a ratio of 1 : 1 is often required. Timing of the start of the 
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belts, pulse oximetry, capnometry via end-tidal or transcuta-
neous measurement (ETCO2, TcpCO2), and oro-nasal airflow 
via pressure transducer and thermistor (see Figure 49-1A  
and B).

The EEG electrode placement is based on an imaginary 
grid on the head measured in a standard fashion using the 
widely accepted 10–20 system.20 While specialized sleep 
centers may occasionally utilize the more extensive EEG 
montage essential for seizure diagnosis, only frontal (F), 
central (C), occipital (O) and eye (E) exploring electrodes are 
used to capture EEG and EOG data during the standard 
PSG. These are referenced to the contralateral mastoid (M) 
electrode on either side. Standardized numbering of these 
electrodes is based on location (e.g., C3, C4) with odd 
numbers represented on the left side by convention (Figure 
49-2). EOG leads help monitor rapid eye movements (REM) 
of dream sleep (Figure 49-3). When combined with EMG 

Figure 49-2 The International 10–20 system of electrode placement 
utilizes bony landmarks on the skull to delineate an imaginary grid which is 
numbered using standard nomenclature as shown. Measurements are 
made as a fraction of the total head circumference. See text for details. 
Reprinted with permission, Cleveland Clinic Center for Medical Art & 
Photography © 2013. All Rights Reserved.
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Figure 49-3 Recommended placement of ocular leads. The distances 
may be halved for younger children. Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2013. All Rights Reserved.
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PSG (‘lights out’) will be very different for a toddler versus a 
teenager who sleeps late, or a patient who is traveling multiple 
time zones to a referral center. Furthermore, sleep technolo-
gists often come with prior training in other fields. The super-
vising technologist will use this knowledge to ensure that the 
sleep technologist assigned to run any particular study is 
matched to the clinical need. Thus, a technologist with a 
respiratory therapy background may be more suited to run a 
‘ventilator check’ while the child with complex parasomnia 
with suspected seizure disorder may be the forte of the EEG-
trained technologist. For 1 : 2 staffing, the anticipated ‘easy 
hook-up’ may be paired with a ‘tough hook-up,’ or the early 
‘lights out’ study be matched with a late sleeper to allow the 
technologist time to accomplish the studies on both patients 
more comfortably.

Preparing the Family for the Sleep Study
Any visit to the doctor is an anxiety-provoking experience for 
the child and the family. For most, the sleep study is a novel 
experience. Therefore, seeds for a successful study are best 
planted during the clinical visit. Careful explanation of the 
reason for the study and the types of sensors and their impor-
tance are crucial to enlist patient and parental cooperation 
during the PSG. For instance, while most children dislike the 
nasal cannula, a partnership with the parents helps provide 
reassurance to the child and transmits the expectation to keep 
the device on. Similar considerations apply to the other 
sensors as well. An informed parent is the technologist’s best 
ally when struggling with an uncooperative child at night. The 
use of sedation to accomplish the PSG is not recommended, 
and adverse events have been reported in children with OSA.19 
Accordingly, the family may benefit from touring the labora-
tory a few days prior to the test night. This approach not only 
reduces anxiety, but also helps the parents and child to plan 
what clothing, personal effects, or entertainment items to 
bring along in their overnight bags to make the child comfort-
able at night. Besides, they get an opportunity to see the 
sleeping options for the accompanying parent.

The importance of maintaining a sleep schedule leading up 
to the sleep study should be discussed to avoid, for instance, 
that late-night party on Friday and consequently a non-
representative study night on Saturday. Similarly, a late after-
noon nap may delay sleep onset at night significantly. Parents 
should also be advised to reschedule the PSG if the child is 
sick. An acute upper airway infection may compromise the 
accuracy of OSAS diagnosis. Medications that may affect the 
sleep study should be discussed and an adequate wash-out 
period should be allocated prior to the sleep study. This is 
especially true if an MSLT study is to follow the next day, 
since several medications are known to compromise the 
quality of the MSLT by direct or withdrawal–rebound effect 
on the sleep architecture.9

RUNNING THE POLYSOMNOGRAM

The PSG Montage
The standard overnight PSG measures sleep parameters uti-
lizing limited electroencephalogram (EEG), electrooculo-
gram (EOG), chin and leg electromyogram (EMG), 
electrocardiogram (EKG), respiratory effort at the chest and 
abdomen via respiratory inductance plethysmographic (RIP) 
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absence of airflow from the nose or mouth over a specified 
duration is termed apnea. It is ‘central’ in nature if there are 
no respiratory efforts associated with absent airflow; it is 
‘obstructive’ if there is lack of airflow in the face of continuing 
efforts to respire.

Respiratory inductance plethysmography (RIP) belts are 
now the instrument of choice for measuring respiratory effort. 
Mercury strain gauges and piezoelectric sensor-equipped belts 
are no longer used. The RIP belts are essentially elastic belts 
that go around the patient’s chest and abdomen. They have a 
wire woven into the fabric which reliably measures the cross-
sectional expansion and contraction of the thorax and abdomen 
due to the change in self-inductance that the instrument 
creates. While RIP belts may be calibrated against a known 
measure of pulmonary volume such as a pneumotachometer, 
uncalibrated RIP belts are most commonly used in pediatric 
settings. The direction of these signals can be used to distin-
guish respiratory paradox which may be a sign of increased 
respiratory effort, particularly beyond the age of 3 years.24 
Another technology for measuring effort is the esophageal 
pressure (Pes) catheter. This is considered the most reliable of 
all in recognizing respiratory effort by detecting intrathoracic 
respiratory pressure swings. Pes values become negative with 
inspiration and increasing negativity is expectedly seen with 
increased upper airway resistance.25 However, the invasive 
nature of Pes limits its popularity. Intercostal EMG applied 
to the lower intercostal region may also be used by some labo-
ratories to capture diaphragmatic and intercostal muscle 
firing.26 Airflow is measured by the nasal pressure cannula and 
the thermistor. The advent of the nasal pressure transducer 
has provided a reasonable alternative to Pes as well. The nasal 
pressure cannula is essentially hollow plastic tubing that cap-
tures airflow at the nose and mouth. It looks very much like 
the ubiquitous oxygen cannula used in hospitals. It is con-
nected to a pressure transducer at the other end to generate  
a signal that is unique in two respects. First, the amplitude  
of the signal correlates with the size of the breath. Second, 
the flattened shape of the waveform correlates with airflow  
resistance.23 It is the recommended sensor for hypopnea 
detection while the thermistor is the recommended sensor for 
apnea detection.

Figure 49-4 This composite illustrates key features of various sleep stages using standard PSG electrodes. See text for details. Taken from Krishna J, 
Foldvary-Schaefer N, Budur K. Introduction to the sleep laboratory. In Foldvary-Schaefer N, Krishna J, Budur K, eds. A Case A Week – Sleep disorders from the 
Cleveland Clinic; pp. 19; fig. I2.4. By permission of Oxford University Press; 2010.
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data from chin leads, these channels allow for the scoring of 
sleep and wake into several stages (Figure 49-4). Each stage 
has several key characteristics that are well described else-
where.8 Briefly, stage Wake shows some eye movements, per-
sistent EMG tone in the chin, and age-appropriate dominant 
posterior rhythm in the occipital leads when the eyes are 
closed. Stage N1 is characterized by slow rolling eye move-
ments and vertex sharp waves in the central leads. This gives 
way to sleep spindles and K-complexes characteristic of stage 
N2 as sleep progresses. Stage N3 is the deepest stage of sleep 
and comprises abundant delta waves which are 0.5–2 Hz in 
frequency and 75 µV in amplitude. Stage REM is scored 
when rapid eye movements are seen alongside mixed-
frequency low-voltage EEG and importantly, a low EMG 
tone. Saw-tooth waves are characteristic as well. Thus, Wake, 
N1, N2, N3, and REM sleep stages can be scored throughout 
the sleep record. The EEG and EMG are also used to score 
arousals which are defined as 3 second long EEG frequency 
shifts in any sleep stage. There needs to be an accompanying 
EMG increase in REM stage, however. Arousals in turn are 
also of importance in the scoring of hypopneas.21

A special case is made for stage scoring of very young 
infants. Here, due to the normal maturational delay of several 
months in the evolution of sleep spindles and K complexes, 
the scoring is simplified to comprise Active (equivalent of 
REM sleep), Quiet (equivalent of NREM sleep), and Inde-
terminate sleep.22

Measuring Breathing
Sensors useful for measurement of respiratory status during 
PSG include the chest and abdominal effort belts, nasal pres-
sure transducer and thermistor (which both measure oro-nasal 
airflow), as well as instruments to measure gas exchange. Reli-
ability and validity of respiratory event measurement and 
scoring has been recently reviewed and forms the basis for the 
current recommendations by the AASM.23

Respiratory effort implies that there is a signal from the 
central neuronal control centers to the motor neurons target-
ing muscles of respiration to fire. In the normal circumstance, 
this results in abdominal and thoracic excursion and alternat-
ing ingress and egress of air from the upper airway. The 
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Criteria for scoring are set forth and recently updated.8,10 
Although a detailed discussion is not within the scope of this 
chapter, it should be noted that there is a critical difference 
in the duration criteria for these events between adults and 
children. Apneas are by definition a total or near complete 
(≥90%) fall of discernable airflow from pre-event baseline 
breathing, while hypopneas require that the flow be reduced 
by ≥30% from baseline and temporally associated with an 
event such as an EEG arousal or a ≥3% desaturation. In 
accordance with the faster respiratory rates in childhood, 
apneas and hypopneas need to be only the equivalent of  
‘two breaths’ in duration before being counted (unlike the 
10-second duration for adults). This duration criteria increases 
to 20 seconds in the case of central apneas unless accompanied 
by EEG arousals and/or ≥3% desaturations (and/or bradycar-
dia in infants), in which case the ‘two breaths’ rule holds.

