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We dedicate this book, first to our families and, second, to all of the children and their
families who have had the courage to work with us and help us achieve a better

understanding of how to recognize and treat sleep problems in the child.
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Sleep medicine is a unique medical discipline,
the one area of specialization that focuses on
patients’ health and disease during the hours of
sleep. Pediatric sleep medicine holds special sig-
nificance in that it is concerned with about half
of the child’s life during the important early
years of development. Because sleep constitutes
such a large proportion of the child’s day, and
because the development of the neurologic
structures responsible for sleep, in patterns of
increasing complexity and predictability, occurs
so rapidly during the early months and years of
life, the maturation of these systems is clearly
among the most important of neurodevelopmen-
tal milestones to be met. Early disruption of
these vital processes has major cognitive and
possibly emotional consequences that are only
recently becoming clear. Studies have repeatedly
confirmed the importance of sleep for the acqui-
sition of new knowledge and for processing and
maintaining information previously gained.
Knowledge of primary and secondary sleep-
related disorders also has been shown to be
essential to the understanding of many other
childhood disorders and in the development of
proper treatment.

Principles and Practice of Sleep Medicine in the
Child, first published as a separate volume from
Principles and Practice of Sleep Medicine (2nd edi-
tion) in 1995, helped move the practice of pedi-
atric sleep medicine from the sphere of adult
medicine to one that is overseen by professionals
who have dedicated their careers to the health
and well-being of the pediatric patient. As stated
in the Preface to that volume, “In recent years, a
robust scientifically based body of knowledge
has emerged, and the tools to diagnose and effec-
tively treat children with sleep disorders are now
available.” Principles and Practice of Pediatric
Sleep Medicine represents another step in the
development of pediatric sleep medicine as a dis-
tinct discipline.

Diagnosis and management of sleep disorders
in children may hold unique significance in at
least three very important ways:

1. Primary sleep-related pathology may directly
cause daytime symptoms, and only through
treatment of the sleep disorder is resolution
possible.

2. Sleep-related pathology may be a co-morbid
condition contributing to daytime symptoma-
tology, and through treatment of the sleep-
related pathology, the patient becomes more
responsive to treatment of the co-existing dis-
orders.

3. A child’s sleep difficulties may have greater
impact on other family members than on the
affected child, causing a caretaker, for exam-
ple, to be sleep deprived, with medical and
emotional compromises (including impaired
ability to care for the child). Treating these
problems can improve the lives of child and
family members alike.

As we continue to gain better understanding of
the effect of sleep disorders on children, major
advances will be made, with great significance
for all three of these scenarios, including insight
into the often unclear area of cause and effect—
namely, whether disordered sleep is a cause or a
result of a specific disease or disorder.

Sleep disorders in infants and children reflect
an interplay among many factors, including
central nervous system function, parental-child
interaction, social stress, patient needs, and
other medical conditions. Comprehensive
knowledge of these interactions is essential for
all child-care professionals who want to deliver
optimal management. This book provides
resources for sleep medicine specialists as well as
primary care practitioners to use to deliver the
best possible care to their pediatric patients
throughout the 24-hour day.

Stephen H. Sheldon, Chicago

Richard Ferber, Boston

Meir Kryger, Winnipeg

Preface
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FUNCTION OF SLEEP

Although sleep has been studied subjectively and
objectively for more than 100 years, the exact
function of sleep and its components remains
elusive. Historically, physicians have recom-
mended sleep for the treatment of many disor-
ders. This prescription has been based on the
assumption that sleep provides a unique restora-
tive purpose. Although the relationship between
the immune system and sleep may be important
with many clinical implications, no study has
documented that sleep cures anything.1

Circadian rhythms of various biologic processes,
for example the immune system, appear to be
modulated by sleep, and lymphocyte functions
are dramatically altered at sleep onset and during
sleep.2 Specific pokeweed mitogen response and
natural killer cell activity are altered by sleep in
healthy young men. Interleukin-1–like activities
are followed by interleukin 2–like activities dur-
ing sleep, and interleukins-1 and -2 are disrupted
by sleep deprivation.3 Insomnia has been shown
to be associated with nocturnal sympathetic
arousal and declines in natural immunity, includ-
ing a decrease in natural killer cell response.3a

Narcoleptic patients present disordered diurnal
patterns of immune function;4 however, the clin-
ical effects that these changes produce or how
they may be therapeutically modified are
unknown.

Theories of sleep function fall into several
major categories, with many overlaps. An under-
standing of these hypotheses provides a basis for
comprehension of the varied effects that disor-
dered sleep may have on health and disease.

Restoration Theory
In 1946 Sherington suggested that sleep was a
state required for enhanced tissue growth and

repair.5 This hypothesis proposes that certain
somatic and/or cerebral deficits occur as a result
of wakefulness, and sleep allows or promotes
physiologic processes to repair or restore these
deficits thereby assuring normal daytime func-
tioning.6-8 Special focus has been placed on both
restoration of somatic function and the central
nervous system (CNS) function. Non–rapid eye
movement (NREM) sleep is thought to function
in reparation of body tissue and REM sleep in
restoration of brain tissue. Supporting evidence,
however, is indirect. Napping, when its timing
and duration are designed properly, has the
potential to improve waking function. Even brief
napping of less than 30 minutes in duration
counteracts decreased alertness and performance
under conditions of sleep deprivation.8a The
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
the 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 (prolactin, testosterone, and luteiniz-
ing hormone) occurs in relation to a sleep-
dependent cycle.13,14

6. The nadir of catabolic steroid release, such as
corticosteroids, occurs during the first hours
of sleep, coincident with the largest percent-
age of SWS.15

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

Introduction to Pediatric Sleep
Medicine

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

However, other observations might suggest
an influence of sleep on a physiologic process
rather than a direct effect. For example, while
peak rates of cell division occur during sleep,
they do not appear to be due to sleep itself.
Increased mitosis is demonstrable after a night
without sleep and is positively influenced by oral
glucose load and negatively influenced by corti-
sol secretion.18 Similarly, in adolescents and
adults, somatomedin levels are the highest dur-
ing wakefulness, not during sleep as it is in pre-
pubertal children.19

On the other hand, REM sleep—characterized
by intense CNS activation—has been thought to
function in the restoration of CNS function. It
may have evolved in order to “reprogram” innate
behaviors and to incorporate learned behaviors
and knowledge acquired during wakefulness.20

The synthesis of CNS proteins is increased during
REM sleep.21 This sleep state also appears in sig-
nificantly higher proportions in the fetus and
newborn, gradually decreasing over the first few
years of life. Increased protein synthesis during
REM sleep may be critical in the development of
the CNS.

Evolutionary and Adaptive
Theories
Development of many physiologic functions fol-
lows an orderly progression that mirrors phylo-
genetic 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 different ways, often influenced more
by the environment and lifestyle than by evolu-
tion of the species.22 SWS and REM sleep
rebound are characteristic features seen after
sleep deprivation 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; therefore, they have complete, vol-
untary control of breathing, and sleep would
presumably be associated with impaired neu-
rorespiratory control. Actually, dolphins appear
to exhibit hemispheric sleep. That is to say, 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 of sleep is true, animals
with highly complex CNS function, such as the
dolphin, should follow this pattern. It stands to
reason that if the dolphin slept in the same man-
ner as the dog, cat, and human, survival in its
aquatic environment would be impossible.
Skeletal muscle atonia during REM sleep (as cur-
rently understood) would result in drowning.
Therefore, the lifestyle and environment of the
dolphin play a much more significant role in the
pattern of sleep development in these species
than 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 that may provide the time
needed for sufficient food-seeking while protect-
ing the animal from predators.25 Carnivorous
animals who 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 that conserves
energy, prevents maladaptive behaviors, and pro-
motes survival.26 According to the evolutionary
theory of sleep, cortical activation in REM sleep
may perform additional survival functions.27

Energy Conservation Theory
Sleep may function to conserve energy. In fact,
mammalian 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 wake-
fulness and that sleep provides periods of
enforced rest, barring the animal from activity
for extended periods of time. Endothermic ani-
mals exhibit SWS. During NREM sleep, endoge-
nous thermoregulation continues, though
functioning at levels below those of wakefulness.
Poikilothermic species, on the other hand, do
not exhibit clear SWS patterns. It is doubtful,
however, that this theory explains the function
of sleep in humans. Reduction in metabolism
that occurs during sleep is minimal. Although
the hypothesis is intriguing, energy conservation
theory has been disputed and evidence exists
that an increase in sleep time does not correlate

2 Chapter 1 Introduction to Pediatric Sleep Medicine
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with increased metabolic rate.29,30 It has been
shown that there is only an approximately 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 metabolic 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 suggests that retention
of new information depends on activation of
some brain function that occurs at a critical
period after the registration of this informa-
tion.31,32 Two pivotal phases appear to exist. The
first one is “consolidation.” Medication that
causes stimulation of the reticular activating sys-
tem and cortical excitation during the first 90
seconds after acquisition of new information
appears to enhance memory and increase reten-
tion. Although the consolidation phase of learn-
ing is important, it cannot be considered
definitive for fixation of information, since pro-
cessing continues for a long period of time.

The second critical phase of information pro-
cessing seems to occur during sleep, specifically
REM sleep. Two theories have been proposed,
one based on the passive hypothesis (unlearning
theory) and the other on the active hypothesis,
which suggests that there are active consolida-
tion mechanisms. An active process is supported
by the following facts: Considerable brain activ-
ity occurs during this phase of sleep, in which
brain oxygen consumption 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, the beneficial effects
of sleep on the retention of memories acquired
during wakefulness have been documented.33,34

REM sleep appears to have special significance.
Despite evidence from animal and human stud-
ies, the exact function of REM sleep in child-
hood development and learning remains
unknown. Diverse reasons have been proposed
for children’s learning difficulties, but no single
factor appears to be consistent for all individu-
als. Most diagnostic and treatment protocols
have empirically focused on the child’s daytime
capabilities.

Theories on the function of REM sleep and
dreaming, with which it has a contingent rela-
tionship, remain diverse. Facilitation of memory
storage, reverse learning, anatomic and func-
tional brain maturation, catecholamine restora-
tion, and others have been postulated.35

Growing evidence supports the idea that sleep
following a learning experience is critical to
memory formation. Studies suggest that infor-
mation acquired during wakefulness is reacti-
vated and possibly consolidated during
subsequent REM sleep.36 Several brain areas
have been shown to be activated during
sequence learning when awake and during sub-
sequent REM sleep.37 This activation suggests
that REM sleep participates in the reprocessing
of recent memory traces.38 Regional cerebral
reactivation during post-training REM sleep is
not related simply to the acquisition of basic
visuomotor skills during prior practice of a serial
reaction time task but rather to the implicit
acquisition of the stimulus sequence. REM sleep
is deeply involved in the reprocessing and opti-
mization of high-order information contained in
the material to be learned. Additionally, the level
of acquisition of probabilistic rules attained
before sleep correlates with an increase in
regional cerebral blood flow during subsequent
REM sleep. This suggests that post-training cere-
bral reactivation is modulated by the strength of
the memory traces developed during the learn-
ing episode.38

Interestingly, learning of some perceptual
skills has been shown to depend on the plasticity
of the visual cortex and to require post-training
nocturnal sleep.39 Sleep-dependent learning of a
texture discrimination task can be accomplished
in human subjects having only brief (60- to 90-
minute) naps containing both NREM sleep and
REM sleep.

Newborn infants preferentially orient to face-
like patterns at birth, but months of experience
with facial observations are required for full face-
processing abilities to develop.40 Models gener-
ally assume that the brain areas responsible for
newborn orienting responses are not capable of
learning and are physically separate from those
that later learn from real faces. Newborn face-
orienting may be the result of prenatal exposure
of a learning system to internally generated
input patterns, such as those found in ponto-
geniculo-occipital (PGO) waves during active

Introduction to Pediatric Sleep Medicine Chapter 1 3
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(REM) sleep. Neonates spend about 18 hours
asleep per day, at term, and about 50% of this
time is spent in active / REM sleep. Preterm
infants spend considerably more time in active
sleep. A combination of learning and internal
patterns is an efficient way to specify and
develop circuitry for facial perceptions.40 This
prenatal learning can account for the newborn
preferences for schematic and photographic
images of faces, providing a computational
explanation for how genetic influences interact
with experiences to construct a complex adap-
tive system.

Sleep loss adversely affects certain types of
cognitive processing, particularly associative
memory.41 Long-term potentiation represents a
putative cellular basis for learning and memory
consolidation. The influence of sleep depriva-
tion has been shown to result in the delay of
maximal induction, and the degradation of the
maintenance phase of long-term potentiation
may represent the sleep deprivation–induced
impairment of the underlying neurochemical
mechanisms normally responsible for memory
acquisition.

Studies relating sleep states to memory
processes typically present learning material to
participants and then examine recall ability
after intervening sleep or sleep deprivation.42

Most studies have utilized either sleep record-
ings or sleep deprivation after a learning task.
Cueing and positron emission tomography have
also been utilized. Data strongly suggest that
REM sleep is involved in the efficient memory
processing of cognitive procedural material but
not declarative material. There are some data,
however, which support the contention that
SWS or NREM sleep is necessary for declarative
memory consolidation. Additionally, the length
of the NREM-REM cycle may also be important
for declarative memory. Stage 2 NREM sleep
may also be involved in memory for motor pro-
cedural but not cognitive procedural tasks.42

After declarative learning tasks, the density of
sleep spindles is significantly higher than that
with a nonlearning control task and is greatest
during the first 90 minutes of sleep.43 Spindle
density also correlates with recall performance
both before and after sleep. These findings indi-
cate that spindle activity during NREM sleep is
quite sensitive to previous learning experi-
ences.44

Flexible cognitive processes are regarded as
fundamental to problem solving and creativity.
REM sleep has been shown to be associated with
creative processes and abstract reasoning, with
increased strength of weak associations in cogni-
tive networks.43 When early and late REM and
NREM awakenings are assessed, a dissociation
becomes evident, with NREM-awakening task
performance becoming more REM-like later in
the night but REM-awakening performance
remaining constant. The neurophysiology of REM
sleep, therefore, represents a brain state more
amenable to flexible cognitive processing than
that of NREM sleep.

The role of sleep in the development of the
CNS and neural circuitry may be extremely
important. Kisley and colleagues showed that
normal, young infants exhibited significant
response suppression.45 A correlation between
increasing age and stronger response suppres-
sion was also uncovered, even within an age
range restricted to 1 to 4 months. These data
suggest that neuronal circuits underlying sen-
sory gating are functional during very early post-
natal development.

Minor neurologic and EEG abnormalities have
been described in children with “hyperactivity”
syndrome.46 These abnormalities have been asso-
ciated with specific or global learning difficulties,
and the syndrome has previously been described
as “minimal cerebral dysfunction.” However, neu-
rologic and EEG abnormalities associated with
this hyperactivity syndrome have been shown to
be nonspecific and variable,47 resulting in a change
of the name of the syndrome to attention deficit
hyperactivity disorder (ADHD).

It is noteworthy that of the 15 reading-dis-
abled (dyslexic) children studied by Levinson,
97% revealed evidence of cerebellar-vestibular
(C-V) dysfunction. Ninety-six percent of 22
blinded neurologic examinations and 90% of 70
completed electronystagmograms indicated sim-
ilar C-V dysfunction.48 Ottenbacher and associ-
ates explored the relationship between vestibular
function, as measured by duration of postrota-
tory nystagmus, and human figure–drawing abil-
ity in 40 children labeled as learning disabled.49

Chronologic age and postrotatory nystagmus
durations shared significant amounts of variance
with human figure–drawing. The variables of IQ
and sex were not significant. DeQuiros and
Schrager have also identified vestibular dysfunc-

4 Chapter 1 Introduction to Pediatric Sleep Medicine
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tion in some learning-disabled children50 and
described another related syndrome termed
“vestibular-oculomotor split,” which results in
impaired ocular fixation, reduced scanning abil-
ity, and poor eye-head coordination.

Despite the evidence that some children with
learning disabilities display soft or nonfocal neu-
rologic signs51 and low scores on tests of visuo-
motor integration, reading achievement, and
ocular scanning,52 contrary evidence of normal
vestibular responses to rotation in dyslexic chil-
dren has been published. Brown and coworkers
measured eye movements provoked by sinu-
soidal rotation of the subjects at low frequen-
cies.53 Gain, phase, and asymmetry of the
responses were calculated from the eye velocity
and stimulus velocity waveforms. There were no
differences between the groups in any of the
measurements. These results led to the conclu-
sion that “there are no clinically measurable dif-
ferences in this aspect of vestibular function” in
their carefully selected population of dyslexic
and control children. However, their conclusions
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 normal-reading
controls.54

Correlations exist that associate the phasic
events of REMs with C-V control. Pompeiano
has shown that lesions of the medial and
descending vestibular nuclei in the cat elimi-
nated all phasic inhibition of sensory input,
spinal reflexes, and all motor output associated
with phasic REM bursts, including eye move-
ments themselves.55,56 They have also demon-
strated that intense, spontaneous discharges
from neurons of the vestibular nuclei occur syn-
chronous with the ocular activity of REM sleep.
Nystagmus evoked by rotation can be most read-
ily induced during sleep at the time of phasic
events of REM sleep57 and in Wernicke-
Korsakoff disease, in which the vestibular nuclei
are often damaged and eye movements are
absent during REM sleep.58 These observations
partially confirm the influences of vestibular
mechanisms on the phasic activity of REM sleep.

An age-related development of phasic inhibi-
tion of auditory evoked potentials during the
ocular activity of REM sleep and an age-related
increase in the duration of the REM bursts have
been described in normal subjects.59 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 C-V control of REM
phasic events and the importance of phasic REM
sleep in learning and memory. However, this
relationship currently remains a mystery.

A significant body of literature exists support-
ing a relationship among REM sleep, phasic
REM activity, and learning. Sleep patterns in
hyperkinetic and normal children were studied
by Busby and colleagues.60 Analysis of sleep pat-
tern variables revealed a significantly longer
REM onset latency and greater absolute and rel-
ative amounts of movement time for the hyper-
kinetic group than 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 motil-
ity and perception. The nature of these distur-
bances indicates a maturational delay in the
development of complex motor patterns and the
modulation of sensory input.59 Sleep studies
have provided some evidence for a maturational
delay in the differentiation of REM sleep patterns
and the development of phasic excitatory and
inhibitory mechanisms during REM sleep in
these children. These findings implicate a failure
of central vestibular control over sensory trans-
mission and motor output during REM sleep.
The notation that there is a dysfunction of cen-
tral 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.59

Studies in animals and humans support the
importance of REM sleep in learning. Lucero
conducted experiments that showed a signifi-
cant increase in REM sleep duration with respect
to controls, a nonsignificant increase in total
sleep time, and no changes in SWS duration in
animals subjected to consecutive learning expe-
riences.61 An increase in REM sleep time
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observed after incremental learning suggests that
REM sleep might be involved in the processing
of information acquired during wakefulness. It
has been postulated that such processing might
consist of the transformation of a “labile” pro-
gram acquired in the learning session into a
more “stable” program devoid of superfluous
information.

Major evidence regarding the importance of
REM sleep in facilitating recall of complex asso-
ciative information has been documented by
Scrima.62 The beneficial effects of isolated REM
and isolated NREM sleep on recall were tested in
10 narcoleptic subjects. The results of complex
associative tasks indicated significant differences
among three conditions for free recall. Recall
was significantly better after isolated REM than
after isolated NREM sleep or wakefulness and
was significantly better after NREM sleep than
after wakefulness. It was concluded that the
results were consistent with the proposed neu-
ronal activity correlation theory of Emmons and
Simon that REM sleep actively consolidates
and/or integrates complex associative informa-
tion and that NREM sleep passively prevents
retroactive interference of recently acquired
complex associative information.63

Newborn animals and human infants show a
greater proportion of REM sleep with respect to
total sleep time than adults64,65 and a progressive
decrease in that proportion as growing continues
that is paralleled by a decrease in learning abil-
ity.24 Fishbein has shown that REM sleep depri-
vation, both before and after learning, disrupts
primarily long-term memory processes.66

Evidence has been provided that learning
induces a protracted augmentation of paradoxi-
cal sleep time, lasting for at least 24 hours.67

This work, together with previous work, suggests
that REM sleep augmentation may be a neurobio-
logic expression of the long-term process of mem-
ory consolidation. Fishbein was able to augment
REM sleep using behavioral techniques of learn-
ing. Therefore, one psychobiologic function of
REM sleep may be to process and maintain infor-
mation during wakefulness.

Results obtained from nondeprivation 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 that either prior REM sleep
prepares the organism for subsequent learning or
that REM sleep facilitates consolidation and
retrieval of prior learning. Given the equivocality
of prior REM deprivation literature, the second
interpretation seems more reasonable.68

Impaired cognitive functioning has been doc-
umented in studies on sleep-deprived physicians.
In one investigation, cognitive functioning in
acutely and chronically sleep-deprived house
officers was evaluated.69 Analysis of data revealed
significant deficits in primary mental tasks
involving basic rote memory and language and
numerical skills, as well as in tasks requiring
high-order cognitive functioning and intellectual
abilities.

Acquisition of many simple learning tasks in
animals is followed by augmentation of REM
sleep without any modification of NREM
sleep.31 Augmentation of REM sleep after learn-
ing has also been described in human infants.70

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,
and more slowly transported into the cyto-
plasm.71

As in infants, there is some evidence that
REM sleep may increase following learning in
older children and adults. Hartman has demon-
strated an increase in REM sleep time occurring
after days of increased learning, mental stress,
and especially demanding events.72 If learning
does cause an increase in REM sleep, brain-dam-
aged patients who are improving should have a
higher proportion of REM sleep than those who
show no improvement. Following up a group of
9 patients with severe traumatic brain damage,
Ron and associates found a correlation between
cognition and REM sleep improvement in 7.73

Greenberg and Dewan compared the percentage
of REM sleep in improving and nonimproving
aphasic patients and found that the nonimprov-
ing patients did, in fact, have less REM.74 In 32
patients with Down syndrome, phenylketonuria,
and other forms of brain damage, Feinberg found
a positive correlation 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
patients, it was shown that mentally retarded
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patients had less REM sleep.75 Linkage between
REM sleep and development of the visual system
has been further supported by a recent study by
Oksenberg and coworkers.76 They reported sig-
nificant adverse 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.77 Many parts of the
CNS participate in the representation of a single
event. However, localization of memory for a
single event generally involves a limited number
of neural pathways, and those collections of neu-
rons within which a memory is equivalently rep-
resented probably contain a set of no more than
a thousand neurons. These interconnected
assemblies of cells could store associations.78,79

If the cells involved in the memory of an event
form mutual synapses, regeneration of the activ-
ity of the entire neuronal set would occur when
part of that event is encountered again.
Therefore, Crick and Mitchison proposed that
the function of REM sleep is to remove certain
undesirable modes of interaction in networks of
cells in the cerebral cortex.80 This would be
accomplished during REM sleep by a “reverse
learning” mechanism so that the trace in the
brain of the unconscious dream can be weak-
ened rather than strengthened by the activity of
dreaming. A mathematical and computer model
of a network of 30 to 1000 neurons has been
developed by Hopfield and colleagues.81 Their
model network has a content-addressable mem-
ory or “associative memory” that 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 memories are learned, spurious informa-
tion 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, unno-
ticed, or spurious material acquired during
wakefulness. Isolation of the cortex from envi-
ronmental stimuli may be a necessary feature of
the removal of inhibiting and /or competitive
stimuli, inappropriate behavior patterns, and
overloading of neuronal networks, thus permit-
ting reprogramming and consolidation of more
vital material.

Other Hypotheses
The presence of circulating hypnotoxin(s) as pos-
sible causes of sleep has received some attention
in the literature. These theories hold that during
wakefulness there is accumulation of sleep-pro-
ducing “toxin(s)” which stimulates or results in
sleep. Once the toxin(s) has been modified during
sleep, awakening occurs. Investigation of many
substances, which are claimed to be released sub-
sequent to sleep deprivation, and thalamic stimu-
lation have failed to produce convincing evidence
of the accuracy of this theory.82 Studies of cran-
iopagus and thoracopagus twins reveal independ-
ent sleep–wake cycles despite the sharing of
circulatory and /or nervous systems.83

Sleep may be required for the normal func-
tioning of the motor system and /or skeletal mus-
culature. Muscle aching and change in skeletal
muscle enzyme activity have been reported fol-
lowing NREM sleep deprivation.84 Although the
ability to work is not drastically affected by sleep
deprivation, physical performance follows defi-
nite circadian rhythmicity.85 Sleep also has a pro-
found effect on certain diseases that affect the
motor system, including Parkinson’s disease86

and hereditary progressive dystonia.87

Although all theories on the function of sleep
have had significant support, there is much con-
flicting evidence for each theory. The function of
sleep may be explained very simply or may be
one of the more complex biologic mechanisms
known. A unitary explanation of the function of
sleep is probably unrealistic. The exact function
and purpose of sleep may prove to be a combi-
nation or a series of integrations of all proposed
hypotheses.
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SLEEP DEPRIVATION

Experiments conducted to unravel the mean-
ing and functions of various physiologic
processes have involved modification of these
systems followed by observations of the conse-
quences of each modification. For many years,
research has focused on total sleep deprivation,
partial sleep deprivation, and deprivation of
various sleep stages in an attempt to identify
repercussions. 

Total sleep deprivation studies in animals have
shown significant 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 coworkers described an ingen-
ious experimental method that controlled for the
stimuli used to keep the animals awake.88

Experimental and control rats were placed on a
platform that rotated and caused awakening only
when the experimental animal fell asleep. The
activity of the experimental and control animals
was kept constant. Experimental animals suffered
severe pathologic changes from the sleep depriva-
tion. Changes ranged from a severely debilitated
appearance (ungroomed and yellowed fur) to
intense neurologic abnormalities (ataxia and
motor weakness) and death. Interestingly, there
was a loss of EEG amplitude to less than half of
normal waking values before the morbidity or
mortality 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 weight decreased in both experimental
and control animals but was significantly
greater in the experimental, sleep-deprived ani-
mals. It is also interesting to note that the ani-
mals that ate the most lost the most weight.
There was a surprisingly high correlation
between the amount of paradoxical (REM) sleep
obtained by the experimental animals and the
survival time.

In comparison, the effects of total sleep depri-
vation on human subjects have been remarkably
few. Although brief psychotic episodes have
been reported in some subjects, long-term psy-
chological effects do not appear to result.89 The

only certain and reproducible 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 and associates during sleep
deprivation.90 Reality testing was impaired
and regressive behavior was noted as the
experiment continued. Tests for thought dis-
orders showed shifts in thought processes to a
more childlike level of cognition; however,
there was no obvious evidence of schizo-
phrenic thinking.

Performance may also be impaired by sleep
deprivation. Vigilance and performance on reac-
tion time tests have been shown to be signifi-
cantly impaired by the loss of as little as one
night of sleep.91 In a study of 44 men participat-
ing in a strenuous combat course in Norway, sig-
nificant 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, and dis-
turbances of senses and behavior followed.
Horne and coworkers have reported that after 60
hours of continuous wakefulness, an inherent
capacity for signal detection exhibited a stepwise
decline during deprivation, falling sharply dur-
ing the usual sleep time period and leveling out
during the daytime.92 A clear circadian rhythm
overlaid the decline due to deprivation. It was
concluded that changes in this inherent capacity
seem to be consistent with a brain “restitutive”
role for sleep.

Significant physiologic changes after total
sleep deprivation 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 and colleagues in 1964.9,93

After 205 hours of sleep deprivation, Kales and
associates reported significant increases in stage
4 sleep and REM sleep and significant decreases
in stage 2 sleep.90 On the first two recovery
nights, alterations in REM sleep were noted.
There was an increase in REM percentage,
appearance of sleep-onset REM (SOREM) peri-
ods, a decrease in REM latency, and a decrease in
intervals between REM sleep periods. These
occurred most dramatically in those subjects
who had the greatest psychological disturbances
during the deprivation period.

8 Chapter 1 Introduction to Pediatric Sleep Medicine

Ch01.qxd  1/25/05  3:05 AM  Page 8



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 51⁄2 hours of sleep a night for a period of 60
days.94 The initial effect was an increase in the
total amount of stage 4 sleep. By the fifth week
of the experiment, the amount of stage 4 sleep
returned to the baseline level. The initial effect
on REM sleep was a sharp reduction when com-
pared with the baseline level. During the entire
course of the experiment, there 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 dif-
ficulty with arousal 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
physiologic effects were documented (especially
in REM sleep) polysomnographically with par-
tial restriction. Restricting sleep by early morn-
ing awakenings generally deprives the subject of
REM and stage 2 sleep, usually leaving NREM
stage 4 sleep intact. However, recovery night
shows a substantial increase in the amount of
NREM stage 4 sleep, suggesting that the amount
of high-voltage SWS is due to some extent to the
preceding total sleep time.95

Children differ from adults 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 SWS), a
reduction in sleep onset latency, stage 4 latency,
and REM latency, and a reduction of wakefulness
during the sleep period. Carskadon and cowork-
ers studied the effect of acute, partial restriction
of sleep in nine children between the ages of 11
and 13.2 years.96 These 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. The lack of demonstrable
effects may have been because the tests were
brief. Wilkinson emphasized that task duration

is a major factor in determining a test’s sensitiv-
ity to sleep loss.97 On the other hand, significant
changes did occur on objective sleep measure-
ments. The multiple sleep latency test showed a
significant increase in daytime sleepiness, which
persisted into the morning after sleep restriction.
This suggested that children were more severely
affected by sleep restriction than adults. On
polysomnography, the findings were comparable
to those in adults, but children did not show
recovery rebound of SWS and REM sleep similar
to that reported for adults. Although children
appear to be able to tolerate a single night of
restricted sleep without a decrement in perform-
ance of 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 recuper-
ate 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 restriction, daytime sleepi-
ness, and performance of children in school and
on their behavior may be greater than previously
realized.

In 1972, Dement98 powerfully described possi-
ble 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 minimiz-
ing activity in the neural systems that subserve sleep
induction and maintenance. As the potency of these
systems increase [sic] during the period of their
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 redis-
tribution of activity in sleep and arousal systems in
which NREM sleep would occur in the form of hun-
dreds of microsleeps.”

Microsleep episodes have been well docu-
mented in both human and animal studies.99-101

Kales and colleagues have described disorienta-
tion and misperceptions during sleep depriva-
tion that seemed to be associated with “lapses”
that become more frequent as deprivation con-
tinues.90 Armington and Mitnick found that
sleep deprivation eventually produced brain
wave patterns that were more or less continu-
ously at the NREM stage 1 level in subjects who
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appeared to be behaviorally awake.99 The most
consistent result of modest amounts of sleep loss
in humans is the occurrence of these microsleep
periods100 which increase in frequency through-
out 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 percep-
tual 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.98

PHYLOGENETIC CONSIDERATIONS

Understanding sleep in humans requires some
reflection on sleep in other species. Although
periods of sluggish activity can be documented
in reptiles, it does not appear that physiologic
sleep occurs.102 Although only a relatively small
number of mammalian species have been stud-
ied, it appears that most, if not all, birds and
mammals sleep. Quiescent periods, intervals of
reduced responsiveness to environmental stim-
uli, rapid reversibility of state, specific postures,
and characteristic EEG changes have been
observed.103 However, all of these criteria need
not be present concomitantly, and quiescence is
not always equivalent to inactivity. Ritualistic
presleep activity and behaviors occur in many
species, including humans. The timing of sleep
varies: Some species consolidate sleep into a sin-
gle period of time, while others distribute sleep
throughout a 24-hour continuum.

Sleep in birds is remarkably similar to sleep in
mammals. Both demonstrate two distinct types
of sleep, with comparable electrophysiologic
activity. Major differences appear to be in the
pattern of sleep and the greater number of sleep
states observed in avian species.104

Zepelin and Rechtschaffen studied available
sleep data on more than 50 mammalian
species.28 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 meta-
bolic rates. Species that have longer sleep peri-
ods tend to exhibit shorter life spans and are
smaller in size. Meddis replicated this study in a

sample of 65 species and obtained similar
results.105

NREM-REM cycling appears to be the basic
organization of sleep in most species studied.
Although the quality and quantity of NREM and
REM sleep vary considerably, a regularly pat-
terned series of state changes occurs, with
demonstrable slowing of the EEG and the pres-
ence of spindling activity.103 Paradoxical sleep
has been recorded in almost all mammalian
species studied. Characteristics of this sleep state
include desynchronization (activation) of CNS
electrical activity, skeletal muscle atonia, peri-
odic twitching, and physiologic instability (espe-
cially of the cardiovascular and respiratory
systems). Changes in thermoregulation and high
arousal thresholds are present. Rhythmic theta
activity and PGO spikes are typically seen on
EEG during mammalian paradoxical sleep.

Phylogenetic development of REM sleep has
been studied by Allison and Van Twyver.106 It
appears to have developed approximately 130
million years ago. Allison and Cicchetti con-
cluded that the volume of REM sleep correlated
with lifestyle, 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 primi-
tive, the role of REM sleep in the development of
the CNS 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 contin-
ues 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.65

Jouvet-Mounier and associates have studied
the ontogenetic development of sleep in infant
cats, rats, and guinea pigs.107 More than 70 ani-
mals underwent electrocortical, electro-ocular,
electromyographic, and behavioral monitoring
from birth to 50 days of age. REM sleep was the
preponderant form of sleep in all of them. 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 amount of paradoxi-
cal sleep recorded during the perinatal period.
Rat pups exhibited 70% paradoxical sleep at
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birth, which decreased rapidly almost to adult
levels by 30 days of life. A decrease of paradoxi-
cal sleep in kittens was considerably slower.
Guinea pigs showed the lowest volume of para-
doxical sleep (7%); however, this was still
approximately double the volume seen in the
adult animal. Maturation of SWS is late in com-
parison with paradoxical sleep, and the time
spent in paradoxical sleep and SWS varies dur-
ing the first postnatal month. These variations
are different among species. Newborn kittens
have a more highly developed cortex than rat
pups.108 Cortical neurons mature very rapidly
and reach the histologic characteristics of adult
cortical neurons by the 12th postnatal day, con-
comitant with the appearance of SWS. In contrast,
the cortex of the newborn guinea pig appears his-
tologically the same as that of the adult.109

Sleeping dolphins and porpoises are fascinat-
ing and of particular ontogenetic interest
because of the complexity of the Cetacean CNS.
Mukhametov has studied the neurophysiology
of sleep in the bottle-nosed dolphin (Tursiops
truncatus) and the porpoise (Phocoena pho-
coena)110 and showed that the main characteris-
tics of sleep in these marine mammals are
unihemispheric SWS and the apparent absence
of paradoxical sleep. EEG characteristics were
similar to those typical for the mammalian brain,
and three distinct stages can be identified:
desynchronization; intermediate synchroniza-
tion, with sleep spindles, theta activity, and delta
waves; and maximal synchronization, with slow
waves constituting more than 50% of each
recording period. In all dolphins studied, uni-
hemispheric SWS was the main type of sleep
recorded. Interestingly, this type of sleep is not
found in other mammals. Synchronization of the
EEG occurs in one hemisphere, while the oppo-
site hemisphere reveals desynchronization.
These cycles of synchrony and desynchrony
appear to be independent. Each hemisphere
exhibits different amounts of SWS, and depriva-
tion of SWS in one hemisphere does not result in
contralateral rebound. Ipsilateral rebound is
noted in the SWS-deprived hemisphere only.
Mukhametov attempted to identify neurophysio-
logic and behavioral correlates of paradoxical
sleeping in 30 animals of two species and con-
cluded that paradoxical sleep does not appear to
be present in the dolphin or porpoise. However,
it is very difficult to prove the complete absence

of paradoxical 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 phe-
nomenon. Unraveling the mystery has fascinat-
ing teleologic implications.

BEHAVIORAL AND PHYSIOLOGIC
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 lifestyles focus 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, fulfill-
ment, happiness, or success appears to consist of
intrusive, unwelcome gaps. However, the impor-
tance of these gaps in permitting 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 physiologic perspectives. In the
simplest terms, it is a reversible disengagement
with and unresponsiveness to the external envi-
ronment, 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.

It seems easy to determine when an individ-
ual is sleeping. Behavioral correlates include a
recumbent position, closure of the eyelids, qui-
escence, and diminished responsiveness to
external stimuli. These behaviors are fairly con-
sistent among individuals. However, sleep onset
requires complex interactions of learned behav-
iors and physiologic processes. Absence of sud-
den external stimuli; a suitable, safe, comfortable
environment; relaxation of postural muscles;
and learned stereotypical behaviors associated
with bedtime are required.111 There is some evi-
dence that rhythmic, monotonous sensory stim-
ulation helps promote sleep.112 Whether this is
behavioral, physiologic, or a combination is
speculative.

Physiologically, sleep onset and maintenance
are not passive processes. Isolation of the cere-
brum from the brainstem and spinal cord
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(cerveau isolé) produces a state indistinguishable
from physiologic sleep.113 A series of exquisite
experiments identified neurons of the reticular
formation that received collateral input from
somatic, visceral, and special sensory pathways
and sent ascending projections dorsally and ven-
trally to the basal forebrain.114-116 These collec-
tions of neurons constitute what is called the
reticular activating system. Complex projections
of neurons from the reticular formation to the
posterior hypothalamus-subthalamus, to the basal
forebrain, and then to the cortex are responsible
for the maintenance of wakefulness.117

Although 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 CNS.118 This sleep inducing structure
appeared to be located in the lower brainstem,
specifically the dorsal medullary reticular forma-
tion and nucleus of the solitary tract. Lesions in
this area produced EEG activation in a sleeping
animal.119,120 A sleep facilitation center appears
to be present in the rostral hypothalamus,121 and
cortical synchrony can be elicited by stimulation
of the midline thalamus.122 Sleep-inducing neu-
rons are also found in the preoptic area and basal
forebrain. Gamma-aminobutyric acid neurons
located in the cortex, as well as neurons located
in the hypothalamus and basal forebrain, are
vital for slow-wave production.117

Therefore, sleep onset results from a complex
series of events involving changes in levels of
somatic, visceral, and special sensory input;
active inhibition of neuronal networks that pro-
duce cortical desynchronization; and active
stimulation of neuronal systems and pathways
responsible for cortical synchrony. In addition,
the rhythmic organization of these activities is
extremely complex and appears to be controlled
by neurons located in the suprachiasmatic
nucleus.123 Jouvet described a separate system of
neurons located in the upper pons that con-
trolled the induction and manifestations of REM
sleep.124 This system was under the influence of
an “oscillator” that was separate (though linked
to) that which controlled the rhythmicity of the
sleep–wake cycle. According to Hobson, the
cholinergic, “REM-on” system of neurons is
located primarily in the mesencephalic, medullary,
and pontine gigantocellular tegmental fields but

may be widespread.125 Discharges from these
neurons are responsible for REM sleep epiphe-
nomena of cortical desynchronization, conjugate
eye movements, a decrease in muscle tone by
active inhibition of alpha motor neurons, muscu-
lar twitching, and cardiorespiratory 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 parabrachialis lateralis, interacts with
the opposing system, resulting in alternations
between NREM and REM sleep.

It is clear that the behavioral, neurochemical,
and neurophysiologic mechanisms of the
sleep–wake cycle and electrophysiologic cycles
during sleep itself are complex and intensely
integrated. Not all of sleep’s characteristics have
been elucidated. Further research is needed.
Their biological substrate may prove to be sim-
ple or reflect extraordinarily complex physio-
logic processes. The implications for fetal and
childhood development may be more significant
than our wildest dreams.
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Children do not usually complain of sleep prob-
lems. An adult, most often a parent or another
caregiver, usually initiates the medical evalua-
tion. The major presentations of sleep disorders
are insomnia, hypersomnia, and abnormal
behaviors during sleep. This chapter will review
the differential diagnosis of sleep disorders in
children, using as a framework the International
Classification of Sleep Disorders.1

Insomnia, hypersomnia, and abnormal move-
ments are not simply features of sleep disorders
but may provide a clue that an unsuspected
medical problem is present. For example, insom-
nia may be an important clue to the presence
of pinworm2 or iron deficiency3. Hypersomnia
can be a clue that the tonsils and adenoids are
enlarged,4-6 which may be the cause of cardiac
failure.7

What Is the Problem? 
Whose Problem Is It?
Children with sleep disorders seldom bring their
disorder to the attention of clinicians directly.
Sleep disorders in children are usually suspected
because of an observation (for example, of snoring,
apnea, behavioral changes) by others. Therefore,
the evaluation of a child’s sleep must include an
interview with the caregiver and a review of the
symptoms and behaviors as they affect the patient
and the family unit.

Frequently, there is no medical problem at all,
but the expectations of the parent or caregiver
are inappropriate. For example, a sleepless cou-
ple might bring in their 3-month-old child won-
dering why the child does not sleep through the
night and explaining that this is interfering with
their own nocturnal sleep. The problem here is

that the parents are not aware of what is normal.
Thus, clinicians must know what is normal and
what is expected, and they must transmit this
to the parents. What is normal in the child can
result in a problem for the parents when their
work quality suffers as a result of their baby wak-
ing up at night.

At times, sleeplessness in a child may be the
result of problems in the family (a severe illness
in a parent, or marital problems). Thus, in eval-
uating a child for a sleep disorder, the clinician
must ascertain the following: What is the sleep
problem? Whose problem is it? What is the cause
of the problem?

Children present to clinicians with three
types of sleep-related problems. First are the
insomnias—disorders of initiating and main-
taining sleep; second are the hypersomnias—
disorders in which the child sleeps at the wrong
time and the wrong place and has excessive
sleepiness; and third is abnormal activity or
behaviors during sleep. A child may have symp-
toms that fall into more than one category. This
chapter focuses on the most commonly seen
disorders.

INSOMNIA

Insomnia is a symptom that reflects a perception,
by the patient or the caregiver, that it takes too
long to fall asleep or that it is difficult to maintain
sleep. Terms such as sleeplessness, insomnia, and
restlessness may be the actual words used. Different
people may notice different clinical features. For
example, the parent of a child may comment on
the child’s nocturnal difficulties, whereas the
school teacher might notice that the sleep-
deprived child falls asleep in class or demon-
strates features of hyperactivity.

Children can have disorders in any of the
major categories listed in Table 2–1. The clinician

Differential Diagnosis of 
Pediatric Sleep Disorders
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18 Chapter 2 Differential Diagnosis of Pediatric Sleep Disorders

ICD-9-CM ICD-10-CM Sleep Disorder (Alternate or Other Commonly Used Name)
Insomnia: Problems Falling Asleep and Staying Asleep*
307.42 F51.01 Psychophysiological Insomnia (conditioned insomnia)
307.42 F51.02 Paradoxical Insomnia (sleep state misperception)
307.41 F51.03 Adjustment Sleep Disorder (transient insomnia)
307.41 F51.04 Inadequate Sleep Hygiene
780.52 G47.01 Idiopathic Insomnia (childhood onset insomnia)
307.42 F51.05 Behavioral Insomnia of Childhood (sleep onset association disorder)
780.52 G47.09 Insomnia due to other known condition
291.89 F10-19 Insomnia due to substance abuse
995.2 T36-50 Insomnia due to adverse drug effect
307.42 F51.09 Insomnia due to psychiatric/behavioral condition

Sleep-Related Breathing Disorder: EDS and/or Restless Sleep†

780.51 G47.31 Primary Central Sleep Apnea
770.81 P28.3 Primary Sleep Apnea of Infancy (infant sleep apnea)
780.53 G47.32 Obstructive Sleep Apnea, Pediatric
780.53 G47.0 Sleep-Related Breathing Disorder due to cardiorespiratory disease
780.57 G47.34 Sleep Related Non-obstructive Alveolar Hypoventilation (central 

alveolar hypoventilation)
780.57 G47.35 Congenital Central Alveolar Hypoventilation Syndrome

Hypersomnia Not Due to a Sleep-Related Breathing Disorder: EDS‡

347.01 G47.41 Narcolepsy with Cataplexy
347.00 G47.42 Narcolepsy without Cataplexy
780.54 G47.11 Recurrent Hypersomnia (Kleine-Levin syndrome)
780.54 G47.12 Idiopathic Hypersomnia with long sleep time
780.54 G47.13 Idiopathic Hypersomnia without long sleep time
307.44 F51.11 Behaviorally-Induced Insufficient Sleep Syndrome
995.2 F10-19 Other Hypersomnia due to substance abuse
995.2 T36-50 Other Hypersomnia due to the adverse effects of a drug
307.44 F51.19 Hypersomnia due to psychiatric/behavioral condition

Circadian Rhythm Sleep Disorder: EDS and/or Problems Falling Asleep and Staying Asleep§

PRIMARY

780.55 G47.21 Delayed sleep phase type (delayed sleep phase syndrome)
780 55 G47.22 Advanced sleep phase type (advanced sleep phase syndrome)
780.55 G47.23 Irregular sleep-wake type
780.55 G47.24 Non-entrained type
780.55 G47.20 Other Primary Circadian Rhythm Sleep Disorder due to a known 

physiological condition
BEHAVIORALLY INDUCED

307.45 F51.21 Jet-lag type
307.45 F51.22 Shift-work type
291.89 F10-19 Circadian Rhythm Disorders due to substance abuse
995.2 T36-50 Circadian Rhythm Sleep Disorders due to adverse drug effect

Parasomnia: History of Abnormal Sleep-Related Behavior¶¶

780.56 G47.51 Confusional Arousals
307.46 F51.3 Sleepwalking
307.46 F51.4 Sleep Terrors
780.56 G47.52 REM Sleep Behavior Disorder, including Parasomnia Overlap Disorder
780 56 G47.53 Recurrent Isolated Sleep Paralysis
307.47 F51.5 Nightmare Disorder

Table 2–1. Sleep Disorders in Children
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decides which ones are most likely to be encoun-
tered and pursues a diagnosis.