Ancillary Channels
Snoring, limb EMG, EKG, video, body position, vagal nerve 
channel, and pH probe are additional channels utilized in  
the PSG. Of these, the last two are only used in special 
circumstances.

Snoring is the hallmark of OSA and its presence implies 
at least some increased upper airway resistance. It is usually 
recorded via a microphone attached to the patient’s neck and 

Most cannulae are able to sample ETCO2 as well from one 
of the nasal ports. TcpCO2 is an alternative. The author’s 
laboratory utilizes both in most studies. Both instruments 
need to be calibrated against a standard. Capnometry is useful 
in assessing congenital and acquired causes of hypoventilation 
from a multitude of causes such as neuromuscular and chest 
wall disorders, spinal dysraphism and obesity, among others. 
Thus, this assessment is crucial in guiding therapeutic options. 
It is notable that pediatric OSA may at times present pre-
dominantly with alveolar hypoventilation, which has been 
termed obstructive hypoventilation.27,28 In general, alveolar 
hypoventilation is deemed to be present if more than 25% of 
the total sleep time is spent with ETCO2 above 50 mmHg.8,10

The pulse oximeter is a vital part of the PSG. Finger, toe, 
and pinna in the older child or the lateral aspect of the young 
baby’s foot are useful sites for application of the sensor. It is 
essential that the averaging time of the instrument be rela-
tively short (e.g., 3 seconds) to improve responsiveness to 
changes in oxygenation with each breath.29 Accuracy of read-
ings may be compromised by a loosely applied sensor, interfer-
ence from ambient light, motion of the finger or toes, nail 
polish, artificial nails, hemoglobinopathies such as sickle cell, 
and peripheral vasoconstriction.23

Thus, using the above respiratory sensors, hypopneas, 
apneas and hypoventilation may be scored (Figure 49-5). 

Figure 49-5 This is a 30-second epoch of a child in REM sleep showing an obstructive apnea (red bar) with absent flow in both the nasal transducer 
(Nasal-T) and thermistor (Airflow) channels. Snoring disappears with the onset of the apnea and reappears a few breaths after offset of apnea (black 
arrowheads). A rapid eye movement (black arrow) is seen in the eye channels. The chest and abdominal RIP belts show paradoxical out-of-phase respirations 
(broken black arrows) during the apnea indicating distress. Before and after the apnea the belts are in phase (curved arrows). Of note, unlike hypopneas, 
apnea scoring does not require the presence of arousals or desaturations. The oximeter shows a good plethysmographic signal (double headed arrow), and 
there is a good plateau in the ETCO2 wave channel (red arrowheads). Both of these features provide reassurance of reliable readings. 
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Positive airway pressure titration study
Since T&A does not cure OSA in a significant number of 
cases, an alternative therapeutic recourse often used is PAP 
therapy.3,39 Continuous or bi-level PAP (CPAP, BPAP) is the 
most common mode of delivering this therapy. Before titra-
tion can be attempted, however, the child and the family 
ought to have been educated and prepared to accept the treat-
ment. This implies that, unlike adult studies, PAP titration in 
children is generally not initiated during a ‘split-night’ proto-
col (which refers to initial part-night PSG and subsequent 
part-night PAP titration). Instead, low pressure, say 5 cmH2O 
PAP, is initially empirically chosen after careful mask fitting 
to habituate the child to the device for several nights at home. 
Finally, the PAP study is run in a laboratory setting where the 
goal is to titrate the pressure in various sleep stages and body 
positions to optimally control the respiratory events.40 A final 
prescription pressure is thus obtained.

The montage for PAP titration is very similar to the stand-
ard PSG, with the flow measurements obtained from the 
mask interface rather than nasal cannula or thermistor, and 
transcutaneous CO2 measured in lieu of ETCO2.10 Variations 
to the use of PSG studies include testing for readiness of 
tracheotomy decannulation and checking for adequacy of 
ventilator management.13,41,42 (see Table 49.1).

THE MSLT

Excessive sleepiness is a common presenting complaint in the 
pediatric sleep center. Generally speaking, abnormal daytime 
sleepiness implies the inability to stay alert during the expected 
waking period and may be accompanied by unanticipated or 
unintentional periods of sleep.15 Various disorders may lead 
to this complaint. Although screening instruments may raise 
the index of suspicion,43,44 an accurate history and detailed 
physical examination are the cornerstone of such diagnoses. 
The MSLT is frequently employed to confirm clinical suspi-
cion by objectively quantifying and characterizing daytime 
sleepiness.45

The MSLT is mainly indicated for the diagnosis of 
narcolepsy/idiopathic hypersomnia. It essentially comprises a 
series of daytime nap tests that is used in conjunction with 
the PSG. Strict guidelines of conduct including restrictions 
on stimulants such as caffeine, smoking and exercise need to 
be followed to maintain the validity of the test. Specific rules 
are also described for the environment of the study, light 
exposure, and timing of meals. Furthermore, it is prescribed 
that certain REM-suppressing medications and stimulants be 
stopped at least 2 weeks prior to the test to avoid REM 
rebound or REM suppression. Careful planning is required to 
avoid sleep deprivation in the several days leading up to the 
test. Many sleep laboratories require drug screening on the 
day of the test to ensure substance abuse is not a potential 
confounder. The AASM has put forth detailed practice 
parameters describing the indications for this test and its 
format.9

The MSLT typically comprises five nap opportunities 
given 2 hours apart during the day. The first nap begins 2 
hours after the patient rises in the morning following the 
overnight PSG. Following this awakening, most of the sensors 
that were used during the PSG are discontinued barring those 
essential for scoring sleep stages including EEG, EOG, chin 

displayed as a separate channel in the PSG (see Figure 49-1). 
Piezoelectric sensors to detect snore vibration in the neck have 
been used as well.10 As such, snoring often serves to differenti-
ate central from obstructive events, especially when the efforts 
channels may be compromised or equivocal. It is also a crite-
rion used to score respiratory effort-related arousals (RERAs), 
where the fall in airflow is accompanied by an EEG arousal 
but falls short of meeting the criteria for scoring an apnea or 
hypopnea.10

Leg EMG is useful to score a host of abnormalities of leg 
movements of sleep including periodic leg movements, hypna-
gogic foot tremor, and alternating leg muscle activation.30 Peri-
odic limb movements (PLM), for instance, are scored in a very 
specific fashion. Each component limb movement begins with 
an initial EMG amplitude rise of at least 8 µV above the 
resting baseline. The limb movement is deemed to start at the 
point where such an increase occurs and ends at a point where 
the EMG is less than 2 µV above resting baseline. The dura-
tion between the start and end points must be at least 0.5 
seconds but no more than 10 seconds to be counted as a limb 
movement. To be counted as a PLM series, there need to be 
four such movements in succession with 5–90 seconds between 
each individual limb movement. Such PLM scoring may be 
supportive of the diagnosis of PLMD or corroborate a clinical 
suspicion of pediatric RLS.31 Typically, the anterior tibialis 
muscle is used to obtain the leg EMG. Rarely, in children, if 
there is clinical suspicion of absence of the normal REM 
sleep-related atonia in disorders of dream enactment (RBD), 
extra limb leads may be useful in the upper limb as well.32,33

The EKG is a standard single-channel recording (lead II). 
It is useful to correlate cardiac dysrhythmia with respiratory 
events. Sleep-related normative data are available.34,35 Since 
EKG artifact can sometimes contaminate the EEG trace, an 
EKG channel is useful to distinguish this EEG artifact with 
certainty from true EEG abnormalities such as spikes.