Behavioral and Psychophysiologic
Disorders
Some behavioral and psychophysiologic disor-
ders occur in children but not in adults. In
limit-setting sleep disorders, for example, care-
givers may complain that children make persist-
ent “curtain calls” or refuse to go to sleep. In
sleep-onset association disorders, caregivers
may complain that the child cries during sleep
unless the adult rocks the child or sleeps with
the child. The children are either too young to
articulate the problem or do not see the behav-
ior as a problem.

Psychiatric Disorders
Children can have almost any of the major psy-
chiatric disorders. Insomnia may be caused by
the psychiatric disorder itself 8 or by treatment
for the disorder.9 For example, antidepressants
may lead to difficulty in falling asleep or to
increased movements during sleep (see “Drug
Use and Abuse,” later).

Although psychiatric disorders may indeed
cause sleep problems, equally important is the
potential misdiagnosis of a sleep disorder as a
psychiatric disorder10,11 or even as epilepsy.12

For example, patients who were initially diag-
nosed as having schizophrenia have been subse-
quently found to have narcolepsy.11 Their very
vivid and sometimes frightening hypnagogic

Differential Diagnosis of Pediatric Sleep Disorders Chapter 2 19

300.15 F44.9 Nocturnal Dissociative Disorder
788.36 N39.44 Sleep-related Enuresis
780.56 G47.59 Parasomnia due to substance abuse
307.47 F51.39 Parasomnia due to psychiatric disorders

Sleep-Related Movement Disorder: Problems Initiating or Maintaining Sleep, Excessive Sleep
Movements, or EDS¶

333.99 G47.61 Restless Legs Syndrome
780.58 G47.62 Periodic Limb Movement Disorder
780.58 G47.63 Sleep-Related Leg Cramps
780.58 G47.64 Sleep-Related Bruxism
780.58 G47.65 Sleep-Related Rhythmic Movement Disorder (body rocking, head 

banging)

Isolated Symptoms, Apparently Normal Variants, and Unresolved Issues
307.49 R29.81 Long Sleeper
307.49 R29.81 Short Sleeper
786.09 R06.5 Snoring
307.49 R29.81 Sleeptalking
781.01 R25.8 Sleep Starts, Hypnagogic Jerks
781.01 R25.8 Benign Sleep Myoclonus of Infancy

*See Chapter 11.
†See Chapters 17 to 23.
‡See Chapters 13 to 16.
§See Chapters 8 and 9.
¶¶See Chapters 25 to 27.
¶See Chapter 26.
EDS, excessive daytime sleepiness; ICD-9-CM, International Classification of Diseases, Ninth Edition, Clinical

Modification; ICD-10-CM: International Classification of Diseases, Tenth Edition, Clinical Modification.

Table 2–1. Sleep Disorders in Children—Cont’d
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hallucinations were misinterpreted to be psy-
chotic hallucinations. Adults with narcolepsy
can usually differentiate dreamlike imagery as
being “unreal,” but children with narcolepsy may
be unable to determine whether the hypnagogic
hallucinations were “real” (i.e., a hallucination
that appeared to be real) or dreams. Similarly,
children may be diagnosed as having depression
when in fact they have sleepiness that results
from a sleep disorder such as one of the move-
ment disorders.

Drug Use and Abuse
A great number of children are being treated
with medications that can cause insomnia. These
medications might include stimulants (as used
for the treatment of attention-deficit/hyperactiv-
ity disorder13) or antidepressants.9 The use of
alerting illicit drugs must also be assessed.14 The
clinician seeing teenagers should be aware of
the illicit drugs being used in the community
that might lead to insomnia and other sleep
complaints. Thus, if a parent brings a teenager
for assessment who has had a personality change
and perhaps weight loss, and who has to have
clothes laundered frequently because of obvious
and increased perspiration, use of drugs such as
3,4-methylenedioxymethamphetamine (MDMA,
“Ecstasy”) should be considered. Such children
may also have restless legs syndrome and
insomnia.15

Sleep-Induced Respiratory
Impairment
Insomnia appears to be a rare manifestation of
sleep breathing disorders in children. Caregivers
may complain that the child is “restless” and
moving a great deal, but insomnia per se is
unusual. On the other hand, children with dis-
orders such as asthma, or those with chronic
conditions such as cystic fibrosis who may
cough a great deal, may have difficulty in initiat-
ing and maintaining sleep because of their
underlying respiratory disorder.

Movement Disorders
Movement disorders such as restless legs syn-
drome and periodic movements in sleep occur
in children and may cause severe insomnia. As in

the adult, the disorder may be secondary—for
example, caused by a reduction in iron stores.3

Surprisingly, other movement disorders—for
example, head banging or body rocking (rhyth-
mic sleep disorders)—are less likely to appear
with insomnia than might be expected. Patients
with the rhythmic sleep disorders are often
brought to the physician’s attention by a care-
giver who is quite concerned about the hazards
they believe might be caused by the sometimes
vigorous movements.

When a child is suspected or proven to have
a movement disorder, especially restless legs
syndrome, it is worthwhile to determine whether
a reduction in iron stores exists.3 Serum ferritin,
iron, and iron-binding capacity should be meas-
ured. A screening complete blood count is not
adequate to exclude reduction in iron stores. If
reduced levels of iron stores are confirmed, then
the source of the iron loss should be determined.
Poor diet, blood loss from menses, or blood loss
from the gastrointestinal tract should be explored.
If gastrointestinal symptoms are present, the cli-
nician should screen for disorders that may
cause malabsorption, such as celiac disease.

Disorders of Timing 
in the Sleep–Wake Cycle
Parents of very young children may believe that
a sleep–wake cycle timing problem is present,
but frequently this results from unreasonable
expectations about the children’s sleep—in par-
ticular, about when they should be able to sleep
through the night.

Teenagers may develop the delayed sleep
phase disorder. Patients with this disorder go to
bed but are not able to fall asleep until very late.
When allowed to sleep in, they will sleep in until
lunchtime or later. They have a great deal of dif-
ficulty getting out of bed in the morning—for
example, to go to school. This diagnosis is really
one of exclusion, and it is important that the cli-
nician determine that other causes of difficulty
in falling asleep are not present—for example,
a movement disorder, the use of stimulants, or
playing video games and listening to music late
into the night. One should also exclude depres-
sion and a pattern of school avoidance.

Children with blindness or neurologic dam-
age may have a timing problem related to their
not being able to use the retinohypothalamic
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pathways to synchronize their sleep–wake cycle
to the 24-hour day.16

Parasomnias
Sleepwalking, confusional arousals, sleep terrors,
and sleeptalking do not necessarily, by them-
selves, cause insomnia. In fact, they usually do
not. However, a child may develop a fear of falling
asleep after such an episode has occurred. This
can be quite distressing. For example, a child
who is known to sleepwalk a great deal may be
unable to fall asleep when at a friend’s house for
fear of having a sleepwalking episode.

Central Nervous System Disorders
Diseases involving the central nervous system
may cause insomnia. It is probably prudent to
include in this category disorders such as autism,
which may result in the child often being awake
and active at night.17,18 As is often the case
for childhood sleeping disorders, it is seldom
the child who complains of the problem but the
caregiver.

HYPERSOMNIA

Disorders of hypersomnia result in excessive
sleepiness when the child should be wide awake
and alert. Sleepiness has many faces in children,
ranging from the inability to stay awake (even
falling asleep in school) to what can best be
described as hyperactivity and the inability to sit
still and focus in school. In some cases, sleepi-
ness is apparent because the child falls asleep at
the wrong time and in the wrong place. In other
cases, the teacher complains that the child is
daydreaming and cannot focus.

Two disorders of excessive daytime sleepiness
(EDS) require special attention: those that lead
to sleep breathing disorders and those that affect
the central nervous system. These disorders are
frequently missed by clinicians. Several categories
of disorders that cause daytime sleepiness are
identical to categories of disorders that are asso-
ciated with insomnia.

Behavioral and Psychophysiologic
Disorders
Any of the disorders that cause insomnia, if they
lead to a sufficient loss of nocturnal sleep, can

result in daytime sleepiness. Thus, the teenager
who falls asleep at 4 AM because of a delayed
sleep phase is likely to fall asleep in class and
may present with a clinical problem of excessive
daytime sleepiness.

Some disorders, however, result in daytime
sleepiness even though the child has apparently
been in bed and asleep for an acceptable number
of hours. Thus, the clinician and the parent
should know the normal nocturnal sleep times
for children of various ages. The author has eval-
uated 10-year-old children for EDS whose par-
ents believed it was normal for a child of that age
to sleep 7 hours per night, whereas 9 to 11 hours
is more appropriate.

Psychiatric Disorders
Several major psychiatric disorders, or the drugs
used to treat them, can cause daytime sleepiness.
In particular, depression has this effect.

Drug Dependency
The use of licit and illicit drugs must be consid-
ered in children with hypersomnias. The clini-
cian should be aware of what drugs are being
used in the community.

Sleep-Induced Respiratory
Impairment
Obstructive sleep apnea syndrome and its vari-
ants lead to excessive daytime sleepiness because
of the increased number of arousals during the
night. Several issues in children are worth atten-
tion. In adults, the main cause of sleep breathing
disorders is obesity, but in children it is enlarged
tonsils and adenoids. Obese children, however,
can develop obstructive sleep apnea syndrome
that is indistinguishable from that in adults.19,20

Arterial hypertension may be caused by sleep
apnea in a child.21 Loud and disruptive snoring
in the child with documented daytime sleepiness
should be evaluated as a probable case of a sleep
breathing disorder. In children, retrognathia
and micrognathia can also lead to sleep breathing
disorders. Thus, an examination of the upper
airway is absolutely critical in the child with
excessive daytime sleepiness. Sleepiness in chil-
dren with obstructive sleep apnea syndrome has
been misinterpreted as a feature of depression.
Sleep apnea can occur in children of any age.
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Sleep breathing abnormalities should be sus-
pected in children if they have the symptoms
typically seen in adults (snoring, sleepiness), and
it should also be suspected in children with awake
hypoventilation, growth retardation, and certain
congenital disorders.

Hypoventilation

Children with congenital central hypoventila-
tion syndrome have symptoms that may be sim-
ilar to those in children with obstructive sleep
apnea syndrome.22-24 Obstructive sleep apnea
caused by adenotonsillar hypertrophy may com-
plicate congenital central hypoventilation syn-
drome24 and chronic lung diseases. Any sleep
breathing disorder that causes hypoventilation
may result in pulmonary hypertension, cor pul-
monale, and polycythemia.25,26

Growth Retardation

Growth retardation may be present in newborns
whose mothers had a sleep breathing disorder.27,28

Growth retardation is a feature of sleep breathing
disorders in children of any age.6,29-32

Congenital Disorders

Congenital diseases including myopathies,33,34

muscular dystrophies,34 neurologic disorders
that might affect the system controlling breath-
ing, and disorders resulting in facial skeletal
abnormalities or soft tissue abnormalities of the
upper airway can all result in sleep breathing
disorders.14,15,35-38

Movement Disorders
Children with movement disorders may be quite
sleepy during the daytime. This is in contrast to
adults, in whom excessive daytime sleepiness
may not be a prominent symptom with move-
ment disorders.

Disorders of Timing 
of the Sleep–Wake Pattern
A patient who has non–24-hour sleep–wake syn-
drome, or the child who is asleep almost all the
time or who has a completely random sleep–wake

schedule, may have a mass lesion in the central
nervous system.

Central Nervous System
Abnormality
Just as abnormalities of the central nervous sys-
tem can lead to insomnia, some also lead to
excessive daytime sleepiness. Narcolepsy is a
disorder that is frequently missed because most
clinicians do not take the time to ask about a
patient’s sleep. In fact, in some series, it took
over 15 years from the onset of symptoms before
the diagnosis of narcolepsy was first made.39

Many patients who are ultimately diagnosed with
narcolepsy have previously been diagnosed
with a psychiatric condition, frequently depres-
sion. Similarly, patients with the obstructive
sleep apnea syndrome are often diagnosed with
depression.

Some disorders that result in excessive
daytime sleepiness because of involvement of
the hypothalamic areas of the nervous system
also lead to excessive weight gain, which may
then cause sleepiness (e.g., obstructive sleep
apnea). This may be the situation, for example,
in Asperger’s syndrome or Kleine-Levin syn-
drome.

ABNORMAL SLEEP-RELATED
BEHAVIORS

Children with abnormal movements and behav-
iors seldom complain about them. It is usually
others who notice the abnormalities, which
range from the merely annoying (the chipmunk-
like noises of patients with sleep bruxism) to
episodes of sleep terrors that are frightening
to the observer. Some of these disorders can cause
the child a great deal of embarrassment (e.g.,
sleep enuresis). Although some of the disorders
in this category are not serious, they can cause
the patient a great deal of distress.

Behavioral or Psychophysiologic
Disorders
The parent may complain about a child’s wan-
dering at night, making frequent curtain calls,
or wanting to sleep in the parental bed. These
“disorders” can be disruptive to the family.
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Movement Disorders
Rhythmic movement disorders (e.g., head-
banging) are surprisingly common in children.
These disorders are brought to the clinician’s
attention usually not because of any symptom
but because the parent assumes that the some-
times violent movements must be associated with
abnormal pathology.

Parasomnias
Parasomnias are extremely common in children.
Disorders such as night terrors, sleepwalking,
and enuresis can be quite disruptive to the fam-
ily and cause a great deal of embarrassment
for the patient. It is important to differentiate
such movements from sleep-related epilepsy (see
later).

Central Nervous System Disorders
Severe disorders of the neurologic system,
including seizures, may result in abnormal
sleep-related behaviors. A sleep behavior that
is very stereotypic and almost always the same
should alert the clinician to the possibility of a
seizure disorder.

SLEEP DISORDERS IN OTHER
CLINICAL SYNDROMES

When patients have complex clinical syndromes,
a sleep disorder is sometimes overlooked. Table
2–2 gives examples of some complex disorders
that have been associated with sleep disorders.
Sometimes, treating the sleep disorder can result

in quite substantial clinical improvement. Some
clinicians are reluctant to consider a sleep-related
diagnosis in patients with, for example, Down
syndrome, because of their belief that nothing
can be done for sleep disorders in such patients.
However, some patients with Down syndrome
can do extremely well with treatment for their
sleep disorders.

CONCLUSION

Children referred for sleep disorders may not
have a sleep disorder at all: the problem may be
that the caregiver does not understand normal
sleep in children. Some children who are referred
for sleep disorders may have a serious condition
(e.g., obstructive sleep apnea) that can be
treated. If they have a movement disorder caused
by an iron deficiency, they can be cured. Children
with narcolepsy, on the other hand, will require
lifelong management to function normally.
Children with sleep disorders require a detailed
review of clinical features and a detailed assess-
ment to optimize their management.
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NORMAL SLEEP PATTERNS
AND BEHAVIOR

Relatively few large-scale epidemiologic studies
have been performed to systematically define nor-
mal sleep and wakefulness patterns and sleep
duration in infants, children, and adolescents. Of
those that have examined the issue of what con-
stitutes normal sleep in children in order to better
define abnormal or insufficient sleep, most have
utilized subjective, parent-report, retrospective,
cross-sectional surveys in selected populations.
There are even more limited data from studies uti-
lizing more objective methods of measuring sleep
quality and duration, such as polysomnography
and actigraphy, and many of these studies were
conducted prior to the establishment of accepted
sleep monitoring and scoring standards.

Descriptions of sleep phenotypes and defini-
tions of normal sleep patterns and requirements
must necessarily incorporate the wide range of
normal developmental and physical matura-
tional changes across childhood and adoles-
cence. Although cross-sectional studies yield
important information regarding sleep in dis-
crete age groups, they do not describe the evolu-
tion and persistence of sleep–wake patterns over
time, nor do they help to elucidate the complex
reciprocal relationship between sleep and cogni-
tive/emotional development from the prenatal
period through adolescence.

In general, large epidemiologic studies do sup-
port several general trends in normal sleep pat-
terns across childhood:

1. Decreased average 24-hour sleep duration
from infancy through adolescence, which
involves a decline in both diurnal and noctur-
nal sleep amounts.1 In particular, there is
a dramatic decline in daytime sleep (sched-
uled napping) between 18 months and 5 years,
with a less marked and more gradual contin-

ued decrease in nocturnal sleep amounts into
late adolescence.

2. Increasingly irregular sleep–wake patterns
with larger discrepancies between school
night and non–school night bedtimes and wake
times and increased weekend oversleep from
middle childhood through adolescence.

3. A gradual shift to a later bedtime and sleep
onset time that begins in middle childhood
and accelerates in early to mid adolescence.
As with most sleep behaviors, these trends
reflect the physiologic/chronobiologic, devel-
opmental, and social/environmental changes
that occur across childhood.

Also, some evidence suggests that sleep pat-
terns and behaviors in children and adolescents
today have changed somewhat from those present
in previous generations over time. Several studies
have shown not only that average sleep duration
decreases across middle childhood and adoles-
cence (in contrast to sleep needs, which do not
dramatically decline) but that sleep duration in
equivalent age groups has declined over a period
of time. This trend appears to be related in school-
aged children largely to later bedtimes, and, in
adolescents, to earlier sleep offset as well as later
sleep onset times.

It is also important to consider the cultural
and family context within which sleep behaviors
in children occur. For example, cosleeping of
infants and parents is a common and accepted
practice in many ethnic groups, including
African Americans, Hispanics, and Southeast
Asians, both in their countries of origin and in
the United States. Therefore, the developmental
goal of independent self-soothing in infants at
bedtime and after night wakings, although clearly
associated in a number of studies with fewer
subsequent sleep problems in young children,
may not be shared by all families. In many tradi-
tional societies, sleep is heavily embedded in
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social practices, and both the sleeping environ-
ment and the positioning of sleep periods within
the context of other activities is much less soli-
tary and less rigid than in more westernized cul-
tures. The relative value and importance of sleep
as a health behavior, the interpretation of prob-
lematic versus normal sleep by parents, and the
relative acceptability of various treatment strate-
gies (e.g., the cry-it-out approach) for sleep
problems are just a few additional examples of
sleep issues that are impacted by cultural and
family values and practices.

NOSOLOGY

For a variety of reasons, it is often a challenge to
operationally define problematic sleep in chil-
dren. The range of sleep behaviors that may be
considered normal or pathologic is wide and the
definitions are often highly subjective. Researchers
have taken a number of approaches to this issue:
some use a priori definitions of disturbed or poor
sleep (e.g., waking for longer than 30 minutes
more than three times a week), whereas others
have relied on comparison to normative popula-
tions or have based the definition of sleep prob-
lems on what the parent subjectively identifies
as problematic. Other authors have attempted to
incorporate more concrete evidence of daytime
sequelae (mood, behavior, academic perform-
ance) to define significant sleep problems. Some
studies have included reports from other
observers, including teachers, to avoid depend-
ing solely on parents’ expectations for, and toler-
ance, awareness, and interpretation of, sleep and
daytime behaviors. In any event, it is clear that
a common nosology in terms of research defini-
tions of sleep disorders in children is lacking and
needs to be developed and evaluated to identify
and target populations at risk for sleep problems
for intervention.

On the other hand, clinically significant sleep
problems, like many behavioral problems in child-
hood, may best be viewed as more loosely occur-
ring along a severity and chronicity continuum
that ranges from a transient and self-limited dis-
turbance to a disorder that meets specific diag-
nostic criteria as outlined in the International
Classification of Sleep Disorders (ICSD) and/or
the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV). Unlike strict research defi-
nitions of sleep problems, the validity of parental

concerns and opinions regarding their child’s
sleep patterns and behaviors, and the resulting
stress on the family, must be considered in defin-
ing sleep disturbances in the clinical context.
Furthermore, successful treatment of pediatric
sleep problems is highly dependent on identifi-
cation of parental concerns, clarification of mutu-
ally acceptable treatment goals, active exploration
of opportunities and obstacles, and ongoing
communication of issues and concerns.

VARIABLES AFFECTING SLEEP
PATTERNS AND BEHAVIORS

The relative prevalence and the various types of
sleep problems that occur throughout childhood
must also be understood in the context of nor-
mal physical and cognitive/emotional phenom-
ena that are occurring at different developmental
stages. For example, brief regressions in sleep
behaviors often accompany the achievement of
motor and cognitive milestones in the first year
of life, and increased night-time fears and night
wakings in toddlers may be a temporary mani-
festation of developmentally normal separation
anxiety peaking during that stage. Parental recog-
nition and reporting of sleep problems in chil-
dren also varies across childhood, with parents
of infants and toddlers more likely to be aware of
sleep concerns than those of school-aged children
and adolescents. The very definition of a sleep
problem by parents is often highly subjective
and is frequently determined by the amount of
disruption caused to parents’ sleep.

In addition to considering sleep disturbances
within a developmental context, a number of
other important child, parental, and environ-
mental variables affect the type, relative preva-
lence, chronicity, and severity of sleep problems.
Child variables that may significantly impact
sleep include temperament and behavioral style,
individual variations in circadian preference, cog-
nitive and language delays, and the presence of
comorbid medical and psychiatric conditions.
Parental variables include parenting and disci-
pline styles, parents’ education level and knowl-
edge of child development, mental health issues
(such as maternal depression), family stress, and
quality and quantity of parents’ sleep. Envi-
ronmental variables include the physical envi-
ronment (space, noise, perceived environmental
threats to safety, and room and bed sharing),
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family composition (number, ages, and health sta-
tus of siblings and extended family members), and
lifestyle issues (parental work status and compet-
ing priorities for parents’ and children’s time).

Finally, although many sleep problems in
infants and children are transient and self-limited
in nature, the common wisdom that all children
grow out of sleep problems is not an accurate
perception. Certain intrinsic and extrinsic risk
factors (such as difficult temperament, chronic
illness, neurodevelopmental delays, maternal
depression, and family stress) may predispose
a given child toward a more chronic sleep dis-
turbance. The persistence of infant sleep prob-
lems into early childhood has been documented
in a number of studies.

PREVALENCE: SURVEYS OF
NORMAL POPULATIONS

The following discussion largely focuses on
general sleep problems in children and on non-
specific presenting sleep complaints, such as
bedtime resistance and night wakings; preva-
lence data regarding specific sleep disorders
such as obstructive sleep apnea syndrome are
found in other chapters. A number of studies have
examined the prevalence of parent- and child-
reported sleep complaints in large samples of
children and adolescents; many of these studies
have also attempted to further delineate the
association between disrupted sleep and behav-
ioral concerns. Most of these studies have uti-
lized broad-based parent-report sleep surveys
to assess for a variety of sleep problems, ranging
from bedtime resistance to prolonged night wak-
ings to parasomnias.2,3 There are limitations
to these data, including varying definitions of
problem sleep, difficulty in identifying daytime
sleepiness–related behaviors (especially in
younger children), and limited information
regarding possible confounding factors (e.g.,
comorbid medical conditions and medication
use). Thus, parent reports may over- or underes-
timate the prevalence of sleep problems.
Furthermore, it should be emphasized that
parental descriptions of sleep problems are not
equivalent to diagnoses of sleep disorders made
during a clinical evaluation.

Approximately 25% of all children experience
some type of sleep problem at some point during
childhood. Such problems range from short-term

difficulties in falling asleep and night wakings
to more serious primary sleep disorders such as
obstructive sleep apnea. Studies have reported
an overall prevalence of parent-reported sleep
problems ranging from 25% to 50% in samples
of preschool-aged children to 37% in a commu-
nity sample of 4 to 10 year olds.4,5 A more recent
study of over 14,000 school-aged children6 found
sleep problems in 20% of 5 year olds and 6% of
11 year olds. Another study found a prevalence
of sleeping difficulties in 43% of 8 to 10 year
olds.7 Many studies have examined the self-
reported prevalence of sleep problems in adoles-
cents: upwards of 40% of adolescents also have
significant sleep complaints,8 and 12% identified
themselves as “chronic poor sleepers.”9

Studies that have used self-reports of sleep
problems from older children have suggested
that there may be a discrepancy between parental
and child reports, with parents less likely than
the children to report sleep onset delays and
night wakings. Finally, in studies that have asked
health care providers to identify the prevalence
of sleep problems seen in their practices, rates of
significant difficulties initiating or maintaining
sleep across age groups vary, in one recent study
making up on average about 3% of all practice
visits.10 In the IMS (Intercontinental Medical
Statistics) Health National Disease and Thera-
peutic Index (NDTI) survey of 2930 office-based
practices in the continental United States, which
uses diagnostic codes, 0.05% of all pediatric visits
were for sleep problems and 0.01% were specifi-
cally for insomnia. However, practitioner-
identified sleep problems may also underestimate
prevalence11; for example, in the study by Rona
et al.,6 less than 25% of the school children with
sleep problems had consulted a physician.

IMPACT OF SLEEP PROBLEMS

Although a detailed description of the impact of
disrupted or insufficient sleep on children’s
health and well-being is beyond the scope of
this chapter, any discussion of the epidemiology
of pediatric sleep must underscore the impor-
tance of the relationships between sleep prob-
lems and mood, performance, and behavior.
Many of the studies that have examined these
complex relationships have sought to determine
how much sleep is needed by infants, children,
and teenagers for healthy functioning, and how

Epidemiology of Sleep Disorders during Childhood Chapter 3 29

Ch03.qxd  01/28/05  10:27 AM  Page 29



patterns of growth and development from infancy
to adolescence are negatively impacted by insuf-
ficient sleep. In general, studies that have exam-
ined these relationships have used one of a number
of different methodologies:

1. Assessment of effects of experimental sleep
restriction on mood, neuropsychological test
performance, and observed behavior

2. Evaluation of mood, behavioral, and academic
problems in children with clinical sleep disor-
ders (e.g., obstructive sleep apnea syndrome,
restless legs syndrome/periodic limb move-
ments during sleep)

3. Examination of the impact of treatment of
sleep disorders (pharmacologic, surgical, behav-
ioral) on neurobehavioral measures

4. Identification of behavioral and academic
dysfunction in “naturalistic settings,” of chil-
dren identified as poor sleepers or as having
inadequate sleep

5. Identification of sleep problems in popula-
tions of children with behavioral and academic
problems (e.g., attention deficit hyperactivity
disorder) compared to normal controls

A number of studies have demonstrated that
children for whom parents report sleep com-
plaints are more likely to manifest daytime sleepi-
ness, moodiness, behavioral problems, and school
and learning problems.12 In one recent survey
of sleep problems in elementary school–aged
children, teachers reported behavioral evidence
of significant daytime sleepiness in the class-
room setting in 10% of their students.4 Another
study found a significant correlation between
early rise times and self-reported difficulties in
attention and concentration13 in fifth graders.
Because of their cross-sectional design, however,
and the reliance on parental (or self-) report for
description of both sleep and behavioral vari-
ables in many of these studies, the results must
be interpreted cautiously insofar as sleep is con-
sidered to be a causal factor.

In similar survey studies, adolescents who
reported disturbed or inadequate sleep were also
more likely to report subjective sleepiness, mood
disturbances, and performance deficits in both
social and academic spheres.14,15 Adolescents
may be at increased risk for sleep disturbances
and inadequate sleep for a number of biologic,
environmental, and psychosocial reasons. The
resultant decrease in total sleep time in adoles-

cents has been associated in several studies with
poorer grades in school as well as depressed
mood, and anxiety. One study16 that found an
overall prevalence of significant sleep problems
in about one third of the adolescents surveyed,
also reported an increased level of self- and parent-
reported externalizing behavioral problems in
the sleep-disturbed sample.

Sleep problems are also a significant source
of distress for families and may be one of the
primary reasons for caregiver stress in families with
children who have chronic medical illnesses
or severe neurodevelopment delays. Furthermore,
the impact of childhood sleep problems is intensi-
fied by their direct relationship to the quality and
quantity of parents’ sleep, particularly if disrupted
sleep results in daytime fatigue or mood distur-
bances and leads to a decreased level of effective
parenting. Poor parental sleep has even been impli-
cated as a risk factor for child physical abuse.
Successful intervention not only has the effect of
improving the sleep of the entire family but may
help parents develop behavioral strategies that may
generalize for use with daytime behavior problems.

Unlike in adults, however, daytime sleepiness
in children may not be characterized by such
overt behaviors as yawning and complaining
about fatigue but may rather be associated with
a host of more subtle or even paradoxical behav-
ioral manifestations (such as increased activity).
These range from emotional lability and low
frustration tolerance (internalizing behaviors)
to neurocognitive deficits to behavioral disinhi-
bition (externalizing behaviors such as increased
aggression).12 In turn, functional deficits in
mood, attention, cognition, and behavior may
lead to performance deficits in the home, school,
and social setting. Objective, reliable, and cost-
effective measures of sleepiness and alertness in
children are lacking—particularly measures that
could be applied to large epidemiologic samples.
In addition, subjective self-report data regarding
sleepiness are largely unavailable in children,
and behavioral manifestations of sleepiness not
only vary with age and developmental level but
are often not reliably interpreted by parents and
other caretakers. Empirical studies involving
both normal and sleep-deprived pediatric popu-
lations (children with sleep disorders, adoles-
cents) have begun to describe the extent of, and
the consequences of, inadequate or disrupted
sleep in children.
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Studies of sleep in children with primary
behavioral and learning problems have further
supported an association between sleep and
performance impairments. Empirical evidence
indicates that children experience significant
daytime sleepiness as a result of disturbed or
inadequate sleep, and most studies suggest
a strong link between sleep disturbance and
behavioral problems.

EPIDEMIOLOGY OF SLEEP
IN SPECIAL POPULATIONS

Because of the multiple manifestations of poor
and insufficient sleep, the clinical symptoms
of any primary medical, developmental, or psy-
chiatric disorder are likely to be exacerbated by
comorbid sleep problems. Furthermore, sleep
problems themselves tend to be more common
in those children and adolescents with chronic
medical and psychiatric conditions. Improving
sleep has the benefit of improving clinical out-
come as well.

Sleep disturbances in pediatric special needs
populations are extremely common. Significant
sleep problems occur in 30% to 80% of children
with severe mental retardation and in at least half
of children with less severe cognitive impairment;
similar estimates in children with autism or per-
vasive developmental delay are in the 50% to 70%
range.17,18 Significant problems with initiation
and maintenance of sleep, shortened sleep dura-
tion, irregular sleeping patterns, and early morn-
ing waking have been reported in a variety of
different neurodevelopmental disorders, includ-
ing Asperger’s syndrome, Angelman’s syndrome,
Rett’s syndrome, Smith-Magenis syndrome, and
Williams syndrome. Other studies have suggested
that similar rates of sleep problems also occur in
both younger and older blind children, with diffi-
culty falling asleep, night wakings, and restless
sleep being the most common concerns. These
children with pre-existing neurologic abnormali-
ties are also more likely to have sleep problems
that are severe, and multiple sleep disorders are
likely to occur simultaneously.

Virtually all psychiatric disorders in children
may be associated with sleep disruption.
Epidemiologic and clinical studies indicate
that psychiatric disorders are the most common
cause of chronic insomnia. Psychiatric disor-
ders can also be associated with daytime sleepi-

ness, fatigue, abnormal circadian sleep patterns,
disturbing dreams and nightmares, and move-
ment disorders during sleep. Growing evidence
suggests that primary insomnia (i.e., insomnia
with no concurrent psychiatric disorder) is
a risk factor for later developing psychiatric
conditions, particularly depressive and anxiety
disorders.19

Several studies have evaluated the prevalence
of sleep problems in samples of children and
adolescents with a variety of psychiatric disor-
ders.16,20 The results suggest an increase in a wide
range of reported sleep disturbances in these
mixed clinical populations, including parasom-
nias such as nightmares and night terrors, diffi-
culty falling asleep and frequent and prolonged
night wakings, sleep-related anxiety symptoms
(e.g., fear of the dark), restless sleep, and subjec-
tive poor quality of sleep with associated day-
time fatigue. Similarly, an association has been
reported between DSM psychiatric disorders
(including affective disorders, attention deficit
hyperactivity disorder, and conduct disorder)
and sleep problems in surveys of children and
adolescents from the general population.4

Studies of children with major depressive disor-
der, for example, have reported a prevalence of
insomnia of up to 75% and of severe insomnia
of 30%, and sleep onset delay in a third of
depressed adolescents, although it should be
noted that objective data (e.g., with polysomnog-
raphy) does not always support these subjective
complaints.

Finally, reports of sleep complaints, especially
bedtime resistance, refusal to sleep alone,
increased night-time fears, and nightmares are
common in children who have experienced
severely traumatic events (including physical
and sexual abuse),21 and these complaints may
also be associated with less dramatic but
nonetheless stressful life events such as brief
separation from a parent, birth of a sibling, or
school transitions.22 Sleep problems are not uni-
versally found in all children experiencing vary-
ing degrees of stress, and some authors21 have
suggested that such variables as level of expo-
sure and physical proximity to the traumatic
situation, previous exposure, and the opportu-
nity for habituation to the stress may play
important roles in either mitigating or exacer-
bating associated sleep disturbances. Other con-
siderations, such as the age and temperament
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of the child, and the presence of parental psy-
chopathology, also clearly have an important
influence.

Little is currently known about the interac-
tion between sleep disorders and both acute and
chronic health conditions (such as asthma, dia-
betes, and juvenile rheumatoid arthritis), on
either a pathophysiologic or behavioral level,
although, particularly in chronic pain condi-
tions, these interactions are likely to significantly
impact on morbidity and quality of life.23-26 Much
of the information currently available regarding
the types of sleep problems that occur in these
children comes from studies of adults with
chronic medical conditions or from clinical
observations. A few recent studies have begun
to examine the role of sleep disturbances in
sickle cell disease27 and asthma, two disorders
particularly common in high-risk and minority
populations. The interaction between sleep and
physical and emotional dysfunction in acute
and chronic pain conditions, such as burns and
juvenile rheumatoid arthritis, has also begun
to be explored. Factors such as the impact of
hospitalization, family dynamics, underlying
disease processes, and concurrent medications
are also clearly important to consider in assess-
ing the bidirectional relationship of insomnia
and chronic illness in children.

Specific medical conditions that may also
have an increased risk of sleep problems include
the following:

Allergies: Chronic allergy-mediated rhinitis
with nasal congestion and cough, and chronic
or frequent sinusitis may be associated with dif-
ficulties initiating and maintaining sleep. Atopic
dermatitis may cause sleep disruption and frag-
mentation, difficulty falling asleep, night awak-
enings, and decreased sleep duration, as a result
of frequent scratching and discomfort.

Asthma: Asthma in children has been associated
with poorer subjective sleep quality, decreased
sleep duration, increased nocturnal wakings
with decreased sleep efficiency, and greater day-
time sleepiness. The prevalence of sleep prob-
lems in children with asthma has been reported
to be 60%. Asthma medications may also have
adverse effects on sleep; for example, both theo-
phylline and oral corticosteroids may cause sig-
nificant sleep disruption.

Burns: Children who are severely burned are at
particularly high risk for sleep problems, which in

turn may have significant adverse effects on their
recovery. Difficulty falling asleep, increased
arousals, nightmares, and increased daytime
sleepiness are common in the acute phase and
may persist for up to 1 year after the event.

Headaches: Migraine and tension headaches
have been associated with sleep onset and sleep
maintenance problems, and migraines have been
associated with an increased incidence of sleep-
walking. Furthermore, sleep deprivation may
trigger headaches in susceptible individuals.

Rheumatologic disorders: Children with juve-
nile rheumatoid arthritis and with fibromyalgia
have been shown to have more frequent night
wakings and sleep fragmentation that may be
associated with daytime sleepiness.
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The sleeping and waking states depend on activ-
ity in the entire brain, not in particular or inde-
pendent regions. In general, neural activity in
the brainstem diencephalic ascending reticular
activating system is responsible for the mainte-
nance of alertness and the waking state. Sleep is
a complex, active phenomenon. It is composed
of physiologically distinct (but highly synchro-
nized) states, and it cycles at regular intervals.
Sleep is not simply a reduction in activity of the
reticular activating system; rather, it is generated
by many different regions of the central nervous
system working together.

This chapter focuses on the various anatomic
centers of the central nervous system and their
functions in the sleep–wake cycle. Most of the data
delineating these areas have been derived from
animal lesion experiments. Other data come from
observations of signs and symptoms in humans
who have suffered from disease or dysfunction of
these particular topologic regions of the brain.

THE CORTEX

Sleeping and waking behavior occurs in the
absence of the cortex. This has been well docu-
mented in animal studies1-4 and in observations
of human newborns with anencephaly and holo-
prosencephaly.5 The cortex is involved with the
regulation and maintenance of wakefulness by
stimulating the ascending reticular activating
system, which, in turn, results in a general
arousal response (Fig. 4–1). There is some evi-
dence that this cortex–reticular activating sys-
tem–cortex activation loop may be responsible
for the hyperactivity and motor restlessness seen
in many children with attention deficit hyperac-
tivity disorder or with syndromes associated
with excessive daytime sleepiness. Evidence of
increased sleepiness has been documented in a
group of children with attention span problems,

hyperactivity, motor restlessness, behavioral diffi-
culties, and school failure.6 Short mean sleep onset
latencies, frequent sleep onsets, numerous
microsleep episodes, and pathologically short sleep
onset latencies in one or several multiple sleep
latency test naps have been documented. Excessive
sleep pressure might explain the effect of stimulant
medication on decreasing activity, motor restless-
ness, and improving attention span deficits in some
children with attention deficit hyperactivity disor-
der. By reducing sleepiness, reducing microsleep
episodes, and stimulating the cortex, the
cortex–reticular activating system–cortex feedback
loop may be broken, resulting in improvement of
symptoms. Figures 4–2 and 4–3 are schematic rep-
resentations of the mechanisms involved in slow-
wave and rapid eye movement sleep.

Behavioral components of sleep onset may
also be under the control of cortical activity.
Habits and rituals associated with sleep onset
create a relaxed and habitual situation that per-
mits physiologic sleep-onset mechanisms to per-
form their function. Absence of appropriate and
habitual sleep onset associations results in sig-
nificant sleep onset and maintenance difficulties
during early childhood.

Although sleep and wake cycling may be pre-
served in the absence of the cortex, there is evi-
dence that sleep and wake are dysfunctional in
many patients with generalized cortical disease.
Some recognizable characteristics remain (e.g.,
sleep spindles, vertex sharp transients), but
architecture may be severely disrupted and, in
some cases, no recognizable stages of sleep can
be seen.7-9

THE CEREBELLUM

The cerebellum is mainly responsible for the con-
trol of skeletal musculature, posture, and move-
ment. During sleep, cerebellar activity and

Anatomy of Sleep
Stephen H. Sheldon

4

35

Ch04.qxd  01/28/05  10:27 AM  Page 35



36 Chapter 4 Anatomy of Sleep

Figure 4–1. Schematic mechanism for generation of wakefulness. Solid circles A represent the neu-
rons of the reticular formation. Their major ascending projections into the forebrain proceed along two
major routes. The dorsal route terminates in the nonspecific thalamic nuclei, which in turn project in
a widespread manner to the cerebral cortex. The ventral route passes through the subthalamus and
hypothalamus and continues into the basal forebrain and septum, where neurons in turn project in a
widespread manner to the cerebral cortex and hippocampus. Solid squares B represent catecholamine
neurons of the lower brainstem and locus coeruleus (dorsal pons), which contain norepinephrine, and
of the substantia nigra and ventral tegmental area (ventral midbrain), which contain dopamine. The
norepinephrine neurons, mainly implicated in processes of cortical activation, project directly and dif-
fusely to the cerebral cortex, as well as to the subcortical way stations. The dopamine neurons, which
are predominantly implicated in processes of behavioral activity and responsiveness, project heavily
into the basal ganglia and frontal cortex. Solid triangles C represent acetylcholine neurons of the brain-
stem reticular formation (including the laterodorsal and pedunculopontine tegmental nuclei in the
dorsal pons and midbrain) and basal forebrain (substantia innominata, diagonal band nuclei, and sep-
tum). Cholinergic neurons are implicated in cortical activation and from the brainstem project pre-
dominantly to subcortical way stations, including the thalamus, the subthalamus, the hypothalamus,
and the basal forebrain and septum. The cholinergic basal forebrain neurons project in a widespread
manner to the cerebral cortex and hippocampus. Not shown are other neuronal systems implicated in
wakefulness, including histamine neurons located in the posterior hypothalamus, which also project
directly to the cerebral cortex. Glutamate neurons located through subcortical structures and in the
cerebral cortex are important in the processes of cortical activation and wakefulness. Multiple peptides,
such as substance P, corticotropin-releasing factor, thyrotropin-releasing factor, and vasoactive intes-
tinal polypeptide, may be involved in wakefulness and are often colocalized with one of the other pri-
mary neurotransmitters, such as norepinephrine and acetylcholine. The neuronal systems implicated
in the maintenance of wakefulness may be involved in primary processes of sensory transmission and
attention, motor response and activity, and orthosympathetic and neuroendocrine (particularly
adrenocorticotropic hormone and thyrotropin-releasing hormone) responses and regulation, by which
they may enhance and prolong vigilance and arousal. (Modified and reproduced with permission from
Jones BE: Basic mechanisms of sleep-wake states. In Kryger M, Roth T, Dement WC: Principles and Practice
of Sleep Medicine. Philadelphia, WB Saunders, 1989, p 122.)
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feedback may be involved with postural adjust-
ments and body movements, accessory respira-
tory muscle movements, extraocular muscle
movements, and alterations in muscle tone.10

There is some contribution of the cerebellum to
the generation of muscle atonia during sleep,11,12

but it seems to have little effect on the sleep–wake
cycle itself. The cerebellar vermis may also be
involved in the generation (or suppression) of
sleep spindles, as lesions of this area result in the
production of numerous sleep spindles.13

THE BASAL GANGLIA

The role of the basal ganglia in the sleep–wake
cycle appears to be peripheral. Dopaminergic
neurons in the substantia nigra innervate with
thousands of synaptic contacts in the striatum.14

There appears to be little change in the activity
of the neurons during wakefulness and during
the various stages of sleep (including rapid eye
movement sleep).

THE THALAMUS

Animal experiments using low frequency stimu-
lation of the midline thalamic nuclei have
resulted in presleep behavior followed by
sleep.15,16 The region that causes this response is
very limited, however. Stimulation of the anterior
thalamic nuclei has resulted in similar results.
The same is not true, however, in humans. The
thalamus does not appear to be essential for
sleep,17,18 but it is essential for the production of
sleep spindles.19 Therefore, a thalamic pace-
maker may exist that drives cortical neurons and
controls electroencephalographic synchroniza-
tion during non–rapid eye movement sleep.20

Periodic bursts of high amplitude cortical waves
and spindles become more frequent as deeper
stages of sleep appear, and they seem to be gen-
erated from nonspecific thalamic nuclei through
diffuse thalamocortical projections. Areas respon-
sible for driving spindle production appear to be
midline and are closely associated to the region
where sleep can be promoted in animals by low
frequency stimulation.21

Sleep spindles and K-complexes are charac-
teristic of the sleeping state and are never seen
during wakefulness.22 The functions of spindles
and K-complexes are unknown, but they are
thought to have an important function in regu-
lating slow-wave sleep.23

THE HYPOTHALAMUS

The posterior, lateral, and medial hypothalamus
is the cephalad continuation of the brainstem
reticular activating system.24 Transection at the
level of the posterior hypothalamus completely
abolishes wakefulness.25 Posterior hypothalamic
lesions generally produce lethargy and sleepi-
ness.26 Hypersomnia, coma, or changes in circa-
dian rhythmicity are noted in humans, depending
on the exact site and extent of the hypothalamic
lesion.