Body position is best scored using real-time video although 
body position sensors are available as well. Most laboratories 
have low-light or infra-red cameras which is additionally 
useful in observing motor phenomena such as parasomnia, 
bruxing, rhythmic movements of sleep, restless legs, or sei-
zures. OSA is often positional (e.g., worse when supine) and 
this may be useful knowledge to plan intervention in certain 
cases.36 Indeed, occasional insights into sleep-related behav-
iors such as sleep-onset association disorder, or the use of 
television or cell phone during the sleep period may be appar-
ent. In the case of neonates where eye closure is important in 
differentiating sleep from quiet wakefulness, a camera with 
zoom-in capability is very useful.22

Vagal nerve stimulators (VNS) are commonly seen in the 
pediatric sleep setting in tertiary care centers. It has been 
noted that their discharge can cause changes in respirations 
and heart rate and may result in OSA (Figure 49-6). These 
changes are distinguished by their repetitive nature and a prior 
knowledge of the setting (firing interval and duration) of the 
VNS device is useful when interpreting the study.37

Esophageal pH probes are used in some centers to test for 
gastroesophageal reflux (GER) associated with SRBD.26 In 
general, the pH probe is not commonly utilized due to its 
invasive nature, and it is to be further noted that a temporal 
relationship has not been proven between SRBD and GER 
episodes.38 Thus, the AASM does not consider it an essential 
part of the standard PSG set-up.
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including extraneous noise in the sleep-testing environment. 
Motivation may also impact the mean sleep latency.48 At the 
risk of being repetitious, it cannot be overemphasized that 
strict protocol needs to be followed. Given appropriate testing 
conditions, the MSLT is known to have high test–retest reli-
ability (0.97). Uncertainties arise in using this test in children 
below the age of 8 years or outside of the standard 8 a.m. to 
6 p.m. hours.15 Challenges may arise in the case of children 
(especially teenagers) who may have abnormal circadian 
rhythms in conjunction with a suspicion for an additional 
intrinsic hypersomnia disorder. Further, compromises are 
often needed when discontinuation of certain medications is 
contraindicated or medically problematic.

There are varying opinions about the normative values of 
the mean sleep latency. There is evidence that mean sleep 
latency is longer in prepubertal children and reduces by several 
minutes with advancing Tanner stages.49 Sometimes, serial 
MSLT studies may be required in evolving childhood nar-
colepsy for establishing a definitive diagnosis.50 Nevertheless, 
a mean sleep latency of less than 8 minutes and the presence 
of two SOREMPs support a diagnosis of narcolepsy.15

A cautionary note in the interpretation of the adequately 
run MSLT remains the fact that the mean sleep latency by 
itself does not distinguish well between clinical and control 

EMG, and EKG. These sensors are kept on for the rest of the 
day until all five naps are done. Each nap opportunity usually 
lasts for 20 minutes. However, multiple pediatric laboratories 
have recommended the use of 30-minute nap opportunities 
due to the longer normative sleep latency in young prepuber-
tal children.46,47 At the start of each nap the patient is asked 
to lie quietly in a comfortable position with eyes closed and 
instructed to try and fall sleep. The underlying premise is that 
the sleepier the person, the more likely they are to fall asleep 
given the chance and conditions to do so. If sleep onset occurs 
within the assigned 20 minutes, the nap opportunity is 
extended for an additional 15 minutes to allow other stages 
of sleep to emerge. Of special interest is the emergence of 
REM sleep during daytime nap testing. Narcoleptics classi-
cally show two or more REM episodes during the five-nap 
test. Such REM episodes occurring soon after sleep onset are 
termed sleep-onset REM periods (SOREMPs). If no sleep 
occurs within the assigned 20 or 30 minutes, the test is ter-
minated. The mean sleep latency is calculated as an arithmetic 
average of the sleep onset latencies of five naps. SOREMPs 
are reported as well.

It should be readily evident to the reader that this test has 
a high likelihood of being confounded by sleep debt, use of 
medications and drugs, or any disruption of the protocol 

Figure 49-6 This child had difficult-to-control epilepsy and had a vagal nerve stimulator (VNS) in place. A PSG was done to screen for breathing disorder 
associated with her condition. This 5-minute epoch shows VNS discharges occurring every 2 minutes for about 20 seconds each. These are captured on the 
chin electrode (double-head arrows). Concomitant reduction in oro-nasal airflow is seen (red oval). The chest belt shows continued respiratory efforts. The 
abdominal belt is not working. The second event (green bar) meets scoring criteria for obstructive hypopnea (OH) due to an associated 3% fall in oxygen 
saturation (compare red arrows). The end tidal CO2 reading is unreliable but the plethysmographic signal from the pulse oximeter is robust. The EEG showed 
florid spikes which are not apparent in this view. 
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sleep specialist’s task to examine the study in its entirety in 
order to accurately and judiciously interpret the data pre-
sented. In order to do this skillfully, the physician has to be 
knowledgeable in several areas. To begin with, it is very 
important to understand the clinical context within which the 
study was ordered. This will allow the final report to be tai-
lored to the question at hand. Next, attention needs to be 
turned to any changes in the child’s clinical status, including 
changes in medications or sleep habits, since the time of 
ordering the study until its execution. For example, an inad-
vertently taken nap or caffeinated beverage just prior to the 
sleep study may skew the findings of the test. Similarly, the 

populations but rather lends support to clinical suspicion. Up 
to 30% of normal populations may have a mean sleep latency 
of less than 8 minutes but fewer than 2% of normal controls 
exhibit SOREMPs.15 Extensive data for children are lacking.

SCORING AND INTERPRETING THE DATA

Once the sleep study has been accomplished, typically a 
trained technologist will be assigned to analyze the raw data 
in 30-second intervals (epochs) using standard AASM criteria 
for scoring of sleep and associated events.8–10 It is then the 

Figure 49-7 This is an overnight hypnogram showing sleep architecture with six REM cycles (top channel) separated by non-REM periods. From top to 
bottom, the remaining channels are body position (B, back or supine; R, right; L, left; F, front or prone), apneas and hypopneas, ETCO2, leg movements, and 
oxygen saturation. Notice the clustering of hypopneas (solid red arrows) and apneas (broken red arrow) in temporal conjunction with desaturations (broken 
black arrows) and REM. For the sake of accuracy in generating cumulative data for the final report, ‘bad data’ in the ETCO2 and oxygen channels has been 
manually ‘artifacted out’ (crosshatches). 
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published52–54 and diagnostic criteria have been refined over 
time,15 the final analysis and interpretation of complex data 
from the sleep study remains as much art as it is science.

SUMMARY

The study of children in the sleep laboratory poses unique 
challenges which many adult laboratories may not be well 
equipped to handle. The requirements and the rules of scoring 
and interpreting sleep studies are significantly different from 
those in adults. Indeed, many physiological parameters change 
even within the pediatric age group as the infant matures into 
a teenager. The pediatric sleep laboratory should therefore be 
able to cater for children from birth through adulthood with 
equal ease. This requires expertise at all levels, beginning with 
technologists and ending with the sleep specialist.

start and stop of certain medications may alter sleep architec-
ture by suppressing REM or other sleep stages or conversely 
causing a rebound of certain sleep stages.51 It is useful also to 
know if the parents thought the recorded sleep period repre-
sented a typical night for the child or not. In order to help 
with this, most sleep centers use pre-study and post-study 
questionnaires which not only record pertinent clinical status 
immediately prior to the study, but also allow the patient and/
or the parent to feed back on the conditions of the study itself.

Much information is also gathered from the attending 
technologist’s log and this needs to be reviewed by the inter-
preting sleep expert as well. Problematic environmental and 
technical conditions that may have interfered with the study 
are noted. As an example, such notes may be useful in distin-
guishing whether the noise on the microphone is patient-
related snoring, wheezing, stertor, or parental snoring artifact. 
Similarly, semiology of nocturnal events such as parasomnia 
or seizures may be crucial, as can notes such as ‘head cold, 
thick nasal discharge’ while interpreting sleep data.