FOREBRAIN AND ANTERIOR
HYPOTHALAMUS

Basal forebrain areas appear to contain powerful
inhibitory and sleep-promoting centers.27,28

Lesions of the preoptic region have an effect that
is opposite to those of the posterior hypothala-
mus.29 Insomnia and terminal sleeplessness30

have resulted from lesions of the anterior hypo-
thalamus and basal forebrain, respectively.36

When stimulated, the basal forebrain pro-
duces a short sleep onset latency, encephalo-
graphic synchronization, and involuntary
sleep.31-33 Lesions of this same area produce
insomnia in animals. It is difficult to clearly
identify the cell bodies responsible for this phe-
nomenon because this area is quite dense and
contains numerous transecting fiber tracts.34

High frequency stimulation of the thalamus,
posterior hypothalamus, and brainstem pro-
duces arousal, whereas similar stimulation of the
anterior hypothalamus produces rapid sleep
onset. With high frequency stimulation of the
basal forebrain and low frequency stimulation of
the thalamus, presleep behavior, rather than
sleep itself, occurs prior to encephalographic
synchronization.35

BRAINSTEM RETICULAR
ACTIVATING SYSTEM

Rather than a single, isolated region in the brain-
stem, the reticular activating system appears to
be diffusely distributed in the medulla and pons,
and it extends into the posterior, medial, and lat-
eral hypothalamic regions. Classic experiments
by Moruzzi and Magoun30 revealed that electri-
cal stimulation of a portion of the brainstem
resulted in changes on the encephalogram that
were identical to those seen upon awakening
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Figure 4–2. Schematic representation of mechanisms generating slow-wave sleep. The Solid circle
represents neurons of the solitary tract nucleus and adjacent tegmentum, implicated in slow-wave
sleep regulation, which project forward into the visceral-limbic forebrain. Solid squares represent sero-
tonergic neurons of the brainstem raphe nuclei, which may facilitate the onset of slow-wave sleep and
which project forward into the rostral tegmentum, thalamus, subthalamus, hypothalamus, and basal
forebrain and also from the midbrain directly to the cortex and hippocampus. The Solid triangle rep-
resents gamma-aminobutyric acid (GABA) neurons of the hypothalamus and basal forebrain-septum,
which project in a widespread manner to the cerebral cortex and hippocampus. These GABAergic neu-
rons are also located in the cerebral cortex, where they are maximally active during slow-wave sleep.
Not shown are other neuronal systems implicated in slow wave sleep, including adenosine neurons
located in the hypothalamus. Multiple peptides, such as the opiates, alpha-melanocyte–stimulating
hormone, and somatostatin, may be involved in slow-wave sleep generation and are often colocalized
with one of the other primary neurotransmitters, such as serotonin or GABA. The neuronal systems
implicated in the maintenance of slow-wave sleep may be involved in primary processes of sensory
inhibition and analgesia, behavioral inhibition, and parasympathetic and neuroendocrine (notably
growth hormone) responses and regulation, by which they may facilitate the onset and maintenance
of slow wave sleep. (Modified and reproduced with permission from Jones BE: Basic mechanisms of sleep-
wake states. In Kryger M, Roth T, Dement WC: Principles and Practice of Sleep Medicine. Philadelphia, WB
Saunders, 1989, p 125.)
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Figure 4–3. Schematic mechanism for the generation of rapid eye movement (REM) sleep. Aminergic
(REM-off ) neurons located in the dorsal raphe nuclei (serotonergic) and the locus coeruleus (nora-
drenergic) produce inhibitory postsynaptic potentials on cholinergic (REM-on) neurons located in the
mesencephalic, medullary, and pontine gigantocellular tegmental fields. These two systems of neurons
continuously interact to produce the alternation between non-REM and REM sleep. Neurons in the
gigantocellular tegmental fields produce stimulating postsynaptic potentials to produce the epiphe-
nomena seen during REM sleep. Positive postsynaptic potentials result in conjugate extraocular mus-
cle movement through stimulation of the nuclei of the oculomotor, trochlear, and abducens nuclei.
Cortical desynchronization occurs via projections to the thalamus and cortex through the ascending
reticular activating system. Muscle atonia is produced by direct stimulation of neurons that produce
inhibitory postsynaptic potentials at the level of the anterior horn cell. Intermittent muscle twitches
occur through direct stimulation of the anterior horn cells. Not shown are interconnections with the
autonomic nervous system that result in the cardiac and respiratory irregularities noted during REM
sleep. AH, anterior horn cells; am, aminergic neurons; ARAS, ascending reticular activating system;
C, cortex; ch, acetylcholine; DRN, dorsal raphe nuclei; GTF, gigantocellular tegmental fields; IRF,
inhibitory reticular formation; LC, locus coeruleus; na, noradrenalin; s, serotonin; T, thalamus; +, stim-
ulating postsynaptic potential; −, inhibitory postsynaptic potential. (Modified and reproduced with per-
mission from Hobson JA: The cellular basis of sleep cycle control. Adv Sleep Res 1974;1:217-250, and Hauri
P: Current Concepts: The Sleep Disorders. Kalamazoo, Mich, Upjohn Company, 1982, p 13.)
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from sleep or during an arousal or an alerting
reaction. The area from which encephalographic
synchronization occurs runs throughout most of
the length of the brainstem in its central core.
Electrical stimulation in these regions also results
in changes in activity of cortical and thalamic
neurons, abolishes thalamic recruiting potentials,
has a marked effect on cortical evoked potentials,
and significantly affects perception.11

Evidence exists that many reticular formation
neurons have both cephalad and caudad projec-
tions.33,37 This complex system also appears to
have many interneuronal connections with the
brainstem deactivating system located in the
medullary raphe nuclei.
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Children with sleep problems will present with
variations of four sleep symptoms: difficulties
with sleep onset, problems that disrupt sleep, an
inability to awaken from sleep at the desired
time, and daytime sleepiness. The sleep history
is the most important tool for gathering infor-
mation on sleep symptoms; and BEARS1 (Bed-
time, Excessive daytime sleepiness, Awakenings,
Regularity, Snoring) is an easy-to-remember
mnemonic device for gathering a history of sleep
symptoms. There are many causes for each of
these sleep symptoms, and an effective treatment
strategy for sleep problems is usually based on a
careful analysis of the fundamental causes of the
sleep problem, not on the sleep symptom. There
are nine major factors important in the control
of sleep–wake regulation: circadian, homeosta-
tic, ultradian, developmental, cardiorespiratory,
neurologic, psychiatric/behavioral, drugs/alco-
hol, and other medical problems. These factors
form the conceptual foundation necessary to
understand sleep problems and to develop effec-
tive treatment strategies for solving them. Each
of these processes is addressed in depth in a
chapter or section (noted in italics and in paren-
theses) of Principles and Practice of Pediatric
Sleep Medicine,2 so only a brief summary will be
included here.

Circadian (Section 4) rhythms are self-sustain-
ing, nearly 24-hour rhythms, present in all living
organisms from single-celled algae to mammals,
that allow the organism to anticipate the light–dark
cycle, not merely respond to it. In mammals the
circadian pacemaker is located in the suprachias-
matic nucleus located in the anterior hypothala-
mus. The output of the circadian pacemaker
modulates the level of alertness; the periodicity of
the pacemaker in humans is about 24.2 hours, so it
must be corrected each day to remain synchro-
nized with the 24-hour day. This “phase shift-
ing” occurs through numerous zeitgebers, or time

cues, which facilitate entrainment. These zeitge-
bers include clocks, social interactions, meals,
and, most importantly, light—the most powerful
circadian time cue. The sleep–wake cycle is the
most obvious facet of the circadian rhythm, but
the output of most other physiologic systems
show a circadian pattern of predictable change
over the 24-hour day, including: hormone levels
(thyroid-stimulating hormone, follicle-stimulating
hormone, lutein-stimulating hormone, mela-
tonin, cortisol, antidiuretic hormone), body tem-
perature, gastric acid, intestinal motility, drug
metabolism, cardiorespiratory, cellular immunity,
and propensity to enter rapid eye movement
(REM) and non-rapid eye movement (NREM)
sleep. There is a circadian variation in level of
alertness, which is independent of the amount of
sleep an individual had the night before.
Different individuals vary in their circadian phase
preferences, preferred sleep time, amplitude of
the circadian signal, and duration of the circadian
sleep period. Morning types prefer to go to sleep
early and awaken early, whereas evening types
prefer to go to sleep late and awaken late. Neither
is better, just different. An individual’s preferred
sleep patterns often declare themselves during
childhood. During adolescence, whatever the
preferred sleep pattern is, there will typically be a
phase shift to a later preferred sleep time.

Sleep is also homeostatically (Section 4) reg-
ulated based on the duration of prior wakeful-
ness. EEG delta power (slow-wave activity
0.5-4.0 Hz) is a physiologic index of the sleep
homeostatic drive. Sleep duration and timing are
largely the result of the interaction and synchro-
nization of the circadian and homeostatic
processes. Optimal sleep and wakefulness occur
only when these two processes are synchronized.

The ultradian (Section 1) rhythm is defined
by the predictable alternation of wakefulness,
NREM sleep, and REM sleep during the sleep
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period. The ultradian cycles (NREM-REM) are
about 60 minutes in early infancy and increase
to 90 minutes during early childhood. Since
many sleep problems are state specific (i.e.,
related to wakefulness, REM sleep, NREM
sleep), knowing when the specific sleep states
are likely to occur during the night and in what
intervals is often helpful to understanding what
may otherwise be a confusing sleep history.
Examples are sleep terrors (slow-wave sleep),
obstructive sleep apnea (worse in REM), condi-
tioned arousals in infants (during normal awak-
enings), and REM sleep behavior disorder (REM
sleep).

Important developmental (Section 1) changes
occur in sleep over an individual’s lifetime in
quantity, percent distribution in various sleep
stages, circadian rhythmicity and timing, and
consolidation of sleep. At birth, sleep accounts
for about one third of the infant’s life and does
not have a clear circadian pattern. Sleep in the
infant is described as quiet (NREM precursor),
active (REM precursor), or indeterminate.
Active sleep accounts for 50% of the infant’s
sleep and is the state into which the infant tran-
sitions from wakefulness. The ultradian cycles of
infants are shorter (see ultradian rhythm ear-
lier). By 3 months of life, a circadian rhythm in
the distribution of sleep develops such that the
infant begins to sleep more at night and has an
established daytime nap schedule; total sleep
time decreases to about 15 hours a night; REM
and NREM can be scored using adult sleep stag-
ing criteria; and REM sleep decreases to about
30% of total sleep time. Total sleep time contin-
ues to decrease during childhood as nap dura-
tion and frequency decrease, with most children
giving up their daytime naps by 5 years of age.
Slow-wave sleep is very prominent throughout
childhood, and this is likely a factor in some
of the common childhood parasomnias, such as
sleepwalking and confusional arousals. During
adolescence, sleep requirements probably
increase, and so does sleepiness. Slow-wave sleep
decreases to the adult norms, and REM sleep
accounts for about 20% of total sleep time.

Alcohol (Sections 5 and 14) and the many
other psychoactive prescription and nonpre-
scription drugs can have an important impact on
wakefulness and sleep, both when they are being
taken and while the body is withdrawing from
them. Caffeine is a ubiquitous food additive
found in many beverages and some foods.

The cardiorespiratory (Section 3) system
undergoes many important changes during
sleep: Upper airway resistance increases; central
respiratory drive decreases; minute ventilation
decreases; during REM sleep, the accessory res-
piratory muscles—both those that hold the air-
way open (pharyngeal dilators) and those that
can expand the chest (intercostals and scalenes)—
are hypotonic; hypoxic and hypercapnic ventila-
tory responses decrease in NREM sleep and
further in REM sleep; cardiac output decreases
during sleep; bronchoconstriction increases dur-
ing sleep in everyone but to a greater extent in
patients with asthma, contributing to the com-
mon symptom of nocturnal cough; and func-
tional residual capacity decreases (especially in
obese individuals asleep in the supine position).

Sleep is fundamentally a neurologic (Section
2) process controlled by and exclusively for the
benefit of the brain, although its precise function
is not known. Sleep has withstood the evolu-
tionary test of time and is present as a distinct
neurologic process in mammals and birds and as
a distinct behavioral process in fish, amphibians,
and invertebrates. An increase in parasympa-
thetic tone and a decrease in sympathetic tone
(except for phasic increases during REM sleep)
are included among the clinically important
changes in the neurologic systems of mammals
during sleep. Some seizures occur exclusively dur-
ing sleep (generally NREM). Somatic muscles have
decreased tone in NREM sleep and are atonic
during REM sleep, which can lead to profound
hypoventilation in individuals with neuromus-
cular diseases associated with muscle weakness.
Sleepiness may be a primary neurologic symp-
tom, as it is in narcolepsy, idiopathic hypersom-
nolence, and Kleine-Levin syndrome, or a
secondary neurologic symptom associated with
trauma, infection, or tumors of the central nerv-
ous system. The dyskinesia of restless legs (typi-
cally occurring at bedtime and relieved by
movement) is another primary neurologic symp-
tom affecting sleep.

Sleep involves transitions from wakefulness
that occur not just at bedtime but also normally
at multiple times during the sleep period.
Behavioral (Section 9) issues and psychiatric
disease that affect an individual’s level of arousal
(i.e., anxiety, depression, stress, and condition-
ing factors) can have a profound impact on a
child’s ability to make these transitions smoothly
and quietly.
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Many other medical problems (Section 13)
may be associated with sleep disturbance. Any
medical problem that leads to pain, pruritis, or
inflammation may affect sleep.

The nine physiologic factors just discussed
form the pathophysiologic underpinning for all
sleep symptoms. The sleep process matrix (Table
5–1) is a tool for organizing and analyzing how
these fundamental sleep processes interact with
each other and lead to specific sleep symptoms.

As the history of the sleep problem unfolds,
the clinician develops hypotheses within each of
the nine domains: circadian, homeostatic, ultra-
dian, developmental, cardiorespiratory, neuro-
logic, psychiatric/behavioral, drugs/alcohol, and
other medical. A hypothesis is a theory that could
explain the problem at hand. At the beginning of
an interview, there are usually many hypotheses
that may explain the problem. As the patient’s
story becomes clear, the hypotheses are devel-
oped, and questions are formulated, the answers
to which will confirm or refute the hypotheses.
This process ultimately leads to an analysis and
a synthesis of the data, the development of a
diagnostic impression, and a treatment plan.
This stepwise, sequential process allows compli-
cated clinical cases to be broken down into
smaller, more manageable chunks. This model is
based on an approach to clinical problem solving
described by Dr. Vincent Fulginiti in the book
Pediatric Clinical Problem Solving.3

The following case illustrates the use of this
case-based analysis paradigm.

Noah is a 2-year-old boy with frequent night-
time awakenings. He has awakened two to five
times a night for the past year, and now that his
parents are expecting the birth of their second
child, they are bringing Noah in for an evaluation.

This much of the history can be gathered in the
first 2 minutes of the interview in response to the
question, “What brings you in today?” The
remainder of the 1-hour consultation is spent try-
ing to understand what the cause of the problem is
and what to do about it. Based on just this amount
of information, the clinician develops a number of
hypotheses that might explain the problem, as
illustrated in the second row of Table 5–1. At this
point in the interview, all of these hypotheses are
viable explanations for the problem at hand.
Clearly, some are more likely than others.

The remainder of the interview is spent con-
firming or refuting the various hypotheses by
gathering the appropriate history. The data gath-
ered in this manner are analyzed and synthe-
sized to form a tentative diagnosis, which leads
to a provisional treatment plan. Often, various
sleep processes interact with each other to lead
to specific sleep symptoms. In Noah’s case, the
evaluative process led to the diagnosis of a bed-
time that is too early and a sleep onset associa-
tion disorder. However, the story could have
ended in several other ways.

This case demonstrates how the case-based
sleep process matrix can be used to describe how
the various fundamental sleep processes can lead
to specific sleep symptoms.

Case-Based Analysis of Sleep Problems in Children Chapter 5 45
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Polysomnography is the term used to describe a
procedure of objective, simultaneous recording
of many different physiologic parameters during
sleep. Practitioners who treat children with sleep
problems should be familiar with the general
methods and techniques used in the sleep labo-
ratory. Practical issues such as patient prepara-
tion before the study, various methods and
systems used to monitor physiologic parameters,
and various components of the assessment of the
polysomnogram and communication of the results
require understanding.

PHYSIOLOGIC PARAMETERS
MONITORED DURING SLEEP

Electroencephalogram
Information from the electroencephalogram
(EEG) forms the basis for differentiating the
stages of sleep. Continuous monitoring of the
EEG throughout the night also provides ongoing
information about the development and integrity
of the central nervous system. Therefore, it is
necessary to use standard methods for accurate
and reliable recording.

Development of Electroencephalographic
Activity in the Fetus

The development of the diencephalon is essen-
tial for the establishment of centers that are fun-
damentally responsible for the control of the
sleep–wake cycle and cycling within the sleep
state. The diencephalon is prominent during the
second month of development; however, it
becomes concealed by the greater expansion of
adjacent parts of the developing brain. All neu-
ronal impulses that eventually reach the cortex
pass through the diencephalon, with the excep-
tion of those originating from olfaction. The third

ventricle lies within the diencephalon. A small
area in the caudal wall of the third ventricle
becomes evaginated during the seventh week of
development and forms the pineal body, which
in turn eventually becomes conical, solid, and
glandular. Melatonin will eventually be secreted
by this structure.

After week 7 of gestation, three main regions
of the diencephalon can be identified: the
epithalamus dorsally, the thalamus laterally,
and the hypothalamus ventrally. The thalamus
rapidly outgrows the epithalamus, which ulti-
mately becomes a synaptic region for olfactory
impulses. Neuronal fibers separate the gray mat-
ter of the walls of the thalamus into the various
thalamic nuclei. Similarly, the walls of the hypo-
thalamus contain hypothalamic nuclei, the optic
chiasm, suprachiasmatic nuclei, and the neural
lobe of the stalk and body of the pituitary gland.
The hypothalamus eventually becomes the
executive region for the regulation of all auto-
nomic activity.

The telencephalon is the most rostral subdivi-
sion of the brain. Two lateral outpouchings
(evaginations) form the cerebral hemispheres,
each containing a lateral ventricle. The cerebral
hemispheres first begin to become prominent
during week 6 of conceptional age and expand
rapidly until they overgrow the diencephalon
and mesencephalon during midgestation.

Development of Brain Electrical Activity
(Electroencephalogram)

Neuronal electrical activity is essential for cellu-
lar migration, dendritic branching, and synaptic
facilitation. The development of the EEG con-
sists of the recording of summation potentials at
the skin surface from underlying brain tissue.
The underlying activity is influenced by distant
portions of the central nervous system. The

Polysomnography in 
Infants and Children
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development of the EEG in the fetus, newborn,
and child is rapidly changing. Abrupt and strik-
ing variations occur between 24 weeks of gesta-
tion and 3 months post-term. The appearance
of the surface EEG of the premature infant is
dependent on postconceptional age.

WEEKS 24 TO 28 OF CONCEPTIONAL AGE

Although some neuronal electrical activity is
present before 24 weeks, wakefulness and sleep
cannot be clearly differentiated by behavioral or
EEG characteristics. At this time, the EEG reveals
a discontinuous pattern (Fig. 6–1).

Periods of limited electrical activity lasting up
to 3 minutes are separated by bursts of activity
lasting up to 20 seconds. This activity is typically
symmetrical and rhythmic and may be composed
of alpha, theta, and delta frequencies. Sharp
waves are common at these conceptional ages

and are normal when they are frontal in location
or are sporadic in any location. Sharp waves and
spikes that are sporadic may be normal up to
shortly after 40 weeks of gestation.1,2 Abnor-
malities should be considered if the spikes or
sharp transients are repetitive or unilateral or
occur during the quiescent period of the discon-
tinuous pattern.

WEEKS 28 TO 32 OF CONCEPTIONAL AGE

The previously noted discontinuous activity pat-
tern continues. However, the bursts of activity, as
well as the intervals between them, are short-
ened. Rhythmic delta waves predominate during
the bursts. Frequently, 10 to 20 Hz of activity is
superimposed on these slow waves and persists
until the conceptional term. This fast, superim-
posed activity comprises what is referred to as
delta brushes (Fig. 6–2).

50 Chapter 6 Polysomnography in Infants and Children

Figure 6–1. Recording of a premature infant with a discontinuous EEG pattern. This 30-second
polysomnographic segment represents this pattern, which consists of intermittent bursts of high-volt-
age, slow-wave activity with somewhat prolonged periods of electrical quiescence between the bursts.
The presence of delta brushes depends on the youngster’s age. During the periods of relative electri-
cal quiescence, there is a paucity of observable electrical activity.
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WEEKS 32 TO 36 OF CONCEPTIONAL AGE

Presently, two patterns of EEG may be seen at
different times during the recording. The first is
the typical discontinuous pattern of slow waves
in the range of one to two cycles per second,
similar to the previous pattern of a tracé alter-
nant. This pattern is characteristic of quiet sleep.
The second EEG pattern is seen during wakeful-
ness and active sleep and consists mainly of con-
tinuous, synchronous, rhythmic, and generalized
waves of 1 to 2 Hz.

WEEKS 36 TO 40 OF CONCEPTIONAL AGE

As the conceptional term approaches, three EEG
patterns can be identified. A quiet sleep pattern of
discontinuous activity continues, but the relatively
quiescent intervals and slow-wave bursts are per-
sistently shortened. A second pattern consists of
continuous irregular waves in the theta and delta
frequencies appearing during wakefulness and
active sleep. The delta brushes tend to disappear.

A pattern of diffuse, irregular slow waves with
an amplitude of less than 50 μV is an alternative
to the previous pattern defining wakefulness and
active sleep. At the conceptional term, four EEG
patterns can be identified.

CONCEPTIONAL TERM TO 3 MONTHS OF AGE

At the conceptional term, the trace-alternant
pattern defines quiet sleep (Fig. 6–3). This is
a modification of the previous discontinuous
pattern and consists of bilateral bursts of high-
amplitude slow waves lasting 4 to 5 seconds alter-
nating with periods of low-amplitude activity of
a similar duration. During the bursts of slow
waves, frontal spikes may appear. The trace-
alternant EEG pattern of quiet sleep generally
disappears between weeks 3 and 4 of the post-
conceptional term.

During this developmental period, a new pat-
tern emerges during quiet sleep that appears to rep-
resent the continued development of non–rapid

Polysomnography in Infants and Children Chapter 6 51

Figure 6–2. Recording of a patient with a discontinuous EEG pattern. Again, this pattern shows high-
voltage, slow-wave activity separated by periods of relative electrical quiescence. The electrical activ-
ity between bursts is somewhat increased; delta brushes can be seen, and they are of relatively low
voltage (10–20 Hz) superimposed on the slow waves during bursts of this activity.

Ch06.qxd  1/25/05  3:14 AM  Page 51



eye movement (NREM) sleep. Continuous high-
amplitude slow waves of 0.5 to 2 Hz appear (Fig.
6–4). They are seen most often in the posterior
region of the head. Significantly faster activity of
18 to 25 Hz is often superimposed on this slow-
wave activity.

Continuous medium activity is the most com-
mon EEG pattern seen during active sleep and
wakefulness (Fig. 6–5). This pattern consists
mainly of fairly rhythmic waves of 4 to 8 Hz and
less than 50 μV. In addition, another pattern
occurs during active sleep that consists of con-
tinuous low-amplitude, mixed slow waves with
superimposed larger delta activity that is either
intermittent or continuous.

Sleep–wake transitions are generally rapid
during this maturational period. Certain behav-
iors may continue into sleep (e.g., sucking and
swallowing [Fig. 6–6]).

The most consistent behavior correlated with
sleep in the newborn is persistent eye closure.
Infants primarily enter sleep actively. Sleep-onset
REM begins to shift to sleep onset through NREM
at approximately 3 months of chronologic age.
However, sleep-onset REM may continue up to
about 6 months of age. Active and quiet sleep
periods have cycles of about 45 to 60 minutes.
During the conceptional term, approximately
half of the total sleep time consists of active sleep
and half quiet sleep.

Before 40 weeks of gestation, smooth alter-
ations between active and quiet sleep may be dif-
ficult to identify. Mixed-state characteristics are
present, and this state is called indeterminate sleep.

At this time sleep spindles are poorly defined
and shifting, central sharp waves may begin to
appear. Synchrony is variable; however, it begins
to increase between bursts of the discontinuous
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Figure 6–3. Recording of a trace alternant EEG pattern. A trace alternant EEG pattern is a continua-
tion of the development of this discontinuous pattern into a more mature form. There are still bursts
of high-voltage, slow-wave electrical activity separated by periods of lower-voltage activity (somewhat
relative electrical quiescence compared with the bursts). This EEG pattern is characteristic of quiet sleep
(equivalent to non–rapid eye movement [NREM] sleep) in the infant and lasts from about 36 weeks
after conceptional term to 44 weeks after conception. Note that respiration during this state is quite
monotonous and regular. Heart rate is also very stable and regular, although normal beat-to-beat vari-
ability is present.
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sleep pattern and is nearly completely synchro-
nous by the conceptional term.

During wakefulness and sleep, EEG phenom-
ena may be present that might be considered
abnormal in older children. Nonfocal sporadic
spikes, frontal sharp transients, anterior slow-wave
activity, and transient asymmetries are not consid-
ered abnormal in the neonate. However, persistent
phenomena (e.g., frequent focal spikes, persist-
ent asymmetry of activity) may be abnormal, espe-
cially if they are associated with a history of
potential abnormality or physical/behavioral find-
ings that suggest abnormality.

THREE TO 12 MONTHS OF AGE

This period of development of the infant reveals
striking maturational changes, as indicated on
the EEG. A clear pattern of wakeful activity
begins to emerge. Generalized delta and theta
activity appears and is often more prominent in
the posterior EEG channels. During the first year

of life, slow-wave activity during wakefulness
becomes more rhythmic and diminishes consid-
erably. From 3 to 5 months of age, theta activity
increases in prominence in the central and pos-
terior regions and becomes the dominant waking
rhythm after 5 months. The absence of this theta
activity at this stage of development may be con-
sidered abnormal.1,2 At 3 months of age, a rela-
tively high voltage (50 to 100 μV or greater) of
3 to 4 Hz of occipital activity is present. By
5 months of age, the frequency increases to
about 5 Hz and continues to increase throughout
the first year to about 6 to 8 Hz at 12 months of
age. The voltage of this activity also decreases by
about 25% over this period of time.

During this period of development, sleep-
wake transitions are relatively smooth. As the
transition begins, the amplitude of waveforms
increases and the frequency decreases. Rhythmic
and synchronous activity of 75 to 200 μV and
3 to 5 Hz becomes predominant.

Polysomnography in Infants and Children Chapter 6 53

Figure 6–4. Recording of continuous high-voltage activity during quiet sleep. At approximately 44
weeks after conception, the discontinuous pattern begins to disappear and high-voltage, slow-wave
activity is noted throughout the record. Again, note that respiration is quite monotonous, which is also
characteristic of quiet sleep.
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Major changes in the sleep EEG occur over
the first year of life. The trace alternant in the
newborn is gradually replaced by a continuous
slow-wave pattern by 3 months. Clear sleep
spindles consisting of waxing and waning and
medium-amplitude synchronous waves of about
12 to 14 Hz appear at about 6 to 8 weeks of age.
They first appear in the central regions but then
expand in distribution. Between 2 and 6 months,
sleep spindles assume mature characteristics
and appear almost continuously throughout
NREM sleep. The complete absence of sleep
spindles between 3 and 6 months is most likely
abnormal. Before 6 months, sleep spindles may
be asymmetrical over the two hemispheres.
They slowly become synchronous between
6 and 8 months. The persistence of asymmetrical
spindles after 12 months of age may represent
a unilateral decrease in the electrical activity of
the brain.

Sleep spindles are a ubiquitous phenomenon
in the sleep of older children and adults.
However, their physiology and the effects of neu-
rologic disorders on their frequency and ampli-
tude are incompletely understood. The differences
in spindle frequency may be due to underlying
encephalopathy and physiologic differences
between partial and generalized epilepsy as well
as the possible residual effects of a variety of
anticonvulsant medications.3,4

Spindle patterns (density, duration, frequency,
amplitude, asymmetry, and asynchrony) develop
quite rapidly between 1.5 and 3 months of age.
This rapid development most likely reflects the
developmental changes in thalamocortical struc-
tures.5,6 Spindle expression varies in relation to
ascending reticular activating tone, constituting
a functionally inhibitory thalamocortical response
to neurophysiologic conditions that promote
central activation.1,7 A density of 12 to 14 Hz of
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Figure 6–5. Recording of active sleep in the neonate. EEG voltage is moderately high compared with
older children and adults, and the frequency is somewhat slower. Note the characteristic morphology
of the EEG activity. There is normal beat-to-beat variability in heart rate, and respiration during this
state is unstable and variable, with associated brief periods of erratic activity including but not limited
to apnea, hypopnea, and tachypnea.

Ch06.qxd  1/25/05  3:14 AM  Page 54



activity is greater in stage 2 than slow-wave
sleep.5,6 Three months of age appears to be a sig-
nificant juncture in the maturational process.
Sleep spindle evolution seems to be an accurate
reflection of the significant maturation of central
nervous system processes and the resulting
behaviors that occur at 10 to 12 weeks of age and
in the development of NREM states and slow-
wave sleep. Concordance between the quantita-
tive aspects and nocturnal organization of
individualization of slow-wave sleep in infants
occurs from about 4.5 months of age.5,6

At 3 months of age, clear differentiation of
NREM sleep states by EEG criteria is quite diffi-
cult. However, by 6 months, NREM sleep can typ-
ically be differentiated into three distinct states

(stages 1 and 2 and slow-wave sleep), and the
EEG takes on a more mature pattern. Although
rudimentary-vertex sharp transients and K-com-
plexes can be identified in the neonatal period,
they typically appear for the first time between
5 and 6 months of age. Vertex waves are generally
seen during the lighter stages of sleep (stages
1 and 2), are of high amplitude (up to 250 μV)
and negative polarity, and last less than 200 msec.
K-complexes are similar to vertex waves but are
considerably slower (lasting at least 0.5 second).
K-complexes are often followed by a sleep spindle
and have a wide distribution about the vertex.
Both vertex waves and K-complexes can occur in
short bursts or appear spontaneously or may
occur in response to a sudden sensory stimulus.

Polysomnography in Infants and Children Chapter 6 55

Figure 6–6. Recording of a sucking artifact. Non-nutritive sucking is common in infants and small
children. The sucking artifact is often seen on the chin muscle electromyogram (EMG) when the
youngster is sucking on a pacifier or bottle. This sucking behavior can persist into transitional sleep and
may be seen in other sleep stages. Chin muscle EMG in this 30-second epoch reveals periodic and
episodic crescendos of muscle activity that at times are rhythmic. There may appear to be changes in
airflow during this time, since the sensor (either a thermistor or cannula) can be moved by the flange
of the pacifier either deeper into the air stream or out of the air stream. In the assessment of nasal air-
flow, care must be taken when the baby is sucking on a pacifier. A physiologic consequence of the
change in airflow must be apparent for an abnormal respiratory event to be considered in the pres-
ence of a sucking artifact.
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The EEG during REM sleep also undergoes
significant changes, with a decrease in the ampli-
tude and a slight increase in and mixture of fre-
quencies. Sawtooth waves appear, and the
electrical pattern gradually begins to resemble a
more mature, relatively low-voltage, mixed-
frequency pattern. By 3 to 5 months of age the
percentage of REM sleep decreases, constituting
about 40% of the total sleep time. By the end of
the first year of life, REM sleep equals about 30%
of the total sleep time.

Changes During Early 
and Middle Childhood

Slow, consistent, and continuous changes occur
during this period of development. However,
these changes are more subtle, evolve over a
longer period of time, and become more consis-
tent and reproducible.

Waking rhythms with the eyes closed increase
gradually from about 5 to 7 Hz of relatively high-
voltage activity to the typical sinusoidal 8- to 12-
Hz frequency of low–to–medium voltage activity
characteristic of the adult pattern. They are most
prominent over the occipital regions of the head.
These developing alpha rhythms are characteris-
tic of relaxed wakefulness with the eyes closed.
It is easily attenuated with eye opening, focusing
attention, or increased vigilance. Well developed
alpha activity is present in most normal children
by 8 years of age. The amplitude of alpha activ-
ity gradually increases during early and middle
childhood but remains at a relatively low to
moderate amplitude during puberty, adoles-
cence, and adulthood.1,2

Transitional sleep patterns of drowsiness can
be identified after 1 to 2 years of age. This sleep-
wake transition becomes more mature and alpha
activity diffuses and becomes admixed, with
slower, mixed-frequency activity. Brief microsleep
episodes occur and become more frequent dur-
ing drowsiness and transitional sleep (stage 1).
These microsleep episodes become longer and
consolidate, alpha activity disappears from the
EEG, muscle tone may decrease slightly, and
slow-rolling eye movements are clearly evident.

Slow, high-voltage activity, which is very
prominent during infancy and early childhood,
decreases significantly throughout early and
middle childhood. Diffuse, synchronous theta
activity is very prominent between the ages of

1 and 4 years. This activity begins to diminish
after the age of 4 years, and by 5 to 6 years of age
alpha activity is about equally prominent. After
6 years of age, alpha activity becomes the pre-
dominant waking rhythm. However, hypersyn-
chronous theta activity (Fig. 6–7) during stage
1 and early stage 2 sleep is very common during
this phase of development. Indeed, even a
theta–delta pattern (Fig. 6–8) can frequently
be identified during slow-wave sleep in some
children.

All stages of sleep are easily discernible dur-
ing middle childhood. NREM sleep states can be
clearly differentiated and become more similar
to adult stages 1 to 4. Although the frequencies
are somewhat slower in children and gradually
increase to those in adults, the most striking
difference is in the higher amplitude of wave-
forms at all frequencies until puberty, where
a more adult pattern is notable. From early
through middle childhood, the structure of sleep
as recorded on the EEG also assumes a more
mature adult characteristic.3,8 During later
infancy, sleep cycles last about 40 to 50 minutes.
This cycle length increases gradually to about
60 minutes by 18 to 24 months and to 90 min-
utes by 5 years of age. The EEG activity of REM
sleep also assumes adult characteristics and
is cycled regularly with NREM sleep. After 3
months of age, most infants will shift from enter-
ing sleep through the REM pattern to entering
sleep through the NREM pattern. This transition
is generally complete by about 6 to 8 months
of age. The percentage of REM sleep also gradu-
ally continues to decrease, from 50% at the
conceptional term to 30% by 1 to 2 years and
to 20 to 25% by 3 to 5 years of age.

The standard International 10-20 System
allows for symmetrical, reproducible lead place-
ment; comparison of EEGs from the same patient
and from different patients; and recordings from
the same or different laboratories (Fig. 6–9, A-C).
Improper electrode placement on the scalp can
lead to problems with the overall validity, evalua-
tion, and scoring of sleep stages.

Sleep stage scoring has been standardized
using a limited, referential EEG montage. In most
sleep laboratories, a central recording site (C3 or
C4) is coupled with a referential site (usually the
opposite earlobe or mastoid process). Although
only one channel of the EEG is necessary for
identification of the NREM stages in adults,
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many laboratories use more comprehensive
derivations to obtain a more complete EEG
assessment. The addition of an occipital record-
ing channel is helpful in demonstrating alpha
activity in older children. A coronal or parasag-
ittal bipolar montage may be helpful in identi-
fying nocturnal seizure disorders. A complete
EEG montage and recording strategy may be
used to assist in the localization of abnormal
EEG activity.

Electro-Oculogram
The recording of eye movements during sleep
provides important information regarding the
identification of a sleep state. Fixation of the
eyes on exogenous stimuli follows a clear devel-
opmental course. Visual fixation on a single pat-

terned stimulus has been recorded in premature
newborns as early as week 30 of conceptional
age.2,5 The corneal reflection technique has
permitted determination of the waking states
(crying, quiet wakefulness, and drowsiness).
Younger infants seem to spend more time in
drowsiness, whereas older infants spend more
time in quiet wakefulness as determined by fix-
ation. Fixation time during quiet wakefulness
increases with increasing gestational age, and
fixation occurs more frequently in quiet wake-
fulness than drowsiness.

Measuring eye movements to determine the
state of wakefulness has been overshadowed
by the electro-oculogram (EOG) in determin-
ing a sleep state. The evaluation of eye move-
ments during sleep is clearly required for the
determination of the REM sleep state.

Polysomnography in Infants and Children Chapter 6 57

Figure 6–7. Recording of hypersynchronous theta activity in stage 2 sleep. This is a 30-second epoch
recorded from a 3-year-old child. Note the predominance of theta activity in this EEG. A slow back-
ground and theta preponderance can be seen in toddlers, making the scoring of these epochs for sleep
stage difficult. However, in this epoch, transients that suggest K-complexes and slow spindle-like activ-
ity can be seen. Therefore, this epoch was scored as stage 2 sleep. Coincidentally, there is a mild snor-
ing artifact noted on the chin muscle EMG, and the end-tidal CO2 is quite elevated. The persistence
of this pattern of respiration might be indicative of alveolar hypoventilation, which may be character-
istically obstructive. Full assessment of the complete polysomnogram would be required.
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Figure 6–8. Recording of theta-
delta sleep. Theta activity in tod-
dlers and small children can
predominate and be seen through-
out the record. This 30-second
epoch depicts theta–delta sleep, in
which there is considerable theta
activity superimposed on delta
activity during slow-wave sleep.

Figure 6–9. A, International 10-20 System of EEG electrode placement. This system allows for sym-
metrical, reproducible lead placement within and between subjects. It provides for the comparison of
EEGs from the same patient and from different patients and the comparison of recordings from the
same or different laboratories. From top to bottom, the standard EEG layout begins on the left side
and progresses to the right side and begins at the front of the head and progresses to the back of the
head. L, left; R, right. B, Bipolar transcoronal electrode array. The montage consists of A1-T3, T3-C3,
C3-CZ, CZ-C4, C4-T4, and T4-A2. There is also an occipital channel (CZ-O2). This electrode array is
standard in some laboratories. It provides greater information than the traditional referential layout of
a polysomnogram, since it can differentiate between sharp waves and spikes that may be epileptic in
nature and the vertices of sharp waves. It can also provide information regarding hemispheric differ-
ences in electrical activity. L, left; R, right. C, Expanded transcoronal and parasagittal electrode array.
It consists of the transcoronal array and additional electrodes over the right and left hemispheres that
can more accurately localize questionable electrical activity as anterior or posterior. Nonetheless, the
gold standard for the EEG is a complete International 10-20 System electrode array that can accurately
identify and diagnose abnormal electrical activity.
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The eye is a functional dipole, with the cornea
being 75 to 100 μV positive compared with the
retina. By using EOG techniques, conjugate and
nonconjugate eye movements can be recorded
with the eyelids closed. Recording electrodes are
conventionally placed at the outer canthus of
each eye and offset from the horizontal plane by
approximately 0.5 to 1.0 cm. These distances
may be modified depending on the size of the
infant. Offsetting the electrodes from the hori-
zontal plane (one above and one below) is cru-
cial for the identification of vertical and oblique
eye movements.

Eye movements occur in saccades during
wakefulness and in saccadic bursts during active
sleep. Slow-rolling and dysconjugate eye move-
ments can occur during quiet wakefulness,
drowsiness, and sleep–wake transitions and in
certain medical/surgical abnormalities (e.g.,
extraocular muscle paralysis, brainstem anatomic
abnormalities, disorders that affect the cranial
nerves). Since retinal development in premature
infants involves migration of the vasculature from
the region surrounding the optic disc toward the
periphery as well as the development of central
control of eye movements, the EOG may reveal
both saccadic and dysconjugate eye movements
in younger premature infants. Since the charac-
teristics of the electromyogram (EMG) may not
be as reliable as the EEG and EOG, the identi-
fication of REM sleep requires a characteristic
EEG pattern and the presence of at least some
saccadic eye movements.

The development of clear conjugate eye
movements during wakefulness depends to a great
extent on the stage of retinal development and
the maturational level of fixation. However, the
saccadic eye movements during sleep do not
require retinal development or conscious fixa-
tion. Control may be mediated through a num-
ber of different but interrelated central neurologic
mechanisms that include, but are not limited to,
cerebral and cerebellar cortical and subcortical
development, oculomotor/trochlear/abducens
nuclei development, and the maturation of cen-
tral vestibular nuclei. The development of the
vestibular system is important for fixation dur-
ing wakefulness and ocular saccades during
active sleep.1,8

Ocular movements have been identified by
traditional visual inspection of saccades beneath
the closed eyelid. This technique may have spe-

cific limitations, especially in the sleep labora-
tory. EOG is considerably more reliable and cost-
effective, and eye movements can be identified
by post hoc inspection of the polysomnographic
recording. Unfortunately, the specific limitations
of EOG are present in smaller infants. The eyes
of premature neonates present weaker dipoles,
and there may be considerable difficulty with
subjective analysis. In an attempt to resolve
these obstacles, automated methods for the
analysis of REMs during active sleep in infants
has been described.3,9 Computer analysis of
slope and amplitude threshold criteria have been
performed. Digital filtering is used to improve
the effectiveness, identification, and quantifica-
tion of ocular movements. The method has been
shown to be highly reliable and useful in differ-
entiating between tonic and phasic states during
active sleep. This differentiation of REM sleep
into two distinct states by the presence or absence
of phasic muscle and extraocular muscle activity
may hold specific significance for the evaluation
of studies of sleep-related cardiorespiratory
physiology during infancy. In healthy adults, the
different physiologic characteristics of tonic and
phasic REMs can be clearly identified.5,10 This
may also be true of infants.

Dream-related and non–dream-related ocular
movements occur in both humans and animals.7,11

It appears that only high-amplitude REMs and
eye movements occurring in bursts have any
possibility of corresponding to visual images.
Intense REMs during sleep have been investi-
gated as a possible indication of a delay in the
neural development of infants.8,12 Becker and
Thoman evaluated the occurrence of “REM
storms” in first-born infants from the second
through the fifth postnatal week and again at
3, 6, and 12 months of age. The amount of REMs
within each 10-second interval of active sleep
was rated on a scale based on the frequency and
intensity of eye movements. Bayley scales of men-
tal development were administered to the cohort
of infants at 12 months of age. A significant neg-
ative correlation was found between the fre-
quency of REM storms and Bayley scores. By
6 months of age, REM storms seemed to express
dysfunction or delay in the development of cen-
tral inhibitory feedback control for sleep organi-
zation and phasic sleep-related activities.

Although few studies exist in infants and chil-
dren, eye movement density has been shown to
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be significantly decreased during the second and
third REM periods after a night of complete and
partial sleep deprivation. The rebound of slow-
wave sleep is generally confined to the first
NREM sleep period and increases in activity
amplitude of 0.05 to 3 Hz.

Piezoelectric strain gauge transducers have
also been used to evaluate eye movements dur-
ing sleep.10,13 These sensors have been shown to
be highly sensitive to fine microtremor activity
during wakefulness. This micronystagmoid
activity diminishes during NREM sleep and
increases during REM sleep. It is very intriguing
to note that microtremor ocular activity also
increases after the presentation of an auditory
stimulus to subjects during NREM sleep. Similar
increased microtremor activity also occurs with
the appearance of K-complexes in the EEG.

Electromyogram and Movement 
Activity During Sleep
Although EMG activity during sleep can be
assessed using any number of skeletal muscle
groups, it has become customary to record mus-
cle tone from the chin. Certain sleep disorders
(e.g., bruxism, REM sleep behavior disorder)
may present with unusual muscle activity that
can be recorded by surface EMG. Additional
information may be provided regarding the
patient’s sleep–wake behavior, permitting quan-
tification of arousal responses and movements
during sleep.

In general, three recording electrodes are
applied to the chin, although a recording is
obtained from only two. The extra electrode
is placed to provide a backup in the event an
electrode becomes displaced during the record-
ing. Electrodes filled with electroconductive
cream are taped to the skin in the submental
region. This procedure effectively records the
activity of superficial muscles as well as the
genioglossus muscle.

EMG activity from other muscles (e.g., ante-
rior tibial) may be simultaneously recorded for
the evaluation of abnormal or paroxysmal move-
ments during sleep.

Body movements are characteristic of the
sleep state. Both short-wave sleep and REM sleep
generally end with a body movement or abrupt
increase in chin muscle EMG activity. The next
sleep cycle follows.

Intermittent body movements frequently
occur during sleep without a significant change
in the state or beginning of a new sleep cycle.
These movements without a state change involve
both brief phasic activity lasting less than 6 sec-
onds and gross slower body movements (squirm-
ing) lasting longer than 6 seconds. Maturation
of this skeletal muscle activity also follows a reg-
ular and predictable pattern. During wakeful-
ness, gross motor and fine motor activities form
the basis for half of the developmental screening
test. Maturation of gross motor, fine motor, and
phasic muscle movements during sleep may also
be a sensitive marker of neurologic development.

During quiet wakefulness, random muscle
activity usually does not occur. However, a wide
range of elementary and complex motor activi-
ties are known to occur during sleep. Minute,
random electrical activity constitutes the basic
physiologic condition of the skeletal muscles
during sleep.11 In NREM sleep, minute, random
motor activity decreases considerably when
compared with the quiet waking state. During
REM sleep, there is a sudden increase in isolated
motor unit action potentials. Particular struc-
tural features of the anterior tibial muscle make
it seemingly the most active muscle during
sleep,11 and monitoring of the anterior tibial
EMG activity during sleep is recommended dur-
ing nocturnal polysomnography in all neonates,
infants, children, adolescents, and adults.

Although a significant decrease in the number
of body position shifts occurs during sleep
across the life cycle,12,15 in middle childhood
there do not appear to be differences in the num-
ber and frequency of major body movements
and position shifts in normal youngsters. During
early childhood, there appears to be an increase
in the duration of maintenance of body position
and in the number of periods of more than 30
minutes of positional immobility. In middle
childhood, prone, supine, and lateral positions
occupy equal proportions of the sleep period.
Sleeping in the prone position is characteristi-
cally abandoned as maturation continues.

Characteristic body and muscle movements
in premature newborns and term neonates dur-
ing quiet sleep appear similar to startle (Moro’s)
reflexes, generalized phasic movements,14 and a
tonic increase in submental muscle activity. In
contrast to the total simultaneous pattern of
motor activity seen during quiet sleep, active
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sleep is characterized by a more uncoordinated
and localized pattern of movements such as
generalized phasic movements, localized tonic
activity, localized phasic activity, and brief
clonic muscle activity. With increasing concep-
tional age, there is a decrease in the occurrence
of the startle reflex, generalized phasic move-
ments, and localized phasic movements. Local-
ized tonic activity tends to remain constant with
increasing conceptional age. The differences in
decreasing tendencies among these movements
may indicate the variation in maturational
changes for different parts of the central ner-
vous system.13

The degree of phasic activity during sleep
may reflect the maturity of the developing brain-
stem. Dissociation of sleep-related phasic motor
phenomena may hold special clinical signifi-
cance for some infants.14,16 On the other hand,
the types of skeletal muscle movement show
specific developmental relationships with
respect to conceptional age. Fukumoto and col-
leagues17 described the ontogenetic evolution of
three types of movement: gross, localized , and
phasic (twitches lasting less than 0.5 second).
All body movement parameters decreased in fre-
quency with maturation. Interestingly, each type
of movement behavior showed a fairly specific
and individual time course. The earliest decrease
between week 30 of conceptional age and 18
months of chronologic age occurs in phasic
activity, which takes place relatively early in the
development of the infant. Localized movements
decrease in frequency next, and gross movement
continues unchanged until a basal level is
reached at approximately 9 to 13 months of
postnatal age. The number of epochs without
body movements increases steadily until about
8 months of age.

Gross, localized, and phasic movements are
controlled by the central nervous system at dif-
ferent organizational levels. Phasic activity is
more ontogenetically simple and decreases early
during maturation. Gross movements are quite
complex and require a greater degree of central
nervous system integration. Therefore, these
types of movement are correlated with the mat-
urational processes of the central nervous sys-
tem and provide an additional window and
indicator of normal and abnormal development.
The evaluation of these types of movement dur-
ing polysomnography can provide an additional

assessment when coupled with traditional devel-
opmental appraisals.

The evolution of movements and specific
spontaneous behaviors during sleep in neonates
has been reported by Meyers.18 The frequency
distribution of time intervals between sponta-
neous behaviors showed that movements were
typically spaced closely in time. However, none
of these spontaneous motor activities occur
with a set interval between successive behaviors.
Spontaneous muscle activity in the sleeping
neonate conforms to a single pattern of temporal
organization regardless of the specific movement
displayed or the state of sleep. The pattern approx-
imates a systematic alternation of periods of
increasing and decreasing intervals between suc-
cessive behaviors.

When clear NREM states can be identified,
body movements reveal a clear state-dependent
relationship.19 A continuum of movements can
be demonstrated with decreasing frequency,
respectively, among wakefulness, stage 1 (transi-
tional sleep), REM sleep, stage 2 (NREM), and
slow-wave sleep. The relative frequency of body
movements seems to be regulated by state-
dependent mechanisms, and body movements
may be a reliable measure of the development
and organizational maturation of sleep state dif-
ferentiation, particularly if the time base is long
enough. When the maturational progression of
these states does not follow the expected devel-
opmental pattern, support for the diagnosis of a
delay in maturation of the central nervous sys-
tem may be considered. Prolonged, uninter-
rupted sleep states without body movements or
position change might indicate abnormal devel-
opment of the arousal response and constitute
a subtle indication of an underlying central nerv-
ous system control abnormality.

Body position may have a significant effect
on sleep state organization and might suggest
that the central vestibular system contributes to
the development and organization of a state.
Hashimoto and coworkers studied the contribu-
tion of the prone and supine body positions to
both physiologic and behavioral correlates dur-
ing sleep in neonates.16,20 Quiet sleep occupied
a greater percentage of the total sleep time
when the newborn was in the prone rather than
the supine position. Gross movements and phasic
muscle activity were also less frequently observed
in the prone position, although there was no
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difference in localized movements between the
two body positions. Predictably, since there was
an increase in quiet sleep, respiration was more
regular in the prone position. Interestingly, the
pulse rate during quiet sleep was higher in this
position.

The type and frequency of body movements
during sleep may provide significantly useful
information regarding the integrity of the central
nervous system in term newborns. Hakamoda
and associates17,21 studied body movements in
term newborns with significant illnesses or mal-
formations such as perinatal asphyxia, purulent
meningitis, meconium aspiration syndrome, gas-
trointestinal bleeding, porencephaly, and hydran-
encephaly. Newborns who had recovered from
transient vomiting were also evaluated and used
as a comparison group. Generalized body move-
ments, localized tonic movements, and general-
ized phasic movements were evaluated. Patients
with minimally depressed background EEG
activity showed an increase in generalized move-
ments and localized tonic movements during
quiet sleep. On the other hand, hydrancephalic
infants showed an increase in generalized phasic
movements in active and quiet sleep and a pro-
found decrease in generalized movements dur-
ing sleep when EEG abnormalities were
markedly severe. The absence of or a significant
decrease in generalized body movements or an
increase in generalized phasic muscle activity
might indicate a very poor prognosis for particu-
lar infants. On the other hand, the presence of
localized tonic movements (even in small
amounts) suggests the preservation of cortical
function.

Spontaneous body movements and behaviors
appear to be controlled by an interaction of
endogenous rhythms that do not appear to run
independently.18,22 Instead, a system of interac-
tion between endogenous oscillations exists. By
2 weeks of age, an ultradian 3- to 4-hour cycle
can easily be identified. This cycle is typically
related to feeding patterns and may be controlled
by hypothalamic mechanisms and metabolic
requirements. A 50-minute basic rest and activ-
ity cycle (BRAC), originally described by
Kleitman,23 can be identified, and a circadian
cycle is present at about 8 to 12 weeks of age.

The BRAC appears to trigger sensory and
motor mechanisms characterizing both of the
phases of enhanced stereotypical motor activity

during the day and night in children with devel-
opmental disabilities and associated stereotypi-
cal behaviors during wakefulness and sleep.18,22

The peak frequency of stereotypical behaviors
seems to follow the same mean REM-to-REM
interval on consecutive nights.

New methods of the digital and statistical
analysis of EEG, EMG, and EOG activity have
the potential to describe the structural and tem-
poral characteristics of tonic electrophysiologic
activity during sleep.20,24 Three components can
be identified: slow-fast, hemispheric shift, and
ocular movement activation. Cycles of tonic
electrophysiologic activity, which are both slower
and faster than the typical 90-minute ultradian
rhythm of sleep states, can be identified by the
use of these components in older children and
adults.

Activity monitoring accelerometry can also
provide significant information regarding dis-
turbed sleep in infants and children. First, the
monitoring of sleep states by actigraphy is gen-
erally consistent with polysomnography when
assessing certain parameters of sleep and the
sleep–wake cycle in children. Sadeh and col-
leagues have described actigraphic sleep–wake
scoring in sleep-disturbed children compared
with a control group of healthy children.25

Movements measured actigraphically that are
characteristic of wakefulness lasting longer than
5 minutes were significantly greater in the sleep-
disturbed group of children, clearly showing
poorer sleep quality in this group (12 to 18
months of age). Sleep measurements showed sig-
nificant night-to-night stability in both groups.
The stability of specific measurements and
their age trends were different between the
groups. These data clearly showed that the meas-
urement of body movements during sleep
at home could discriminate between sleep-
disturbed and healthy children with a highly
correct assignment rate.

Other motor disorders of childhood have
significant sleep-related correlates and motor
behaviors that can be monitored and assessed
polysomnographically. Gadoth and coworkers
studied sleep-related body movements and peri-
odic limb movements in unrelated patients with
L-dopa–responsive, hereditary, progressive dys-
tonia. Also studied were their unaffected family
members.26 All patients with dystonia had an
increase in major body movements during REM
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sleep. Most unaffected parents and siblings had
similar REM-related body movements, periodic
limb movements, or both. Therefore, a common
mechanism for the dystonia, body movements,
and periodic limb movements may exist, and a
causative relationship between these two motor
phenomena during sleep seems to be implied.

Electrocardiogram Activity
At least one channel of the polysomnogram is
dedicated to recording the patient’s electro-
cardiogram (ECG). Cardiac activity is generally
monitored for rate and rhythm, since only a lim-
ited, single channel is used. Only relative infor-
mation about cardiac electrical function is
provided by polysomnography, and clinical con-
clusions regarding a patient’s ECG is generally
not possible. If a comprehensive evaluation of
cardiac activity is necessary, Holter monitoring
may be added to the recording strategy.

The anatomy and function of the fetal cardio-
vascular system differ profoundly from those of
extrauterine life. Although the right and left
heart function in parallel during fetal life, imme-
diately after birth the right and left sides func-
tion in series. Anatomic and physiologic changes
in the respiratory and cardiac systems occur
immediately at birth. Alveolar fluid within the
lung is expressed and absorbed, being replaced
immediately with air. Pressure changes and oxy-
genation result in closure of the ductus arteriosus
and ventricular and atrioseptal communicating
channels, isolating the pulmonary and systemic
circulation.

Heart rate generally decreases during natural
sleep and is about 4 to 8 beats per minute slower
when the heart rate during quiet wakefulness is
compared with quiet sleep.3,27 During tonic peri-
ods of REM sleep, a decrease in rate of approxi-
mately 8% less than that for quiet wakefulness
has been reported. A reduction in heart rate dur-
ing sleep appears to parallel sleep-related alter-
ations in blood pressure.5,28 In addition, heart
rate variability is clearly greater in REM sleep
than in slow-wave sleep.7,29 Although there is a
significant decrease in heart rate during tonic
periods of REM sleep, heart rate is also signifi-
cantly influenced by phasic activity during REM
sleep.8,30 During the phasic activity of REM sleep,
there are clear episodes of short-lasting tachy-
cardia followed occasionally by a brief rebound

bradycardia before a return to baseline levels.
Variations in heart rate differ significantly
according to the sleep state. Before week 37 of
gestational age, the sequential curves of heart
rate show periodic variations present in both
active and quiet sleep.9,31 After 37 weeks, slow
periodic variations are still present in active
sleep but superimposed by fast variations syn-
chronous with respiratory cycles. Fast variations
prevail in quiet sleep. 

In newborns suffering from pathologic condi-
tions (medical or surgical), less variability asso-
ciated with respiration is seen with prematurity,
young age at recording, and hypercapnia.
However, this diminished respiratory-related
variation in heart rate can be very transient.
Pronounced variations similar to those in babies
without abnormalities are observed in two thirds
of the patients with or without ventilatory assis-
tance.9,31 The periodicity of heart rate and respi-
ration varies during sleep in newborn babies.10,32

The period durations obtained by power spectral
analysis showed two maximums. In many cases
the cycles of respiration and heart rate were not
identical. It has been shown that newborns have
two separate cycles with different period dura-
tions. The shorter cycle probably originates from
fetal life; the longer one represents the develop-
ment of a more mature periodicity. In studying
respiration and heart rate variation in normal
infants during quiet sleep over the first year of
life, Litscher and associates showed that both the
respiratory rate during quiet sleep and respira-
tory variability decrease with age.11,33 A compar-
ison of the cardiorespiratory data from the first
and last quiet sleep periods showed no signifi-
cant differences within any of the age groups
studied.

VanGeijn and colleagues studied heart rate as
an indicator of the sleep state in newborn
infants.13,34 During quiet sleep, the R-R interval
length was longer, the long-term irregularity
index lower, and the interval-difference index
higher than those found during the immediately
preceding or following active sleep. For noncon-
secutive quiet and active sleep states, a maxi-
mum separation was obtained and, with
discriminant function analysis, correctly classi-
fied in 93% of quiet and active sleep epochs.
These data have specific implications for the iden-
tification of the sleep state in the fetus without
the need for antepartum invasive monitoring.
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Heart rate and its variability can be affected
by medications. In one study by Gabriel and
Albani, it was demonstrated that the amount of
active sleep, as well as the incidence of apnea
and/or cardiac slowing occurring predominantly
during active sleep, was decreased at therapeutic
levels of phenobarbital.35 With declining serum
drug levels, active sleep showed a rebound effect;
at the same time, apnea and/or cardiac slowing
relapsed. These findings tend to confirm the fact
that neonatal apnea is facilitated by active sleep-
inhibitory brain mechanisms and these mecha-
nisms have significant effects not only on the
respiratory system but also on the cardiovascular
system.

Beat-to-beat variability in heart rate has been
used as an index of the integrity of the auto-
nomic nervous system in early infancy. Mazza
and coworkers have shown that the beat-to-beat
heart rate variability during active sleep and
quiet sleep correlated very well with the instan-
taneous heart rate (R-R interval).36 The correla-
tion coefficient was .49 to .92 in quiet sleep and
.50 to .03 in active sleep. Regression analysis
supported a linear approximation of the beat-to-
beat heart rate variability to the instantaneous
heart rate over the range investigated. The slopes
of these linear functions were similar in both
active sleep and quiet sleep for infants from birth
to 4 months of age.15,36

The assessment of vagal tone may be a signif-
icant method of assessing the periodic variation
in heart rate associated with respiration (respira-
tory sinus arrhythmia). Arendt and associates
studied vagal tone in 20 full-term infants and
found that the heart period and its variability
were highly correlated with vagal tone.37

Variation in vagal tone among sleep states was
also detected. Repeated assessments revealed
that the average vagal tone values collected for
the same sleep state were not significantly corre-
lated across successive days. This short-term
variability both among and within individuals
does not support the notion that a single assess-
ment of vagal tone can be used by itself to iden-
tify infants at risk for sudden unexpected death
during sleep or predict a neurodevelopmental
outcome. However, successive assessments
might provide a greater degree of information.

In older infants and children, heart rate
reveals significant respiratory modulation. This
is referred to as a normal sinus arrhythmia (see

Fig. 6–2). However, in newborn infants the res-
piratory modulation of heart rate is variable.

Particular types of heart rate variation are
enhanced during periods of slow heart rate and
diminished when heart rate is high. Shechtman
and Harper have shown that the maturational
patterns of heart rate, based on the correlation of
heart rate variations, were strongly influenced by
the sleep–wake state and were dissimilar to those
previously reported for the correlation between
cardiac and respiratory measures.38 Their find-
ings suggest dissimilar developmental patterns
for autonomic and somatic motor systems and
include a discontinuity in autonomic develop-
ment at approximately 1 month of age. They
speculated that these trends reflected a change in
the nature of sleep states as forebrain connections
develop.

State-dependent variations also occur over
the first year of life. Litscher and colleagues per-
formed spectral analysis of breathing and heart
rate patterns during the first and last episodes of
quiet sleep recorded over an 8-hour all-night
period on 19 infants at 6 weeks, 6 months, and
1 year of age.33 A total of 43 recordings were ana-
lyzed. Their results demonstrated that the respi-
ratory rate decreases during quiet sleep and the
respiratory variability decreases with age.
Calculations of heart rate in beats per minute
and heart rate variability (%) revealed a slowing
of heart rate and an increase in variability. A com-
parison of the cardiorespiratory data from the first
and last quiet sleep periods showed no significant
differences within any one of these age groups.

When Haddad and coworkers studied the
state dependence of the QT interval in normal
infants at 2 weeks, 1 month, 2 months, 3 months,
and 4 months of life, they found that the QT
index (defined as the QT interval divided by the
square root of the R-R interval) was significantly
greater during quiet sleep than REM sleep. This
significant difference was present in all age groups
studied.19,39

Cardiac output is also coupled to heart rate
during wakefulness. However, cardiac output is
only slightly decreased during slow-wave
sleep.3,18,27,40 A decrease in cardiac output is
more significantly pronounced during the tonic
REM state, its average being about 9% less than
that during quiet wakefulness. Changes in car-
diac output are not accompanied by changes in
stroke volume, which tends to remain constant
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during quiet wakefulness, slow-wave sleep, and
REM sleep.

Blood pressure also varies significantly between
quiet wakefulness and sleep. There is a relatively
modest decrease in blood pressure during NREM
sleep (approximately 14 mm Hg).7,29 It decreases
to an even greater extent during tonic REM
sleep. Blood pressure variation during REM sleep
is complex and notable. Periods of relative
hypotension are interrupted by brief, sharp
increases in mean arterial pressure.8,30 Oscil-
lations in blood pressure appear to be related to
the phasic phenomena of REM sleep. Blood pres-
sure increases appear to occur shortly before
or after the onset of bursts of phasic activity
(e.g., eye movements, phasic muscle twitches).

Abnormalities and intercurrent medical con-
ditions can affect the variability and state depend-
ence of heart rate and contribute to arrhythmias.
Fagioli and colleagues have shown that there is a
high frequency of sinus pauses in malnourished
infants.19,41 This arrhythmia was identified
mainly during quiet sleep. After the nutritional
rehabilitation of the infants studied, there was a
dramatic reduction in the frequency of these
sinus pauses. They concluded that the large
number of sinus pauses seen in infants suffering
from severe malnutrition may reflect a distur-
bance of neurovegetative regulation that is
intensified by sleep-related physiologic changes.

Cardiac and other cardiovascular variations
during sleep in newborns, infants, and children
are complex and appear to hold particular and
consequential clinical relevance. Phasic excita-
tion of the heart and vascular changes in the
coronary, systemic, and cerebral circulations
may profoundly influence the course of other
medical conditions in the fragile child.

Respiratory Activity
Three respiratory parameters are typically moni-
tored during polysomnographic assessment:
nasal/oral airflow, respiratory effort, and oxygen
saturation. The recording of nasal and oral air-
flow is most commonly accomplished by the
placement of thermistors or thermocouples in
the stream of air. This method of recording air-
flow is simple, comfortable, and highly reliable
for most patients but can be imprecise due to
positional factors and may require the technician
to frequently adjust the sensors and alter the

amplifier sensitivity. Pneumotachograph record-
ing is less commonly used, requires the patient
to wear a large facemask during sleep, and may
be impractical for many patients.

Respiratory effort may be measured with
strain gauges, chest wall impedance, intercostal
EMG, inductance plethysmography, and pneu-
matic transducers. All of these methods provide
reliable information regarding the patient’s
breathing by monitoring movement of the chest
and abdomen. In children and adults the least
restrictive methods are preferable, largely because
they minimize discomfort and promote compli-
ance with the all-night procedure.

Pulse oximetry is the standard for noninva-
sive, continuous monitoring of arterial oxygen
saturation. The probe may be placed on an ear-
lobe, finger, toe, or foot (in the younger infant).
Using spectrophotoelectric principles for record-
ing, the pulse oximeter circumvents the compli-
cations associated with the transcutaneous
measurement of the partial pressure of oxygen or
the use of an indwelling arterial catheter. It pro-
vides reliable information regarding respiratory
function and highly correlates with simultane-
ous blood gas determinations.

Anterior Tibial EMG Activity

If periodic leg movements during sleep or noc-
turnal myoclonus is suspected, EMGs from the
left and right anterior tibial muscles are recorded.
Two surface electrodes are taped approximately
3 cm apart on each leg to monitor leg muscle
activity during the sleep period. Leg muscle EMG
can also provide additional information about
limb and body movements during the recording
period.

Audio-Video Monitoring

Continuous audio and video monitoring and
recording of the patient during the sleep period
can provide significant details about underlying
sleep-related pathology. Somnambulistic episodes
can be chronicled, seizure activity can be docu-
mented, and some symptoms of sleep apnea
(e.g., loud snoring) can be recorded. Continuous
monitoring also provides a necessary safety
function as well as detailed observational data
about the patient’s sleeping positions at the time
of abnormal physiologic events.

Polysomnography in Infants and Children Chapter 6 65

Ch06.qxd  1/25/05  3:14 AM  Page 65



POLYSOMNOGRAPHIC
TECHNIQUES

Neonatal and Infant Monitoring
Indications for Study and 
Common Usage
● Suspected apnea of prematurity
● Suspected apnea of infancy
● Suspected severe gastroesophageal reflux with

or without aspiration
● Evaluation of some children who have suffered

apparently life-threatening events
● Suspected seizure disorder
● Presence of major morphologic abnormalities,

especially those that involve congenital mal-
formations of the head, face, mouth, tongue,
neck, and/or chest (e.g., Pierre Robin syn-
drome, Treacher Collins syndrome, Beckwith’s
syndrome)

● Suspected central hypoventilation syndrome
● Congenital neuromuscular disorders associ-

ated with generalized hypotonia
● Metabolic/genetic disorders associated with

hypotonia and/or abnormalities of the head
and neck

● Postoperative evaluation of infants who have
undergone surgery of the face, mouth, and/or
neck (e.g., status/post–cleft palate repair)

● Other (individualized indications that depend
on the infant’s presenting problem)

Potential Future Usage
● Evaluation of development and/or maturation

of the central nervous system.
● Evaluation of long-term prognosis for the

“new morbidity” (New morbidity includes enti-
ties such as learning disabilities, behavioral
abnormalities, and isolated developmental
delays.)

● Evaluation of the acute neurophysiologic sta-
tus of infants suffering from intrauterine drug
exposure

● Prognosis of the intrauterine drug–exposed
infant

● Evaluation of the developmental and neuro-
logic outcomes of many other congenital and
acquired abnormalities (e.g., infants who are
status/post-intraventricular hemorrhage)

● Objective neurophysiologic evaluation of
infants with low 5-minute APGAR scores

Equipment Recommended:
Standard/Elective
Standard Polygraph and Standard EEG
Electrode Array

EEG: CHOICE OF MONTAGE

Raw data monopolar recordings are standard for
all patients. Two montages might be elected in
the evaluation of the neonate. A single scoring
channel is inadequate for comprehensive poly-
somnographic analysis of the neonate or child.
The two standard electrode arrays are shown in
Table 6–1.

The standard transcoronal electrode array is
used in children under 2 years of age unless oth-
erwise indicated by physician order. In small and
premature infants, a double-distance electrode
array may be used. The standard-distance trans-
coronal and parasaggital electrode array is used
in all children over 2 years of age unless other-
wise indicated.

EMG

Standard chin muscle EMG should be used for
identification of the sleep state. In addition, the
optional limb-surface EMG (e.g., bilateral, upper
and lower extremities) might be used to identify
phasic activity and limb movements.

EOG

Standard EOG activity may be monitored using
two electrodes placed 1 cm lateral to the outer
canthi of each eye and offset from the horizontal
by 1 cm. Eye movement during the neonatal
period is often nonconjugate. This must be taken
into consideration in the evaluation of the EOG.

Wrapping the infant’s head in a soft, self-
adhering bandage is usually recommended. This
protects the electrodes against displacement. If
the head is wrapped loosely, a sweat artifact is
usually avoided.

Recording of Respiratory
Movements and Function
Respiratory Effort

Respiratory effort should be measured and/or
monitored by inductive plethysmography or
piezocrystal belts. Chest effort and abdominal
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movement are recorded on separate channels
and calibrated in phase when the child is awake,
assuming there is no respiratory distress during
the waking state. Measuring respiratory effort
by means of only the chest wall and abdomi-
nal impedance has poor sensitivity and speci-
ficity and should be avoided. In addition to
the assessment of continuous changes in chest
and abdominal circumference (or volume with
plethysmography), intercostal EMG is also used
to evaluate respiratory effort. This is an indirect
measurement of diaphragmatic muscle activity.
Electrodes are placed in the fifth intercostal
space in the anterior axillary line and calibrated
to record diaphragmatic as well as intercostal
muscle activity.

Nasal/Oral Airflow

Airflow is best measured and/or monitored by
nasal pressure transduction and continuous
monitoring of the capnography waveform.
Thermistor application has been the standard
technique in adult laboratories but might not be
as sensitive a measure of airflow as pressure is in
children.

Although the phenomenon is not universal,
newborn infants are typically obligate nasal
breathers. The measurement of nasal airflow
alone may be adequate for most studies. The
measurement of end-tidal CO2 is a highly accu-
rate method of determining airflow at the nose
and mouth. Side-stream analysis of end-tidal
CO2 is conducted on all patients. Waveforms are
recorded, and a running 10-second average is
also recorded on all patients. A split-lumen can-
nula is used for measuring both nasal/oral pres-
sure and end-tidal CO2. When supplemental

oxygen is required, the nasal pressure lumen is
abandoned and supplemental oxygen provided,
leaving the end-tidal CO2 lumen for recording
the capnography waveform. There is a 3-second
sampling delay when measuring side-stream
end-tidal CO2; therefore, analysis and the cate-
gorization of occlusive and partially occlusive
respiratory events, as well as central respiratory
pause, must take this sampling delay into
account.

Hemoglobin-Oxygen Saturation

Continuous monitoring of SaO2 by pulse oxime-
try is standard in all neonatal polysomnographic
procedures. In the sick neonate and/or the pre-
mature infant, the infant’s blood pH and temper-
ature should be known in order to accurately
assess oxygen saturation during the study. In
addition, it is important to be aware of the P50
(position of the hemoglobin-oxygen dissociation
curve) for fetal hemoglobin for accurate moni-
toring and assessment.

Optional Parameters

TcPO2 and TcPCO2 may be continuously or inter-
mittently monitored during the study. These
parameters will be individually ordered when
needed. However, the complication rate (burns)
from the heated probes is significantly greater
than that seen with continuous monitoring
of SaO2. Therefore, these methods should be
reserved only for certain circumstances and indi-
vidualized for each patient. The probe site
should be relocated every hour when continuous
monitoring is required. Transesophageal pressure
may also be monitored and is highly sensitive
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Standard-Distance Standard-Distance 
Transcoronal Montage Bitemporal Montage
A1-T3 1. FP1-F7 9. A1-T3
T3-C3 2. F7-T3 10. T3-C3
C3-CZ 3. T3-T5 11. C3-CZ
CZ-C4 4. T5-O1 12. CZ-C4
C4-T4 5. FP2-F8 13. C4-T4
T4-A2 6. F8-T4 14. T4-A2
CZ-O2 7. T4-T6 15. CZ-O2
C4-A1 or C3-A2 8. T6-O2

Table 6–1. Standard Electrode Arrays
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and specific for increasing nadirs of negative
intrathoracic pressure in the high upper airway
resistance syndrome.

Measurement of Heart Rate 
and Rhythm
Continuous monitoring of heart rate and rhythm
may be accomplished by using standard ECG
lead II placement. Alternatively, an electrode
may be placed in the middle of the chest (mid-
sternal region) and referenced to A1 or A2. The
rate should be determined by the frequency of
QRS complexes and the fast Fourier transforma-
tion of the R-R interval, and beat-to-beat vari-
ability should be evaluated by the comparison of
R-R intervals and assessed during wakefulness,
quiet sleep, and active sleep.

Movement
Movement may be monitored by limb EMG
(upper and lower); direct observations by
the technician, with his/her notations on the
record; and/or video recording. Actigraphy
may also be considered for monitoring activity.
Behavioral observations and notations are sig-
nificant and important during neonatal and
infant polysomnography.

Standard Duration of 
the Study
Polysomnograms should last a minimum of 6
hours but optimally 8 hours. The timing of the
studies is also important. They should be con-
ducted during the late evening and early morn-
ing hours (e.g., 10:00 PM to 6:00 AM).

Description

A polysomnogram consists of the continuous
nocturnal monitoring of the EEG (bipolar
transcoronal and parasaggital electrode array),
EOG (left outer and right outer canthus), chin
muscle EMG, left and right anterior tibial mus-
cle EMG, lead II ECG, instantaneous heart rate
(R-R interval by flicker fusion threshold analysis),
nasal/oral airflow by capnography and pressure
transduction, end-tidal CO2 trend by capnome-
try, chest and abdominal wall respiratory move-
ment by piezocrystal belts, body position, upper

respiratory tract sound by sonography, and oxy-
gen saturation by pulse oximetry. Continuous
pulse volume is measured by using finger
plethysmography. The record is scored and eval-
uated according to the accepted criteria of
Rechtschaffen and Kales for children over 6
months of age42 or Anders, Parmalee, and Emdee
for children younger than 6 months of age.43

Analysis is conducted in 30-second epochs; all
epochs of the recording are analyzed.

ARCHITECTURE

The analysis of sleep structure throughout the
night is known as its architecture. Sleep latency
is the time from lights out to sleep onset. REM
latency is the time from sleep onset to the first
REM sleep period. WASO means “wake after
sleep onset.” Sleep efficiency is calculated by
dividing the WASO by the total sleep time. The
sleep state percentages for the entire recording
are also reported. Laboratory effects may result
in a somewhat longer sleep latency period than
at home and a slight decrease in REM sleep.

ELECTROENCEPHALOGRAM

There is a comprehensive screening EEG elec-
trode array. It is not a diagnostic EEG recording.

CHIN ELECTROMYOGRAM

The submental muscles are continuously evalu-
ated for a snore artifact and/or bruxism. The
genioglossus muscle is the principal muscle being
recorded.

ANTERIOR TIBIAL MUSCLE ELECTROMYOGRAM

The continuous recording of the EMG of the left
and right anterior tibial muscle is analyzed for
periodic and/or episodic limb movements and
restless legs syndrome as well as phasic muscle
activity during REM sleep.

ELECTROCARDIOGRAM

The continuous recording of lead II is assessed
for rhythm, rate, and abnormalities that may be
associated with central or obstructive respiratory
events.

RESPIRATORY ANALYSIS

The comprehensive evaluation of sleep-related
respiratory status is conducted. The number
of occlusive (apneas) and partially occlusive
(hypopneas) respiratory events is provided.
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Significant central apneas, hypopneas, and/or
periodic breathing are reported in the Impression.
The average length of each is calculated. The
apnea index represents the total number of apneas
divided by the total sleep time. The A + H index
represents the total number of apneas plus hypo-
pneas per hour of sleep. The REM RDI represents
the respiratory disturbance index (total number of
apneas plus hypopneas) during REM sleep only.
Baseline and nadir SaO2 are reported, as are base-
line and maximum end-tidal CO2.

OTHER CONSIDERATIONS

Several other issues are important in under-
standing the processes of polysomnography.
These issues include patient preparation by the
practitioner for the sleep study, patient safety,
and the physical layout of the laboratory.

Patient Preparation
The proper preparation of the patient for the
study will alleviate anxiety about the procedure
and increase patient compliance. Before the
study, the practitioner should discuss with the
patient the reason for the testing, the procedures
that will be used, and what the patient can
expect from the laboratory staff. Directly address-
ing these issues will help alleviate the anxiety
associated with sleeping in a strange laboratory
environment and will result in a more represen-
tative night’s sleep. The extra effort and additional
time with younger patients and their families
can significantly ease tension. Most laboratories
will permit a tour of the facilities before the
study to familiarize the child with the equipment
that will be used. Parents are also encouraged
to spend the night in the laboratory with their
child.

Patients and their families often feel that the
placement of multiple electrodes, sensors, and
monitoring equipment will interfere with sleep.
Although the potential exists, experience shows
that children (and adults) sleep quite well in the
laboratory, and the sleep recorded is generally
representative of the patient’s typical sleep phys-
iology. However, there may be a discrepancy in
the measurement of sleep between the first night
in the laboratory and consecutive nights. On
occasion, two or more nights of polysomnogra-
phy may be required for an accurate assessment
of the presenting problem. This can frequently

be anticipated from historical information before
the study night, and many sleep laboratories will
require a clinical evaluation in the sleep center
before the investigation. The staff of the sleep
center can determine the appropriate polysomno-
graphic montage and the number of nights
required for an accurate diagnosis to be made.

Patient Safety

The safety of the patient is of primary impor-
tance within the sleep laboratory. Because the
patient is connected to complex electrical equip-
ment, the potential for exposure to incoming
electrical currents and shock hazards is mini-
mized by compulsive attention to the inspection
and maintenance of the recording apparatus.
A single electrical ground is affixed to the patient.
If more than one is used, the creation of a
“ground loop” is greatly enhanced.

It is necessary for the technician to continu-
ously observe the patient throughout the entire
recording period. Patients may require prompt
medical attention during the course of the sleep
study, and the laboratory staff is prepared for
these situations. Therefore, the technicians
remain vigilant with the patient and recording
throughout the entire study period.

Sleep Laboratory Environment

Although sleep laboratories differ markedly in
layout, design, and decoration, they generally
consist of one or more bedrooms for monitoring
patients, an adjacent control room, a restroom,
and a storage area. To reduce the probability of
one patient disturbing the sleep of another, each
patient is provided with a private room. Ideally,
the sleep rooms simulate a home environment,
are painted a neutral color, and are light and
sound attenuated. The rooms are always easily
accessible to the technician. Some laboratories
have separate patient preparation rooms. The
supplies needed for patient setup can be kept
in this area and patients will be able to relax and
attempt to sleep in the bedroom. Furthermore,
efficiency can be maximized because additional
time-consuming “cleanup” procedures can be
performed in areas other than the sleep room.

The control room is large enough to accom-
modate the equipment required for all record-
ings and should be safe and comfortable for the
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technician. In addition, the room must be con-
structed in a manner that minimizes electrical
interference and artifact intrusion. Since poly-
somnographic records consist of voluminous
pages of data, an adjacent reading and storage
room is helpful.

The design of sleep laboratories is geared
toward both patient comfort and safety and the
technician’s needs. With the appropriate man-
agement strategies, the physical laboratory envi-
ronment can ensure efficient patient care and
accurate, reproducible recordings.
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The physiology of the human organism has been
extensively studied, and many functions are
clearly understood. Responses of organ systems
in various states of health and disease are well
known during the waking state. For many years,
function during the sleeping state had been
assumed to parallel that of waking. In 1963,
Nathaniel Kleitman published his historic
volume, Sleep and Wakefulness.1 Kleitman pro-
posed that physiologic processes vary according
to state; that organ systems function and interre-
late differently asleep and awake. Since then, sev-
eral major texts describing human physiology
during sleep have been published.2 Over the past
40 years, it has become clear that focusing on the
functioning of the human organism in health and
disease states only during periods of wakefulness
provides limited insight on which to base many
therapeutic regimens. If organ systems function
differently during the sleeping state, the response
to disease processes will also vary between states.

This chapter focuses on specific variations in
the function of organ systems during the sleeping
state that may affect the response to disease
processes and the efficacy of therapeutic regimens.
Specific changes in the central nervous system,
temperature regulation, and the endocrine, cardio-
vascular, and respiratory systems are discussed.

CEREBRAL BLOOD FLOW
DURING SLEEP

Consistency of cerebral blood flow (CBF) during
sleep depends on alterations in cerebral vascular
resistance. Upper and lower limits of autoregula-
tion are not fixed: they vary with the chemical
environment, metabolic needs, and neurogenic
input.3 Data regarding CBF in humans are lim-
ited because of difficulties in measurement.
However, in 1981, Meyer and coworkers4 devel-
oped a noninvasive method for estimating local

and regional blood flow in the brain and opened
the door for other investigators to study the
effect of blood flow variations in the intact
human central nervous system.

Animal experiments have revealed significant
variations in CBF during sleep. There appears to
be a significant decrease in CBF during
non–rapid eye movement (NREM) sleep and a
profound increase during rapid eye movement
(REM) sleep. In general, cerebral vasodilatation
occurs during sleep.5 Response to state change
is, however, heterogeneous, with different
regions of the brain exhibiting different magni-
tudes of alteration. Additionally, differences exist
in blood flow between slow-wave sleep (SWS)
and paradoxical sleep (REM).6 Townsend7 found
a consistent decrease in CBF during SWS, with
an overall average decrease of 10%. During REM
sleep, there was a significant increase in blood
flow, with an overall increase of approximately
8% over the baseline state.

The exact mechanisms responsible for varia-
tions in CBF during sleep are unknown. It has
been suggested, however, that changes may be in
response to variations in metabolic rates of cere-
bral tissue during various stages of sleep. Brain
temperature decreases in NREM sleep and
increases in REM sleep.8 This REM sleep–related
increase is attributed to increased blood flow and
increased metabolic rate during this stage.
Neuronal activity in many central nervous
system regions is higher during REM sleep than
during NREM sleep, and this increased activity
may be responsible for the increased metabolic
rate.9 In addition, there appears to be a neuro-
genic component to the control of CBF during
sleep.10 Meyer and Toyoda have suggested that
the variation in CBF during different stages of
sleep is a function of neurogenic control.11

During REM sleep, local blood flow has been
shown to increase in the rhombencephalon,
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whereas blood flow in the mesencephalon
decreases.12 Cortical blood flow has been noted
to increase by 30% to 50% in REM sleep when
compared with SWS.8 Larger differences are seen
in the brainstem. White matter and cortex show
the least alteration. During REM sleep, phasic
oscillations in blood flow have been observed
and appear to correlate with bursts of phasic
activity (e.g., twitches, eye movements). During
SWS, oscillations are not as dramatic or as con-
sistent.12

Intrinsic regulation of CBF during wakeful-
ness and sleep is significantly affected by the
chemical environment (Table 7–1). Although
CBF is dramatically altered by changes in arterial
carbon dioxide tension (PaCO2), moderate
changes do not appear to be associated with sig-
nificant variation in cerebral circulation during
sleep.13 When PaCO2 disturbances occur,
extravascular pH appears to be an important
variable.14

Cerebral metabolic rate and CBF seem to be
insensitive to alterations in the arterial oxygen
tension (PaO2) within the physiologic range.8 If
the arterial PaO2 is lowered to below about 50
mm Hg, CBF begins to increase precipitously in
response to the hypoxia.15 Hypoventilation seen
during sleep in normal subjects results in a pro-
gressive decrease in oxygen saturation (SaO2). In
a study reported by Doust and Schneider,16 a
decrease in SaO2 from 96% during wakefulness
to 87% during SWS was seen in normal subjects.

Intracranial pressure also reveals sleep-related
changes. There is little variation of intracranial
pressure from the waking state as the subject
enters NREM sleep.17 During REM sleep, how-
ever, large intracranial pressure (ICP) waves
occur that are almost double the steady state
pressure. In most individuals, these ICP waves
are of little clinical significance. However, in
patients with little ICP reserve, small increases

during sleep may result in depressed neuronal
function.

BODY TEMPERATURE REGULATION
DURING SLEEP

Core body temperature exhibits a highly stable
circadian rhythmicity and has been used as a
major marker for other endogenous rhythms. As
the night progresses, core body temperature falls
and reaches its nadir during the early morning
hours. During REM sleep, however, core tem-
perature increases approximately 0.2° C.

Homeothermic temperature regulation is
characteristic of mammals. Interestingly, animal
experiments have shown that during REM sleep,
body temperature follows environmental tem-
perature, increasing as the ambient temperature
increases, decreasing as the ambient tempera-
ture decreases. Return to NREM sleep is accompa-
nied by a rise in core temperature to homeostatic
levels. This positive correlation of variation of
body temperature with environmental tempera-
ture during REM sleep suggests a shift toward
poikilothermy (i.e., thermoregulatory mecha-
nisms are depressed). On the other hand, a neg-
ative correlation exists during NREM sleep,
indicating that thermoregulation remains intact
during this state.18

Sweating and shivering are major tempera-
ture-regulating mechanisms during wakefulness
(Table 7–2). Significant variations are seen in
both functions during sleep. Sweating remains
intact during NREM sleep in neutral or warm
environments,19 but it is notably absent during
REM sleep.20 Similarly, shivering and thermoreg-
ulatory vasomotor activity, which occur during
wakefulness and NREM sleep, are not present
(or are significantly depressed) during REM
sleep. It has been shown that absence of shiver-
ing during REM sleep results from mechanisms
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Parameter Wake Slow-Wave Sleep REM Sleep
Blood flow Neurogenic and Heterogeneous Increased 30%-50%

chemical control changes Phasic oscillations
Brain temperature Related to metabolic rate Decreased Increased
Intracranial pressure Relatively stable Relatively stable Increased

Phasic oscillations

Table 7–1. Physiologic Variations in the Central Nervous System during Wake and Sleep
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other than muscle atonia associated with this
state. Animals lesioned in the pontine tegmen-
tum (which results in abolition of REM atonia)
still do not shiver during REM sleep.21

The diaphragm is normally unaffected by
generalized skeletal muscle inhibition during
REM sleep, but it does not show increased activ-
ity (i.e., tachypnea) to warming or cooling.
Cooling of the hypothalamus during NREM
sleep in animals results in increased oxygen
consumption and metabolic heat production,
but neither cooling nor heating of the hypothal-
amus during REM sleep results in a thermoreg-
ulatory response.22 These data support the
assumption that hypothalamic thermoregula-
tion is significantly decreased or absent during
REM sleep.

ENDOCRINE VARIATIONS
DURING SLEEP

The effects of sleep on hormone secretion are
outlined in Table 7–3.

Growth Hormone
In prepubertal children, secretion of growth hor-
mone (GH) is clearly coupled with sleep onset. It
peaks early in the first third of the night during
SWS and is secreted exclusively during sleep.23

During puberty and throughout adolescence, the
pattern of secretion of GH is modified from the
prepubertal paradigm. Several minor peaks occur
throughout the day, although GH still reaches its
maximal concentration during sleep. Shifting of
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Parameter Wake Slow-Wave Sleep REM Sleep
Regulation Homeothermic Homeothermic Variable

Varies positively with 
environmental temperature

Sweating Present Present Relatively absent
Vasomotor activity Present Present Relatively absent
Shivering Present Present Absent

Table 7–2. Physiologic Variations in Temperature Regulation during Wake and Sleep

Normal Sleep Phase Sleep
Hormone Peak and/or Trough Effect of Shifted Phase Dependency
Growth Secreted at sleep onset Secretion time follows Yes

hormone Peaks early in sleep period the shift in sleep phase.
Prolactin Secreted 30-90 min Secretion time follows the Yes

after sleep onset shift in sleep phase.
Peaks in the early 

morning hours
Thyroid-stimulating Peaks in the early evening There is no significant No

hormone Declines more gradually change in secretion. 
across the sleep period Sleep appears to modulate

(inhibit) secretion.
Luteinizing Rises during sleep in There is a shift in secretion Yes

hormone prepubertal children that follows the shift in 
Secondary peaks occur sleep phase.

during wake during puberty.
Follicle-stimulating Sleep-related rise in There is a shift in secretion Yes

hormone secretion occurs. that follows the shift in
sleep phase.

Cortisol Peaks at the end of the There is no significant No
sleep period change in secretion.

Nadir occurs early in the Sleep appears to modulate No
sleep period. (inhibit) secretion.

Table 7–3. Effects of Sleep on Hormone Secretion
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the sleep phase to times of day other than the
normal sleep period is accompanied by shifts in
the timing of secretion of GH.24,25 A 180-degree
reversal of sleep phase results in a 180-degree
shift in peak secretion of GH. This sleep-associ-
ated release of GH has been related to Jouvet’s
theory of monoaminergic sleep systems. Agree-
ment rests in observations that NREM sleep and
hypothalamic releasing factors are both triggered
by the same serotonergic neurons in the raphe
nuclei of the brainstem.26

Prolactin
Under basal conditions, prolactin rhythmically
peaks each night. As with GH, summits are
almost entirely restricted to the sleep interval
and are clearly coupled to the sleeping state.27

Prolactin levels generally increase 30 to 90 min-
utes after sleep onset and reach maximal levels
in the early morning hours.20 Prolactin secretion
also occurs during daytime naps and remains
coupled to sleep after acute sleep–wake phase
reversals. This sleep-related pattern of secretion
is present from late puberty to old age and per-
sists during pregnancy, when higher levels of
prolactin are secreted. Although prolactin and
GH secretion are both connected to the sleeping
state, peaks of each hormone are not coincident.
In contrast to the adolescent and adult GH
rhythm, the prolactin peak during sleep appears
to be the only major aligned episode of release
across 24 hours.28

Cortisol
Like core body temperature, cortisol follows a
clear, well-established, consistent circadian
rhythm; it has also been used as a phase refer-
ence point for other endogenous rhythms.29

Maximal cortisol secretion generally occurs at
the end of the sleep period, and its nadir is
located early in the sleep period. Manipulation
of the timing of sleep does not dramatically
change adrenocorticotropic hormone–cortisol
secretion as it does GH and prolactin, and its
rhythm is most likely independent of sleep itself,
controlled by a different endogenous oscillator.
A reduction in plasma cortisol concentration
seems to occur regardless of the timing of the
sleep period.26 This suggests that cortisol secre-
tion and the rhythm of the sleep–wake cycle are
independent. Sleep appears to only modulate the

release of cortisol, inhibiting rather than con-
trolling secretion.