Having acquired this background information, the sleep 
expert needs to bring to bear knowledge of developmental 
neurology and respiratory physiology while reviewing the 
data. A fair depth of knowledge is required to be able to 
interpret the rapidly evolving EEG in the growing infant, for 
example. The pediatric expert will need to keep in mind that 
periodic breathing may be normal in infants and that babies 
may regularly exhibit paradoxical respiration, the frequency of 
which reduces over the first few years of life, as mentioned 
previously. A frequent problem in the interpretation of pedi-
atric sleep studies is the presence of artifact from parental 
intervention such as feeding, holding, patting or rocking, or 
from technologist intervention to replace sensors. The use of 
pacifiers is a common cause for dislodgment of nasal or oral 
airflow sensors. Occasionally, the parent may need to co-sleep 
with the anxious child and this itself may induce either move-
ment or snore artifact into the child’s recording. It is therefore 
important to have a plethysmographic signal to lend support 
to the reliability of pulse oximetry. Similarly, visualization of 
a plateau in the ETCO2 waveform is reassuring that end-tidal 
CO2 is indeed being measured (see Figure 49-5). Accordingly, 
capnometry, and pulse oximetry trends need to be reviewed 
carefully lest such artifact be erroneously used to score events 
in the night.

Review of the video in real time is additionally very helpful 
in these circumstances. The video is also vital to confirm 
rhythmic movement disorder and characterize parasomnias  
or seizures. Often, reviewing portions of the record at 10, 60, 
or 120-second epoch lengths is useful to clarify certain 
observations.

While attention to minute details during epoch-by-epoch 
review of the study is critical, a careful perusal of the hypno-
gram is essential prior to formulating a report. This bird’s-eye 
view of the full study period is very useful for analyzing sleep 
architecture and discerning patterns that may not be evident 
during event scoring (Figure 49-7). Based upon a detailed 
review of the sleep study, a report is generated which not only 
contains a descriptive summary of the numeric data from the 
PSG/MSLT, but also attempts to correlate this data to the 
clinical question at hand.

In the end, it is the interpretive portion of the report that 
is most crucial for further therapeutic interventions. There-
fore, despite the fact that normative PSG data have been 

Clinical Pearls

•	 A	thorough	clinical	evaluation	and	formulation	of	a	testing	
hypothesis	is	essential	before	ordering	a	sleep	study	in	
order	that	a	well-defined	clinical	query	may	be	addressed.

•	 The	utility	of	adequate	pre-test	education	cannot	be	
overstated.	This	serves	to	reduce	patient	and	parent	anxiety	
and	enlist	their	cooperation.

•	 Essential	pre-planning	for	the	sleep	study	also	includes	
attention	to	behavioral	and	developmental	needs,	age-
appropriate	sleep	requirements,	unique	sleep	habits	
(including	circadian	timing),	comorbid	conditions	(including	
acute	illnesses),	and	medication	effects	(both	at	time	of	
initiation	and	withdrawal).

•	 The	pediatric-friendly	sleep	lab	lives	up	to	its	name	less	
because	of	its	ambient	decor	and	toys,	but	more	
importantly	by	the	patience,	kindness,	knowledge	and	skills	
exhibited	by	its	technological	personnel	and	medical	
providers.
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Abdomen, relative contribution to tidal volume, 181
Academic functioning, effect of sleep disturbance on, 364, 389–395
Academic performance in obstructive sleep apnea syndrome, 233
Accreditation Council on Graduate Medical Education (ACGME), 15
Acetylcholine, 168
Acetylserotonin-o-methyltransferase (ASMT), 127
Achondroplasia, 217
Acid suppression, risks of chronic, 88–89
Actigraphy

in circadian rhythm disorder, 41f
in early-onset major depression, 370
in irregular sleep wake rhythm disorder, 38f
sleep and pain, 92–93

Active sleep see REM sleep
Acute life-threatening events (ALTEs), sleep-related GERD, 86
Acute lymphocytic leukemia (ALL), 363–364
Adaptive servo-ventilation (ASV), 284
Adaptive theory of sleep, 3–4
Adenoid hypertrophy, 115–116
Adenosine, 168
Adenosine-triphosphate (ATP), 197
Adenotonsillar hypertrophy, 217, 295

see also Adenoid hypertrophy; Tonsillar enlargement
Adenotonsillectomy, 116–117, 119

and blood pressure, 135
complications following, 255, 256b, 267–268
devices for, 268
inpatient versus outpatient, 256
and left ventricular hypertrophy, 244–245
in obstructive sleep apnea syndrome, 234, 255–256, 267–268, 295
polysomnography prior to, 255–256
preoperative evaluation, 267
success rates, 268
techniques, 268

ADHD see Attention deficit hyperactivity disorder (ADHD)
Adolescents, 45–51

circadian rhythms in, 28
medication abuse in, 170
meeting sleep needs of, 390–392
normal course of sleep evolution across the night, 18–19
psychosocial context, 48–49
sleep-wake patterns, 45, 389–390
sleep-wake regulation, 46–47

changes to, 47–48
circadian, 46
homeostatic, 46
two-process model, 46–47

suicide, 369–370
Adrenergic receptors, 168
Advanced sleep phase disorder (ASPD), 39–40

age of onset, 40
coexistence with psychiatric/behavioral symptoms, 40
diagnostic criteria, 39–40
differential diagnosis, 35
epidemiology, 40
evaluation, 40
familial, 40
interpersonal dynamics, 40
presenting complaints, 39
treatment, 40

Affective disorders see Mood disorders
Aggressive behavior in obstructive sleep apnea syndrome, 232
Airflow measurement in obstructive sleep apnea syndrome,  

224–225
Airway

occlusion, complete, 182–183
Starling resistor model, 183
upper see entries beginning Upper airway

Akathesia, neuroleptic-induced, 345
Alertness, maintenance of, 168
Allergic rhinitis, 291, 297–298
Allergy

cow milk protein, 81
food, 78

Alpha agonists, 58–59
Alternating leg muscle activation (ALMA), 334–335
American Academy of Sleep Medicine (AASM), 15
American Board of Sleep Medicine (ABSM), 14–15
Amitriptyline, 59
Amnesia, 313, 315, 318t
Amphetamines

in cancer patients, 381
causing hypersomnia, 172
for narcolepsy, 148

Analgesics, 95
Anatomic dead space, 196–197
Anesthetic implications in obstructive sleep apnea surgery, 270–271
Angiotensin II (ANG-II), 242
Anterior tibialis activation, 334–335, 338, 405
Anti-adrenergics, 346
Antibiotics

in apparent life-threatening events, 205
development of pediatrics, 13
in obstructive sleep apnea, 267
in tonsil hypertrophy, 267
in urinary tract infections, 327

Anticholinergic medications, 148–149
Anticonvulsants

and hypersomnia, 172
for insomnia, 59–60
for restless legs syndrome/periodic limb movement disorder, 346

Antidepressants
causing hypersomnia, 171
for insomnia, 59
tricyclic

for insomnia, 59
for pain, 95

Antidiuretic hormone, 102
Antiepileptics see Anticonvulsants
Antihistamines

causing hypersomnia, 171
for insomnia, 55

Anti-inflammatory therapies, 258–259
Antipsychotics

atypical, 172
in autism spectrum disorders, 130
for insomnia, 59

Anxiety disorders, 371–373
and attention deficit hyperactivity disorder, 111
effects of sleep disturbance, 365

Index
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and insomnia, 93–94
and pain, 94

Anxiolytics, 169
Apert syndrome, 217
Apnea

central, 281, 282b, 381–382
consequences of, 239, 240f
and end-expiratory lung volume, 181
non-invasive positive pressure ventilation, 281, 282b
normal, 189
obstructive sleep see Obstructive sleep apnea syndrome
peripheral, 281, 282b
of prematurity see Apnea of prematurity
scoring, 404
witnessed, 218

Apnea–hypopnea index (AHI)
in attention deficit hyperactivity disorder, 111–112
and fasting glucose, 133–134

Apnea of prematurity, 195–200
pathophysiology, 195–198
termination, 197–198
treatment, 198–199

Apparent life-threatening events (ALTEs), 201–207
causes of, 202, 202t
definition of, 201
in first 24 hours after birth, 202–203
history, recording of the, 204t
hospital admission, 205
incidence of, 202
initial assessment for, 203–204, 203t
long-term follow-up, 205
relationships between sudden infant death syndrome and, 201–202
risk factors for, 202

Armodafinil, 148
Arnold-Chiari malformation, 217
Arousal disorders, 313–320

clinical description, 313–320
clinical evaluation, 316–318, 317b
conditions mimicking, 317, 318b
conditions triggering, 317, 318b
genetics of, 316
hypnogram, 314f
pathophysiology, 315–316
polysomnography, 314f, 316, 318
sleep homeostasis and, 316
treatment, 318–319
vs. sleep-related seizures, 317–318, 318t
see also Confusional arousals; Sleep terrors; Sleepwalking

Arousal from sleep, 190–191
confusional, 313, 315, 315t
in obstructive sleep apnea syndrome, 224

Asperger’s syndrome, 130
Associative memory, 5
Asthma, 291, 297–298

and obstructive sleep apnea syndrome, 217
and sleep-related GERD, 86

Atrial natriuretic peptide (ANP), 101
Attention deficit hyperactivity disorder (ADHD), 111–124

and bedtime problems/night wakings, 108
behavior in, 115
and circadian rhythm disorders, 117–118
and delayed sleep phase disorder, 117–118
future directions, 119–120
genes associated with, 342–343
heterogeneity, 113
inflammation and, 115
insomnia in, 55
medications for, 114

in obstructive sleep apnea syndrome, 232
and restless legs syndrome, 342–343
restless legs syndrome/period leg movements and, 118–119
sleep disorders and, 112–113

and comorbid problems, 111–113
nature of interactions between, 113
objective sleep findings, 111
positive sleep findings in, 112t
sleep-disordered breathing, 114–117
and stimulants, 113–114
subjective sleep findings, 111

sleepiness in, 115
and sleep-onset insomnia, 117–118
symptoms/disorders, 113
vs. idiopathic hypersomnia, 156

Audio recordings in obstructive sleep apnea syndrome, 223
Augmentation, 345
Autism spectrum disorders (ASDs), 125–131

and bedtime problems/night wakings, 107–108
causes of sleep problems in, 126
co-morbidities in, 127
diagnostic overshadowing, 127
epidemiology, 125–126
growing out of sleep problems in, 130
REM sleep in, 126
sleep architecture and dreaming in, 126
sleep patterns in, 5
sleep profiles and sleep architecture, 126
treatment of sleep problems in, 128–130, 129t

Autism Treatment Network (ATN), 128
Autoimmune process in rapid-onset obesity with hypothalamic dysfunction, 

hypoventilation, and autonomic dysregulation, 310
Automatically titrated positive airway pressure (APAP), 283, 289
Automobile accidents, 392
Autonomic nervous system dysregulation (ANSD)

and congenital central hypoventilation syndrome, 303
rapid-onset obesity with hypothalamic dysfunction, hypoventilation,  

and autonomic dysregulation see Rapid-onset obesity with 
hypothalamic dysfunction, hypoventilation, and autonomic 
dysregulation (ROHHAD)

Average volume assured pressure support (AVAPS), 283
Avon Longitudinal Study of Parents and Children (ALSPAC), 125
Awakenings

frequent, in obstructive sleep apnea syndrome, 218
scheduled, 106–107, 319

Barbiturates, 170
Bariatric surgery, 259
Baroreflex

and cardiovascular system, 241
chemoreflex interactions, 241
cortical modulation of, 241–242

BEARS Screening Tool, 67, 68f–70f
Beclomethasone, 298
Bedtime, faded, 106
Bedtime pass, 106
Bedtime problems, 105

in attention deficit hyperactivity disorder, 108
education/prevention, 107
interventions, 105–107
in special populations, 107–108
treatment challenges and implications, 107

Bedtime routine, 65, 105–106
clinical history, 67–68
positive, with faded bedtimes, 106
stimulants, 113–114
see also Sleep hygiene

Bedwetting see Enuresis
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Behavioral considerations
in attention deficit hyperactivity disorder, 115
in circadian rhythm disorders, 39
effects of sleep disturbance, 364–365
in obstructive sleep apnea syndrome, 231–232, 234–235
parent versus teacher reports, 232
in sleep, 9–10
sleep onset, 17
treatment in obstructive sleep apnea syndrome, 234–235

Behavioral disorders
behavioral insomnias of childhood, 113
vs. idiopathic hypersomnia, 156

Behavioral insomnias of childhood (BIC), 113, 119
Behavioral interventions

in autism spectrum disorders, 128
in cancer, 384–385
in colic, 79
in gastroesophageal reflux disease, 87, 88f
in neoplasms, 365
in psychiatric disorders, 374

Benign sleep myoclonus of infancy, 334
Benzodiazepines, 170–171

for insomnia, 58
for restless legs syndrome/periodic limb movement disorder, 346

Bilevel positive airway pressure (BPAP), 276, 283, 283f
adherence, 286–287
flexible, 284
titration, 290f

Biobloc orthotropics, 278
Biofeedback, arousal disorders, 319
Biological clocks, 35, 36f
Bipolar affective disorder, 160, 370–371
Birds, sleep in, 8
Bladder

capacity, 99–100
control, 99–100, 102
dysfunction, 99
overactive, 100

Blood pressure
and primary snoring, 211–212
regulation, 242
in sleep-disordered breathing, 243–244, 243f

Blue light therapy, delayed sleep phase disorder treatment, 37
BMAL1, 118
Body mass index (BMI), 133–136, 249
Body position, 405
Body rocking, 333
Body rolling, 333
Bradycardia, 195, 196f, 241
Brain

damage, 5–6, 163–165, 381
in the sleep-wake cycle, 168
tumors, 379–381

Brain natriuretic peptide (BNP), 101, 244–245
Brainstem lesions, 146
Breathing

difficulty during sleep, 218
measurement, polysomnography, 403–404
neural control of, 179
periodic, 189–190
see also Sleep-disordered breathing (SDB)

Brompheniramine, 56t–57t
Bruxism, 335, 335t
Budesonide, 297–298
Bupropion, 346

Caffeine, 168–169, 198–199
Cancer see Neoplasia

Cancer-related fatigue (CRF), 382
Capnography, 222
Capnometry, 404
Carbamazepine, 60, 156
Carbidopa, 172
Carbon dioxide

end tidal, 190, 225, 304, 308, 404
partial pressure of, 184, 190, 225

Cardiac dysfunction in sleep-disordered breathing, 243–245
Cardiac remodeling in sleep-disordered breathing, 244–245
Cardiac sinus pause, 303–304
Cardio-respiratory monitoring, 205
Cardiovascular disease mechanisms in sleep-disordered breathing, 239–243, 

240f
Cardiovascular system

baroreflex and, 241
chemoreflex and, 239–241, 241f
normal sleep and, 239–243
sleep-disordered breathing and, 239

Cataplexy, 143–144
management, 148–149, 149t
REM behavior disorder in, 322

Catastrophizing, 373–374
Catathrenia, 327
Central apnea, 281, 282b, 381–382
Central nervous system

development, 8, 20
function, 3–4
injury, 382
sleep-inducing structures, 9
tumors, 379–381

Central respiratory pattern generator (CPG), 179
Cerebellar hemangioblastomas, 146
Cerebellar–vestibular (CV) dysfunction, 4–5
Cerebral hemispheres, 3–4
Cerebral palsy, 172, 198–199, 269
Cerebrospinal fluid (CSF) hypocretin, 143, 145
Chemoreceptors, 239–241
Chemoreflex

baroreflex interactions, 241
and cardiovascular system, 239–241, 241f
cortical modulation of, 241–242

Chest wall distortion, 196–197
Chest wall mechanics, 179–180
Cheyne-Stokes central sleep apnea, 284
Child Behavior Checklist (CBCL), 107–108
Childhood diseases, 13
Chin muscle electromyogram, 18
Chloral hydrate, 53

excessive use, 170
for insomnia, 59

Chlorpheniramine, 56t–57t
Cholesterol, 134, 251
Chronic fatigue/fibromyalgia syndrome vs. idiopathic hypersomnia, 

156
Chronobiology, 25–34

chronotype, 29
circadian regulatory system, 25–27
sleep homeostatic system, 27
two-process model, 27–28
see also Circadian rhythms

Chronotherapy
circadian rhythm disorders, 117–118
delayed sleep phase disorder treatment, 39

Chronotype, 29, 47–48
Cimetidine, 87
Circadian clock, 27, 118, 249
Circadian clock-related genes, 373
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Circadian rhythm disorders, 35–43
and attention deficit hyperactivity disorder, 117–118
biological clocks and circadian rhythms, 35, 36f
in colic, 80–81
consequences of, 35
differential diagnosis, 35
phase-advanced see Advanced sleep phase disorder (ASPD)
phase-delayed see Delayed sleep phase disorder (DSPD)
prevalence, 35
vs. idiopathic hypersomnia, 156

Circadian rhythms, 25–27
in adolescents, 46–48
in bipolar disorder, 370–371
constant routine protocol, 25
developmental changes to, 390
development of, 28
entrainment mechanisms, 46
in epilepsy, 355
forced desynchrony protocol, 25–28, 31
free-running protocols, 25, 31
light stimulus/exposure, 26–27, 26f–27f
modulation of endocrine systems, 29
modulation of neurobehavioral functions, 28–29
modulation of sleep, 31
ninety-minute day protocol, 25
study of, 25–26
suprachiasmatic nucleus, 27
ultrashort sleep-wake schedule, 25
zeitgebers, 26