Thyroid-Stimulating Hormone
Daily maximums of thyroid-stimulating hor-
mone (TSH) secretion are seen to rhythmically
recur each evening and precede the onset of
sleep.30 The TSH peak begins in the early
evening and then declines across the sleep phase.
This sleep-associated decline in TSH suggests
that sleep is almost as important a determinant
of the locus of the maximum TSH rhythm as it is
for GH and prolactin. However, with shifts in the
sleep phase, the rise in TSH levels appears to be
coupled to clock time rather than sleep period.
Changing the timing of the sleep period reveals
that inhibition of TSH secretion occurs with
sleep, although the rise to peak of this hormone
is still synchronized to clock time. Therefore,
sleep appears to truncate the circadian secretory
episode of TSH.26

Luteinizing Hormone
Luteinizing hormone (LH) has been shown to
drive male testosterone production by the Leydig
cells of the testes, and it exhibits sleep-related
rhythmicity during puberty.31-33 However, these
sleep-associated changes in LH secretion and
testosterone production have been shown to
occur prior to Tanner stage 2.34 LH increases dur-
ing sleep seems to be responsible for initiation of
pubertal changes. LH surges are followed
momentarily by elevations in plasma testosterone
levels, which, in turn, induce the changes in sec-
ondary sexual characteristics seen during this
stage of development.32,35 As boys traverse
puberty, enhanced episodic release of LH and
testosterone occur during wakefulness until
Tanner stage 5 is reached. At this time, an adult
pattern of equivalent pulse height of LH secretion
across the sleep cycle occurs.32 Change of sleep
phase results in a corresponding change in LH
and testosterone activity. Testosterone levels peak
during sleep in the adult in spite of a weakened
or absent nocturnal rise in LH activity.20

Follicle-Stimulating Hormone
Follicle-stimulating hormone (FSH) follows a
pattern similar to that of LH. Increases in LH
occur at sleep onset, and wakefulness appears to
inhibit LH and FSH secretion. The delay of sleep
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or the acute reversal of the sleep–wake cycle
results in corresponding changes in FSH activity
patterns. Pubertal girls show sleep-coupled
release of LH and FSH during sleep.20 Estradiol
levels, however, do not increase until 10 to 14
hours later. Cycling women do not show sleep-
related release, but there may be inhibition of LH
secretion 2 to 3 hours after sleep onset.

CARDIOVASCULAR VARIATIONS
DURING SLEEP

The physiologic variations in the cardiovascular
system during wake and sleep are outlined in
Table 7–4.

Heart Rate
Heart rate is generally reduced during natural
sleep in most animal species. When compared
with quiet wake (QW), the effect of synchronized
(NREM) sleep on heart rate is a slight decrease in
heart rate of 4 to 8 beats per minute.36 During
REM sleep, a decrease in rate of 17 beats per
minute (approximately 8% less than the mean for
QW) has been noted. Reduction in heart rate
during sleep appears to parallel sleep-related
alterations in blood pressure, in that the variation
is more pronounced during REM sleep, and heart
rate variability is clearly greater in REM sleep
than in NREM SWS.37

Heart rate is also significantly influenced by
phasic phenomena of REM.38 During bursts of
rapid eye movements and body movements,

there are clear episodes of short-lasting tachycar-
dia, followed occasionally by a rebound brief
bradycardia before return to baseline levels.

Cardiac output is generally coupled to heart
rate during wakefulness. During sleep, however,
cardiac output has been shown to be only
slightly reduced during SWS when compared
with the waking state.36,39 Reduction in cardiac
output becomes more pronounced, however,
during the tonic REM state, its average then
being about 9% less than during QW. Changes in
cardiac output are not accompanied by changes
in stroke volume, which tends to remain con-
stant during QW, SWS, and REM cycles.

Blood Pressure

Extended studies of laboratory animals have
revealed a moderate, but significant decrease in
blood pressure (approximately 14 mm Hg) dur-
ing NREM sleep when compared with QW.37 A
more significant fall has been shown to occur
during REM sleep (approximately 25 mm Hg).
Changes in blood pressure are more complex
and variable during REM sleep than during
NREM sleep. Brief sharp increases in mean arte-
rial pressure occur, which are superimposed on
relatively hypotensive values. These oscillations
in blood pressure appear to be related to brief
excitatory somatomotor phenomena that are
typical of REM sleep. Blood pressure rise begins
with, or occurs shortly following, the onset of
bursts of rapid eye movements and muscle
twitches.38
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Parameter Waking Slow-Wave Sleep REM Sleep
Heart rate Variable Mildly decreased Variable

Dependent on activity compared to wake Decrease with phasic
increases

Cardiac output Variable Mildly decreased Mildly decreased 
Dependent on activity compared to wake compared to wake 

and SWS
Blood pressure Variable Mildly decreased Decreased compared 

Dependent on activity compared to wake to SWS and wake
Phasic elevation

Peripheral Variable Mild vasodilation Vasodilation with
vasomotor activity Dependent on activity periods of phasic

vasoconstriction

REM, rapid eye movement; SWS, slow-wave sleep.

Table 7–4. Physiologic Variations in the Cardiovascular System during Sleep
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Two types of blood pressure changes in
desynchronized sleep occur in the cat. First, a
tonic blood pressure alteration takes place, con-
sisting of hypotension lasting throughout the
desynchronized sleep episode. Second, there are
frequent phasic pressure changes, which consist
of brief blood pressure rises that occur simulta-
neously with other phasic phenomena.40

Marked, brief cutaneous vasoconstriction
occurs concomitantly with phasic events during
REM sleep.20 Other regional vasoconstriction
takes place as well. For example, there is a sig-
nificantly reduced urine volume production dur-
ing REM sleep, which is considered to be the
result of a reduced renal blood flow during this
state. A central inhibitory influence on vasocon-
striction, which is present during REM sleep, has
been shown to be potentiated by sinoaortic dener-
vation.20 Vasoconstriction normally seen in the
iliac artery during REM sleep is converted to
vasodilatation. Surprisingly, the buffering action
of the sinoaortic nerve depends more on
chemoreceptive reflexes than on baroreceptor
reflexes. The baroreflexes are diminished during
REM sleep in the cat, and this variation may be
necessary to maintain homeostasis.

Cardiovascular variations during sleep hold
specific and significant clinical relevance. Phasic
excitation of the heart and coronary circulation
may precipitate decreased coronary artery blood
flow and precipitate myocardial infarction (or
other myocardial dysfunction) during REM
sleep. Nowlin and coworkers reported that noc-
turnal exacerbations of angina generally occur

during REM sleep.41 As early as 1923,
MacWilliams reported that deaths from cardiac
disorders occur more frequently during sleep
than wakefulness.42 Most deaths were found to
occur around 05:00 to 06:00, a time when sleep
consists primarily of the REM state.

RESPIRATORY VARIATIONS
DURING SLEEP

Well-defined changes in respiratory patterns
occur during sleep (Table 7–5). These alter-
ations result in modification of ventilatory con-
trol, blood-gas and respiratory patterns, and
regulatory responses to changes that are signifi-
cantly different than in the waking state.

In general, hypoventilation occurs during
sleep in the normal individual. During SWS,
there is a slight decrease in minute ventilation. A
change in metabolic rate is demonstrated by a
decrease in oxygen uptake and an increase in
carbon dioxide production by approximately
10% to 20%.43 Subsequently, a change in ventila-
tory control also occurs, as alveolar ventilation
falls more than expected in response to these
metabolic changes.44 Consequently, the partial
pressure of CO2 increases during SWS.

One of the most striking features of breathing
during SWS is its monotonous regularity and
lack of breath-to-breath variability. Respiratory
rate is slightly lower and the tidal volume is
slightly greater in SWS than in wakefulness.45,46

All major indices of respiratory function appear
to be in a stable state during this time. In con-
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Parameter Waking Slow-Wave Sleep REM Sleep
Minute ventilation Varies with activity Mildly decreased Variable
Respiratory Rate Varies with activity Mildly decreased Variable
PaCO2 Stable Mildly increased Increased
PaO2 Stable Mildly decreased Decreased
Hypercapnic Sensitive to elevation Mildly decreased Decreased to a greater

ventilatory response in carbon dioxide response extent when compared 
to wake and SWS

Hypoxic ventilatory Sensitive to decreases Mildly decreased Decreased to a greater
response in oxygen tension response extent when compared 

to wake and SWS

PaCO2, arterial carbon dioxide tension; PaO2, arterial oxygen tension; REM, rapid eye movement; SWS, slow-wave
sleep.

Table 7–5. Physiologic Variations in the Respiratory System during Sleep
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trast, during REM sleep, significant irregularity
is noted. Irregularities in respiratory patterns
were part of the original description of REM
sleep by Aserinsky and Kleitman in 1953.47

These irregularities of respiration and rapid
breathing patterns associated with REM sleep
have been subsequently confirmed in studies in
human infants, human adults, and other
species,48-50 and as seen with cardiovascular
changes, there is a significant temporal relation-
ship to the phasic components of REM
sleep.48,51,52

Respiratory changes seen in REM sleep
appear to be secondary to internally activated
neural events.53 This is consistent with the pow-
erful REM sleep–coupled neural influences on
other systems, which apparently arise from the
brainstem.

The neonate (in particular the premature
newborn) exhibits irregular breathing patterns.
Breath-to-breath variability and long episodes of
periodic breathing occur.54,55 Periodic breathing
patterns in premature infants occur during
wake, quiet sleep, and active sleep. Although
present during quiet sleep, periodic breathing is
significantly increased during REM sleep.56

During quiet sleep, periodic breathing appears to
be quite regular: breathing and apneic intervals
are of similar durations. These intervals are, on
the other hand, quite irregular during active
sleep.57 The cause of periodic breathing is
unknown, but many investigators believe that it
depends on oscillations in blood gases during
sleep.58

REM atonia, which affects almost all skeletal
muscles, also affects muscles involved in respira-
tion. The diaphragm, however, maintains its
activity during REM sleep, but intercostal mus-
cles and muscles of the upper airway are signifi-
cantly hypotonic or atonic during this stage.20

Decrease in muscle tone of the accessory mus-
cles of respiration results in hypoventilation
and/or upper airway occlusion. Neonates and
infants appear to be particularly susceptible to
intercostal muscle hypotonia resulting in rib
cage collapse and “see-saw” respiratory efforts
(paradoxical respiration).

Mucociliary clearance of pulmonary secre-
tions is reduced during sleep. The cough reflex is
significantly suppressed during NREM and REM
sleep, and the presence of coughing appears to
depend on arousal from sleep.59 Decreased clear-

ance of secretions becomes clinically significant
in patients with pathologic states that involve
increased mucous production (e.g., asthma).
Sleep architecture is frequently disrupted by
numerous arousals, perhaps to assist in clear-
ance of these pulmonary secretions. In addition,
respiratory tract smooth muscle tone is also
affected by sleep. There is a decrease in this tone
in NREM sleep when compared with wakeful-
ness. Tone continues to decrease in tonic REM
sleep; however, there is a phasic increase super-
imposed on this decrease during bursts of rapid
eye movements.20

During wakefulness, the newborn infant
responds to hypoxia in a manner different from
that of older children and adults.60 At lowered
PaO2, a biphasic response is seen, with an initial
period of hyperventilation followed by a fall in
ventilation to a level below the baseline. A simi-
lar response curve is noted during REM sleep,
but the initial hyperventilatory response is less
dramatic. During NREM sleep, hyperventilation
is noted and sustained, without the fall seen in
the other two states.

Ventilatory response to hypoxemia is
decreased during NREM sleep (compared with
wakefulness) in adult men. In contrast, the
responses during NREM and during wakefulness
are similar in women. The reason for this sex dif-
ferentiation is unknown.61-63 During REM sleep,
the ventilatory response to hypoxia is below that
of NREM sleep in both males and females.

Ventilatory response to hypercapnia is
depressed during sleep in the adult human.64

The slope of the ventilatory–CO2 response curve
falls during NREM sleep when compared with
wakefulness.65-67 This decrease in response from
wakefulness to NREM sleep has been reported to
be approximately 50%.68,69 This change does not
appear to occur in females.70 Hypercapnic
response appears to be lowest in REM sleep
when compared with wakefulness and NREM.
The mean hypercapnic response during REM
sleep seems to be approximately 28% lower than
in the other two states.68,70,71

In transient or semi–steady state experiments
in human neonates, hypercapnic ventilatory
response differs from in the adult. Studies indi-
cate that there is no difference in the ventilatory
response to CO2 between active and quiet
sleep.72-75 Using rebreathing techniques, how-
ever, a lower response in REM sleep is
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suggested,60,76 and the hypercapnic response is
lower in preterm neonates than in term infants.77

SKELETAL MUSCLE ACTIVITY
VARIATIONS DURING SLEEP

As early as 1894, a reduction in spinal reflexes
and loss of patellar reflex activity during sleep
was noted.78 These observations have been sys-
tematically confirmed. Hodes and Dement79

documented a decrease in spinal reflexes during
sleep, and a decrease in body motility associated
with the progression into SWS was corroborated
by Rohmer and coworkers.80

Skeletal muscle activity and spinal cord reflex
activity are diminished to their greatest extent
during REM sleep.79,81 Periodically occurring
twitches and muscular tremors of the face and
limbs frequently occur during this stage of
sleep.82 Progressive relaxation of the skeletal
musculature and attenuation of reflexes are most
prominently seen during REM sleep. During
REM sleep, periodic bursts of excitatory activity
break through the generalized tonic inhibition.
Hyperpolarization of the intracellular membrane
is correlated with active inhibition of the motor
neuron at the spinal level.83 Stimulation of neu-
rons in the pons (specifically in the nucleus pon-
tis oralis) results in different peripheral effects
depending on whether the subject is awake, in
NREM sleep, or in the REM sleep state. During
wakefulness, stimulation of these neurons
results in excitatory postsynaptic potential gen-
eration. During REM sleep, however, inhibitory
postsynaptic potentials are recognized. Thus,
membrane potentials are reversed depending on
the state of arousal. There appears to be a neu-
ronal gate that opens specifically during REM
sleep. In addition, coactivation of facilitative and
inhibitory neuronal activity explains the
twitches and jerks accompanying REM sleep.

Major body movements are strongly related to
the stage of sleep, with the rate of body move-
ments progressively decreasing from waking,
through stage 1, REM sleep, and stage 2, to
SWS.84 Although body movements occur during
all stages of sleep, they are most frequent during
REM sleep and least frequent during SWS.85

Within a single night’s sleep, the number of body
movements can vary considerably (from 70 to
200 movements).86

VARIATIONS IN GENITOURINARY
FUNCTION DURING SLEEP

Changes in renal function occur during sleep
and are characterized by a decrease in urine vol-
ume and an increase in urine osmolality.87 These
changes generally occur in conjunction with
REM sleep, but they appear to be more related to
decrease in regional blood flow and not pri-
marily mediated by REM-related antidiuretic
hormone release (though a nocturnal peak in
vasopressin secretion can be demonstrated).88 In
addition to renal conservation of water during
sleep, excretion of sodium chloride is reduced
during this state.

Penile tumescence occurs during REM sleep
in children and adult males.89-92 The most strik-
ing amount of nocturnal penile tumescence
episodes occur in the prepubertal and pubertal
years, gradually declining in frequency through-
out the later years of life. A similar phenomenon
appears to occur in females during REM sleep.
Most evidence for this phenomenon stems from
similarities between phasic shifts of vaginal vas-
cular blood flow and penile blood flow during
REM sleep. Karacan and coworkers93 reported
clitoral erections in three women during REM
sleep. Abel and coworkers94 documented
increases in relative pulse pressure within the
vagina during REM sleep.

VARIATIONS IN
GASTROINTESTINAL FUNCTION
DURING SLEEP

It has been shown that physiologic activity dur-
ing sleep is not homogeneous. It varies as a func-
tion of the stage of sleep as well as the time of
night. Parasympathetic activity seems to domi-
nate NREM sleep, and sympathetic activity dom-
inates REM sleep.95

Gastrointestinal function is extrinsically and
intrinsically modified during sleep. Finch and
coworkers96 demonstrated that gastroduodenal
motility during sleep shows a strong relationship
with body movements and with sleep stage
changes. Although there appear to be no statisti-
cally significant relationships between gastric
acid secretion and stages of sleep,97 a circadian
variation of secretion is seen, with peaks occur-
ring about 02:00. There appears to be a lack of
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inhibition of gastric acid secretion during sleep
in patients with duodenal ulcers. It is speculated
that epigastric pain during sleep in duodenal
ulcer patients may be more related to the pro-
longed fast associated with sleep than to factors
associated with gastric acid secretion.98

Swallowing and esophageal function are
important determinants of gastroesophageal
reflux during sleep. Swallowing is significantly
suppressed during sleep.99 This suppression of
swallowing is most noticeable during SWS, and
refluxed gastric contents maintain mucosal con-
tact for longer periods of time. Acid contact and
prolonged acid clearance is considered to be the
prime factor in the development of esophagitis
in patients with gastroesophageal reflux.100

Salivary flow, another important determinant
of acid clearance, nearly ceases during sleep.101

Body position also appears to play an important
role in acid clearance, with supine positions
associated with markedly prolonged esophageal
acid clearance.100

Orr and coworkers99 documented that sleep
impairs esophageal acid clearance in both nor-
mal subjects and patients with esophagitis.
However, patients with esophagitis took a signif-
icantly longer time for acid clearance even dur-
ing waking hours. This is especially noteworthy,
as most gastroesophageal reflux occurred during
arousals from sleep in this study, as well as in a
study of spontaneous gastroesophageal reflux in
normal subjects.102 These data clearly implicate
defective acid clearance as a major determinant
in the pathogenesis of esophageal inflammation
in patients with gastroesophageal reflux. Few
data are available regarding esophageal motility
and acid clearance during sleep in the infant
with significant gastroesophageal reflux.
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A circadian rhythm is defined as an intrinsic bio-
logic rhythm with a periodicity (peak-to-peak
duration) of approximately 24 hours. Circadian
rhythms are a basic property of higher life forms,
including plants and animals. In mammals, cir-
cadian rhythms are coupled to the timing of
sleep and wakefulness. Circadian rhythms undergo
a developmental course, from their beginnings
in utero to adult expression. This chapter describes
basic properties of circadian rhythms and then
reviews some of their fundamental properties as
they develop during childhood. Animal studies
are employed to illustrate findings that are appli-
cable to infants and children.

Entrainment of the fetus to day and night
begins in utero as a passive response to maternal
melatonin secretion. In the perinatal period, vari-
ous expressions of an endogenous circadian pace-
maker neuroanatomic structure (including the
suprachiasmatic nucleus, the pineal body, and their
connections to the retina) develop sequentially,
resulting in the successive appearance of circadian
rhythms of melatonin secretion, temperature,
wakefulness, and sleep. Circadian rhythms are
fully expressed within the first 6 months of life.

In the infant and young child, the timing of
light exposure controls the timing of melatonin
secretion and consequently the timing of sleep.
In early childhood and in preadolescent children,
the phase relationship of the child’s circadian
rhythm to environmental light and darkness is
variable. The hour at which the child is awak-
ened, the timing and brightness of artificial light-
ing after sunset and before sunrise, the timing of
exercise, the child’s feeding schedule, and the
timing of social interactions might each influence
the child’s timing of sleep propensity. The num-
ber of hours of darkness (less than 3 lux) to
which the child is exposed may influence the
duration of the child’s melatonin secretion and
the number of hours that the child sleeps.

It is becoming increasingly clear that sleep
quality impacts human development. Both the
hours at which a child sleeps and the duration of
sleep appear to be modifiable. Beginning in
utero, and continuing through childhood, envi-
ronmental and social activities are capable of
influencing the timing and duration of sleep.

THE CIRCADIAN RHYTHM SYSTEM:
BASIC PROPERTIES

The duration of daylight changes continually.
The magnitude of change from the shortest to the
longest day of the year is directly dependent on
latitude. The farther one is from the equator, the
greater the change from shortest day to longest
day. Without artificial light, human and mam-
malian ancestors were in synchrony with changes
in photoperiod (day length) that varied from
greater than to less than 12 hours. The circadian
rhythm system must be viewed as having the
capacity to track continually changing times of
light exposure, including changing times of sun-
rise and of sunset.

In contrast to sleep homeostasis, in which
sleep drive increases with increased awake time,
the body’s internal clock mechanism, or circadian
rhythm, exhibits a cyclical tendency that is mostly
independent of prior wakefulness—this is the
circadian rhythm of sleep propensity.1 Thus,
a child or adolescent may be unable to begin
nocturnal sleep at a desired hour despite sleep-
ing little on previous weekday nights and
exhibiting daytime sleepiness during school
hours. For example, a child with a 9 PM bedtime
might remain awake until midnight. Biologic
markers of circadian rhythms, such as the daily
rise and fall in core body temperature, continue
in the absence of normal social, lighting, or
other time cues. Each individual possesses a
precise internal clock, the periodicity of which
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can be “unmasked” in various types of labora-
tory protocols. This clock typically has a peak-
to-peak cycle duration of approximately 24.1 to
24.3 hours.2,3

Period Length
The duration of the circadian rhythm (Fig. 8–1),
sometimes referred to as period length, or tau,
appears to be a genetically heritable property of
the suprachiasmatic nucleus (SCN). Period
length (see Fig. 8–1A) is measured from one
cycle’s temperature minimum to the next, or from
the onset of melatonin secretion on consecutive
days, in experimental conditions that eliminate
environmental influences.4 The SCN contains an
autonomous circadian pacemaker. It is the site of
generation of circadian rhythmicity. Metabolic
and electrical activity rhythms in the SCN have
been observed in vivo, and the SCN maintains
rhythmicity in vitro. A transplanted SCN from a
donor can restore circadian function after the
destruction of a host’s SCN. Single SCN “clock
cells” exhibit independent firing-rate rhythms.
The proteins responsible for rhythmicity within
the SCN have been identified in circadian mutants
(tau mutant hamsters and Clock mutant mice).
These mutants have enabled the isolation of so-
called clock genes.5

Amplitude
The amplitude of the circadian rhythm—that is,
the change in a measured parameter from nadir
to peak (acrophase)—is an estimate of the bio-
logic capacity to oscillate every day from deep
sleep to intense alertness. The amplitude of the
circadian rhythm appears to be minimal at birth
and to attain adult levels within the first year of
life, as measured by melatonin or temperature.
Figure 8–1B shows the effects of constant rou-
tine (such as staying in bed under conditions of
continuous dim illumination for 24 hours) on
damping circadian rhythm amplitude. Factors
such as exercise and a constant bed and wake-up
time do not affect the amplitude of the circadian
rhythm.6

Phase
The phase of a circadian rhythm refers to the
relationship between the internal timekeeping

mechanism and the environmental time. Ideally,
core temperature drops and sleepiness occurs
at the desired hour of sleep, and body tempera-
ture is rising and an individual feels rested at the
desired hour of awakening. This is referred to
as being “in phase.” Phase advance refers to the
internal clock’s being set early with respect
to environmental time, and phase delay refers to
the internal clock’s being set late with respect to
environmental time (Fig. 8–1C). The tendency for
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Figure 8–1. Properties of a single cycle of the circadian
rhythm. A, One cycle of the circadian rhythm of tempera-
ture drawn twice to illustrate the duration of the circadian
rhythm (tau, or τ), here measured from succeeding tem-
perature nadirs, and the amplitude of the circadian rhythm,
in this case, temperature difference from apogee to nadir.
B, The amplitude of the circadian rhythm is reduced by the
subject remaining in bed for 24 hours (constant routine,
CR) compared to the amplitude of temperature from peak
to nadir when the subject is engaged in normal waking
activity. 
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phase to be delayed appears to increase from
childhood to adolescence.7

Morningness–Eveningness
Preference and Phase
The duration of an individual’s circadian rhythm
is correlated with “owl” versus “lark” behavior
(referred to as morningness versus eveningness):
the longer the period length, the greater the owl
tendencies. Evening types (owls) have a later
onset of melatonin secretion, their morning
temperature rise is later, and they wake up later
than do morning types. Dropping temperature is
related to sleep onset and rising temperature
is correlated with preferred wake-up time.8

Individuals who are maximally alert in the
morning have an earlier peak in circadian tem-
perature than do individuals who are most alert

in the evening. Individuals with morning prefer-
ence have a greater change in temperature from
nadir to peak. These lark types awaken and
begin sleep earlier than individuals with evening
preference.9 The phase of temperature and mela-
tonin secretion can be predicted fairly accurately
by having an individual maintain a sleep log for
several weeks, even with irregular sleep times.10

With the approach of adolescence, circadian
phase shifts to a later hour, as does an increase in
evening preference for activities. This occurs at
about age 12 to 13 years.11

Biological Day and Biological Night
A property of any waveform is the proportion
of the wave cycle during which values are
above the mean as opposed to below the mean.
From the perspective of circadian rhythms, this

88 Chapter 8 Chronobiology of Sleep

Figure 8–2. A, The phase-response curve to light (in Syrian hamsters) showing the change in the
phase of the circadian rhythm in response to exposure to light at different times. The phase-response
curve shows no phase-shifting effect of light during the circadian hours of normal light exposure
(typically, the hours of daylight). Exposure to light before the moment of singularity results in a maxi-
mal phase-delaying effect during the hours of normal darkness (negative numbers). Exposure to light
after the moment of singularity results in a maximal phase-advancing effect during the hours of nor-
mal darkness (positive numbers). A person’s circadian time must be known to predict whether the
response to bright light will have a phase-advancing or a phase-delaying effect. Point of singularity:
the time at which light exposure (or another zeitgeber) switches from having a phase-advancing to a
phase-delaying effect on the circadian rhythm. B, Circadian sleep propensity double-plotted for one
circadian cycle, showing the forbidden sleep zone (a brief time period typically preceding sleep onset),
during which sleep is least likely to occur during the circadian day. (A, redrawn from Takahashi JS, Zatz
M: Regulation of circadian rhythmicity. Science 1998;2178:1104-1111; B, redrawn from Dijk D-J,
Czeisler CA: Contribution of the circadian pacemaker and the sleep homeostat to sleep propensity, sleep
structure, electroencephalographic slow waves and sleep spindle activity in humans. J Neurosci
1995;15:3526-3538.)
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refers to the ratio of biological day (above the
mean) to biological night (below the mean).
Figure 8–1D displays two different lengths of
environmental light and dark: a 16-hour light
period followed by an 8-hour dark period (on the
left) and a 10-hour light period followed by 14
hours of darkness (on the right). At latitudes
both north and south of the equator, half the year
has day length greater than night length. This
means that environmental night is greater than
12 hours for half of the year in almost every
country, a situation that was far more behav-
iorally significant before the invention of indoor
light, beginning with candles. Figure 8–1D
shows that the duration of biological night can
change in response to changing durations of
environmental night length, including a length-
ening in the duration of melatonin secretion.12

The capacity to increase the duration of bio-
logical night is a critical factor in appreciating
the flexibility of the human sleep–wake cycle.

Contemporary humans, in essence, attempt to
exist year round on a schedule similar to a short
summer night.13

Implicit in the description of long versus
short biological nights is the hypothesis that there
is one switch (entrained to dusk) for the begin-
ning of biological night, and a second switch
(entrained to dawn) for the beginning of biolog-
ical day (Fig. 8–3).13 The end of biological night
does not occur at a set time after its beginning,
and the time of awakening is not a constant
interval after dim-light melatonin onset
(DLMO). Instead, the switches for biological
night and day are capable of tracking changing
environmental day lengths.9 This is referred to as
a two-oscillator model.14 The duration of sleep,
temperature suppression, and cortisol suppres-
sion each increases as biological nights lengthen.
The concept of a flexible (within limits) biologi-
cal night has significant implications for human
development.

Figure 8–3. Biological day coincides with the environmental time from dawn to dusk, and in diurnal
species, including humans, it exhibits qualities compatible with alertness and activity. In diurnal
species, biological night, which coincides with darkness, is compatible with rest and immobility. The
durations of biological day and biological night are responsive to changes in the duration of daylight
as it varies from less than 12 to greater than 12 hours, depending on latitude and season. (Redrawn
from Wehr TA, Aeschbach D, Duncan WC: Evidence for a biological dawn and dusk in the human cir-
cadian timing system. J Physiol 2001;535:937-951.)
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Consolidated Sleep Period
Optimal sleep is one manifestation of biological
night. The timing of biological night and an
increased sleep propensity (sleepiness) are initi-
ated by the beginning of darkness, or dusk, which
is signaled from the retina to the SCN via the reti-
nal hypothalamic pathway (Fig. 8–4). Dusk per-
mits the expression of melatonin (i.e., DLMO) by
the pineal body, and it begins the nocturnal phase
of the circadian rhythm, or biological night. This
includes a drop in core body temperature, which
reaches a nadir approximately 2 hours prior to
habitual wake-up time (see Figs. 8–1A and
Fig. 8–3), and a concomitant decrease in glucose
utilization,15 urinary metabolism, and appetite.
After the temperature begins its nightly drop and
serum melatonin begins its rise, sleep propensity
increases rapidly and the consolidated period of
nocturnal sleep begins (see Fig 8–3).16

Rate of Change from Biological
Day to Biological Night
Human circadian rhythms have traditionally been
represented graphically as a plot of core body
temperature or melatonin secretory levels aver-
aged from several subjects. The resulting plot of
mean values resembles a sine wave (Figs. 8–3
and 8–5A) that is similar to a frequency his-
togram recording electrophysiologically from

SCN neurons.17 However, if melatonin secretory
profiles are measured consecutively, time-locked
to melatonin onset or offset, the resulting wave-
form resembles more of a square wave, with
a rapid transition from biological day to biologi-
cal night, as shown in Figure 8–5B.8 This rapid
transition is consistent with experimental find-
ings in constant-routine protocols of a brief sleep
“gate,” before which sleep is unlikely to occur
and after which sleep is likely to occur.18 As day
changes to night, the output of the SCN switches
an organism from one mode of functioning,
in which it is interactive with its environment,
to another, in which it is nonresponsive and
immobile.13
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Figure 8–4. The input to the suprachiasmatic nuclei
(SCN) is via special retinal receptors that form a synaptic
connection to the retinohypothalamic tract, which car-
ries light information to the SCN. These light receptors
do not form synaptic connections with the optic nerve,
and they transmit no visual information to the CNS visual
processing centers. Therefore, conscious light perception
and SCN input are via distinct pathways; if either is
destroyed, the other can remain fully functional. (From
Rivkees S: Mechanisms and clinical significance of circa-
dian rhythms in children. Curr Opin Pediatr 2001;
13:352-357.)

Figure 8–5. A, Melatonin secretory profile derived from
averaging serum levels of melatonin. The result is a sinu-
soidal waveform with a periodicity of approximately
24 hours. B, Plotted values are derived from averaging
forward and backward from each subject’s time-locked
melatonin onset and offset. B reveals melatonin as an
on-or-off switch, demarcating the onset of biological
night and the onset of biological day. (Redrawn from
Wehr TA, Aeschbach D, Duncan WC. Evidence for a bio-
logical dawn and dusk in the human circadian timing
system. J Physiol 2001;535:937-951.)
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Point of Singularity
Each cycle of a circadian rhythm has an acrophase
and a nadir (see Fig. 8–1D). The circadian nadir
is significant: it is near the minimum of body tem-
perature. Before this time, light has a phase-
delaying effect, and after this time, light has
a phase-advancing effect19 (see Fig. 8–2A). Some-
times referred to as the point of singularity, the
circadian nadir is coincident with the beginning
of the rises of core body temperature, cortisol
secretion, and the proportion of sleep occupied
by rapid eye movement sleep. Exposure to bright
light centered at the point of singularity signifi-
cantly reduces the amplitude of core body tem-
perature, plasma cortisol secretion, and melatonin
secretion.20

Forbidden Sleep Zone
The “forbidden sleep zone” immediately precedes
the onset of biological night. This is the time
at which sleep is least likely to occur during a cir-
cadian cycle (see Fig. 8–2B). This 1- to 3-hour
period is well established in human adults and
adolescents. Because the forbidden sleep zone pre-
cedes the normal hour of sleep, many individuals
with delayed sleep phase have difficulty advancing
their hour of sleep despite sleep deprivation and
daytime sleepiness.21,22 Although forbidden sleep
zones have not been studied in children, they
appear to be particularly robust, as even children
who are sleepy enough to fall asleep in school are
not able to begin nighttime sleep at an earlier hour.

Circadian Outputs
An extremely large number of biologic, behavioral,
cognitive, and emotional factors demonstrate
consistent and predictable circadian rhythms.
Core body temperature (see Fig. 8–1A), hormone
secretion, and cell metabolism are among the bet-
ter-known biologic parameters that demonstrate a
circadian rhythm.23 Human performance is well
documented to demonstrate a circadian rhythm,
and a variety of measures of cognitive skills show
circadian changes in performance. Mood and emo-
tions also follow predictable circadian pat-
terns.24,25 It is currently believed that most of our
organs contain their own clock mechanisms, and
that each of these maintains a synchronous rela-
tionship with the body’s master clock via outputs
from the SCN.26

Phase Shifts
Only disrupted phase, and no other aspect of the
circadian rhythm, is considered a circadian sleep
disorder. The phase of the circadian rhythm is
synchronized with environmental time by a vari-
ety of zeitgebers (or time givers, and thus clock
setters), principally bright light, but also includ-
ing the timing of sleep and the timing of social
contacts. Suitably timed exposures to bright
light result in large shifts in the circadian phase.27

In contrast to bright light (and melatonin), most
other factors have only weak and inconsistent
effects in shifting circadian phase.28

The phase-shifting effect of bright light (or
any other zeitgeber) requires not only that it be
delivered at a suitable time (see Fig. 8–2A), for
sufficient duration, and at necessary intensity,
but also that the individual not be exposed to
light at times where the phase-shifting effect
would be in the opposite direction.29 For exam-
ple, exposure to bright light during normal
hours of morning sleep (after the point of singu-
larity) will not result in a phase advance unless
darkness is present during the earlier (evening)
time interval to which sleep is to be phase
advanced.

It appears that both light of ordinary room
intensity30,31 and daytime napping32 are capable
of inducing a small phase shift. These so-called
weak zeitgebers33 have been demonstrated to
change circadian phase under conditions of con-
stant routine, an experimental technique that
eliminates all stimuli that would interfere with a
phase shift. It is not clear how effective weak
zeitgebers would be in shifting circadian rhythms
under normal conditions.

Melatonin
Melatonin is secreted by the pineal gland during
darkness, and the timing of its secretion appears
to be under the control of the SCN.34 Melatonin
is sometimes referred to as the hormone of dark-
ness. The endogenous rhythm of melatonin
secretion is entrained by the light–dark cycle.35

Light is able to both suppress and entrain mela-
tonin production.34 The normal timing of sleep
is tightly coupled to the melatonin secretory
profile. Melatonin is associated with sleep in
diurnal mammals and with waking in nocturnal
animals.
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Melatonin administration and light exposure
shift circadian phase in opposite directions.
Thus, melatonin administration before DLMO
results in a phase advance, and melatonin
administration after the morning melatonin
offset results in a phase delay. The phase-
response curve to melatonin is similar to the
phase-response curve to light but in the oppo-
site direction.36,37 Melatonin is more effective
in altering the timing of circadian rhythms than
that it is as a hypnotic.38 The administration
of exogenous melatonin alters the timing of
endogenous melatonin secretion on subsequent
days.39

In a constant-routine experimental paradigm,
in which sleep is permitted for only 10 minutes,
followed by 20 minutes of forced wakefulness
for multiple 24-hour periods, sleep occurs only
during intervals that coincide with melatonin
secretion (greater than 10 pg/mL has been sug-
gested as a minimal sleep-inducing melatonin
level4). During intervals when melatonin is not
secreted, sleep does not occur.40

The nocturnal onset of melatonin secretion
is time-locked in humans to the opening of the
nocturnal sleep gate: as melatonin secretory
levels increase, body temperature falls. In a
variety of free-running conditions, sleep
occurs only when body temperature is drop-
ping or low. These findings suggest that mela-
tonin participates in sleep–wake regulation in
humans.18

Masking
The environment exerts influences that keep
an individual entrained with local day and night.
These are exogenous influences that “mask”
the body’s endogenous circadian rhythm.
Masking is so universally present that the
body’s circadian rhythm may be observed only
under extremely controlled experimental con-
ditions that eliminate the multiple zeitgebers
of everyday life that keep all of us entrained.
The timing of bright and dim light exposure,
social activities, exercise, and meals all induce
a masking effect.41 Some degree of masking is
occurring continually in all mammals whose
endogenous circadian rhythm is not precisely
24 hours, as environmental zeitgebers synchro-
nize circadian rhythms with the local hours of
light and darkness.

Entrainment
Entrainment refers to an individual’s hours of
biological day and biological night being in syn-
chrony, or in phase, with environmental day and
night. Entrainment of circadian rhythms to an
environmental schedule appears to be accom-
plished by a variety of factors, many of which
have already been discussed: bright or dim light,
social schedule, melatonin,42,43 social activities,44

and exercise.45 Bright light induces greater
entrainment than dim light; specifically, expo-
sure to bright light induces a greater evening
drop and morning rise in core body temperature.
Daytime exposure to bright light also results in
an advance in the circadian rhythm of body tem-
perature compared to dim light.46 These findings
suggest that both dim and bright light entrain
an organism to environmental phase, or time, but
that bright light further enhances entrainment
by inducing a greater amplitude of the tempera-
ture rhythm and an earlier rise in core body tem-
perature. These findings suggest that children and
adolescents with sleep initiation problems would
benefit from daytime bright light exposure.

Effect of Indoor Light on Phase
The light of dawn (an average of 155 lux, simi-
lar to indoor lighting) is sufficient to induce a
phase advance in normal subjects. It is also suf-
ficient to prevent phase delay in subjects living
in constant dim illumination.47 Subjects kept in
constant dim light (as opposed to timed indoor
light) for 21 days who had knowledge of clock
time and who had social cues in a group setting
demonstrated free-running circadian rhythms,
with a periodicity of 24{1/4} hours in melatonin
and temperature rhythms.48 This study shows
that normal individuals may not be able to
remain entrained to environmental time in the
absence of timed light as a zeitgeber. Ordinary
room light is capable of shifting the rhythms of
temperature, melatonin,49 and cortisol, indicat-
ing that the master circadian pacemaker has
shifted in response to indoor light.15,31 Both tem-
perature and hour of sleep shifted to the earlier
phase, indicating a change in the output of the
master clock, similar to results observed in stud-
ies using bright light. It has also been shown that
the timing of exposure to normal room light
modulates the effect of bright light on circadian
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phase, such as room light exposure during bio-
logical night, including television sets and com-
puter monitors. This suggests that even in the
presence of normally timed bright light, indoor
light after or before normal daylight hours may
induce a phase shift in the circadian rhythm.50

These studies collectively indicate that indoor
room light is sufficient to continually exert weak
influences on circadian rhythms, but that it is
insufficient to abruptly switch rhythms to a vastly
altered sleep–wake schedule.

Resetting Circadian Time 
in Children
The phase-response curve (PRC), or the degree
to which the circadian rhythm will be advanced
or delayed, is based on the time at which bright
light or melatonin is administered. Typically, the
advance or delay of the circadian system is meas-
ured in the number of minutes that the circadian
temperature nadir is advanced or delayed.

Timing of Light

The PRC shows that there is virtually no change
in circadian rhythms (for example, timing of the
temperature nadir) induced by exposure to light
during the middle of the circadian “day”; on
the other hand, there is maximal responsiveness
when exposure occurs immediately before or
after the temperature nadir.51 Other investiga-
tors have found that under certain experimental
conditions, light delivered at any time during the
circadian day had a slight phase-shifting effect.50

At about the time of the temperature minimum
(point of singularity), a switch is thrown, and
at this point light changes from having a phase-
delaying to a phase-advancing effect: immedi-
ately before the temperature minimum, light has
its maximal phase-delaying effect, and immedi-
ately after the temperature minimum, light has
its maximal phase-advancing effect.52

Intensity of Light

The intensity of the light greatly influences the
magnitude of the response, with bright light
(about 5000 to 10,000 lux) having a much
greater effect than normal room light (100 to
200 lux). Even dim light (less than 100 lux)
might have a slight effect on shifting circadian

rhythms.53 The timing of sleep and darkness is
as important as the timing of the bright light.54

A homologous phase-response relationship
probably exists for melatonin and circadian
rhythms, in which melatonin has the opposite
effect of light: evening melatonin would advance
the circadian rhythm and morning melatonin
would exert a phase-delaying effect.22 A single
dose of melatonin properly timed is capable of
advancing the human circadian clock.55 In sub-
jects living in constant dim light for a month,
melatonin administered 2 hours before the
temperature acrophase had a maximal effect
on advancing the circadian rhythm.34 Melatonin
synthesis normally begins about the hour of sun-
set; in indoor-living humans, it typically begins
to be present in plasma shortly after sunset
(about 8 PM to 9 PM) and gradually rises to a peak
about 3 AM to 4 AM, followed by a decline in
plasma concentration to near zero by 9 AM. Both
DLMO and melatonin offset have been found
to be as reliable as core body temperature in
estimating circadian rhythms.3

DEVELOPMENT OF 
CIRCADIAN RHYTHMS

In Utero and in the 
Neonatal Period
Some aspects of circadian rhythm appear to
begin in utero in mammalian species. The mature
circadian rhythm system requires connections
from a fully functioning SCN to retinal inputs
and to multiple targeted outputs. The circadian
system is not fully functional at birth in most
mammalian species. However, circadian rhythms
begin in utero as the fetus becomes entrained to
the mother’s rhythm. From the standpoint of the
fetus, this is an exogenous rhythm, externally
imposed by factors such as maternal temperature
or melatonin, prior to the development of the
fetus’s own fully developed SCN. In mammals,
maternal melatonin and the maternal circadian
temperature cycle convey information about
environmental time. In some species, the retino-
hypothalamic tract transmits light information
to the fetal SCN in utero, which is capable of
becoming entrained to environmental light
shortly prior to birth. However, light appears to
be a less potent entraining factor in utero than
maternal melatonin secretion.56
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The Suprachiasmatic Nucleus

Neurogenesis of the SCN occurs 3 to 5 days
before birth in rats and hamsters, respec-
tively.57,58 If a pregnant hamster is injected with
melatonin the day before delivery, after weaning
(on day of life 20) the midpoint of the pups’ sub-
jective night will coincide with the time of the
injection. If the pregnant hamster is injected
with a dopamine agonist, after weaning the mid-
point of the pups’ subjective day will coincide
with the time of the injection. This demonstrates
that dopamine and melatonin either are, or mimic,
maternal entraining signals that represent day
and night.59,60

The responsiveness of a pup’s circadian clock
to melatonin and dopamine agonist injections
is gone by day 4 of life, replaced by an equally
robust response to light (subjective night in
rodents) and darkness (subjective day in ro-
dents).61 If two groups of pregnant hamsters are
injected with a dopamine agonist 12 hours apart,
the circadian rhythms of the two groups will be
12 hours out of synch on the day of weaning,
demonstrating that the prenatal dopamine ago-
nist set the phase of the offspring’s circadian
rhythms.60 In rats, at about the same time—the
end of the first week of life for the rat pup—
the SCN develops the ability to be entrained
by light. At this time, the circadian rhythm of
N-acetyltransferase first appears.

The human SCN develops early in gestation,
and circadian rhythms are present in the fetus
and newborn. The circadian system seems to be
functional in human fetal life and can receive
circadian inputs through the mother.62

Uniqueness of SCN Tissue

For the lateral geniculate nucleus (LGN) to
develop normally, afferents from the retina must
innervate LGN cells during development. In
visual deprivation studies, LGN hypertrophy
results from interruption of retinal afferent
fibers. Visual input from the retina is crucial in
cell development and neural arborization in the
LGN, as in most other CNS structures that are
part of a sensory system. In contrast, there is no
evidence that afferents from the retinohypotha-
lamic tract, the raphe, or the intrageniculate
nucleus influence the development of the SCN.
Lesioning afferent fibers does not result in SCN
hypotrophy. No other tissue takes on pacemaker

properties if the SCN is enucleated early in
development.63,64

Pacemaker properties of SCN cells are intrin-
sic: SCN fetal tissue develops its intrinsic rhyth-
micity even if transplanted to a totally different
environment, such as the anterior chamber of an
adult eye.65 Fetal SCN tissue may be minced
prior to transplantation, destroying specific spa-
tial relationships, yet intrinsic rhythmicity devel-
ops normally.66

Role of Melatonin in Development

When the fetus’s SCN begins to function, mela-
tonin from the mother is probably the principal
factor entraining it to the prevailing light–dark
cycle.67 Even when a pregnant mother is kept
in constant light, the mother’s rhythm and the
rhythms of her offspring demonstrate a consis-
tent phase relationship with each other.68 This
indicates that entrainment of the newborn to
its mother results from intrauterine factors, espe-
cially when environmental zeitgebers are absent.

Nonphotic Zeitgebers in Development

In the absence of light cues for day and night,
social contact may act as an entraining factor in
developing mammals. Mice born and raised to
the age of weaning in constant lighting condi-
tions remain entrained to their mother’s circadian
rhythm. The mouse pup’s daily onset of wheel
running (nighttime) is entrained to the mother’s
termination of nursing, and therefore, the pups
time of wheel running coincides with the
mother’s absence. In constant lighting conditions,
the mother’s return is taken by the pups as their
rest time and her absence as their wake time.67

The newborn’s temperature and melatonin
secretory rhythms are in phase with environ-
mental night and day, probably resulting from
infant–mother synchronization. Feeding and
rest–activity synchronization to mother and envi-
ronment develop rapidly during the neonatal
period.

In the First Year of Life
From birth to 6 months, the human infant devel-
ops robust circadian rhythms. The retinohypo-
thalamic tract is present in humans before birth,
and plasma melatonin demonstrates a rhythm
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influenced by light within the first 2 days after
birth.69 Human rhythms are in phase with their
environment when they appear, suggesting
entrainment that precedes the ability to measure
them. The SCN may be functioning before birth in
humans but may not yet have developed output-
entraining mechanisms. Human fetal rhythms are
entrained to those of the mother, and the probable
synchronizing substance is melatonin.70 The
human fetus shows a rhythm in heart rate and
fetal movement activity that is also circadian.71

A weak circadian rhythm, showing newborn-
mother entrainment, is observable in 24-hour
consecutive plots of the infant’s tympanic mem-
brane temperature during days of life 1 to 14.72

This implies that some degree of entrainment of
the circadian rhythm of temperature has occurred
in utero in the human fetus. If a human infant is
exposed to only sunlight (no incandescent or
florescent light) for the first 6 months of life, the
sequential development of behavioral and phys-
iologic properties of the infant’s circadian
rhythm become evident.72 The circadian rhythm
of temperature appears first, soon after birth,
and becomes statistically significant within
1 week. Most apparent in 24-hour temperature
plots of the first 2 weeks of life are a morning
increase and an evening fall in temperature. The
wake circadian rhythm appears soon after,
attaining significance at day 45, approximately
the same time that increased melatonin concen-
tration begins to occur at sunset (DLMO,
defined as salivary concentration greater than
20 pg/mL, equivalent to adult levels).72

The circadian rhythm of sleep appears last,
attaining significance after day 56. Ninety- to
120-minute zones of sustained wakefulness first
appear in the second month of life, after awak-
ening and prior to sleep onset (forbidden sleep
zone). The infant’s nocturnal sleep-onset is cou-
pled to sunset before day 60, and subsequently
it is coupled to family bedtime, giving evidence
of initial photic entrainment followed by social
entrainment. Even in the absence of artificial
light after sunset, the infant’s sleep onset time
tracks the family’s schedule, as the infant remains
awake for 1 to 3 hours every night in darkness.72

Actigraphy monitoring of rest–activity cycles
in the 3-week-old human infant also shows a
circadian rhythm.73

Before sleep or wake demonstrates a circadian
rhythm, the infant’s morning awakening appears

to become entrained to the rise in body temper-
ature, and the two appear to remain coupled.
Morning entrainment of awakening to rising
body temperature appears to precede the cou-
pling of sleep onset to sunset; dawn is a more
powerful zeitgeber than dusk. A coupling of
sleep onset to evening darkness first appears on
a consistent basis during week 7 of life. A pro-
clivity for sleep to occur during the night and
wake to occur during the day is present in the
first weeks of life as well. By week 14, the infant
has developed a wake maintenance zone begin-
ning at sunset and continuing for 1 to 3 hours.72

By 6 months of life, the human infant, when
exposed only to sunlight, is entrained to both
it and the social rhythm of the household.
Maintenance of wakefulness zones are apparent
as the infant remains awake after sunset.72 Just
as the organization of sleep stages attains adult
criteria by age 6 months,74 the human circadian
rhythm displays period, amplitude, and phase
activity at 6 months of age that are similar to these
elements in adult human circadian rhythms.
It appears that circadian rhythms are one of the
earliest maturing physiologic-behavioral systems.

In the Preschool Child
Little research is available on the preschool
child’s circadian rhythms, probably because this
is a period when aberrations and idiosyncrasies
are more readily tolerated due to the absence of
social scheduling requirements. It appears that
preschool children are behaviorally similar to
preadolescents, who are relatively phase advanced
compared to adolescents.75 The preschool child
frequently becomes entrained to maternal or
familial rhythms before becoming synchronized
with a school schedule.

In the School-Aged Child
Remaining awake later on weekends and sleep-
ing to a later hour has a phase-delaying effect,
making it more difficult for the school-aged
child to initiate sleep on Sunday night and to
awaken on Monday morning.76 This effect
(remaining awake later and subsequent phase
delay) may be greater over extended school
vacations. During preadolescence in most chil-
dren, sleep gradually becomes more delayed
with respect to biological night, resulting in a
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propensity to initiate sleep and awaken at a later
hour despite little change in tau, or period
length. Adolescents are better able to sleep after
their body temperature rises and to remain
awake after body temperature falls than younger
children.77

Carskadon and colleagues2 measured the cir-
cadian rhythm duration of 12- to 15-year-olds by
having them follow a 28-hour day for 12 con-
secutive days. They were in dim light for two
thirds of the 28 hours (waking period) then in
darkness the remaining third of the time (sleep
period). Because the human circadian clock is
unable to synchronize to the 28-hour schedule,
the timing of sleep and waking become “uncou-
pled” from the body’s temperature and mela-
tonin rhythm. In this protocol, measurement of
the time from one temperature or melatonin
peak to the next indicates the unmasked cycle
length of the body’s clock. The circadian rhythm
duration of both temperature and melatonin was
found to be 24.3 hours, longer than 24 hours,
but similar to that found in older individuals.2

This study demonstrates that the age-related,
adolescent “night owl” propensity, or tendency
toward delayed sleep and awakening, does not
result from a longer adolescent clock cycle but
must be caused by other factors, such as the tim-
ing of sleepiness with respect to the circadian
temperature cycle.7

Another study found that 10th grade and 3rd
grade children sleep the same number of hours
on weekends, about 9{1/4} hours, but the bed-
times and wake-up times of older children are
2 hours later than those of younger children.
This indicates that the biological clock of the
late adolescent is set 2 hours later than that of
the younger child, and that sleep need has not
changed significantly from early childhood to
adolescence.75

CONCLUSIONS

Circadian rhythms in humans develop in utero,
under control of maternal melatonin early in
gestation, and later under control of the fetus’
developing SCN. Light suppresses the secretion
of melatonin, a hormone that is secreted in dark-
ness and is related to biological night in humans.
Melatonin levels are higher at approximately
the time when sleep occurs. The pacemaker sys-
tem (anatomically centered in the SCN) receives

information about the presence of light, which
suppresses melatonin secretion, from the retina.
The timing of the pregnant mother’s exposure to
light affects her secretory melatonin levels and
those of the fetus. If the mother’s light exposure
during the later portion of gestation is restricted
to daytime hours, this could increase the likeli-
hood that the newborn will first express a sleep-
wake pattern in synchrony with environmental
light and dark.

Circadian rhythms of some aspects of human
physiology are present at birth. A sleep–wake
circadian rhythm that is quite robust emerges
in the first 6 months of life, including the hour
at which sleep begins and ends. The history of an
individual’s recent light exposure determines
a specific time at which the circadian clock
permits sleep to begin (biological night) and as
well as a time at which an individual is likely to
awaken (biological day).

The greater the proportion of the 24-hour
period that is occupied by darkness (biological
night), the longer is the duration of melatonin
secretion, which is associated with an increase
in the number of hours of sleep. Thus, both
the circadian rhythm (timing) of sleep and the
homeostasis (amount) of sleep are influenced
by light exposure. Data from healthy human
subjects suggest that sleep time increases if the
duration of environmental night (dark period)
is increased. The same data suggest that sleep
time decreases if the duration of environmen-
tal night is decreased. Humans are biologically
and behaviorally equipped to accommodate
to long nights in winter and short nights in
summer.

The timing of biologic rhythms is also par-
tially under the control of factors other than light,
especially if exposure to bright light is curtailed.
The timing of social and family activities may
influence the timing of sleep. Thus, regular tim-
ing of family activities, including meals and bed-
times, is likely to facilitate the development of
more regular rhythms in a human infant, child,
or adolescent.

Indoor light can be disruptive to sleep. We
possess a circadian mechanism that has not
adapted to the variety of light- and sound-emit-
ting devices that may be present in many house-
holds during the hours of night. The presence
of indoor light allows each family (or individual)
to select its hours of darkness (and quiet), a phe-
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nomenon that could be detrimental to the
optimal expression of sleep in children. In effect,
artificial light enables the contraction of envi-
ronmental night, possibly decreasing a child’s
total hours of sleep.

A family’s timing of activities and their hours
of light exposure influence when and how much
a child sleeps throughout development. The
encroachment of (artificial) daytime into hours
historically reserved for sleep has unknown
influences on human development, as this is a
recent phenomenon from a biologic perspective.
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Circadian rhythm disorders are characterized by
normal sleep quantity and quality at the wrong
time, as dictated by societal or familial demands.
The circadian pacemaker may be delayed or ad-
vanced with respect to the desired hour of
sleep, or clock time and circadian time may be
out of phase. This may result at least partly from
a genetic propensity when a parent suffers
from the same symptoms or propensity. The
phase delay or advance is typically aggravated
by the child being exposed to light at the wrong
time and not exposed to light at the right time.
The wrong time to be exposed to light is shortly
before or during the desired hours of sleep. The
right time to be exposed to light is during
the desired hours of waking.

Some Consequences
Circadian rhythm disorders are frequently asso-
ciated with daytime sleepiness. The struggles
that occur when a child is unable to fall asleep
until an inappropriately late hour may have fea-
tures in common with sleep onset association
disorder or sleep phobia. Children who are sleep
deprived secondary to a circadian rhythm disorder
frequently have symptoms similar to those of
attention deficit hyperactivity disorder (ADHD).
Circadian rhythm disorders commonly lead to
sleep deprivation during the night and sleepiness
during the day at school.

Biologic Clocks and 
Circadian Rhythms
All individuals possess inherent circadian
rhythms of greater or less than 24 hours, with
the vast majority longer than 24 hours (Fig. 9–1).
Circadian rhythms are entrained to be in phase
with environmental time by “zeitgebers,” or time
cues, mainly light but also including activity

schedules,1 exercise, and other environmental
factors.2 Circadian rhythms develop during
infancy and are robust by 1 year of age.2

Individuals with circadian rhythm disorders
have failed to properly entrain to environmental
zeitgebers and are either phase delayed (delayed
sleep phase syndrome [DSPS]) or phase advanced
(advanced sleep phase syndrome [ASPS])
(Fig. 9–2). Some individuals “free-run” with
respect to environmental time, and their hour of
sleep moves progressively later or earlier, going
in and out of synchrony with the expected hour
of sleep (non–24-hour sleep–wake disorder). It is
suspected that individuals with longer genetic
circadian rhythms might require stronger zeitge-
bers to remain in phase with environmental time,
and this might explain why both heredity and
environment are components of circadian
rhythm disorders. Also, motivation appears to be
a factor, and certain individuals with psychiatric
or behavioral symptomatology appear to be more
likely to become phase delayed or advanced. It is
difficult to parse the genetic, environmental,
behavioral, and psychiatric contributions to a
child’s circadian rhythm disorder.

Forbidden Sleep Zone
The “forbidden sleep zone” immediately pre-
cedes the onset of biologic night. This is the
time at which sleep is least likely to occur
during a circadian cycle.3 This 1- to 3-hour
period is well established in human adults and
adolescents. Since the forbidden sleep zone pre-
cedes the normal hour of sleep, many ado-
lescents with delayed sleep phase seem unable
to advance their hour of sleep despite sleep
deprivation and daytime sleepiness. Although
forbidden sleep zones have not been studied in
children, they appear to be particularly robust,
as many children who fall asleep in school
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are not able to begin night-time sleep at an ear-
lier hour.

Prevalence
Circadian rhythm disorders appear in at least
10% of children. DSPS alone affects 5 to 10% of
adolescents but may appear in children as young
as those who are just starting school.4 ASPS is
seen less frequently but also appears at the age of
starting school. Non–24-hour circadian rhythm
is relatively rare and appears in adolescents.
Some evidence suggests that more males than
females display DSPS.

Differential Diagnosis
A careful history is essential to distinguish circa-
dian rhythm disorders from other sleep disorders.
The hallmark of circadian rhythm disorders is
that when the child is permitted to sleep on his or
her desired schedule, sleep is normal and daytime
sleepiness rapidly subsides. Circadian rhythm dis-
orders should be distinguished from primary
insomnia, settling disorders, generalized anxiety
disorders, mood disorders, attention deficit disor-

der (ADD)/ADHD, restless legs/periodic limb
movements, and obstructive sleep apnea syn-
drome (Table 9–1). School avoidance/refusal may
be confused with DSPS.

DELAYED SLEEP 
PHASE SYNDROME

DSPS is a disorder in which the major sleep
episode is delayed significantly and persistently,
typically by 1 or more hours beyond the desired
bedtime, in children or adolescents. Bedtime and

102 Chapter 9 Circadian Rhythm Disorders: Diagnosis and Treatment

8

6

4

2

0

N
um

be
r 

of
 s

ub
je

ct
s

Intrinsic circadian period (h)

Older

Young

23.8 23.9 24.0 24.1 24.2 24.3 24.4 24.5 24.6

38.0

37.5

37.0

36.5

36.0

T
em

pe
ra

tu
re

 (
�C

)

0 12 24

Time of day (h)

Time of day (h)

Nadir
7:35 AM

36 48

38.0

37.5

37.0

36.5

36.0

T
em

pe
ra

tu
re

 (
�C

)

0 12 24

DSPS

ASPS

Nadir
1:20 AM

36 48

Figure 9–1. Duration of circadian rhythm period in 25
adults who participated in a constant routine protocol
designed to reveal the intrinsic period length. Half were
younger and half older adults. Note that over 90% of the
subjects had period lengths greater than 24 hours. (From
Dijk DJ, Duffy JF, Czeisler CA: Contribution of circadian
physiology and sleep homeostasis to age-related changes
in human sleep. Chronobiol Int 2000;17:285-311.)

Figure 9–2. Illustrations of the temperature curves of
individuals with delayed sleep phase syndrome (DSPS)
(temperature nadir for DSPS at 7:35 AM and for advanced
sleep phase syndrome [ASPS] at 1:20 AM). The tempera-
ture minimum is approximately 5-6 hours after sleep
onset in an 8-hour sleeper. From these temperature min-
imums, a sleep period from 2:00 to 10:00 AM can be pre-
dicted for the DSPS illustration and from 8:00 PM to 4:00
AM for the ASPS illustration. The timing of the tempera-
ture nadir must be estimated when timing the adminis-
tration of bright light in treating DSPS or ASPS.
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awakening become issues for them. Children
appear to be less tolerant of sleep deprivation
than adults, and a 1-hour delay in sleep onset
may result in pathologic symptoms.

Presenting Complaints
The presenting complaints are listed below.

● Bedtime struggles or difficulty awakening at
the desired time

● Complaints of insomnia at bedtime and/or
excessive sleepiness in the morning

● Inability to wake up at the desired time
● Falling asleep at school or being too sleepy in

the morning to participate in normal activities
● Symptoms consistent with behavioral dysregu-

lation, ADHD, or depression
● Preferring to not eat breakfast and being hun-

gry at or close to bedtime

Diagnostic Criteria
The criteria below are similar to those described
in the International Classification of Sleep
Disorders, Revised: Diagnostic and Coding Manual
and are required for diagnosis.

● The sleep pattern is significantly delayed, typ-
ically by more than 1 hour.

● There is an inability to fall asleep at the desired
clock time and an inability to awaken sponta-
neously at the desired time of awakening.

● This sleep pattern has been present for at least
one month.

● Normal quality and quantity of sleep are
observed when the child can sleep on his or
her desired schedule.

● Children with DSPS sleep later on weekends
and holidays.

● They report less daytime sleepiness on week-
ends, when they awaken spontaneously at a
later hour.

● No other sleep or psychiatric disorder is pres-
ent that could explain the patient’s symptoms.

● The delayed phase is not the result of social
preference or an overloaded school, social activ-
ity, or work schedule.

Family Dynamics
In DSPS, both the child and the parents are usu-
ally perplexed that he or she cannot fall asleep
more quickly. Frequently, family disputes erupt
around bedtime and awakening time. Control bat-

tles ensue. Parents’ efforts to advance the timing
of their child’s sleep onset by earlier bedtime,
extra alarm clocks, relaxation techniques, and
sleeping pills are not successful. The hour of sleep
and waking become the center of family conflicts.
When other behavioral or psychiatric syndromes
are present in the child or family members, the
child’s sleep habits become flashpoints for dis-
putes. Sometimes the family dynamics must be
addressed before DSPS in a child can be treated. If
the other family members are sleeping to a late
hour on non-workdays, the child may have no
resources for dealing with DSPS.

Interpersonal Dynamics

Patients with DSPS, especially adolescents, typi-
cally are “night owls” or “night people” and say
they feel and function best and are more alert dur-
ing the late evening and night hours. Children with
DSPS nap more frequently during school days,
complain of daytime sleepiness, have more atten-
tion problems, poorer school achievement, and
more injuries and are more emotionally upset than
the other children.5 DSPS may become a “lifestyle”
in some children whose identities become
enmeshed with late-night activities, such as phone
calls, Internet interaction, and chat rooms. Late-
night children often become close friends.
Children who awaken and retire at an earlier hour
are viewed with condescension by cliques of night
owls. In some instances DSPS becomes ingrained,
and the child may pursue a career that involves or
permits late-night activity, such as writing, soft-
ware, or the service or entertainment sector. The
earlier in life DSPS is treated, the less resistance is
typically encountered.

Coexistence with
Psychiatric/Behavioral Symptoms
ADHD, oppositional symptoms, conduct disorder,
aggressive symptoms, and symptoms of depression
appear frequently in many but not all children with
DSPS (see Table 9–1).6 In some instances DSPS
leads to chronic sleep deprivation, which may
aggravate underlying psychopathologic tendencies
in a child.7 When psychiatric symptoms and DSPS
are present conjointly, it is important to establish
whether the psychiatric symptoms are present
independent of the DSPS or only occur with it.8

For example, on weekends or holidays, when the
child sleeps until spontaneous awakening, do psy-
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chiatric symptoms lessen? If the psychiatric symp-
toms and DSPS coexist temporarily, it is best to
treat the DSPS before addressing the psychiatric
symptoms. If the psychiatric symptoms are present
regardless of prior sleep, then treating both the psy-
chiatric symptoms and the DSPS concurrently
might be warranted.

Age of Onset
DSPS may be encountered in young children.
Frequently, a child’s late hours of sleep become
problematic only with the start of school. Many
DSPS patients report that their difficulties began
after a summer vacation. After a summer of
sleeping late, these children find it impossible to
sleep on a normal schedule when school
resumes. Adolescence appears to be the most
common period of life for the onset of DSPS.

Evaluation
The following factors are considered in the eval-
uation of children for DSPS.

● Usually have one parent with DSPS symptoms
or night owl preference

● Typically accomplish tasks such as homework
best at a later hour

● Feel best at or near bedtime
● Experience academic, emotional, and behav-

ioral problems during morning hours
● Must be evaluated for substance abuse
● Should be evaluated for depression, ADHD,

school refusal, conduct disorder, oppositional
defiant disorder, and anxiety disorders

● In some cases it is necessary 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 1 month to establish a pattern.

● May describe their sleep habits significantly dif-
ferently from the way their parents portray them

● Tend to cover windows to block out sunlight
● Watch TV or computer monitors near or after

the desired bedtime

Singular Significance of 
Sunday Night
Sunday night bedtime is frequently the major
flashpoint for school aged children. Many chil-
dren with DSPS awaken and retire at a consider-
ably later hour on weekends, effectively
“moving” to a more westward time zone. Sunday

night the child is expected to return to a week-
day schedule (or move east) and finds it impos-
sible. Late-night sleep onset is followed by a
battle when the child must awaken for school
Monday morning, and the week is off to a bad
start, frequently with behavioral, emotional, and
familial conflicts followed by disruptive behav-
ior, hyperactivity, distractibility, failure to attend,
and learning problems in school.

In adolescents, failure to cooperate with a plan
to reschedule their sleep may be a sign of clini-
cal depression or oppositional defiant symp-
toms. Adolescence is a particularly vulnerable
life stage for the development of this syndrome:
For some children, adolescence, with increased
autonomy and noncompliance, becomes syn-
onymous with DSPS.

TREATMENT OPTIONS FOR
DELAYED SLEEP 
PHASE SYNDROME

The various options for the treatment of DSPS
are discussed below. They are also summarized
in Table 9–2 along with a summary of additional
therapeutic interventions useful in the treat-
ment of other causes of sleep onset insomnia.

Establishing the Patient’s
Temperature Nadir
The nadir of core body temperature, or the min-
imum temperature in the circadian cycle, typi-
cally occurs about two thirds of the way through
the sleep cycle. A child who begins sleep at 9:00
PM and spontaneously awakens at 7:00 AM on
weekends typically has a temperature minimum
at approximately 3:00 to 4:00 AM. It is crucial to
establish the timing of the temperature mini-
mum, also known as the point of singularity, as
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 occur-
ring earlier (see Fig. 9–2). The timing of the
temperature nadir may best be established by a
careful history of when the child or adolescent
prefers to begin sleep and to awaken, which may
require keeping a diary. Sometimes the child’s
preferred hour of sleep onset is as late as 4:00
AM and their preferred hour of awakening is
remarkably late, such as 2:00 PM. Such children
might have a core body temperature minimum

Circadian Rhythm Disorders: Diagnosis and Treatment Chapter 9 105

Ch09.qxd  01/28/05  10:29 AM  Page 105



at as late as 11:00 AM. Therefore, exposure to
light before 10:00 AM will cause a further phase
delay and not the expected phase advance.

Phase Shifting: A Family 
System Approach
Moving a child’s propensity to sleep is called
phase advance when shifting to an earlier hour
and phase delay when shifting to a later hour. The
child and the family first must understand
the basic principles behind the child’s inability to
sleep at a desired time. This may be more difficult
than expected when one or more family members
believe the problem to be essentially behavioral.

Nevertheless, behavioral issues frequently over-
lay circadian rhythm disorders. The entire family
and the patient must be motivated to undergo the
phase shift. Resistance may arise from a variety of
areas, as one or more family members may be
invested in the child’s propensity to sleep late,
such as a parent who sleeps until noon on week-
ends. Expectations must be explored. The family
and child must comprehend that this may be a life-
long issue that will affect the child long after he or
she leaves the home of origin. This may be the first
time that someone has said to the child, “After you
are grown up and no longer live with your parents,
this may continue to be an issue that you will have
to cope with on your own.”

The child must be encouraged to “own” the
problem, or take responsibility for it. The parents
must be convinced that the root of the problem
is not intentional defiance. Children should be
encouraged to set their own alarms and wake up
on their own. Parents must recognize that the less
involved they are with their child’s awakening, the
more the child may assume responsibility.

Sleep Hygiene
The treatment of DSPS must begin with ensuring
good sleep hygiene if manipulations with light
and melatonin are to be effective. Instructions for
good sleep hygiene include the following:

● Sleep only when sleepy. If a child is not sleepy,
reading in bed with a dim light might be an
option for some families. This reduces the time
the child is struggling with initiating sleep.

● If the child can’t fall asleep within 20 minutes,
allow him or her to do something boring until
the child feels sleepy. The child should not be
exposed to bright light after bedtime.

● Minimize the child’s naps. This will optimize
the probability that the child will be tired at
bedtime. If the child requires a nap, allow less
than 1 hour of sleep, before 3:00 PM if possible.
Lights should remain on during naps.

● The child must adhere to approximately the
same wake-up time and bedtime 7 days a week.
Other children might be able to sleep late on
weekends and still fall asleep earlier on Sunday
night, but the hallmark of children with DSPS is
that they can’t. Children with the same wake-up
time every morning will be more stable emo-
tionally and less oppositional in the morning
than children who sleep late on weekends.

● A quiet time with minimal light and less activ-
ity should precede bedtime. Television and
computer monitors should be avoided. Maxi-
mizing active playing and exercise is recom-
mended to help you sleep well, but the timing
of the workout is important. Exercising in the
morning or early afternoon will not interfere
with sleep.

● Every child deserves a consistent bedtime. As
much as a child might protest, a set bedtime,
similar to a home-cooked meal, is appreciated
by the child as a basic component of good
parenting.

● Develop sleep rituals for your child. Children’s
sleep is enhanced by rituals, such as reading
stories, quiet games, a drink, or just chatting.
Having a set time for bathing and getting into
pajamas helps a child prepare for sleep. It is
important to give your child cues that it is time
to slow down and prepare for sleep.

● Allow your child to use his or her bed only for
sleeping. Refrain from permitting your child
to use the bed to watch TV, do homework, or
use the computer. The child then knows that
when it is time to go to bed, it is time to sleep.

● Avoid all foods or beverages with caffeine after
lunch. This includes chocolate and many bev-
erages with caffeine as an additive. Coffee, tea,
cola, cocoa, chocolate, and some prescription
and nonprescription drugs contain caffeine.

● Some children benefit from a light snack
before bed. For these children, if their stom-
achs are too empty, it can interfere with sleep.
However, if your child eats a heavy meal before
bedtime, this can interfere as well. Dairy prod-
ucts and turkey contain tryptophan, which
acts as a natural sleep inducer. A warm glass of
milk is sometimes recommended probably
because of its tryptophan content.
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● Give your child a hot bath 90 minutes before
bedtime. A hot bath will raise your body
temperature, but it is the drop in body tem-
perature that may leave you feeling sleepy.

● Make sure your child’s bed and bedroom are
quiet and comfortable. A hot room can be un-
comfortable. A cooler room along with enough
blankets to stay warm is recommended. Too
many blankets can overheat a child even in a
cold room.

● Use sunlight to set your child’s biologic clock. As
soon as your child gets up in the morning, have
him or her play in sunlight, preferably outside.

Bright-Light Therapy

Bright-light therapy should include control of
light and dark exposures across the whole day.
The following list of therapeutic components
illustrates this point.

● The patient with DSPS should use bright-light
exposure early in the morning and avoid light
after the hour of sunset as much as possible.9

The light of dawn is extremely important in
entraining circadian rhythms10 in children as
well as adults.11 Such control of light exposure
should produce a phase advance. One to 2
hours outdoors or indoors in early morning
direct sunlight or (if rising before sunrise in
the early morning) in front of a light box that
emits 2500 lux will usually produce a phase
advance in a few days.

● Parents and patient are encouraged to remove
coverings from windows and to place the
child’s bed where the most direct sunlight will
be present.

● Children are encouraged not to cover their
heads with blankets and to face the light when
sleeping.

● If possible, parents are encouraged to move
their child to a bedroom facing east or south,
with morning-light exposure.

● Avoid light after sunset as much as possible, as
even ordinary indoor light may affect a child’s
circadian rhythm.12

● Bright light is more effective when it is expe-
rienced in conjunction with active play or
exercise.13

Bright-Light Box
If a family is considering purchasing a bright-
light box, encourage them to go to one of several

web sites that show illustrations of products.
Frequently, a portable unit that can be placed next
to the child as he or she goes through morning
routines, does homework, reads, or is next to a
video monitor is preferable. Instructions for each
unit must be followed to allow the correct amount
of light exposure, as light intensity decreases as a
function of the square of the distance. The child
should not look directly at the light. If he or she
has an adverse reaction to the light box, increase
the distance. Some children become irritable or
exhibit other symptoms of hypomania when
exposed to bright morning light. In such cases,
light exposure should be stopped or the duration
decreased until hypomanic symptoms subside.

Melatonin
Melatonin has been shown to be effective as a hyp-
notic in children,14,15 but there is more evidence
that it is effective in altering sleep phase.16 Various
studies show it to be effective in the treatment of
DSPS.17 It is a hormone secreted by the pineal
gland associated with body temperature drop
and lowered metabolism. Melatonin administered
1 hour before the desired time of sleep onset will
advance the timing of sleep if given in conjunction
with the blocking of light exposure.18 Many ado-
lescents may be insufficiently motivated to expose
themselves to early morning sunlight or a bright-
light box but may be willing to take melatonin.
Ideally, melatonin before the hour of sleep is
administered in conjunction with early morning
bright light. A physiologic level of melatonin is
achieved with a dose of less than 1 mg. In children,
it is best to begin with 1 mg and proceed to 3 mg if
this is ineffective. Melatonin may be administered
for a few weeks during phase shifting and reintro-
duced if phase delay symptoms recur.

Advancing Bedtime
Along with the administration of morning light
and/or evening melatonin, bedtime is typically
advanced 15 minutes per day, as is the time of
melatonin administration. If the child has diffi-
culty falling asleep on a given night, bedtime
should not be further advanced until sleep onset
is less than 30 minutes after bedtime.

Chronotherapy
Chronotherapy is a behavioral technique that
systematically delays bedtime, following the
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natural tendency of human biology. Bedtime is
delayed by 3-hour increments each day, estab-
lishing a 27-hour day. The procedure is main-
tained until the desired bedtime is reached (e.g.,
9:00 PM), at which point the child is properly
entrained. This approach is favored by adoles-
cents who are extreme night owls and who
therefore are delighted at the concept of a later
bedtime and wake-up time. It is difficult to
administer, as a parent typically must be present
to oversee the temporarily unusual sleep and
wake-up times, such as 12:00 noon to 8:00 PM.
However, schedule normalization takes no more
than a week.

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 fewer struggles with morning
awakening. This is often followed by a report
from the parents that the child’s morning appetite
has increased.

Maintenance Phase
Once the desired sleep schedule is attained, the
next problem is its maintenance. When adoles-
cents with DSPS stay up late studying, socializing,
or engaging in other activities, it is probable that
they will be drawn back to sleeping late. A strat-
egy must be determined in advance for counter-
acting this tendency. Frequently, the adolescent
agrees that he or she may remain awake late at
times but must arise and be in sunlight relatively
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 SYNDROME

ASPS is a disorder in which the major sleep
episode is advanced in relation to the desired
clock time, which results in symptoms of com-
pelling evening sleepiness, an early sleep onset,
and an awakening that is earlier than that desired.

The following indications show the sympto-
matology of ASPS.

● Inability to stay awake until the desired bed-
time or inability to remain asleep until the
desired time of awakening. Children and ado-

lescents with ASPS fall asleep doing home-
work, at social events, immediately after din-
ner, or before dinner if it is at a late hour.

● 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 that
desired, they will awaken spontaneously
earlier than desired, and they will maintain
stable entrainment to a 24-hour sleep–wake
pattern.

The major complaint may concern the inabil-
ity to stay awake in the evening, early morning
insomnia, or both.

Unlike other sleep maintenance disorders, the
early morning awakening occurs after undis-
turbed sleep. Unlike other causes of excessive
sleepiness, daytime school or activities early in
the day are not affected by sleepiness. This prob-
lem becomes apparent in children and adoles-
cents when social and academic activities stretch
into the evening hours. The evening activities
are cut short by the need to retire much earlier
than the social norm.

Typical sleep onset times are as early as 5:00
to 6:00 PM but no later than 8:00 PM, and wake-
up times can be as early as 1:00 to 3:00 AM but
no later than 5:00 AM. These sleep onset and
wake-up times occur despite the family’s best
efforts to delay sleep to later hours.

There can be negative personal or social con-
sequences to children and adolescents when
their peers are engaged in evening activities and
the patient avoids them due to early sleep.
Frequently, this interferes with family functions
such as going out for dinner.

Attempts to delay sleep onset to a later time
may result in embarrassment due to falling
asleep during social gatherings.

If a child or adolescent with ASPS is continu-
ally forced to stay up later for social or voca-
tional reasons, the early awakening aspect of the
syndrome could lead to chronic sleep depriva-
tion, daytime sleepiness, or napping.

Epidemiology
ASPS is more likely to appear in children who
have one parent or grandparent with ASPS ten-
dencies, which may not be sufficiently severe to
be syndromic. Similar to narcolepsy, the gene
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and gene product responsible for ASPS have
been identified.19

Differential Diagnosis
ASPS should be differentiated from other disor-
ders producing early evening sleepiness, such as
obstructive sleep apnea, disrupted nocturnal
sleep, chronic sleep deprivation, and narcolepsy.
Sometimes the early morning awakening is mis-
takenly thought to be indicative of depressive ill-
ness. Like DSPS patients, ASPS patients have no
intrinsic sleep abnormalities; they report that
sleep itself is restful and restorative.

Treatment

ASPS is treated with chronotherapy or bright-
light therapy. Chronotherapy would involve a
systematic delay of bedtime until the desired
time is achieved. Bright-light therapy would
involve inducing a phase delay, with the light
exposure in the early evening. There are limited
data about the effectiveness of bright-light ther-
apy for ASPS.

NON–24-HOUR 
SLEEP–WAKE DISORDER

This condition can occur when the intrinsic
period of the circadian pacemaker free-runs with
respect to the 24-hour day. Alternatively, chil-
dren’s and adolescents’ self-selected exposure to
artificial light may drive the circadian pacemaker
to a schedule longer than 24 hours. Affected
children are not able to maintain a stable phase
relationship with the 24-hour day. Parents ini-
tially report that their child’s sleep behavior is
completely random and has no pattern. Only by
maintaining a sleep log for 2 to 6 weeks is it pos-
sible to “smooth out” aberrations and estimate
the circadian periodicity. These children are then
typically revealed to have an incremental pattern
of successive delays in sleep onsets and wake
times (free-running), progressing in and out of
phase with local time. When the child’s endoge-
nous rhythm is 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, symptoms remit. The intervals between
symptomatic periods may last several weeks to
several months. Blind individuals unable to per-

ceive any light are particularly susceptible to this
disorder.

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

CONCLUSIONS

Circadian rhythm disorders are fairly common in
children and frequently masquerade as other
sleep disorders, most notably insomnia and day-
time sleepiness. Many children have been evalu-
ated extensively from a medical perspective be-
fore they are referred to a sleep specialist. For the
most part, an in-depth interview including
the child and caretakers is sufficient to estab-
lish the diagnosis of circadian rhythm disorder.
In many cases a 1-week to 1-month diary is
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 suffi-
cient period of time will reveal an underlying
pattern of when sleep occurs.

Frequently, a second disorder coexists along
with the circadian rhythm disorder, such as
depression, an anxiety disorder, obstructive
sleep apnea, or restless legs syndrome/periodic
limb movement disorders. In some instances
polysomnography is required to establish the
severity of a coexisting disorder, and it should be
treated before the circadian rhythm disorder can
be addressed. Treating obstructive sleep apnea
first, for example, will make it much easier for a
child to comply with changing his or her sleep
schedule. In some instances, for example in a
child with a psychiatric disorder, correcting the
circadian rhythm disorder can alleviate symp-
toms of depression or anxiety. To cite another

110 Chapter 9 Circadian Rhythm Disorders: Diagnosis and Treatment

Ch09.qxd  01/28/05  10:29 AM  Page 110



example, it is well known that early morning
bright light has an antidepressant effect in some
individuals. Children with phase delay syn-
drome and anxiety symptoms frequently become
very anxious about their inability to initiate sleep.
The correction of DSPS may exert an anxiolytic
effect in such children.

Discussions with children and their families
about circadian rhythm disorders are frequently
profound, as the sleep disorder specialist informs
the child about symptoms that may continue
throughout his or her life and offers suggestions
for treatment strategies to address them. It is
extremely rewarding when diagnosing and treat-
ing a circadian rhythm disorder in a child with
only bright-light therapy and sometimes mela-
tonin results in an enormous improvement in
the child’s quality of life.
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The hypothesis that colic might be a sleep disor-
der caused by developmental or biologic factors
within the child1 was based on the natural his-
tory of colic and links between colic, sleeping
problems, and difficult temperament.2,3 Only
retrospectively obtained data obtained from par-
ents’ reports supported the hypothesis.4 It was
also suggested that “postcolic” sleep problems
occur after 3 or 4 months of age because some
parents experienced difficulty in establishing
age-appropriate sleep routines.1 Recent research
utilizing more objective measures has provided
prospectively obtained data associating colic
with sleep problems.

NATURAL HISTORY OF COLIC

Wessel and coworkers5 diagnosed as colicky an
infant “who, otherwise healthy and well-fed, had
paroxysms of irritability, fussing or crying lasting
for a total of more than 3 hours a day and occur-
ring on more than 3 days in any 1 week . . . and
. . . the paroxysms continued to recur for more
than 3 weeks.” The criterion “more than 3
weeks” was added because nannies left families
after about 3 weeks of crying. He thought that
nannies knew that if babies cried for more than
3 weeks, then the crying would continue. The
mothers, now alone caring for their babies at
night, came to his pediatric office after 3 weeks
complaining that their children were always cry-
ing (M. A. Wessel, personal communication,
2002). About 26% of infants in their study had
colic. Illingworth6 defined colic as “violent
rhythmical, screaming attacks which did not
stop when the infants were picked up, and for
which no cause, such as underfeeding, could be
found.” Together, they studied about 150
infants.

The age of onset of these behaviors is charac-
teristic. Wessel and colleagues and Illingworth

found that the attacks were absent during the
first few days but were present in 80% of affected
infants by 2 weeks and about 100% by 3 weeks.
The attacks begin in premature babies shortly
after the expected due date, regardless of their
gestational age at birth. The time of day when
these behaviors occur is another characteristic.
During the first month, crying appears to occur
randomly, but later it occurs predominantly in
the evening hours. In 80% of infants, the attacks
start between 5 and 8 PM and end by 12 PM. For
12% of infants, the attacks start between 7 and
10 PM and end by 2 AM. In only 8% are the
attacks randomly distributed throughout the day
and night. The age of termination of these spells
is also characteristic. They disappear by 2
months of age in 50% of infants, by 2-3 months
of age in 30%, and by 3-4 months of age in 10%.
Using Wessel’s criteria, the infant’s behavioral
state was observed to be associated with colicky
behavior.2 In 84% of colicky infants, the crying
spells begin when they are awake, in 8% they
start when asleep, and in 8% they occur under
variable conditions. When the crying spell ends,
83% of the infants fall asleep.

As there are other definitions of colic, data
from different studies may not be comparable.
Some studies claim to use Wessel’s criteria but
exclude “fussing” or exclude the criterion of
“more than 3 weeks.” The problem with exclud-
ing the 3-week criterion is that an extremely
high prevalence rate may result. For example, in
Wessel’s study, 49% of infants would have been
diagnosed with colic without that criterion.
Reijneveld and coworkers7 showed that even
small differences between definitions of colic
based on the duration of crying result in large
changes in prevalence rates, and they concluded
that different definitions of colic could not be
compared because they mostly identified differ-
ent infants. Their study excluded “fussing” from
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the definition of colic, but they recommended
that future studies should define colic using the
duration of both crying and fussing, plus the
amount of parental distress. This is an important
point, because it is now known that fussing, as
opposed to crying, is a major part of colicky
behavior,8 and parental distress over colic may
be a major factor in producing postcolic sleep
problems.9 Because of this concern of compara-
bility, this chapter includes the definitions of
colic utilized by different researchers.

Studies of colic are also difficult to compare
because they have been performed at different
ages. Finally, small sample sizes and modest
group differences have led researchers to differ-
ent interpretations of the clinical significance of
data from a single study.

ETIOLOGY

A recent study showed that colicky infants,
defined as crying or fussing for at least 3 hours
per day for a minimum of 3 days per week, had
higher urinary levels of 5-hydroxy indoleacetic
acid, a metabolite of serotonin.10 This supported
the hypothesis that some temporal and behav-
ioral features of colic might be caused by a
serotonin–melatonin counterbalancing system
involving the gastrointestinal smooth muscles.11

Concentrations of serotonin are high in infants
during the first month of life, and after 3 months
they decline. Immediately after delivery, concen-
trations of serotonin show a circadian rhythm
with highest levels at night. Melatonin is derived
transplacentally from the mother; concentra-
tions are high in infants immediately after birth,
they fall rapidly to extremely low levels within
several days, they increase slightly between
1 and 3 months, and only after 3 months is there
an abrupt increase in melatonin concentrations,
with a circadian rhythm that demonstrates
higher concentrations at night.

Serotonin and melatonin have opposite
effects on intestinal smooth muscle: serotonin
causes contraction and melatonin causes relax-
ation. Animal studies show that serotonin po-
tency causing intestinal smooth muscle
contraction is much greater in the neonatal
period than at older ages. It was hypothesized
that in some infants, the balance between circu-
lating serotonin concentrations and intestinal
smooth muscle sensitivity to serotonin might

lead to painful gastrointestinal cramps in the
evening when serotonin concentrations are
highest. The high nocturnal melatonin concen-
tration antagonizes the contraction induced by
serotonin on intestinal smooth muscle.

Alternatively, independent of the action of
melatonin and serotonin on intestinal smooth
muscle, their effects might be mediated by the
developing central nervous system. For exam-
ple, the occurrence of pineal melatonin rhyth-
micity is coincident with consolidation of night
sleep.

In a study that defined colic as fussing or cry-
ing for 3 or more hours on each of 3 successive
days, it was observed that colicky infants had a
blunted rhythm in cortisol production compared
with control infants.12 The control infants exhib-
ited a clear and marked daily rhythm in cortisol
that was not observed in the colicky infants.
However, the level of cortisol production aver-
aged over the day was similar for both groups.
Additionally, researchers in this study (who were
blind to the colic status) coded behavioral meas-
ures from videotapes and arrived at the same
conclusion as many other studies: the crying of
these infants was not caused by differences in
handling by the mother, and the colic was not
simply a maternal perception.

Maternal smoking was evaluated as a cause in
one study, where colic was defined as more than
3 hours of crying per day for more than 3 days a
week or more than 1.5 hours of crying per day in
6 of 7 days. Maternal smoking occurred twice as
often among infants with colic.13 In contrast,
food hypersensitivity has not been linked to
infantile colic.14

CRYING

Some degree of irritability, fussing, or crying is
universal; crying for “unknown reasons” occurs
in all babies.15 Brazelton16 reported that the
median duration of crying was 1.75 hours dur-
ing the second week, with a gradual increase to
2.75 hours at 6 weeks, followed by a decrease in
crying thereafter to 1 hour or less by 12 weeks of
age. The fussiest infants, whom he called “col-
icky,” cried 2 to 4 hours per day every day, and
their crying also increased between 6 and 8
weeks of age. The distress experienced by par-
ents over their inability to deal with this crying
cannot be overstated. Recent data have shown
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infant homicides to increase after the second
week and to peak at the eighth week, and
Paulozzi and Sells17 concluded that the “peak in
risk in week 8 might reflect the peak in the daily
duration of crying among normal infants
between weeks 6 and 8.”

In studies of crying in infants, there are no
clear discontinuities in measurements of irri-
tability, fussing, or crying, whether by direct
observation in hospital nurseries, by voice-
activated tape recordings in homes, or by parent
diaries. Thus, colic appears to represent an
extreme amount of normally occurring and
unexplained crying or fussing present in all
healthy babies.

Because the spells of irritability, fussing, or
crying are universal, differing only in degree
between infants, because the occurrence of
spells is related to postconceptual age and inde-
pendent of parenting practices, and because the
behaviors exhibit state specificity and a circadian
rhythm, it is reasonable to think that these
behaviors reflect normal physiologic processes.
An example is the normal physiologic processes
involving the development of arousal–inhibitory
or wake–sleep control mechanisms. In all babies,
the consolidation of night sleep develops during
the second month (when the peak of crying
occurs), and this periodic alternation of sleep
and wake states is well developed by 3 to 4
months of age (when colic ends).

FUSSING

Recent research has shown that persistent low-
intensity fussing, rather than intense crying,
characterizes infants diagnosed as having colic.8

In fact, the title of Wessel’s paper5 was
“Paroxysmal fussing in infants, sometimes called
‘colic.’ ” Fussing is not a well-defined behavior,
and although not defined in Wessel’s paper, it is
usually described as an unsettled, agitated,
wakeful state that would lead to crying if ignored
by parents. Because sucking is soothing to
infants, some parents misattribute the fussing
state to hunger and vigorously attempt to feed
their baby. These parents may misinterpret their
infants as having a growth spurt at 6 weeks
because they appeared to be hungry all the time,
especially in the evening. They do not view their
child as fussy. Even if the time spent feeding
their infants at night to prevent crying is more

than 3 additional hours a day, on more than 3
days a week, for more than 3 weeks, parents do
not view them as colicky because there is a
paucity of crying. Over a 34-month period, at
newborn visits, I routinely questioned every new
parent who joined my general pediatric practice
whether their child fulfilled Wessel’s exact diag-
nostic criteria for colic. All families had been fol-
lowed since the child’s birth and received
counseling regarding the normal development of
crying or fussing. There were 118 colicky infants
out of 747 (16%). However, the vast majority of
infants had little or no crying. Instead, they
fulfilled Wessel’s criteria because they had long
and frequent bouts of fussing, which did not
lead to crying because of intensive parental
intervention.

In one study, fussing was defined by “Your
baby is unsettled, irritable, or fractious and may
be vocalizing but not continuously crying” and
crying was defined as “periods of prolonged dis-
tressed vocalizations” (see p. 2530 of St. James-
Roberts and Plewis8). This study is noteworthy
because it supports previous research that
showed that between 2 to 6 weeks, there is pre-
dominately an increase in fussing, not crying.
Furthermore, fussing and sleeping, but notably,
not crying, were found to be stable individual
characteristics from 6 weeks to 9 months of age.
The amount of crying during the first 3 months
did not predict crying behavior at 9 months.
More pointedly, and in agreement with another
study,9 “high amounts of early crying do not
make it highly probable that an infant will . . .
have sleeping problems at 9 months of age” (see
p. 2538 of St. James-Roberts and Plewis8).