Circadian sleep maintenance zone, 27–28
Citalopram, 165
Clinical history

bedtime, 67–68
daytime sleepiness, excessive, 69–70
evaluation of, 67, 68f–70f
habitual time of morning waking, 68–69
primary snoring, 212
sleep and pain, 91
sleep continuity, 69
sleep latency, 68

CLOCK (Circadian Locomotor Output Cycles Kaput) gene, 
118

Clonazepam, 56t–57t
for arousal disorders, 319
for REM behavior disorder, 322
for restless legs syndrome/periodic limb movement disorder,  

346
Clonidine, 56t–57t, 58–59

for restless legs syndrome/periodic limb movement disorder, 346
Closed-head trauma, 163–164
Clozapine, 59
Coagulation in sleep-disordered breathing, 242–243
Cognition and obstructive sleep apnea syndrome, 232–234
Cognitive behavioral treatment (CBT), 374
Cognitive behavioral treatment for insomnia (CBT-I), 95, 374
Cognitive deficits

in cancer survivors, 384
cerebellar–vestibular dysfunction in, 4–5
obstructive sleep apnea and, 234–235
restless legs syndrome and, 338
traumatic brain injury and, 164

Colic, 77–82
crying and, 77, 78b, 80
definitions, 77
diagnosis, 78–79
natural course, 77
outcome and prognosis, 78
pathogenesis, 77–78

prevalence, 77
properties, 77
and sleep problems, 79–81
terminology, 77
treatment, 79

Complementary alternative medications (CAM), 170
Confusional arousals, 313, 315

age of onset and disappearance, 315t
prevalence at various ages, 315t

Congenital central hypoventilation syndrome (CCHS),  
301–305

autonomic nervous system dysregulation, 303
cardiac sinus pause, 303–304
diagnosis, 301–302
epidemiology, 301
history, 301
late-onset, 301–302
management, 304
neurocognitive outcome, 303–304
pacemakers, 303
PHOX2B and genetic testing, 302, 303t
PHOX2B-genotype/CCHS-phenotype association, 302–304
presentation, 301–302
and rapid-onset obesity with hypothalamic dysfunction, hypoventilation, 

and autonomic dysregulation, 309
respiratory control, 302–303
ventilatory dependence, 302–303
vs. rapid-onset obesity with hypothalamic dysfunction, hypoventilation, 

and autonomic dysregulation, 307
Continuous positive airway pressure (CPAP), 282

adherence, 285–287
apnea of prematurity, 198
for gastroesophageal reflux disease, 89
in obstructive sleep apnea, 256–259, 271
in sleep-disordered breathing, 134, 276
titration, 289, 290f

Cor pulmonale, 216
Cortex, in sleep-wake cycle, 167–168
Cortical modulation of chemoreflex and baroreflex, 241–242
Corticosteroids, 297–298, 383
Cortisol, 29
Cosleeping

cancer patients, 383
quality of sleep in, 353

Counseling for arousal disorders, 319
Countercoup injuries, 164
Cow milk protein allergy, 81
CPAP see Continuous positive airway pressure (CPAP)
Cranial radiation therapy (CRT), 381
Craniofacial abnormalities, 256, 263, 278–280

dental perspective, 275
surgery for, 270

Craniopharyngiomas, 146
C-reactive protein (CRP), 217–218, 242, 242f
Creatine–phosphocreatine (PCr) system, 197
Crime rates, 392
Critical closing pressure, 183–184, 184f
Crouzon syndrome, 217
Crying and colic, 77, 78b, 80
Cyclothymia, 370–371

Daily pain diaries, 92–95
Darwinian dentistry, 275
Darwinian medicine, 275
Daytime sleepiness

clinical history, 69–70
excessive

in cancer, 363–364, 379–381
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multiple sleep latency test, 405
polysomnography in, 399

management, 148, 149t
in narcolepsy, 143–144
in obstructive sleep apnea syndrome, 221

Deep sleep with reduced arousability, sleep-related enuresis and,  
101

Delayed sleep phase disorder (DSPD), 35–39
and attention deficit hyperactivity disorder, 117–118
coexistence with psychiatric/behavioral symptoms, 36–37
diagnostic criteria, 36
differential diagnosis, 35, 147
evaluation, 37
presenting complaints, 36
prevalence, 35
singular significance of Sunday night, 37
treatment, 37–39

blue light therapy, 37
chronotherapy, 39
circadian rhythms and, 39
light exposure, optimally timed, 37–38
maintenance phase, 39
melatonin, 37–39
phase advance therapy, successful, 39
phase response curve for melatonin and light, 37–38
phase shifting, 39
sleep hygiene, 39
switching light from phase delay to phase advance, 37

vs. idiopathic hypersomnia, 156
Depression

and attention deficit hyperactivity disorder, 111
early-onset major, 369–370
and hypersomnia, 93–94
and Kleine-Levin syndrome, 160
and pain, 94

Desaturation, 195, 196f
Desaturation rate, 191
Desipramine, 59
Desmopressin for sleep-related enuresis, 102, 327
Detrusor-dependent enuresis, 100
Detrusor overactivity, 100
Developmental changes, effect of sleep disorders on, 15
Developmental polysomnography, 14
Devil effect, 111
Dexamethasone, 297–298, 383
Dextromethorphan, 171–172
Diaphragmatic fatigue, 196–197
Diaphragmatic pacing in congenital central hypoventilation syndrome, 304
Diencephalon

abnormalities, 159
lesions, 146

Dietary interventions in colic, 79
Differential diagnosis

in general, 67
see also specific disorders

Dimenhydrinate, 171
Dim light melatonin offset (DLMOff ), 46
Dim light melatonin onset (DLMO), 39, 46, 117–118
Diphenhydramine, 56t–57t, 171

in cancer patients, 383
for insomnia, 55

Dissociative disorders, sleep-related, 325–326
Distraction osteogenesis, 256, 270
Diuresis-dependent enuresis, 100
Dolphins, sleep in, 3–4, 8–9
Dominant posterior rhythm (DPR), 17
Dopamine, 118, 146
Dopaminergic medications, 172, 345–346

Down syndrome, 217, 259, 263
Doxapram in apnea of prematurity, 199
Doxepin, 58–59
DQB1*0602, 145–147, 153
Dream enactment in REM behavior disorder, 321
Dreaming in autism spectrum disorders, 126
Drugs see Medication
Duloxetine, 95
Dynamic fluoroscopy in obstructive sleep apnea syndrome, 222–223
Dynamic upper airway negative pressure reflexes, 184–186, 185f
Dyslexia, 4
Dyslipidemia, 134, 251

Early-onset bipolar disorder, 370–371
Early-onset major depression, 369–370
Education, 53, 107
EEG see Electroencephalogram (EEG)
Elastic loading, 182
Electrocardiogram (EKG), 405
Electroencephalogram (EEG)

in apparent life-threatening events, 204
in arousal disorders, 316
in early-onset major depression, 370
electrode placement, 402–403, 402f
in epilepsy, 355–357
in the fetus, 19
in infants, 20
in obstructive sleep apnea, 223–224
in pre-school children, 21
sleep onset, 17
transitional sleep, 17
wake, 17

Electromyography (EMG)
leg, 405
periodic leg movements measuring, 338

Electrooculogram (EOG), 402–403, 402f
EMG see Electromyography (EMG)
Encephalitis lethargica, 118
End-expiratory lung volume (EEV), 180–181
Endocrine system, 29
Endoscopy, flexible, 264
Endothelial dysfunction in sleep-disordered breathing, 245
Energy conservation theory, 4
Entrainment, 26
Enuresis

in obstructive sleep apnea syndrome, 218
sleep-related, 99–103, 326–327

comorbidities in, 101
definitions, 100b
epidemiology, 99
etiology, 99
future research, 102
organic incontinence, 99–100
pathophysiology, 99–100
physiological incontinence, 99
risk factors, 99
symptom manifestation, 100–101
therapeutic options, 101–102
treating comorbidities, 102