COLIC AND SLEEP

Kirjavainen and associates18 made the diagnosis
of colic if infants exhibited “intensive crying
(despite consoling efforts) for 3 hours or more a
day, on 3 or more days a week” and were other-
wise healthy and thriving. Parents kept a daily
diary, and night-time sleep onset was defined as
the time when the first 15-minute episode
occurred after 9 PM. Sleep recordings were per-
formed only at night between 9 PM and 7 AM.
At about 4.5 weeks, the total sleep time from the
diary was significantly shorter in the colic group
(12.7 versus 14.5 hours/day, P < .001). Although
colicky infants slept less than the control group
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throughout the 24-hour record, the most dra-
matic decrease in sleep between the groups
occurred at night between 6 PM and 6 AM. The
diary data showed that by 6 months of age, the
colicky infants slept slightly less than the non-
colicky infants, but the group differences were
not significant. The first polygraph recording
was performed when the infants were about 9
weeks old. There were no differences between
the groups in the night recordings in sleep char-
acteristics. A subgroup analysis was performed
on 11 colicky infants whose diary data were
closest to the polygraph data, to take into
account the delay between the diaries and the
recordings. In this older subgroup of colicky
infants, the total sleep time was increased (from
12.7 to 13.2 hours/day). The second polygraphic
recordings were performed at about 30 weeks of
age, and again there were no differences in sleep
characteristics between the infants formerly with
and without colic. Also, at this age, the formerly
colicky infants had fewer nocturnal arousals.

This study by Kirjavainen and associates18 of
15 colicky infants showed clearly that among
infants with colic, parent diary data showed
shorter total sleep times compared with the age-
matched control group at 4.5 weeks, but that by
9 weeks, there were no group differences in poly-
graphic data obtained during the night. Also,
this report suggests that over time, between the
ages of 5 and 9 weeks, sleep duration in colicky
infants increases. On the basis of only the poly-
graphic data, the authors concluded that infan-
tile colic was not associated with a sleep
disorder.

The enormous day-to-day variability in
infant colicky behavior noted in this study
( J. Kirjavainen, personal communication, 2002)
has been noted in another study.2 This variabil-
ity makes it difficult to interpret the results
derived from a single night-time polygraphic
study. In addition, every child, including
Kirjavainen’s son, had poorer sleep quality
(more awakenings, shorter sleep duration) in
the laboratory than at home. The day-to-day
variability and a laboratory effect may have
masked group differences.

St. James-Roberts and colleagues used the
term persistent criers to describe colicky infants,
because their amount of fussing or crying
exceeded 3 hours per day most days in a week,
and the term moderate criers for those who usu-

ally fussed or cried for 30 minutes or less per
6 hour period of the day.19 Utilizing diaries that
had been validated with concurrent 24-hour
audio recordings, the colicky infants, at 6 weeks
of age, slept significantly less than noncolicky
infants (12.5 versus 13.8 hours/day). There were
no group differences regarding time spent awake
or time spent feeding. Colicky infants slept less
throughout the 24-hour diary record. Unlike
other studies,12,18 the clearest group differences
for sleep were in the daytime. In fact, there were
no significant group differences regarding sleep
at night (between midnight and 6:00 AM).
Additionally, at night, there were no statistically
significant group differences for crying or fuss-
ing behavior. The clearest group differences for
crying or fussing behavior were in the daytime.
The groups were similar in the timing and dura-
tion of the infant’s longest sleep period. This
analysis of sleep cycle maturation led to the con-
clusion that the “chief difference between them
lies in amounts of daytime fuss/crying and sleep-
ing, rather than in the diurnal organization of
sleep and waking behavior” (from p. 148 of
St. James-Roberts et al.19). Additionally, at
6 weeks of age, substantial negative correlations
between amounts of fuss/crying and sleeping
were observed in both groups. Because the
authors observed no deficit in wakefulness, only
sleeping, they felt that there was a specific trade-
off between fussing or crying and sleep, “rather
than a more global disturbance of infant behav-
ioral states” (from p. 150 of St. James-Roberts
et al.19). The researchers concluded that persist-
ent crying is associated with a sleep deficit.

Utilizing sensors embedded within a mattress
to continuously monitor body movements and
respiratory patterns, a prospective study of 20
colicky infants, who cried an average of at least
2.5 hours per day, showed that at 7 and 13 weeks
of age, they slept less than control infants. The
colicky infants had more difficulty falling asleep,
were more easily disturbed, and had less quiet,
deep sleep.20

At about 8 weeks of age, utilizing diary data
previously validated by audio taping, infants
were diagnosed with colic if they had fussing or
crying for 3 hours or more on each of 3 days dur-
ing a 3-day study.12 Per 24 hours, the colicky
infants slept significantly less (11.8 versus 14.0
hours per day). The colicky infants slept less
during the day, evening, and night; however, the
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difference in sleeping between the colicky
infants was significant only during the night-
time. Crying and sleeping showed a significant
negative correlation in the colicky infants but
not in the control infants. White and colleagues12

concluded that colic might be associated with a
disruption or delay in the establishment of the
circadian rhythm of sleep–wake activity. At
4 months of age, a prospective study showed
that the mean total sleep duration, based on
parental reports, of 48 infants who had had
colic, based on Wessel’s exact definition, was
13.9 ± 2.2 hours.2

In my general pediatric practice, where at
every visit all parents receive anticipatory advice
regarding sleep hygiene, the parents of colicky
infants describe the development of early bed-
times, self-soothing at night-time sleep onset,
longer night sleep periods, fewer night awaken-
ings, and regular, longer naps later than the par-
ents of noncolicky infants describe them. This
suggests that colic may be associated with a
delay in maturation of sleep–wake control mech-
anisms. However, the data show that by 6, 8, and
12 months, there are no significant differences
between colicky and control groups regarding
duration of night sleep,18,21 although night wak-
ing has been reported to be more common at 4,
8, and 12 months in infants who previously had
colic.4,21 This might be interpreted as a slightly
delayed maturation of normal nocturnal sleep
duration coupled with a more persistent impair-
ment of the learned ability to return to sleep
unassisted during a naturally occurring noctur-
nal arousal from sleep.

COLIC AND WAKEFULNESS

Parents of colicky infants often report that day-
time sleep periods are extremely irregular and
brief. Also, some parents of colicky infants
describe a dramatic increase in daytime wakeful-
ness and sometimes a temporary but complete
cessation of napping when their infants
approached their peak fussiness at age 6 weeks.
It has been suggested that, before 3 to 4 months
of age, the period of inconsolability in the
evening hours (when the infant cries and cannot
sleep) might reflect periods of high arousal sim-
ilar to the circadian forbidden zone (from p. 77
of Weissbluth22). In adults, the forbidden zone is
a period during which sleep onset and prolonged

consolidated and restorative sleep states do not
easily occur. In this context, it might be more
appropriate to describe colic not as a disorder of
impaired sleep but as a disorder of excessive
wakefulness in the evening. This view is sup-
ported by recent polygraph investigations show-
ing that in infants, a circadian forbidden zone
does exist between 5 PM and 8 PM.23

COLIC AND TEMPERAMENT

Studies evaluating colic and temperament are
difficult to compare because of different ages of
infants studied, small sample sizes (often with
null findings), small but statistically significant
group differences, different temperament-assess-
ment instruments, comparisons between tem-
perament ratings and global impressions of
temperament, and possible measurement bias
resulting from reliance on parental reports for
both crying and temperament.

Temperament characteristics of mood, inten-
sity, adaptability, and approach/withdrawal ten-
dency are statistically related, and infants who
were described as negative in mood, intense,
slowly adaptable, and withdrawing were diag-
nosed as having difficult temperaments because
they were difficult for parents to manage. These
infants were also observed to be irregular in all
bodily functions. When parents performed a
temperament assessment at 2 weeks of age and a
24-hour behavior diary at 6 weeks of age, it was
observed that more difficult temperaments at 2
weeks predicted an increased frequency and
duration of crying and fussing at 6 weeks.24

Although statistically significant, the author
thought it was a weak association and concluded
that “early infant temperament predisposes to
early crying and fussing but is of limited use as a
clinical predictor”(from p. 514 of Barr24).
However, recent research utilizing a more com-
prehensive assessment of infant temperament
found the association between early infant tem-
perament and later infant crying to be more
robust. At 4 weeks of age, infants who were more
difficult in general, more intense, and less dis-
tractible (consolable) cried more during their
second month of life than other infants.25

Another prospective study of infants defined
colic as paroxysmal crying that is difficult to
console and lasts for 3 or more hours a day dur-
ing 3 or more days a week.21 Temperament
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assessments were done at the ages of 3 and 12
months. At 3 months, the colicky infants were
more intense, less persistent, less distractible,
and more negative in their mood. However, at 12
months, ratings on the temperament question-
naire showed no group differences between the
colicky infants and the control group, but the
general impression of the mothers of the colicky
group was that they were more difficult (23%
versus 5%).

Infants who had colic, using Wessel’s criteria,
are significantly more likely to have a difficult
temperament than noncolicky babies when the
temperament assessment is performed at 4
months of age.2 Furthermore, this progression
occurs even when colic is successfully treated
with dicyclomine hydrochloride,2 an atropinic
drug that may act centrally in the nervous system
to relax gastrointestinal smooth muscle. Similar
results were observed in babies who cried more
than 3 hours per day: when behavioral manage-
ment significantly reduced evening fussing and
crying, this successful treatment had no effect on
temperament ratings, and the infants were still
described by their parents as difficult.26 These
results suggest that congenital factors, not colic-
induced parental distress or fatigue, cause
increased crying or fussing behavior during the
first 3 to 4 months and subsequently lead to an
assessment of difficult temperament at age 3 to 4
months.

Colic does not appear to be an expression of a
permanently difficult temperament. In one study
of only 10 colicky infants, in which colic was
defined as cry bouts occurring more than 3 hours
per day more than 3 times per week, subsequent
measurements of temperament at 5 and 10
months did not show group differences between
formerly colicky and noncolicky infants.27

SLEEP AND TEMPERAMENT

Continuous recordings of sleep patterns in the
second day of life were correlated with tempera-
ment assessments at 8 months. It was observed
that infants with the most extreme values on all
sleep variables were more likely to have difficult
temperaments.28

Temperament assessments performed at a
mean age of 3.6 months showed an association
between problems of sleep–wake organization,
difficult temperament, and extreme crying.29

These babies were selected for persistent crying
and were compared with babies with no current
crying problem. Mothers of crying infants scored
high on depression, anxiety, exhaustion, anger,
adverse childhood memories, and marital dis-
tress. The authors concluded that factors related
to parental care, although they did not cause per-
sistent crying, did function to maintain or exac-
erbate the behavior. The persistence of parental
factors may explain why at 1 year there are
reported to be more difficulty in communication,
more unresolved conflicts, more dissatisfaction,
and greater lack of empathy in families with a
colicky infant30 and after 4 years, formerly col-
icky children have been reported to be more neg-
ative in mood on temperament assessments.31

In a study of 60 5-month-old infants, the
infants rated as difficult had mean sleep times
substantially less than the infants rated as easy
(12.3 ± 1.5 versus 15.6 ± 1.6 hours; P < .001).3

Although nine infant temperament characteris-
tics were measured, only five were used to estab-
lish the temperament diagnosis of difficult. Four
of these (mood, adaptability, rhythmicity, and
approach/withdrawal tendency) were highly sig-
nificantly correlated negatively with total sleep
duration. No significant correlations occurred
with the remaining temperament characteristics.
Because the temperament characteristic “mood”
relates to crying or fussing behavior, some
authors describe the association between colic
and difficult temperament as an artifact (from
p. 43 of Barr and Gunnar32). However, mood is
only one of the five temperament characteristics
comprising the difficult temperament.

When the original study of 60 5-month-old
infants was extended to include 105 infants,
those with difficult temperaments slept 12.8
hours and those with easy temperaments slept
14.9 hours.33 This observation was subsequently
confirmed in another ethnic group with different
parenting practices.34 It thus appears that infants
who have a difficult temperament have briefer
total sleep durations when assessed at 4 to 5
months of age.

Support for an association between sleep and
temperament is also based on a study in which
objective measures of sleep–wake organization,
derived from time-lapse video recordings, were
compared with parental perceptions of infant
temperament at 6 months of age.35 The authors
state, “Infants considered (temperamentally)
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easy have longer sleep periods and spend less
time out of the crib for caretaking interventions
during the night” (from p. 769 of Keener
et al.35). However, the authors’ analysis also led
them to the conclusion that night waking is
caused by environmental rather that biologic
factors. Thus, this study has been cited as not
supporting a general association between tem-
perament and sleep–wake patterns.36 It should
be noted that the increased time out of the crib
for temperamentally more difficult children at 6
months corresponds to the observation that
increased night waking occurs in formerly col-
icky infants at 4, 8, and 12 months.9,21

Utilizing a computerized movement detector,
it was observed that for 12-month-old children,
those with the temperament trait of increased
rhythmicity went to sleep earlier and had longer
sleep durations,37 and by 18 months of age, there
was again the observation that both subjective
and objective measures of improved sleep were
associated with easier temperament assess-
ments.38 The authors correctly state that it is
unclear whether the association is a biologic
continuity between daytime temperament fea-
tures and night-time sleeping, or whether the
influence of the child’s sleep behavior affects the
mother’s perceptions or ratings on temperament
assessment instruments.38

The same 60 infants who were evaluated at 4
months of age3 were restudied at 3 years.39 Again,
temperamentally easy children had longer sleep
durations compared with children with more dif-
ficult temperaments. However, there was no indi-
vidual stability of temperament or sleep duration
between the ages of 4 months and 3 years. Thus,
temperament ratings and associated sleep pat-
terns at age 4 months do not predict tempera-
ment or sleep patterns at 3 years.

POSTCOLIC SLEEP

A retrospective study of 141 infants between 4
and 8 months of age from middle-class families
showed that the history of colic, using Wessel’s
exact definition, significantly covaried with the
parent’s judgment that night waking was a cur-
rent problem.4 The frequency of awakening was
a problem in 76% of infants, the duration of
awakenings was a problem in 8%, and both fre-
quency and duration were a problem in 16%.
The frequency of night awakenings significantly

correlated positively with the duration of night
awakenings. Other studies also reported more
night waking at 8 and 12 months21 and ages 14 to
18 months40 in postcolic children. Among infants
who had had colic, the total sleep duration was
less than among those who had not had colic
(13.5 ± 0.3 versus 14.3 ± 0.2 hours, respectively;
P < .05).4

Group differences in sleep duration between
colicky and noncolicky infants, and between
easy and difficult infants were observed to gen-
erally decrease over time.41 Data obtained even
during the first 4 months support a trend toward
normalization.20 For example, in one study,
infants were diagnosed as irritable if crying
occurred an average of at least 2.5 hours per day
at 1 month of age. The irritable infants slept less,
but over the 3-month study period, differences
between the two groups diminished as the
amount of crying subsided. Also, the irritable
infants “spent less time in the content-awake or
quiet-alert state that is optimal for parent-infant
interaction” (from p. 8 of Keefe et al.20).

Some studies suggest that both infant irri-
tability and sleep deficits are moderately stable
individual characteristics during the first year of
life or beyond.8,9,40 One study showed that chil-
dren with colic had more sleeping problems and
the families exhibited more distress than a con-
trol group at age 3 years.41 The trend of decreas-
ing group differences with increasing age
between colicky and noncolicky infants with
regard to sleep, taken together with the normal
polygraph recordings of colicky infants at 9
weeks of age, suggests that it is parenting prac-
tices, not biologic factors, that contribute to
enduring sleep problems beyond 9 weeks of age.

As previously reported,42 it may be difficult
for parents of formerly colicky infants to elimi-
nate frequent night awakenings and to lengthen
sleep durations after those infants are 4 months
old. Parents, because they are fatigued, may
unintentionally become inconsistent and irregu-
lar in their responses to their infant. It cannot be
overemphasized that “parents are never truly
prepared for the degree to which the babies’
sleep–wake patterns will dominate and com-
pletely disrupt their daily activities” (from p. 390
of Parmelee43). They may become overindulgent
and oversolicitous regarding night awakenings
and fail to appreciate that they are inadvertently
depriving their child of the opportunity to learn
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how to fall asleep unassisted. Some mothers
have difficulty separating from their child, espe-
cially at night, and other mothers have a ten-
dency toward depression that might be aggra-
vated by the fatigue from struggling to cope with
a colicky infant. In either case, simplistic sug-
gestions to help the child sleep better often fail
to motivate a change in parental behavior. If the
child fails to learn to fall asleep unassisted, the
result is sleep fragmentation or sleep deprivation
driven by intermittent positive parental rein-
forcement. This causes fatigue-driven fussiness
long after the colic has resolved, which ulti-
mately creates a sleep-deprived family.

Support for this view has come from research
on infants at 5 months of age who were followed
to 56 months of age. Wolke and Meyer9 showed
that “long crying duration and [the parents] hav-
ing felt distressed about crying during the first 5
months were significant predictors of night wak-
ing problems at 20 months” (p. 198 [italics
mine]) but not at 56 months. In particular, later
sleep problems are mainly related to the comor-
bidity of crying with sleep problems at 5 months
rather than to crying problems alone. Sleep prob-
lems at 5 months remained the best predictor of
sleep problems (especially night waking) at 20
months. These authors concluded that postcolic
“sleep problems are likely to be due to a failure of
the parents to establish and maintain regular
sleep schedules. . . . This conclusion does not
blame parents for sleep difficulties: rather, it rec-
ognizes why many parents adopt strategies to
deal with night waking in the least conflictual
manner by night feeding or co-sleeping. This
may be especially true of parents who are dealing
with a temperamentally more difficult infant”
(from p. 203 of Wolke and Meyer9). The authors
also concluded that postcolic sleeping problems
are not caused simply by increased crying per se
but appear to be the consequence of associated
infant sleeping problems and altered care-taking
patterns for dealing with night waking in infancy.

Bates and associates recently evaluated the
interaction between family stress, family manage-
ment, disrupted child sleep patterns (variability
in amounts of sleep, variability in bedtime, and
lateness of bedtime), and preschool adjustment in
children about 5 years old.44 Children with dis-
rupted sleep did not adjust well in preschool, and,
in this analysis, disrupted sleep directly caused
the behavior problems. These authors did not find

any evidence that family stress or family manage-
ment problems caused both disrupted sleep and
behavior problems. They concluded that “sleep
irregularity accounted for variation in (behav-
ioral) adjustment independently of variation in
family stress and family management” (from p. 70
of Bates et al.44). Interestingly, in support of their
conclusion that disrupted sleep and not family
stress was the main cause of behavioral problems,
they observed that “in clinical treatment of young
oppositional children, we have seen some spec-
tacular improvements in manageability associated
with the parents instituting a more adequate
schedule of sleep for their children. Our clinical
impression in these cases was that the changes
were too rapid to be accounted for by other
changes, such as in parental discipline tactics”
(from p. 71 of Bates et al.44). The senior author
agrees with my hypothesis that sleep modulates
temperament and that “parenting responses to
(sleep) issues would be involved in the continu-
ity/discontinuity of temperament. . . . If parents
make the effort to manage their kids’ sleep sched-
ules consistently, I would think that over years
they are going to see less difficult and unmanage-
able behavior” ( J. E. Bates, personal communica-
tion, 2002).

In a recent report, 64 children who had had,
as infants, “persistent crying” (defined as fussing
or crying more than 3 hours on 3 days in the
week) were studied at 8 to 10 years of age.45 The
authors concluded that they were at risk for
hyperactivity problems and academic difficul-
ties. In addition, at 8 to 10 years of age, the pre-
vious persistent criers took longer to fall asleep,
suggesting to the senior author that “they were
less effective in controlling their own behav-
ioural state to fall asleep” (D. Wolke, personal
communication, 2002).

Therefore, it appears that increased crying or
fussing behavior alone in infancy does not
directly cause later sleep problems. Although the
postcolicky child’s family may be stressed, it
appears that it is the failure to establish age-
appropriate sleep hygiene that specifically leads
to later disrupted sleep and behavioral problems.

SUMMARY AND DISCUSSION

Different definitions of colic and different ages of
infants at the time of the study make it difficult
to come to firm conclusions. During the first 4
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months, colicky infants, by definition, exhibit
more crying or fussing behavior. Data from par-
ent diaries obtained at 4.5, 6, 7, and 8 weeks of
age show that colicky infants sleep less than
noncolicky infants (about 12 to 12.5 hours ver-
sus about 14 to 14.5 hours),8,12,18,20 but there is
disagreement over whether the decreased sleep
occurs predominately during the day or night
hours. By 9 weeks of age, polygraphic data do
not show group differences in sleeping between
colicky and noncolicky infants. Although group
differences in sleeping duration between infants
who had had colic and infants who had not been
colicky were present even at 4 months of age,4

these differences disappear by 6 to 8 months.18,21

This raises the suggestion that parenting prac-
tices might be especially important in affecting
sleep patterns after 9 weeks, especially regarding
the development of a night waking habit. Also,
by 6 months of age, researchers are more apt to
view parents as contributing to sleeping prob-
lems,35 especially night waking.

There appears to be agreement that infant
crying alone does not predict the development 
of sleep problems.8,9 Rather, the comorbidity of
crying plus parental distress at 5 months, or
of crying plus sleep problems at 5 months, pre-
dicts night waking at 20 months but not at 56
months.

Temperament assessments rely on parental
reports, which often raises questions about how
much the assessments reflect parental percep-
tions as opposed to objective descriptions of
behavioral styles in children. At 2 and 4 weeks of
age, infant difficultness predicted increased cry-
ing or fussing at about 6 weeks of age.24,25

Infants with colic are more likely to have a diffi-
cult temperament when assessed at 4 months of
age2 but not at 12 months.21 A difficult tempera-
ment is associated, at many ages, with problems
in sleeping, such as shorter sleep durations and
night waking, but this association is not predic-
tive of later sleep problems. At 4 to 5 months of
age, infants with a difficult temperament have
total sleep durations of about 13 hours as
opposed to about 15 hours for infants with an
easy temperament.

The association of difficult temperament and
sleeping problems during and shortly after age 4
months occurs despite successful treatment of
colic. This suggests that crying or fussing behav-
ior does not simply cause a measurement bias

that makes parents imagine their children both
to be difficult and to not sleep well. My impres-
sion is that it is exactly those parents with the
willingness and resources to invest heavily in
soothing during periods of fussing who are able
to prevent some of the fussing that would other-
wise escalate into crying, thus preventing some
postcolic sleep problems. On the other hand,
some parents are unable to manage severe infant
fussing and become overwhelmed by the crying.
Or perhaps they feel that because they cannot
influence their child’s crying behavior during the
first few months, they also cannot influence
their child’s sleeping habits later.

It is important to help parents of postcolicky
infants establish healthy sleep habits. Some of
these children have difficulty falling asleep and
staying asleep. At about 4 months, they have not
developed self-soothing skills, perhaps because
parents had invested constant soothing to pre-
vent fussiness from developing into crying, or
perhaps because inability to self-soothe is in fact
an integral component of colic. A successful
intervention effort to help families cope with
infant crying during colic reduces parental dis-
tress. Continued education about age-appropri-
ate sleep hygiene after colic ends is likely to
prevent sleep problems from persisting beyond
4 months. Unsuccessful intervention and educa-
tion increases the likelihood that temperament
issues, family stress, and sleeping problems will
persist beyond 4 months.

LINKS BETWEEN COLIC, SLEEP,
AND TEMPERAMENT: 
AN ALTERNATIVE VIEW

The previous discussion assumes that individ-
ual differences in the neurologic maturation of
sleep–wake control mechanisms, and the ability
to regulate state (or self-soothe) are the primary
determinants of how much fussiness, crying,
and sleeping occur in babies during the
first 4 months. Parenting practices during
the first 4 months were ascribed a secondary
role that develops in reaction to infant fussiness
and crying. After 4 months, parenting practices
were considered to be more important in main-
taining sleep problems. An alternative view is
that parenting practices do indeed make a major
contribution to the outcome during the first
4 months of life.
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This analysis is based on data from an out-
come study using Wessel’s exact definition of
colic and data on temperament at 4 months of
age,2 an analysis of sleep and temperament at
about 4 months of age,3 and an assumption that
the difficult temperament at about 4 months rep-
resents an overtired behavioral style. Certainly,
the natural history of crying and fussy behavior
(age of onset, age of cessation, evening time of
occurrence, and occurrence mainly during the
first 3 or 4 months with a peak at about 6 weeks)
and its occurrence in all cultures strongly argue
for biologic factors regarding etiology. However,
the possibility remains that the severity (or
intensity) and the duration of these behaviors
are influenced by parenting practices. For exam-
ple, infants in traditional or tribal cultures that
practice constant holding and frequent breast-
feeding may have less fussiness or crying. Also,
the videotape studies that show no differences
between parenting behaviors for colicky and
noncolicky infants might reflect either an obser-
vation period that is too short, a too-small sam-
ple size, or extra effort on the part of the parent,
motivated by the presence of video cameras in
the home during the study.

Consider a balance between the baby’s dispo-
sition to express distress and the parent’s capabil-
ity to soothe the baby. Not only do babies vary in
their expression of fussing or crying behavior but
also parents vary in their capability to soothe.
Factors that affect parents’ ability to soothe fussi-
ness and crying and to promote their baby’s sleep,
and that might influence the outcome over the
first few months, include the following:

1. Father involvement versus absent father
2. Agreements or disagreements between

mother and father regarding child rearing,
such as breast-feeding versus bottle-feeding
or crib versus family bed

3. Absence or presence of marital discord or
intimacy issues between wife and husband

4. Absence or presence of baby blues or post-
partum depression

5. Absence or presence of other children requir-
ing attention

6. Ease or difficulty of breast-feeding
7. Absence or presence of medical problems in

child, mother, father, or other children
8. Number of bedrooms in the home
9. Presence or absence of relatives, friends, or

neighbors to help

10. Help or interference from grandparents
11. Ability or inability to afford housekeeping

help
12. Ability or inability to afford childcare help
13. Absence or presence of financial pressures,

such as for mother to return to work soon

For example, assuming that 20% of infants
have colic, consider three groups of children
who developed along different paths:

A. In a cohort of 20 infants with colic, about 75%,
or 15 infants, will not have a difficult tempera-
ment at 4 months of age.2 At 4 months of age,
these children will have an easier temperament
and sleep longer than other children. The colic
will have resolved. These children may have
had a milder form of colic, or their parents may
have vast resources for soothing.

B. In the same cohort of 20 infants with colic,
about 25%, or five infants, will have a difficult
temperament at 4 months of age and sleep
less than other children.2 At 4 months of age,
the discrete spells of evening fussing or crying
will be less well defined, but the disposition
to express distress at any time will persist
because these children remain overtired.
Therefore, they will tend to be at their worst
at the end of the day when they are most over-
tired. I call this fatigue-driven fussiness.
These children may have had a more severe
form of colic, or their parents may have lim-
ited resources for soothing.

C. Among 80 noncolicky infants, about 5%, or
four infants, will have a difficult temperament
at 4 months of age and resemble those infants
in group B: they sleep less than other chil-
dren, they are overtired, and they fuss and cry,
especially at the end of the day. The parents of
these children may have limited resources for
soothing, or they may allow their child to
become overtired by skipping naps, allowing
too late a bedtime, or contributing to frag-
mented night sleep by giving too much atten-
tion at night. Alternatively, circumstances
beyond the parents’ control, such as extensive
and necessary traveling, interfere with estab-
lishing sleep routines.

Therefore, at 4 months of age, there are nine
infants who are overtired and who fuss or cry
more than other children. The five (56%) from
group B had colic and the four (44%) from group
C did not have colic. These percentages are in
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close agreement with a recent study of colicky
infants, in which colic was defined as “parox-
ysms of irritability, fussing, or crying lasting for
3 or more hours in any 1 day and occurring on 3
or more days in any 1 week” (from Clifford et al.,
p. 118446). Mothers who participated, compared
with mothers who declined or dropped out of
the study, were more likely to be married, to
have completed more formal education, to have
a higher family income, to have higher levels of
social support and lower levels of anxiety and
depression, to breast-feed, and to be nonsmok-
ers. The researchers described three groups of
infants. In their first group, colic resolved by 3
months of age in 86% of infants, similar to group
A (75%). In their second group, at 3 months of
age, there were 35 children with colic, of whom
18 (51%) had colic at 6 weeks of age, similar to
group B (56%). The authors referred to these
children as having “persistent colic.” In their
third group, at 3 months of age, there were also
17 children (49%) with colic but they did not
have colic at 6 weeks of age, similar to group C
(44%). The authors referred to this group of
infants as having “latent distress.” They did not
publish data comparing the mothers of infants
with “persistent colic” versus “latent distress.”

Although the authors46 suspected that the
persistent colic occurred in the 18 infants
because of “a persistent mother-infant distress
syndrome,” they noted that colic “does not
result in lasting effects to maternal mental
health.” However, they acknowledged that their
results regarding the effects of colic on maternal
health might be different in other populations
“with different access to resources that may ease
the burden of caring for a fussy infant . . . (who
might not) be able to seek respite when they felt
overwhelmed . . . (or did not have) adequate
resources to buffer the effects of their infants’
colic (p. 1186-1187).” The reason that I object to
the term mother-infant distress syndrome is that it
puts undue blame on mothers, when fathers,
marriage, family, and financial concerns may
play an equal if not greater role in the family’s
ability to soothe a baby. In fact, one recent study
showed dysfunctional interactions between the
colicky baby and the father to be much greater
than between the colicky baby and the mother.47

After 4 months of age, it is my impression that
the persistence of limited resources for soothing
usually causes a continuation of sleeping prob-

lems and parental distress. However, intervention
can correct the sleep problems and alleviate some
of the parental distress. An improvement in par-
enting practices regarding sleep produces rapid
and dramatic improvement in sleeping and
behavior in children from group C, but the
improvement in children from group B is much
slower and more incremental. This is most likely
because the infants from group B and their par-
ents are more overtired, the children have been
more consistently parent-soothed, and there may
be lingering biologic delays in the development
of sleep consolidation and nap rhythms.

The clinician should be aware of the social
resources available to a family, because lack of
these resources interferes with the parents’ abil-
ity to soothe their child and help their child
sleep. Clear identification of the social strengths
and weaknesses in the family’s support system
permits a more individualized intervention pro-
gram.
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Sleeplessness is one of the most frequent com-
plaints presented to the sleep practitioner, since
the entire family is affected by a child who can-
not sleep at night. Symptoms of sleep depriva-
tion may be identified in one or all members of
the family. It is not unusual for a worn, haggard,
frustrated parent to seek help for a child who
appears happy, active, alert, and well rested.

Sleeplessness appears to be a final common
pathway for a heterogeneous group of disorders
that may have many etiologies. Underlying causes
may be chronophysiologic, medical, psychologi-
cal, social/environmental, or a combination of
factors. Indeed, considerable overlap exists among
underlying conditions. Some children may have
no difficulty falling asleep but are unable to main-
tain continuity of sleep throughout the night,
resulting in multiple nocturnal awakenings.
Other children may have significant difficulty
falling asleep at a prescribed time but, once
asleep, will sleep throughout the night. Still oth-
ers may suffer from both difficulty settling and
night-time awakenings.

The typical connotation of the term “insom-
nia” does not appear to be applicable to sleepless
children. The underlying causes of disorders
of initiating and maintaining sleep (DIMS) dur-
ing childhood appear to be considerably differ-
ent from those of insomnia in adults, and
different approaches to diagnosis and therapy are
required.

Sleep onset and maintenance require appro-
priate interaction between biologic and psy-
chological determinants. When one or more of
these factors are disrupted or dysfunctional, sleep-
lessness results. Disorders of partial arousal from
sleep stages and sleep–wake transition disorders
(such as sleepwalking and night terrors) are dis-
cussed in Chapter 9.

To appropriately manage these problems, accu-
rate diagnosis is essential. This chapter focuses on

the epidemiology, clinical presentation, diagnostic
features, differential diagnosis, and management
paradigms for DIMS in childhood.

GENERAL CONSIDERATIONS

The problem of sleeplessness during childhood
does not appear to be solely neurodevelopmen-
tal. Instead, sleeplessness reflects a pattern of
interaction between physiologic and behavioral
variables.1 Interactions between the parent and
the child at times of sleep transition are impor-
tant. Parents display a wide variety of normal
responses to their sleeping infant, and these
responses change as the infant ages. Under nor-
mal circumstances, parents frequently respond
to a signaling (crying) infant during the first
few months of life. With older infants, parental
intervention usually involves occasional checks
during sleep. It is interesting to note that during
the first two thirds of the first year of life, when
infants are undergoing rapid neurodevelop-
mental changes and entrainment to appropriate
sleep–wake cycles, almost half of all infants are
already asleep when placed in the crib.2

As the infant ages, sleeplessness may con-
tribute to significant parental anxiety, anger, fear,
feelings of helplessness, and feelings of hope-
lessness. Parental concerns focus not only on the
child’s difficulties sleeping but also on their own
sleeplessness. Prolonged night-time awakenings
should be thought of as being derived from an
interaction between the child’s temperamental
predisposition for awakening at night and other
factors of health, development, and parental
management.3 The concerns of parents may be
justified. Recent studies in adults have suggested
that short sleep duration is related to increased
morbidity.4 During childhood, a lack of sleep
seems to significantly affect school performance.
A study of 9000 children with superior school
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performance5 and higher test scores on intelli-
gence tests6 were associated with a longer dura-
tion of night-time sleep.

Despite nocturnal awakenings, it is rare for
children less than 5-years of age to suffer from sig-
nificant sleep deprivation. Young infants and tod-
dlers sleep when necessary at any place or time.
Although the parents are often concerned that
a child awakening at night might be sleep dep-
rived, it is not usually the case. Problems arise
when social and educational demands are juxta-
posed with sleep demands.7

The parents of older children often consider
the total sleep time that is affected by television
viewing in the evening. Weissbluth and colleagues
have shown that total sleep time is the same
today as it was 60 years ago.8 Television viewing
has had minimal or no effect on daytime
or evening sleep in children 5 years of age or
older. Although girls sleep slightly longer than
boys at night, there appears to be no sex differ-
ence for daytime sleep or television viewing.
The sex difference in total nocturnal sleep time
is also seen in adults. Though there was no change
in total sleep time, increased television viewing
correlated with consistently decreased scores
on standardized tests for reading, written expres-
sion, and mathematics.8

INCIDENCE AND PREVALENCE

Brief awakenings at night are normal in children
and adults. Most often the individual turns over,
immediately falls back asleep, and does not recall
the arousal.7 Studies of incidence and prevalence
of night-time awakening in the pediatric popula-
tion have been limited because of their sub-
jective nature, relying on parental reports and
questionnaires. Despite the limitations of this
method of investigation, the frequency of sleep-
lessness during childhood seems high. Bax has
shown that nocturnal awakenings during the
first 5 years of life approximate 20% in the 0- to
2-year-old age group. There seems to be a slight
decline in 3- to 4-year-old children, but the prob-
lem is still common in 10% of 4- to 5-year-old
children.7 Of the children exhibiting nocturnal
awakenings at 12 months of age, 40% still expe-
rienced them at 18 months. Forty percent of
children who were still awakening at 18 months
continued to awaken at 2 years (but not neces-
sarily the same 40%). When children awakening

at 18 months were studied, 54% were still awak-
ening at 2 years and 23% at 3 years of age. At 5
years nocturnal awakening still occurred, though
less significantly and less frequently after school
entry.

In another study by Jenkins and associates,
night-time awakening was reported in 23% of
children at 1 year, 24% at 18 months, and 14% at
3 years of age.9 Richman and coworkers showed
that at 3 years of age, 13% of children have prob-
lems settling and 14 percent awaken at night.10

Inherent difficulties are present in the evalua-
tion of data collected by parental reports and
questionnaires, since night-time awakenings
are noted only if the child is fussy and requires
attention. Periods of quiet wakefulness during
normal sleep hours are missed. To overcome
this problem, Anders longitudinally videotaped
parent and baby interactions during normal
sleep periods.11 Settling was defined as sleeping
without removal from the crib between midnight
and 5:00 AM for at least 4 weeks and night-time
awakening as an arousal during that time at least
once weekly for 4 weeks. A simple awakening
occurred when the baby awoke after being
asleep and then returned to sleep without fuss-
ing or being removed from the crib. A complex
awakening occurred when the baby awoke after
being asleep and then fussed and was removed
from the crib. Sixty percent of 2-month-old
infants and 62% of 9-month-old infants were
initially placed in their cribs awake. Seventy per-
cent of the males were placed in their cribs
awake, compared with 50% of the females. There
was also a difference between sexes in the time
the infants were placed in their cribs. Females
at 2 and 9 months of age were placed in their
cribs between 8:00 and 9:00 PM and removed
at 7:00 and 8:00 AM. Males at 2 months were
placed in their cribs between 7:00 and 10:00 PM

and removed at 6:00 and 8:00 AM. Males at
9 months were placed in their cribs between
7:00 and 9:00 PM and removed at 6:00 and 8:00
AM. Average sleep onset latency for the group
of infants placed in their cribs awake was 27.5
minutes for 2-month-olds and 16.4 minutes for
9-month-olds. Two thirds of the infants who
were placed in their cribs awake entered active
sleep first. This correlated well with polysomno-
graphic studies that showed active sleep-onset
REM (rapid eye movement) during infancy.12

Half of the awakenings for those at 2 and 9 months
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of age were simple and half were complex. The
length of simple awakenings was 9 minutes for
those at 2 and 9 months and tended to be more
prominent as morning approached. Complex awak-
enings lasted longer and the duration changed
with age, being 75 minutes for 2-month-olds and
24 minutes for 9-month-olds.11 At 2 months of
age, complex awakenings occurred predomi-
nantly between midnight and 6:00 AM. Females
seemed to awaken more regularly between 3:00
and 6:00 AM. At 9 months, males demonstrated
2 peaks of complex awakening. The first peak
occurred between 9:00 PM and midnight and the
second between 3:00 and 6:00 PM. Females
remained more regular, with a single peak
between 3:00 and 6:00 AM.

Moore and Ucko reported that 50% of the
infants who had settled successfully awakened
again at night when they were 7 to 12 months
of age.13 Most parents and child health care prac-
titioners will attest to the presence of this second
peak of nocturnal awakenings. The etiology may
be developmentally or physiologically based,
however, night-time awakenings during this time
may also be secondary to shifts and stresses
in the environment.13

BEHAVIORAL CHARACTERISTICS,
TEMPERAMENT, AND NIGHT-TIME
AWAKENING

Zuckerman and colleagues conducted a longitu-
dinal study of night-time awakening based on
interviews with 308 parents.14 For infants at
8 months of age, 10% of the mothers reported
that their babies awoke three or more times per
night, 8% reported that their babies took an hour
or longer to settle after awakening, and 5% com-
plained that their own sleep was severely dis-
rupted by the child; 18% reported at least one of
these problems. By 3 years of age, 29% of the
children enrolled in the study had difficulty set-
tling and/or staying asleep. Of the children with
sleep problems at 8 months of age, 41% still had
a problem sleeping at 3 years of age, compared
with only 26% of the children without a sleeping
problem at 8 months of age who developed
a problem by 3 years of age. In this study, children
with persistent sleep problems were more likely
to have behavior problems, especially tantrums
and behavior management problems, than those
without persistent sleep problems. On the other

hand, children with sleep problems were not
more likely to have fears, anxiety, or other behav-
ior problems as measured by the Behavior
Screening Questionnaire.

Some evidence exists that there is a tempera-
mental predisposition to night-time awakening.
If this is true, the evaluation of the sleepless
child requires a broader perspective. In a private
pediatric practice, 25% of 60 randomly selected
patients between 1 and 12 months of age suffered
from night-time awakenings, which correlated
significantly with temperamental characteristics
of low sensory threshold .3

To determine if common sleep disturbances
in young children, such as night-time awakening
and bedtime struggles, tend to persist; if they are
related to environmental stress factors and
are accompanied by other behavioral problems;
and if their persistence is related to other factors,
Kataria and associates studied 60 children
between the ages of 15 and 48 months.15 The
mothers were interviewed at the beginning
of the investigation and after a period of 3 years.
The children identified with sleep disorders were
compared with those without sleep disorders.
Forty-two percent of the children studied had
disturbed sleep at the initial interview, and 84%
of these children had persistence of the sleep
disturbance after 3 years. The persistence of the
sleep disorder had a significant relationship with
the increased frequency of stress factors in the
environment. Other generalized behavior diffi-
culties were present in 30% of sleep-disturbed
children and 19% of non–sleep-disturbed children.
The latter finding is not statistically significant.
Cosleeping (sleeping with a parent or sibling)
was noted more frequently in sleep-disturbed
children (34%) than in non–sleep-disturbed chil-
dren (16%). Twenty percent of the mothers at
the initial interview and 30% of the mothers
at the 3-year followup perceived their children’s
sleep disturbances as stressful to them and
to their family life. They concluded that early
identification of the child with a sleep distur-
bance and timely intervention would help both
the child and the family.

It is apparent that settling problems, night-
time awakenings, or a combination of both seri-
ously disrupt family life in many instances and
lead to fatigue, irritability, the limitation of the
parents’ activities, and, on occasion, marital
strain.16 Night-time awakening is undoubtably
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a trigger for child abuse on some occasions, and
the symptoms of difficulty settling and night-time
awakening should be taken seriously by the prac-
titioner.7 Stress and depression, which are com-
mon in parents with young children, are often
made worse by a lack of sleep. Parents who them-
selves have not slept cannot think rationally
about ways of coping with their child’s night-
time awakenings.

Stress in the home is frequently associated
with poor sleeping at night. Marital discord, sep-
aration, divorce, financial or professional difficul-
ties, parental affective illness, medical disorders,
death, family, move, school entry or change, toi-
let training, and the birth of a new sibling may all
contribute.1 A cry certainly is a powerful biologic
signal. It is indeed difficult to ignore, whether the
response is positive or negative.

Although night-time awakening and settling
problems have medical, biologic, and psychoso-
cial underpinnings, some consider these symp-
toms to be a conditioned reflex. Wilkes has stated
the following:

“The child wakes, cries, the mother intervenes with
loving attention and a drink; the child repeats his cry-
ing nightly and each time is quickly rewarded. With
such regular reinforcement, the reflex is soon estab-
lished.”17

However, this proposition is too simplistic when
considering DIMS, since a combination of inter-
actions among many variables contribute to the
final common pathway of sleeplessness.

In contrast to sleep duration in older chil-
dren, adolescents, and adults (which appears
to be related to mental and physical health status
and environmental and social factors), sleep
duration in infancy seems determined primarily
by neurologic maturation and to some degree
by temperament. Weissbluth compared infant
temperament characteristics with total sleep
duration and found that 4 of the 5 infant tem-
perament characteristics (mood, adaptability,
rhythmicity, and approach/withdrawal) that are
used to establish temperament diagnoses of easy
or difficult were highly negatively correlated with
total sleep duration.18

There appear to be consistent patterns of
behavior in babies. Some children are definitely
more quiet and less active than others. Therefore,
a consideration of the baby’s personality may be
important in the assessment of the sleep disor-
der.3,19 Persistent sleep problems have been shown

to be associated with increased rates of tem-
per tantrums and generally greater difficulty in
managing the child’s behavior at 3 years of age.
This suggests that persistent sleep problems are
a part of more pervasive behavioral difficulties
between the parent and child involving limits
and boundaries.14

Sensory thresholds, defined as the levels of
extrinsic stimulation required to evoke a dis-
cernible response,3 may also be important in
evaluating the child’s behavior and sleep prob-
lems. A low sensory threshold may partially
explain problems such as teething and sleepless-
ness. In Carey’s study, the distribution of the
temperament syndrome revealed that 76% were
easy or intermediate low and 24% were interme-
diate high or difficult. Of the 15 infants who
awoke at night, 13 had low sensory thresholds.3

There are two theoretical mechanisms of how
low sensory threshold contributes to night-time
awakening. First, a greater response to stimuli
during the day makes infants more arousable
at night. Second, the infant may generally be
more responsive to internal and external stimuli
at night.

However, great care must be taken in evaluat-
ing infant temperament and sleep problems.
Oberklaid and coworkers have shown that
toddler temperament ratings differ according to
sex, age, social class, and cultural contexts. Future
temperament norms may need to specify the
characteristics of the group of children from
which they were derived to allow for more valid
comparisons.20

After 3 to 4 months of age, a major feature
of a child’s difficult temperament is the procliv-
ity to cry and fuss in many situations.21 Infants
beyond this age range who cry excessively also
tend to have irregular sleep or sleep patterns
characterized by frequent awakenings.22 Also,
it appears that in the age range of 3 to 18 months,
infants who cry more at any time during the
day and night are also more likely to cry during
sleep–wake transitions.

COSLEEPING

Cosleeping (sharing a bed with another individ-
ual) is common in many cultures. Concerns about
the suffocation of children and night-time awak-
enings appear to be unfounded.7 It is often rec-
ommended for the infant to sleep in a separate
room soon after birth to avoid contamination
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of the sleep–wake transition with the need for
a parent to be present in order to fall asleep.
Parents are often concerned that putting the
child in a separate room at night may result
in feelings of inattentiveness to the child’s needs.
However, Bax reports that parents often become
more attentive to their child when the sleeping
environments are separated. A cry from a distant
bedroom easily wakes up the parent to respond
to the child’s needs.7 Loudspeaker systems
and intercom units have been marketed to ensure
this arousal response in the parent. These tech-
niques appear to conflict with the contention
that cosleeping is not detrimental. However, it is
interesting to note that Bax reported 68% of the
children with sleep problems to have experi-
enced cosleeping, compared with 22% of those
without sleep problems.