Enuresis alarm, 101–102
Environmental influences

apnea of prematurity, 197
on sleep, 64

Epilepsy, 156, 353–362
abnormal sleep architecture in, 354
circadian patterns in, 355
juvenile myoclonic, 353
melatonin in, 357–360
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nocturnal frontal lobe, 355
NREM parasomnias in, 355
obstructive sleep apnea treatment in, 354–355
prevalence of sleep apnea in, 354
prevalence of sleep disorders in, 353–354
seizure evaluation, 355–357
seizure types, 355
sleep-wake cycle in, 355
vagal nerve stimulation effects on sleep, 357
video-polysomnography in

indications for, 355
technical considerations, 357

see also Seizures
Escitalopram, 171
Esophageal electrical impedance monitoring, 87
Esophageal manometry, 116–117, 224
Esophageal pH monitoring, 86–87
Esophageal pH probes, 405
Esophageal physiology

in general, 83–84
during sleep, 84–85

Eszopiclone, 56t
Ethnicity and obstructive sleep apnea syndrome, 217
Evolutionary fitness, 275
Evolutionary medicine (EM), 275
Evolutionary oral medicine, 275
Evolutionary theory of sleep, 3–4
Excessive daytime sleepiness see Daytime sleepiness, excessive
Excessive fragmentary myoclonus, 336
Executive function

in attention deficit hyperactivity disorder, 115
in obstructive sleep apnea syndrome, 233–234

Expansion sphincter pharyngoplasty, 269
Expiratory positive airway pressure (EPAP), 289
Expiratory pressure relief, 284
Extinction

graduated, 106
standard, 106

Extracellular fluid, 242
Eye blinking, 17
Eye movements

conjugate, 17–18
first description of, 13–14
in learning difficulties, 4
in polysomnography, 402–403
in stage 2 sleep, 18
in stage 3 sleep, 18

Faciomandibular myoclonus, 335, 335t
Faded bedtime routines, 106
Failure to thrive and obstructive sleep apnea syndrome, 218–219
Familial disorganization, 373
Family dynamics, circadian rhythm disorders, 41–42
Famotidine, 87
Fatigue, cancer-related, 382
Fatty-acid-binding protein 4 (FABP4) gene, 251
Feeding and apnea of prematurity, 195–196
Feeding method and colic, 81
Ferritin, 118–119, 338–340, 343
Fetus

circadian rhythms in, 28
normal course of sleep evolution across the night, 19

Fibromyalgia, 95
Fluoroscopy in obstructive sleep apnea syndrome, 222–223
Fluoxetine in psychiatric disorders, 374
Fluticasone, 258–259, 297–298
Fluvoxamine, 58
Follicle-stimulating hormone (FSH), 160

Food allergy, 78
Food-elicited cataplexy test, 144
Forbidden zone, 27–28
Fragment analysis, congenital central hypoventilation syndrome,  

302, 303t
Free running circadian rhythm disorder, 41–42
Friedman’s classification of palate position, 266f
Fundoplication, 89

GABAA agonists, 170–171
Gabapentin, 60, 346
Galanin, 168
Gamma-aminobutyric acid (GABA), 58, 169t
Gamma hydroxybutyrate, 148–149
Gamma-hydroxybutyric acid, 168
Gas exchange, 179, 225
Gastroesophageal reflux, 78, 83–90

and apnea of prematurity, 195–196
esophageal physiology, 83–85
mechanisms of, 84
testing for, 405

Gastroesophageal reflux disease (GERD), 85
and apparent life-threatening events, 203
diagnosis, 86–87
extra-esophageal manifestations, 85
future directions, 89
pediatric gastroenterologist referral, 89
sleep-related, 85–86
treatment, 87–89, 88f

Gastrointestinal tract, excessive gas in, 77
Generalized anxiety disorder (GAD), 372
Genetics

of arousal disorders, 316
of attention deficit hyperactivity disorder, 119, 342–343
of autism spectrum disorders, 127
of congenital central hypoventilation syndrome, 302, 303t
of periodic limb movement disorder, 340
and psychiatric disorders, 373
of rapid-onset obesity with hypothalamic dysfunction, hypoventilation, 

and autonomic dysregulation, 309
of restless legs syndrome, 340

Genioglossus advancement, 269
Genioglossus muscle, 183
Ghrelin, 136
Glomerular filtration, sleep-related enuresis and, 101
Glossectomy, 269
Glucocorticoid receptors, 297–298
Groaning, sleep-related, 327
Growing pains, 342
Growth hormone, 29, 160
Growth retardation, 218–219
Gut hormones, 77–78

Hallucinations, hypnagogic, 143–144
Halo effect, 111
Hard palate abnormalities, 277f
Harmonic scalpel, 268
HB reflexes, 182, 195
Head banging, 333
Head rolling, 333
Head trauma, 163–164
Heart rate

monitoring, 205
reduction in sleep, 239
variability, 224, 301, 303

Hemispheric sleep, in dolphins, 3–4
Hepatic steatosis, non-alcoholic, 251
Herbal preparations, 57–58
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Hering–Breuer reflexes, 182, 195
High-density lipoprotein (HDL), 134, 251
High-sensitivity C-reactive protein (hsCRP), 296
Hirschsprung’s disease, 303–304
Histamine, 169t

in idiopathic hypersomnia, 153
in the sleep-wake cycle, 168

Histamine-2 receptor antagonists (H2RAs) for gastroesophageal reflux 
disease, 87

Histocompatibility antigens in narcolepsy, 145
History of paediatric sleep medicine, 13–16
Hoarseness and sleep-related GERD, 86
Homeostatic modulation

of neurobehavioral functions, 28–29
of sleep, 31

Hormones
in attention deficit hyperactivity disorder, 115
gut, 77–78

Horne and Ostberg Morningness/ Eveningness Questionnaire (MEQ), 35
Hospital-based interventions in neoplasms, 365–366
5-hydroxy indoleacetic acid, 78
Hydroxyzine, 56t–57t, 171
Hyperactivity, 4

in obstructive sleep apnea syndrome, 231
see also Attention deficit hyperactivity disorder (ADHD)

Hypercapnia, 190, 239–241
Hypercarbia, 190–191
Hyperkinetic children, 5
Hyperoxia, 190
Hyperphagia, Kleine–Levin syndrome, 147
Hypersexuality, Kleine–Levin syndrome, 147, 159
Hypersomnia

causes of, 167
idiopathic, 153–158

clinical presentation, 154–155
diagnosis, 153, 154b, 154t
differential diagnosis, 155–156, 155b
epidemiology, 153
pathophysiology, 153
sleepiness evaluation, 154
treatment, 156–157

in Kleine–Levin syndrome, 159
medication-related, 167–174

categories of medications causing, 170–172
complementary alternative medications, 170
defining, 167
evaluating, 172–173
OTC medication abuse/misuse, 168–170
sleep-wake continuum:anatomy and its substrates, 167–168

menstruation-associated, 159
post-traumatic/post-neurosurgical, 163–166

Hypertension, 134–135, 243–244
Hypnagogic foot tremor, 334–335
Hypnagogic hallucinations, 143–144
Hypnagogic jerks, 334
Hypnogogic hypersynchrony (HH), 17
Hypnogram, arousal disorders, 314f
Hypnotics, 170
Hypnotoxins, 6, 27
Hypocretin receptor-2 (orexin-2) gene, 145
Hypocretins, 145, 169t

in brain tumors, 381
cerebrospinal fluid, 143
in closed-head injury, 164
in idiopathic hypersomnia, 153, 156
in the sleep-wake cycle, 168

Hypopharyngeal examination, 264
Hypopneas, 404

Hypothalamus
dysfunction (see also Rapid-onset obesity with hypothalamic dysfunction, 

hypoventilation, and autonomic dysregulation (ROHHAD))
management, 308

in Kleine-Levin syndrome, 159
tumors, 381

Hypoventilation
alveolar, 216
management, 308–309
non-invasive positive pressure ventilation in, 281, 282b
obstructive, 215, 221
rapid-onset obesity with hypothalamic dysfunction, hypoventilation, and 

autonomic dysregulation see Rapid-onset obesity with hypothalamic 
dysfunction, hypoventilation, and autonomic dysregulation 
(ROHHAD)

scoring, 404
see also Congenital central hypoventilation syndrome (CCHS)

Hypoxemia/hypoxia, 190–191, 195, 235, 239–243
intermittent, 216, 235
ventilatory response to, 190

Hypoxic ventilatory depression, 197

Imipramine
in enuresis, 101, 327
in psychiatric disorders, 374

Inattention in obstructive sleep apnea syndrome, 231–232
Incontinence, urinary see Enuresis
Indoleacetic acid in narcolepsy, 146
Infants

active sleep in, 19–20
awakenings, 20
duration of sleep in, 20
elastic loading during sleep, 182
electroencephalogram, 20
lung resistance during sleep, 181
mortality, 13
normal course of sleep evolution across the night, 19–22
obstructive sleep apnea in, 259–260
obstructive sleep apnea syndrome diagnosis in, 227–228
phylogenetic development of REM sleep, 8
quiet sleep in, 19–20
REM sleep in, 18
sleep behaviors, 19–20
sleep onset, 20
see also Newborns

Inflammation
and attention deficit hyperactivity disorder, 115
and obstructive sleep apnea, 217–218, 296
in obstructive sleep apnea, 295
in sleep-disordered breathing, 242

Insomnia
behavioral insomnias of childhood, 113
in cancer, 363, 379–381
cognitive behavioral treatment for, 95
historical aspects, 14
medications for, 55–59

Inspiratory positive airway pressure (IPAP), 286, 289
Insufficient sleep syndrome vs. idiopathic hypersomnia, 155
Insulin-like growth factor 1 (IGF1), 115
Insulin resistance, 133–134, 251
Insulin sensitivity, 251
Intelligence quotient (IQ), 233
Intercostal muscle electromyogram, 181, 403
Intercostal–phrenic inhibitory reflex, 197
International 10–20 system of electrode placement, 402f
Internet-based interventions, bedtime problems/night wakings, 107
Interpersonal dynamics, advanced sleep phase disorder, 40
Intestinal smooth muscle spasm, 77–78



418    Index

Intracranial pressure, increased, vs. idiopathic hypersomnia, 156
Intravenous iron therapy, 344
Intrinsically photosensitive retinal ganglion cells (ipRGCs),  

46
Iron deficiency, 339, 343, 344f
Iron supplementation, 118–119, 343–344

intravenous, 344
Irregular sleep and obesity, 249
Irregular sleep-wake rhythm disorder (ISWRD), 38f, 40–41

Jerks, hypnagogic, 334
Juvenile myoclonic epilepsy ( JME), 353

K-complexes, 18
Kleine–Levin syndrome, 147–148, 159–161

clinical characteristics, 159–160
differential diagnosis, 147
evaluation, 160
treatment, 160

Lactobacillus, 79
Laryngomalacia, 270
Laryngoscopy, flexible, 270
Laryngospasm and sleep-related GERD, 86
Larynx surgery for multilevel obstruction, 270
Late-onset central hypoventilation syndrome with hypothalamic 

dysfunction (LO-CHS/HD), 307
Lateral pharyngoplasty, 269
L-dopa for restless legs syndrome/periodic limb movement disorder,  

345
Learning difficulty

in autism spectrum disorders, 126
see also Cognitive deficits

Learning theory, 4–6
Left ventricular hypertrophy, 244–245
Leg banging, 333
Leg cramps, 336, 336b
Leg rolling, 333
Leptin, 136–137, 144, 250
Leukotriene, 296–297
Leukotriene receptors, 296–297
Light-dark cycle, 26
Light stimulus/exposure, 26–27, 26f–27f

advanced sleep phase disorder treatment, 40
delayed sleep phase disorder treatment, 37
irregular sleep-wake rhythm disorder, 41

Limit-setting problems, 69
Lipids, serum, 251
Locus coeruleus, 118
Long-term memory, 5
Low-density lipoprotein (LDL), 134, 251
Lower esophageal sphincter (LES), 83–84, 84t
Lung volume, 195

and obesity, 250
Lurasidone, 172
Luteinizing hormone (LH), 160

Macroglossia, 264
Magnetic resonance imaging (MRI)

in congenital central hypoventilation syndrome, 302
in obstructive sleep apnea syndrome, 222–223, 267

Maintenance of wakefulness test (MWT), idiopathic hypersomnia, 154
Major depressive disorder (MDD), 369–370
Malocclusion, 278–280

etiology of, 275–276
Mammals, sleep in, 8
Mandibular distraction osteogenesis, 256, 270

alternatives to, 278

A Manual for Standardized Techniques and Criteria for Scoring of States of 
Sleep and Wakefulness in Newborn Infant, 14

Manual of Standardized Terminology, Techniques, and Scoring System for Sleep 
Stages of Human Subjects, 14

Maxillary constriction (MC), 276
Maxillofacial malformation, 256
Medication, 53–61

abuse/misuse, 168–170
adverse effects, 55
for arousal disorders, 319
for attention deficit hyperactivity disorder, 114
in autism spectrum disorders, 128–130, 129t
in cancer, 383
causing REM behavior disorder, 321
co-existing sleep problems, 55
for colic, 79
combination treatment, 53
concurrent use of OTC agents, 54
discontinuation, 54
dosing, 54
drug-drug interaction, 54
drug screening, 54
exit strategy, 53
for gastroesophageal reflux disease, 87–89, 88f
general recommendations, 53–55
hazardous activities, 54
herbal preparations, 57–58
hypersomnia caused by see Hypersomnia, medication-related
for insomnia, 55–59
for Kleine-Levin syndrome, 160
metabolic considerations, 54
for narcolepsy, 148–149, 149t
in neoplasms, 366
non-accidental overdose, 54
for obstructive sleep apnea, 267
for pain, 95
patient and drug selection, 54
for post-traumatic hypersomnia, 165
in pregnancy, 54
for psychiatric disorders, 374
for sleep-related enuresis, 102
stimulant, 118, 172

abuse/misuse, 168–169
in idiopathic hypersomnia, 157, 157t

timing, 54
treatment goals, 53
treatment strategies, 53

Melanopsin, 46
Melatonin, 26, 27f, 29, 31

in adolescents, 46
advanced sleep phase disorder treatment, 40
adverse effects, 55–57
in autism spectrum disorders, 127–130, 129t
in circadian rhythm disorders, 36f
and colic, 81
delayed sleep phase disorder treatment, 37–39
in epilepsy, 357–360
for insomnia, 55–57, 56t–57t
and serotonin, 78

Melatonin in Children with Neurodevelopmental Disorders  
and Impaired Sleep (MENDS) study, 128

Melatonin receptor agonists, 58
Memory and obstructive sleep apnea syndrome, 233
Memory processing, 4–6
Meningitis vs. idiopathic hypersomnia, 156
Menstruation-associated hypersomnia, 159
Mental imagery for arousal disorders, 319
Metabolic disorders vs. idiopathic hypersomnia, 156
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Metabolic syndrome, 133
dyslipidemia, 134
hypertension, 134–135
insulin resistance, 133–134
obesity in, 135–136
and obstructive sleep apnea, 251
proposed criteria, 134t
sleep and components of, 133–136

Methadone for restless legs syndrome/periodic limb movement disorder, 
346

Methylphenidate
in cancer patients, 381
in idiopathic hypersomnia, 157
for narcolepsy, 148
in post-traumatic hypersomnia, 165

Methylxanthines, 198
Micrognathia, 256
Microsleeps, 8
Middle fossa tumors, 160
Midfacial hypoplasia syndromes, 217
Migraines, 93
Minute ventilation, 181–182, 188
Mirtazapine, 59, 171
Modafinil

in cancer patients, 381
in idiopathic hypersomnia, 157
for narcolepsy, 148

Modified Mallampati scale, 70, 70t
Monoamine disturbances in narcolepsy, 146
Monosymptomatic enuresis nocturna (MEN), 100–101
Mood

diurnal variations in bipolar disorder, 371
effect of sleep disturbance on, 364–365

Mood disorders, 93–94
and pain, 94
vs. idiopathic hypersomnia, 156

Morningness/Eveningness Questionnaire (MEQ), 35
Morning waking, habitual time of, 68–69
Morphine derivatives, 171
Motilin, 77–78
Motor system, sleep effects on, 6
Movement disorders, 333–336

assessment, 333
benign sleep myoclonus of infancy, 334
bruxism, 335, 335t
clinical and pathophysiological subtypes, 334t
excessive fragmentary myoclonus, 336
hypnagogic foot tremor/alternating leg muscle activation,  

334–335
leg cramps, 336, 336b
periodic limb movement disorder see Periodic limb movement disorder 

(PLMD)
restless legs syndrome see Restless legs syndrome
rhythmic movement disorder, 333–334
sleep starts, 334

MSLT see Multiple sleep latency test (MSLT)
Mucopolysaccharidoses, 217
Multiple intraluminal impedance (MII), 196
Multiple sclerosis, 146
Multiple sleep latency test (MSLT), 405–407

in adolescents, 22
idiopathic hypersomnia, 154
in narcolepsy, 146–147
scoring and interpreting the data, 407–408
sleep deprivation in children, 7

Multiplex ligation-dependent probe amplification (MLPA), congenital 
central hypoventilation syndrome, 302, 303t

Muscular system, sleep effects on, 6

Musculoskeletal pain, 93
Myocardial infarction, 29

Napping, 21
Nap studies in obstructive sleep apnea syndrome, 226
Narcolepsy, 143–151

case presentation, 148
clinical features, 143–144
diagnosis, 146–147
differential diagnosis, 147–148
epidemiology, 143
following brain injury, 381
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