The prevalence and correlations of sleeping in
the parental bed among healthy children between
6 months and 4 years of age were studied
by Lozoff and colleagues.23 In this cross section
of families in a large U.S. city, cosleeping was
a routine practice in 35% of white and 70% of
black families. Cosleeping in both racial groups
was associated with approaches to sleep man-
agement at bedtime that emphasized parental
involvement and body contact. Cosleeping chil-
dren were significantly more likely to fall asleep
out of bed and to have adult company and body
contact at bedtime. Among white families only,
cosleeping was associated with the older child,
lower level of parental education, less profes-
sional training, increased family stress, a more
ambivalent maternal attitude toward the child,
and disruptive sleep problems for the child.

Objective evidence of cosleeping resulting in
sleep disruption has been reported by Monroe.24

Couples who were good sleepers and habitually
slept together were studied polysomnographi-
cally when they slept together and apart. When
the couple slept apart, more slow-wave sleep and
less REM sleep were identified. This seems to
indicate a rebound of slow-wave sleep similar
to that seen in sleep-deprived subjects. It was
concluded that sleeping together may be good
for marital bliss, but sleeping apart eliminated
disturbances of sleep when partners change posi-
tions. Similar studies have not been performed
in children.

Breast-feeding may be associated with a con-
current mother-infant adaptation that involves

frequent night-time awakenings. However, when
a mother stops breast-feeding, the rate of sleep
problems among breast-fed children at 8 months
of age is the same as that for children whose
mothers never breast-fed.14 Breast-feeding and
ethnic differences may not be linked to persist-
ent sleep problems because these characteristics
may be associated with different child-rearing
expectations and behaviors.25 Night-time awak-
ening during infancy is considered to be a nor-
mal occurrence in some cultures, especially when
children sleep with their parents.

EVALUATION OF THE
SLEEPLESS CHILD

The evaluation of the sleepless child should be
approached in the same manner as that for any
other clinical problem. Evaluation begins with a
comprehensive medical, developmental, and
behavioral history. The physical exam should be
comprehensive, paying special attention to devel-
opmental landmarks and the central nervous
system (CNS).7

Parents will usually seek help for the problem
only if the child’s sleeplessness has resulted
in parental sleeplessness or fear that the child is
becoming significantly sleep deprived. It is clear
that unless the clinician takes the initiative to
obtain a comprehensive sleep history during the
normal course of well-child care and health main-
tenance, problems will often be missed. Persistent
night-time awakenings have been frequently
ascribed to parental mismanagement of noctur-
nal arousals. Appropriate attention should be
paid to the methods with which the parents have
responded to their sleepless child in the past.
The following questions may elucidate signifi-
cant aspects of the patient’s history and provide
insight into sleep patterns and habits.

1. What is the normal evening bedtime?
2. What specific activities are performed during

a period of 2 hours immediately before bed-
time?

3. How long does it normally take the child to
fall asleep?

4. If it takes the child longer than 30 minutes
to fall asleep, what does the child do during
the period of time from lights out to sleep
onset? What are the parents’ responses to these
behaviors?
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5. What steps have the parents/caretakers
taken to assist the child in falling asleep?

6. Is the child permitted to fall asleep somewhere
other than in his/her own bed and bedroom?

7. Exactly what associations does the child
require in order to fall asleep (e.g., stuffed
animal, special toy, pacifier, bottle, being
held, watching television, night-light)?

8. After sleep onset, does the child awaken?
For how long? At what times? How many
times per night?

9. If the child awakens at night, what interven-
tions are required for the child to fall back
asleep?

10. Does the child exhibit any unusual behaviors
or movements during sleep? Does the child
walk in his/her sleep? Bang his/her head?
Wake suddenly with a piercing scream? Jerk
his/her legs? Grind his/her teeth?

11. Does the child snore? Is the snoring mild,
moderate, or severe? Does the child snore
every night?

12. What time does the child awaken in the
morning? Does the child awaken sponta-
neously, or is the child awakened by a clock?
Parent? Sibling? Is it difficult to wake up the
child? How does the child feel on awaken-
ing? Grumpy? Happy? Tired?

13. At what time during the day is the child the
most active and alert? The most tired and
cranky?

14. Does the child nap during the day? How many
times each day? At what times?

15. Does the child exhibit any unusual behav-
iors during daytime naps?

16. Where does the child nap? Are the same sleep
associations present for the child during day-
time naps?

A sleep diary or sleep log maintained for
a period of 2 weeks is of great assistance in ana-
lyzing children’s sleep problems. The diary pro-
vides more objective longitudinal evidence
of sleep patterns and a baseline from which to
compare the progress and success of treatment
regimens. By keeping the sleep diary during
the course of treatment, clear evidence of change
is provided for the parents and practitioner.

Despite parental concern that their child is
being sleep deprived because of difficulty set-
tling and/or night-time awakening, this is usu-
ally not the case. If the child remains active, alert,
and playful during normal waking hours, the

volume of sleep during the previous 24 hours
is most likely appropriate.7 On the other hand,
parental sleep deprivation is most often real.
The treatment of the child’s sleep problem will
most likely result in resolution of the parents’
sleep problems.

GENERAL CONCEPTS ON THE
MANAGEMENT OF CHILDHOOD
DISORDERS OF INITIATING
AND MAINTAINING SLEEP

A variety of solutions to sleep onset and main-
tenance problems have been suggested, and
there have been significant contradictory recom-
mendations regarding optimal management.
No single approach appears to be universally
effective. Recommendations have included atten-
tion to night-time rituals, firm handling, letting
the child “cry it out,” the use of hypnotics and
sedatives, general support and sympathy, and dif-
ferent combinations of these.16 Many are appro-
priate, but some are not. For example, Wilkes17

has described a method for deconditioning
night-time awakenings in one night.

“The child cries. Father stamps in, flings down the
side of the cot, and slaps him once. But firmly, he flings
up the cot side, and stamps out, slamming the door
behind him (locking it with older children). The child
screams and shouts for hour after hour until, depend-
ing on his strength and determination, eventually he
subsides in a lather of sweat and exhaustion.”

Obviously, this method of treatment goes
against most acceptable methods and may result
in numerous difficulties in addition to problems
with sleep.

The behavioral methods of treatment have
been used successfully in the management of
childhood psychological and behavioral prob-
lems. However, a behavioral approach may not
be appropriate for all problems related to sleep-
lessness. This approach requires careful analysis
of the individual problem and the establish-
ment and resulting gradual attainment of the
specific goals of treatment. Emphasis should be
placed on removing the factors that reinforce
the problem and planning a replacement or
substitution with appropriate behaviors. Many
sleep problems will resolve spontaneously,
and time is always on one’s side in the manage-
ment of many sleep disorders.7 Simple behavioral
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procedures may occupy the parents’ attention
long enough that a spontaneous remission may
occur in the interim.

Night-time awakenings and settling prob-
lems are very often interactional in nature,
affecting the entire family and not merely the
child. Therefore, the management of the prob-
lem should be directed at the family and not just
the child. In many circumstances, the best
method of treatment is habit training (behavior
modification) and attention to the principles
of sleep hygiene (Table 11–1). If there is failure
to respond, some recommend the short-term use
of sedation.3 It is thought that a short-term
course of a hypnotic or sedative may alter the
infant’s arousal threshold enough to facilitate
the learning of a more acceptable sleep pattern.
However, there are many conflicting opinions,
and it is thought by many that medication rarely
has a place in the management of most sleep
disorders.

Changes in the physical sleeping environment
may cause dramatic changes in sleep patterns.
Children who experience a persistent problem
with sleeplessness may sleep well at a grandpar-
ent’s home only to have the symptoms return in
their own home environment. This is frequently

irritating to young parents, who may feel inse-
cure about their role.7 Appropriate support and
management of the entire family are essential
during these times.

According to Bax,7 the short-term use of chlo-
ral hydrate or Phenergan may be necessary. In
these situations, it is important to start with
an adequate dose and be weaned quickly from
the medication. This method seems more effica-
cious than starting with small doses and increas-
ing them until the desired effect is achieved. The
latter method may be accompanied by increasing
tolerance to the medication, and larger doses
may be required.

During any behavioral management regimen,
parents must be warned that the child’s sleep
problem may appear to worsen for a few days
at the beginning of treatment. This characteristic
frequently results in the abandonment of the treat-
ment protocol if there is no adequate warning,
support, and reassurance. When there is improve-
ment, it tends to happen quickly.

Jones and Verduyn16 reported that 53% of chil-
dren’s sleep problems resolved completely by
means of a behavioral approach. Thirty-seven
percent more showed partial resolution, and
10% were unchanged at the end of the treatment
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The child’s bedroom should be dark and quiet.
Bedtime routines should be strictly enforced.
The time of morning awakening should be firmly and consistently structured.
Bedroom temperatures should be kept comfortably cool (<75° F).
Environmental noise should be minimized as much as possible. Background music and/or white

noise may inhibit extraneous noise.
Children should not go to bed hungry and may have a snack before bedtime.
Excessive fluids before bedtime may result in bladder distention and arousal and disrupt sleep.
Children should learn to fall asleep alone (i.e., without their parents’ presence in the room).
Vigorous activity should be avoided before bedtime.
A bath is often a stimulating activity for children. If bedtime struggles are present after the child’s

bath, it may be moved to the morning or separated from the child’s bedtime by at least 2 hours.
Methylxanthine-containing beverages and food (e.g., caffeinated beverages/colas, tea, chocolate)

should be avoided for several hours before bedtime.
Parents should read the labels on all over-the-counter and prescription medications. Some

medications contain alcohol or caffeine and may disrupt sleep.
Naps should be developmentally appropriate. Brief naps may be refreshing, but prolonged naps

or napping too frequently may result in significant accumulation of sleep during the day and
make it more difficult to fall asleep at night.

Modified with permission from Sheldon SH, Spire JP, Levy HB: Pediatric Sleep Medicine. Philadelphia, WB Saunders,
1992, p 76.

Table 11–1. Principles of Sleep Hygiene in Childhood
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regimen. Maternal psychiatric history was not
related to the outcome. The success of sleeping
through the night remained unchanged at
6-month followup. It is important to note that
the problem was less likely to resolve when mar-
ital discord was present. Response was best
when both parents were persuaded to attend
sessions with the physicians. Consistency and per-
sistency are imperative in management, and
cooperation between the parents during treat-
ment regimens will result in the more rapid and
complete resolution of symptoms.

BEHAVIORAL AND/OR
CONDITIONED FACTORS CAUSING
SLEEPLESSNESS

Disorder of Sleep Onset
Associations
It has been pointed out in Chapter 1 that brief
nocturnal awakenings are normal, especially
during transitions between REM and non-REM
sleep. These brief arousals may serve an impor-
tant survival function. The sleeping environ-
ment may be checked and the body repositioned.
Bedclothes may be adjusted to the sleeper’s com-
fort. The return to sleep is most often rapid, and
the short arousal is not remembered. However,
if the sleeping environment has changed, return-
ing to sleep may be difficult and the individual
may become fully alert.

Sleep onset occurs through complex behav-
ioral and physiologic interactions. First, the
body must be physiologically ready for sleep
at its appropriate position in the circadian cycle.
A series of bedtime rituals follow. On retiring,
a pillow might be fluffed and covers or blankets
positioned. Other factors may also be required,
such as a night-light, soft music, television, and/or
the presence of a bed partner. Without these
behavioral rituals, sleep onset may be difficult.
In other words, we learn to fall asleep in a par-
ticular manner, and this learned behavior is
repeated night after night. When these sleep onset
associations are absent, falling asleep may be
troublesome.

Children learn to fall asleep in the same man-
ner. Certain conditions must be present to ease
the transition. The child may require a particular
bedroom, lying in a certain crib or bed, and hold-
ing a favorite stuffed animal or special blanket.1,26

These conditions are usually present all night.
Being held and rocked, the presence of televi-
sion, being read a story, and pacifier suckling
may not be present all night. After a normal
arousal, it may be hard for the child to return
to sleep, since the child has not learned to fall
asleep on his/her own without these associa-
tions. Ferber persuasively states the importance
of these associations as follows:

“Thus the problem is not one of abnormal wakings
but one of difficulty in falling back to sleep. And the
difficulty arises because of the child’s particular asso-
ciations with falling asleep.”26

A disorder of sleep onset associations occurs
most commonly in infants and toddlers. The
older the child, the more control s/he has over
the environment and the less likely s/he is to
require associations that are not present within
the sleep environment during nocturnal arousals.
Association problems become less significant
after the age of 4 years, although they may occa-
sionally persist into adolescence.

Clinical Presentation and Diagnosis

The usual complaint is one of prolonged night-
time awakenings. Settling may not be of concern
to the parents, since associations may be present
early in the evening. During the night, the child
may fuss significantly until s/he is removed from
the crib or bed, permitted to sleep in the parents’
bed, held, or rocked. Daytime sleepiness is most
often not present, although the parents may be
significantly sleep deprived from chronically
responding to their child’s nocturnal crying. The
time of settling is usually normal. The review
of a sleep diary usually reveals normal sleep
onset latency time and frequent, prolonged noc-
turnal arousals. Total sleep is usually normal,
the timing of the major sleep period is normal,
and the morning wake-up time is usually nor-
mal. Parents often report that the child rapidly
returns to sleep if given a bottle. The volume
of fluid consumed by the youngster during these
nocturnal feedings is usually small. For the breast-
fed infant, sleep returns quickly once nursing
begins and the nocturnal feedings are perceived by
the mother to be different from the daytime feed-
ings. These characteristics help differentiate
association problems from disorders of excessive
nocturnal fluids. Physiologic processes controlling
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the sleep–wake cycle can be assumed to be func-
tioning normally if the child sleeps well while
being held or rocked. If there is significant dys-
function of the central mechanisms controlling
sleep, the child will not sleep well under any
circumstances. The physical exam is usually nor-
mal. A rapid return to sleep when habitual asso-
ciations are reestablished helps differentiate
normal from abnormal arousals and determine
the diagnosis of disordered sleep onset associa-
tions as the problem.

Treatment

Treatment is straightforward. The child must
learn to make the transition from wakefulness
to sleep without expecting participation of the
parent. Success rates are high if parents are given
sufficient support. Relearning usually takes less
than 1 week.26

The child must learn to fall asleep alone and
under conditions that can be easily reestablished
after normal nocturnal arousals. Bedtime rituals
should not be stimulating or require ongoing
activity or parental participation. Holding, rock-
ing, nursing, and pacifier suckling should be dis-
continued. The child should be placed in the
crib or bed alone and should learn to fall asleep
by himself/herself.

Two basic principles must be followed. The
parents must be consistent in reestablishing appro-
priate sleep onset associations and persistent
with the regimen. The following paradigm is
usually rapidly successful if the parents are con-
sistent and persistent. For some families, sleep-
less nights may seem worse for the first day
or two of treatment. Therefore, the treatment
regimen should begin on days when parental
sleeplessness will not affect their performance
the next day. Although some degree of crying
should be expected during the beginning of the
treatment phase, it is usually kept to a minimum
by gradually establishing appropriate sleep onset
associations. Letting the child “cry it out” will
usually maintain crying at its maximum and
often results in parental frustration and treat-
ment failure.

1. The first night

● The child should be placed in the crib or
bed with only those association objects that
will be present during normal nocturnal
awakenings.

● The room should be dark (although a small
night-light may be used), quiet, and at a com-
fortable temperature. A room that is too hot
or cold will tend to inhibit sleep. When the
room temperature cannot be controlled,
the child should be dressed appropriately
for the ambient temperature.

● The parent may soothe and comfort the child
until s/he is lying down quietly. Allowing
some crying will rarely result in psycholog-
ical trauma to the child and is often more
difficult for the parent.

● Once the child is quiet in the bed or crib,
the parent should leave the room.

● If the child begins to cry, the parents should
allow it for a short period of time. The exact
time should be developmentally appropriate;
however, a period of at least 1 to 2 minutes
(according to a clock or a stopwatch) should
elapse before the parent first responds.

● The parent may then return to the room
to comfort the child; however, the child
should not be removed from the crib or bed.
The parent may remain in the room quietly
soothing the child until s/he lies back down
in the crib or bed and is quiet, at which time
the parent should leave the room.

● If and when the child begins to cry again,
the parent should wait slightly longer
before responding (a period of 2 to 3 min-
utes is usually appropriate) and repeat the
immediately preceding step.

● The above process should be repeated (keep-
ing the wait–response period at 2 to 3 minutes
on the first night) until the child is sleeping.

● On the first night, this process of cry–wait–
respond may last for several hours before the
child falls asleep. Parents must be warned
that this might occur. It is important that they
be supported and reassured that the process
will be successful if they are persistent and
consistent with the regimen. If they give up
and remove the child from the crib or bed on
the first or second night of management, a
treatment failure is likely. It is also important
to involve all caretakers in the treatment pro-
gram so that sharing responsibilities may
occur and consistency be assured.

2. The second night

● Treatment on the second night is similar to
that on the first; however, the wait–response
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period may be lengthened to 2 to 4 minutes
for the first and 5 minutes for subsequent
waiting times. If the child is beginning to
calm down at the end of the wait–response
time, it is usually better to wait slightly longer
to see if the child settles on his/her own.

● Parental interventions should be supportive.
The child should know that the parent is
understanding and is nearby .

● Parents must not exhibit anger or frustra-
tion or escalate these feelings as the night
progresses.

3. Subsequent nights

● Treatment on subsequent nights should
parallel that on the first two nights.

● However, by the third night improvement is
usually seen. Night-time awakenings are
usually shorter, loud crying may be replaced
with mild whimpering, and a return to sleep
without parental intervention occurs.

● Nocturnal arousals may still occur, but cry-
ing does not. The child has learned to fall
back asleep on his/her own without parental
assistance.

During the course of management, parents
should record progress in a sleep diary. This
is important for the parents and practitioner
so that improvement can be documented. During
the course of treatment, follow-up visits should
occur at weekly intervals. The sleep diaries
should be evaluated at each visit. Once the child
is falling asleep on his/her own, s/he will most
often continue to sleep well. Occasional disrup-
tions might occur, especially during times when
the usual regimen is altered (e.g., vacations,
birthdays, holidays). The parental response
to and management of these intermittent sleep
disruptions will determine whether or not they
will persist. If the disruption is managed in
a manner consistent with that for the original
regimen, rapid resolution will occur and the
child will continue to sleep well.

If the mother is breast-feeding the child, it is
not necessary to discontinue nursing to correct
the sleep onset association. It is necessary only
to dissociate the act of nursing from falling
asleep. Association problems are most likely
present when the infant falls asleep during noc-
turnal breast-feedings after nursing for only
a few moments. Instead of nursing at bedtime,
it is often better to recommend moving the last

feeding of the evening to a time several hours
earlier. If the child tends to fall asleep during
breast-feeding, the mother may discontinue the
feeding before the child falls asleep and place the
child in the crib or bed. The same techniques
may be used during daytime naps.

Excessive Nocturnal Fluids
Although this condition is considered under the
rubric of behavioral etiologies, excessive noctur-
nal fluids may have a physiologic basis for caus-
ing sleeplessness. In older children and adults,
bladder distention typically results in an arousal
response (see Chapter 27). In children with pri-
mary functional nocturnal enuresis, this arousal
response appears to be developmentally delayed.
Other evidence that bladder distention has a cen-
tral arousal effect stems from observations that
parasomnias (disorders of sleep stages and par-
tial arousal from sleep) appear to be exacerbated
by bladder distention.

Clinical Presentation and Diagnosis

Infants consuming excessively large quantities of
fluid during the night typically awaken continu-
ously and frequently. This problem occurs in both
breast- and bottle-fed infants. The volume of fluid
consumed during the night may range from 8
to 32 ounces, and these children awaken from
3 to 8 times per night.27 The diapers are usually
heavily soaked by morning.

From 7 to 12 months of age, infants no longer
have a physiologic need for feeding during the
night. Awakening to eat may be secondary to one
of three major factors: there may be an associa-
tion of feeding with sleep onset and returning
to sleep; there may be learned hunger during the
night; or bladder distention may be present and
causing the arousal. Children awakening and feed-
ing due to inappropriate sleep onset associations
typically awaken less often than those awaken-
ing due to excessive nocturnal fluids. Fluid
intake during arousals is also less. The presence
of only one or two arousals per night, with
a rapid return to sleep after only a brief period
at the bottle, breast, or pacifier, suggests that the
nipple or parent is more important than the fluid
intake. If sleep onset association problems are
present, the fluid intake is usually less than
6 ounces per night. More frequent awakenings
and the consumption of large volumes of fluid
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(8 to 32 ounces) suggest excessive fluid intake as
the problem. Breast-feeding more than two times
per night and nursing sessions of longer than
2 to 3 minutes suggest excessive fluid intake.
Finally, if the child has learned to eat during the
night, frequent nocturnal awakening will occur.
Habitual nocturnal feedings may distort the cir-
cadian hunger rhythm and disrupt the sleep–wake
cycle as much as the fluid/food intake.

Treatment

Although nocturnal awakenings are typically fre-
quent and severe in patients ingesting excessive
nocturnal fluids, treatment is straightforward
and not difficult. The aim of therapy is to gradu-
ally discontinue the nocturnal fluids. For the
bottle-fed infant, gradually decreasing the vol-
ume of fluid in each nocturnal bottle over the
course of 1 to 2 weeks will usually result in rapid
improvement. Often infants will discontinue
awakening for feeding when only 1 or 2 ounces
are provided. One alternative is to gradually
dilute the formula with water before weaning
from the bottle. However, it is important in either
case that during the treatment phase, the associ-
ation of sleep onset with suckling not be estab-
lished. If this is the case, the regimen should be
modified to include the principles discussed
in the section on the treatment of sleep onset
association disorder. Treatment of the breast-fed
infant ingesting excessive nocturnal fluids is
slightly more problematic. Nursing mothers may
experience a letdown on hearing their crying
infant. It may be necessary for the nursing mother
to manually express her milk (or use a breast
pump) and have the father or other caretaker
respond. Diluting the mother’s milk with water
and gradually weaning the child from the bottle
are then conducted in the same manner as that
for formula-fed infants. Once the infant is sleep-
ing through the night, maternal letdown during
sleep will usually resolve.

Colic
Colic is one of the more common disorders
affecting sleep in young infants, affecting about
one in five.28 The patient is usually less than
4 months of age, and the typical complaint is one
of inconsolable fussiness during late afternoon
or evening hours. Symptoms of colic will often

resolve, but disordered sleep remains. The prob-
lem does not appear to be biologically based,
although it may reflect altered chronophysio-
logic factors during development. The sleep prob-
lem more likely occurs in response to altered
sleep–wake schedules and habitual patterns
of parental responsiveness persisting into the
postcolic period.1

Weissbluth has stated that colicky behavior
appears to be a reflection of the development
of the CNS during the first few months of life.28

Subsequently, some colicky infants develop
irregularity of behavior, heightened activity
or arousal, and sensitivity to stimuli that cause,
directly or indirectly, difficulty in maintaining
regular, prolonged, and consolidated sleep pat-
terns. Mismanagement of the infant’s sleep
schedule and habits after the colicky period has
passed, a result of early difficulties in handling
the infant, is thought to be the most common
cause of persistence of sleep problems after
4 months of age.

Clinical Presentation and Diagnosis

Patients appear to suffer violent, rhythmic, scream-
ing attacks that are unresponsive to parental
intervention and for which no other cause could
be found.29 Wessel and colleagues described col-
icky infants as those who experience paroxysms
of irritability, fussing, or crying lasting for a total
of more than 3 hours a day, occurring more than
3 days per week, and continuing or recurring for
more than 3 weeks.30

The age of onset, time of occurrence, and age
at the resolution of symptoms are characteristic.
“Attacks” generally do not occur during the first
few days of life. Symptoms typically begin dur-
ing the third (80%) and fourth (100%) weeks of
life.30 An important exception is the premature
infant. Three studies have documented the onset
of colic in the premature infant within 2 weeks
after the infant’s expected date of birth (70%
between the 39th and 44th gestational weeks)
regardless of the gestational age at birth.31-33

Once the symptoms begin in the preterm infant,
the duration of colic appears to be similar to that
of term infants. Thus, the ages of the onset and
disappearance of colic appear to be locked in
time to conceptional age. Episodes of colic tend
to start between 5:00 and 8:00 PM and end
at about midnight. By 2 months of age almost
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half of the infants suffering from colic will have
a resolution of symptoms, which will subside in
90% of all infants with colic who have no more
attacks by 4 months of age.

Another characteristic feature of colic is rela-
tively uninhibited motor activity. During the cry-
ing spells, affected infants have been described
as hypertonic or neurolabile. This does not occur
at other times during the day or night. Physical
movements during the colicky spell include
tonic stiffening of the entire body with fists
tightly clenched; legs flexed rigidly over the
abdomen; writhing, twisting, and turning motions;
and jerky, uncoordinated movements such as
batting or flapping of the arms and kicking of
the legs. Facial grimacing suggests severe pain,
and affected infants seem unusually sensitive
to light.34

Daytime sleep periods for colicky infants
appear to be extremely irregular and brief. Some
infants will temporarily discontinue daytime naps
during the period of maximum fussiness (approx-
imately 6 weeks of age). Colicky infants miss peri-
ods of quiet sleep during their evening attacks.28

It is interesting to note that after the cessation
of daytime and night-time spells, the infant
invariably falls asleep. This may be secondary to
exhaustion or the time of day or could represent
a period of transient but excessive neurologic
arousal, excitation, or lack of inhibition that is
terminated by naturally occurring periods of quiet
sleep or increased inhibition.28

A number of studies have evaluated the sleep
patterns of infants in the postcolic period.35-37

The parents of infants who have had colic report
shorter total sleep duration at 4 to 5 months of
age. A history of colic appears to be significantly
associated with frequent night-time awakenings
when compared with infants with no history of
colic (a ratio of almost 2.5 to 1). The duration
of night-time awakenings is a problem for some
infants, as is frequency and duration in others.

Some postcolic infants are exquisitely sensi-
tive to irregularities in their sleep–wake sched-
ules. Disruptions of sleep–wake routines because
of illness, holidays, or vacations cause extreme
disruptions of settling and night-time awak-
enings that may last several days. According to
Weissbluth, these prolonged recovery periods
might reflect easily disorganized, endogenous
biologic rhythms caused by enduring congenital
imbalances in arousal/inhibition of sleep–wake

control mechanisms.28 This suggests that disor-
dered chronophysiologic mechanisms may be
significant in postcolic sleep–wake disturbances,
and treatment should focus on mechanisms that
may functionally reset and entrain the endoge-
nous circadian pacemaker.

Treatment

The clinical observations of infants who suffer
from frequent night-time awakenings and short
sleep period times in the postcolic period may be
successfully treated only if the parents establish
and maintain a regular sleep schedule. It seems
that most postcolic sleep problems are the result
of the parents’ failure to establish regular sleep
patterns when the colic dissipates at approxi-
mately 4 months of age. Therefore, treatment
should focus on the reestablishment of a normal
sleep–wake routine. If the parents strictly pro-
gram their child’s sleep schedule, regular day-
time and night-time sleep patterns will re-
emerge. The most powerful point of entrainment
is the morning wake-up time, which must be fixed
and consistent. Nocturnal bedtime and nap
times must also be strictly adhered to. Consistency
and persistency are essential in establishing a
successful regimen. The maintenance of a sleep
diary for 1 to 2 weeks before instituting therapy
and during the course of treatment will greatly
assist parents in maintaining an appropriate
routine and provide accurate feedback for the
practitioner regarding the success of the regimen
during follow-up visits.

MEDICAL DISORDERS RESULTING
IN SLEEPLESSNESS

Cow’s Milk Allergy
An allergy to cow’s milk protein may result in
a severe disturbance of sleep during early
infancy. It is often difficult to clinically differen-
tiate cow’s milk allergy from colic, since both may
begin at similar ages and are associated with
sleeplessness, fussiness, intermittent crying
episodes, and short sleep period times.

Clinical Presentation and Diagnosis

Frequent night-time awakenings (five or more
times per night) and short total sleep times (often
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as low as 4.5 hours) are the typical sleep com-
plaints.1,38 Infants with cow’s milk allergy often
cry frequently during daytime hours and are
described by their parents as fussy. The physical
exam may be unremarkable; however, anemia
and hematochezia may be present in some
infants. Polysomnographic analysis reveals a sig-
nificantly disturbed sleep pattern and is useful
in determining the absence of other causes of
arousal and short total sleep times. The diagno-
sis is based on a high clinical index of suspicion
of atopy. Allergy testing usually reveals elevated
immunoglobulin E levels, and radioallergosor-
bent testing is often positive for cow’s milk pro-
tein. Discontinuing a cow’s milk–based formula
and substituting a hydrolyzed milk protein for-
mula result in the resolution of symptoms.

Treatment

Once the diagnosis is established, treatment
consists of the removal of cow’s milk protein
and the beginning of hydrolyzed milk-protein
formula. Within 2 weeks of dietary modifica-
tions, sleep patterns will generally normalize.
A decrease or complete resolution of daytime
symptoms occurs, total sleep time increases to
a developmentally normal level, and nocturnal
awakenings resolve. Reintroduction of cow’s
milk protein formula will result in the exacerba-
tion of symptoms. At times, exacerbation is severe
and clinical judgment should determine whether
reintroduction of the responsible protein is pru-
dent. In general, it should be done under only
rare circumstances and only under highly con-
trolled conditions.

Otitis Media
Any condition that results in pain, discomfort,
or fever may be associated with sleep disruption
and sleeplessness. Otitis media is one of the
most common childhood illnesses presenting
to the practitioner, and acute middle ear disease
rarely goes unrecognized. The cause of the
child’s sleep complaint is often readily apparent.
In contrast, chronic middle ear disease is often
present despite a paucity of clinical symptoms.
Serous or secretory otitis media associated with
persistent middle ear effusions may be clinically
asymptomatic except for the presence of disrupted
sleep.

Clinical Presentation and Diagnosis

Children with acute suppurative otitis media often
present with fever, otalgia, changes in appetite,
and vomiting. Frequent and prolonged nocturnal
arousals, associated daytime sleepiness, and a sig-
nificant decrease in daytime activity often occur.
The physical exam reveals a bulging tympanic
membrane, with the loss of normal landmarks and
immobility of the drum on pneumo-otoscopy
and/or tympanography.

Chronic serous or secretory otitis media is
often associated with only a few symptoms.
Hearing may be decreased; however, this may
not be clinically apparent. Complaints of otalgia
are often absent. The physical exam may reveal
a retracted, immobile tympanic membrane.
Evidence of eustachian tube dysfunction is often
present, and air and/or fluid levels may be visu-
alized. Regardless of the absence of clear clinical
complaints during the day, sleep may be signifi-
cantly disrupted.

Treatment

Treatment of the sleep disturbance associated
with acute or chronic middle ear disease first
focuses on the adequate management of the
underlying pathology. Appropriate courses of
antibiotic therapy for acute suppurative otitis
media should result in the resolution of sleep
complaints. Treatment of chronic serous or
secretory otitis media and persistent middle ear
effusion has included tympanocentesis, tympan-
otomy tube placement, chronic antibiotic therapy,
and/or a combination of antibiotics and a short
course of steroid treatment. Resolution of the
effusion will often result in the concomitant res-
olution of nocturnal symptoms. During the
course of medical and/or surgical therapy, appro-
priate attention must be paid to the principles
of sleep hygiene. Sleep schedules must be regu-
larized and parents should adhere to strict pat-
terns of age-appropriate sleep–wake timetables.

Neurologic Disorders
Neurologically impaired children frequently
awaken at night and exhibit disordered sleep–wake
schedules. It has been thought that this sleep
disruption may be due to chronic cerebral irrita-
tion; however, sleeplessness and night-time
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awakening are also reported by the parents of
children with significant handicaps that are
not associated with cortical irritability. Children
with static encephalopathies, noncortical blind-
ness, and deafness may exhibit significant disor-
ders of sleep–wake cycles.

Clinical Presentation and Diagnosis

Sleep problems in children with neurologic dis-
orders may be due to various underlying etiolo-
gies. Indeed, a child with obvious neurologic
impairment may also exhibit symptoms of sleep-
lessness secondary to any of the other non-
neurologic conditions discussed in this chapter.
Therefore, the assessment of the child’s sleep
problem must include a comprehensive evalua-
tion without prematurely attributing the disorder
of sleep to the prominent neurologic condition.
All factors that may result in sleeplessness
should be considered.

The primary neurologic diagnosis is often
clinically obvious. However, the characteristics
of the sleep problem may be more obscure, and
maintenance of a sleep diary is extremely impor-
tant in evaluating the sleep–wake cycle of the
neurologically impaired child. Reasonable data
may be collected to differentiate a primarily
behavioral etiology from one secondary to
impairment of the neurologic mechanisms
responsible for controlling sleep–wake cycles,
sleep onset, and/or sleep maintenance. The med-
ications used for the management of the princi-
pal neurologic condition may themselves be
responsible for disordered sleep. Nocturnal
polysomnography is often helpful in determin-
ing a central origin of the sleep disorder and will
assist in detecting nocturnal seizure activity that
may not be apparent during the day. The diagno-
sis of an organic basis for disordered sleep is
exclusionary. Only after the comprehensive eval-
uation of other possible mechanisms has failed
to reveal the etiology should neurologic mecha-
nisms be considered causative.

Treatment

Treatment of sleeplessness in the neurologically
impaired child is dependent on the identified
underlying cause. Attention should be paid first
to all the factors that may influence sleep and the
sleep–wake cycle, other than the neurologic

disorder. If a behavioral or parent management
problem is suspected, it may be handled in the
manner previously described. However, it might
be necessary to conduct the therapeutic regimen
more slowly than it would be in the non-
neurologically impaired child. Appropriate
attention should be paid to the child’s sleep–wake
schedule, especially in children with special sen-
sory disorders such as blindness. The correction
of these schedule abnormalities is usually not
difficult and will result in the rapid improvement
of sleep patterns and daytime function.

If the medication used in the treatment of the
principal neurologic disorder is considered to be
responsible for the sleep problem, attention
should be paid to the dosage and timing of
administration of the drug. Windows of time
exist in which a particular medication may sig-
nificantly affect circadian timekeeping mecha-
nisms. Administration within the window will
result in significant shifts of circadian rhythm,
and administration of the same medication and
dosage outside of the window will result in little
change in pacemaker timing. Therefore, a shift
in the time of administration of prescribed med-
ications may greatly change the child’s sleep–wake
patterns. Under certain circumstances, the
dosage of the medication may be modified to
improve the child’s sleep. In other situations,
though less commonly, specific medications may
require discontinuation with substitution of
an alternative drug for improvement in sleep
to occur.

In situations in which the underlying neuro-
logic abnormality is considered the cause of
sleeplessness, attention should still be paid to
appropriate sleep hygiene. If an improvement
in reduced sleeplessness occurs with mild med-
ications, such as diphenhydramine, the child
will most often show similar improvement
without the use of drugs. Hypnotic or sedative
medication is occasionally required. Chloral
hydrate is often effective in the treatment of
sleeplessness in children with neurologic
or special sensory impairment. If medication is
necessary, it is usually best to use adequate
dosages. It is more appropriate to begin with
a dosage schedule that is significant enough
to control the symptoms rather than beginning
with a small dose and slowly increasing it until
a response occurs. However, in the neuro-
logically impaired child, the development of
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medication resistance occurs less commonly
than in children without neurologic disorders.
Once medication is instituted, it is important to
monitor the child’s daytime function to ensure
improvement. Periodic withdrawal of medica-
tion is also recommended. Once the symptoms
of sleeplessness are controlled, it may be possi-
ble to discontinue the medication without
exacerbation of symptoms.39

Attention Deficit Hyperactivity
Disorder
The parents of hyperactive children consider
their children to have many more sleep problems
than the parents of children without hyperac-
tivity do.40 Most commonly, night-time awaken-
ings and restless sleep are reported. In a study
by Salzarulo and Chevalier, the parents of chil-
dren with attention deficit hyperactivity disor-
der (ADHD) reported sleep onset problems
16.5% of the time and night-time awakenings
39% of the time.41 The Diagnostic and Statistical
Manual of Mental Disorders (Third Edition)
lists motor restlessness during sleep as one of
the defining characteristics of hyperactivity,42

even though support from sleep studies is
ambiguous and controversial results do exist.43,44

It is most likely that hyperactivity and attention
deficits are symptoms of a heterogeneous group
of disorders with varied etiologies, manifesting
increased daytime activity and disordered sleep.
For example, children with obstructive sleep
apnea syndrome manifest daytime symptoms
that are virtually indistinguishable from those
with ADHD on clinical grounds alone. Attention
span problems may reflect the daytime results
of sleep deprivation with the appearance of
microsleep episodes. It is obvious that further
investigation is necessary to determine whether
dysfunctional sleep is a cause or effect of ADHD
in some children.

Clinical Presentation and Diagnosis

The diagnosis of ADHD may be difficult. These
children tend to be fidgety, have difficulty stay-
ing on and completing tasks, often disturb other
children in school, are easily distracted, often
cry easily, and have rapid mood swings. They may
exhibit restlessness and increased activity. They
are often easily frustrated in their efforts and

may become destructive. The physical exam
is often normal, and the child may not exhibit
increased activity during the clinical evaluation.
Soft neurologic signs may be present in some
children; however, the significance of these find-
ings is questionable. Visual tracking may be poor
and speech dysfluency may be present. Letter
reversals on writing from dictation, dysdiado-
chokinesia with significant overflow-associated
movements, difficulty hopping and skipping,
and right/left confusion have also been reported
with increased frequency in children with
ADHD.45,46

Night-time awakenings and restless sleep are
characteristic sleep complaints. However, there
does not appear to be a difference in sleep-onset
latency or total sleep time between children with
ADHD and normal children. Enuresis and night
sweats have also been reported more frequently
in hyperactive children than in control subjects.40

Differentiating the sleep disruption of ADHD
from that of obstructive sleep apnea may be dif-
ficult. The parents of virtually all children with
obstructive sleep apnea syndrome will admit that
significant snoring is present. Daytime symptoms
of hyperactivity may also alternate with periods
of somnolence in children with obstructive sleep
apnea syndrome. Traditional nocturnal polysom-
nography may or may not be helpful. If signifi-
cant sleep-related airway obstruction is present,
the polysomnogram may reveal apneas, hypo-
pneas, oxygen desaturation, and arousals.
However, in many instances the results of non-
invasive sleep studies are inconclusive. Despite
increased respiratory resistive load during sleep,
clear-cut apneas and hypopneas may be absent.
Diagnosis would then require more invasive
techniques, such as continuous monitoring of
intrathoracic pressure through an indwelling
esophageal balloon manometer. Noninvasive
techniques for continuous monitoring of intra-
thoracic pressure during sleep are currently being
investigated.

Treatment

The appropriate treatment for ADHD is contro-
versial and beyond the scope of this text.
Stimulant medication, counseling, and behavior
modification are the most widely accepted
methods of therapy. Sleep problems tend to
improve along with daytime symptoms despite
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the use of stimulants that often result in sleep-
lessness in children without ADHD. At the
present time, how the medication functions to
improve the daytime and night-time symptoms
of ADHD is obscure. It is interesting to specu-
late on the mechanism of this paradoxical effect.
First, stimulant medication may provide enough
cortical stimulation to result in an alerting
response. Children may then be more capable
of focusing attention on the task at hand. On the
other hand, if microsleep episodes are present
and responsible for attention span deficits and
concomitant symptoms, stimulant medication
may decrease the frequency or eliminate these
microsleep episodes, resulting in better atten-
tion and focus. If microsleep episodes are fre-
quent and sleep begins to accumulate during
daytime hours, nocturnal sleep may be disrupted.
Administration of stimulant medication may
then result in the reduction in frequency
or elimination of microsleep episodes. Since
daytime sleep accumulation does not take place,
nocturnal sleep improves. Though engaging,
these explanations are highly speculative and
await documentation.

Medications
Virtually any medication may cause sleep dis-
ruption. Hypnotics are the most commonly pre-
scribed drugs in the United States. It has become
apparent that this classification of medication
has generally resulted in more significant exac-
erbation of sleep problems than cures. Hypnotics
and sedatives are often inappropriately used in
children. Rarely will the use of hypnotics result
in long-term improvement of sleep in children
who are otherwise normal. If there is improve-
ment initially, a behavioral approach and atten-
tion to appropriate sleep hygiene most likely
would have resulted in the resolution of symp-
toms as well without the risk of side effects. The
most commonly prescribed medications in child-
hood are antihistamines (which may themselves
cause sleeplessness), major sedatives (such as
chloral hydrate and phenobarbital; which may
themselves cause paradoxical hyperactivity),
and short-acting benzodiazepines. These classes
of medication may also adversely affect the child’s
performance the next day.

Relatively innocuous medications prescribed
for acute or chronic illness may also be responsi-

ble for sleeplessness. Antibiotics, especially liquid
preparations, have been associated with DIMS.39

It is thought that the vehicle and not the antibi-
otic itself is responsible for the sleep disruption.
Over-the-counter medications, especially com-
bination drugs, may also be implicated. Oral
bronchial smooth muscle relaxant medications
often cause sleep disruption, although the exact
mechanism is unclear.

Clinical Presentation and Diagnosis

A comprehensive medication history should
be taken from the parents. It is important to
include over-the-counter medication, since the
vehicle may be responsible for sleep disruption.
If the child is taking medications, it is important
to determine their dosage and timing of admin-
istration. The history may suggest the onset of
the sleep problem commensurate with the insti-
tution of medication. Most medications do not
result in any typical patterns of sleep disruption.
Nocturnal settling and awakening problems
may be present. Hypnotics, sedatives, and neu-
roleptics may cause significant changes in sleep
architecture, and nocturnal polysomnography
may be useful in assisting in the diagnosis.
Depending on the medication, total sleep time
may be decreased or shifts in sleep–wake sched-
uling problems may occur. Maintenance of
a sleep diary for a period of two weeks may be
of great value in accurately documenting the
child’s typical circadian sleep–wake rhythm.

Treatment

If possible, the suspected offending medication
might be discontinued. If this is not possible,
modification of the timing of administration
and/or dosage may be attempted. Switching to
a similar medication or the same medication
prepared differently may be successful (e.g.,
changing from oral bronchodilators to inhaled
preparations). At times, merely changing brands
of medication will result in the resolution of
the sleep problem.

Chronic Illness
Any chronic condition may contribute to per-
sistent sleep problems. Pain or discomfort from
the illness or from treatment regimens may be
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contributory. Disorders such as migraine cephalgia,
asthma, diabetes mellitus, gastroesophageal
reflux, and seizures have all been associated with
sleep disturbances. The problem of sleeplessness
may be directly caused by the underlying disor-
der or may be an indirect consequence of ther-
apy, medication, or anxiety.

Clinical Presentation and Diagnosis

The underlying disturbance may be readily appar-
ent or may be obscure. For example, a child
whose sleep is disrupted because of pruritis
associated with chronic eczematous dermatitis
will most frequently have easily diagnosable
signs. On the other hand, a sleepless child awak-
ening from pain secondary to esophagitis and
chronic gastroesophageal reflux may exhibit
only a few findings. Likewise, chronic serous
or secretory otitis media may present with only a
few subjective symptoms.

However, it is often difficult to sort out which
factors related to the illness are precipitating
the sleep problems. Confusion regarding
whether sleep disruption is caused by the pri-
mary illness, associated symptoms, the side
effects of medication or therapy, or the family’s
and/or the child’s response to the illness is fre-
quently present. Diagnosis rests on a compre-
hensive history and physical exam.

Treatment

Treatment is based on management of the under-
lying chronic disorder, control of associated symp-
toms, and appropriate attention to sleep hygiene.
If parental or patient anxiety about the chronic
illness is suspected, appropriate supportive
interventions should be recommended.

PSYCHOSOCIAL FACTORS
RESULTING IN SLEEPLESSNESS

Childhood Affective Disorders
It is extremely difficult to diagnose depression
in children because the clinical picture may vary
depending on the child’s age and developmental
level.47-49 Disrupted sleep has long been noted as
part of the symptom complex. The polysomno-
graphic characteristics seen in adult patients
with affective disorders have been well defined

and reproducible. Kane and associates47 have
described a patient with childhood depression
who manifested polysomnographic variables
different from the adult, but similar in charac-
teristics to adult studies when compared with
normative data for children of the same age.
A significant disturbance in sleep continuity was
described. Early morning awakening, problems
settling, and intermittent nocturnal arousals were
all present. Sleep efficiency was decreased, and
a stable but persistently shortened REM latency
was also noted. Although the REM latency was
at the lower end of normal for the patient’s age,
it was significantly shorter than the mean value
for the patient’s age group.

Stress may be associated with sleeplessness
in children. Transient DIMS may be precipitated
by acute life events, such as the death of
a grandparent or parental marital discord.
Persistent disorders of sleeplessness in the child
is more likely due to parental mismanagement
of transient sleeplessness caused by acute stress
reactions. Another possibility is that stressful
life events do not affect children directly but
rather are mediated by parental affect and changes
in their responsiveness and caretaking, espe-
cially during infancy, when an infant’s sleep–wake
organization may be affected by responsive care-
taking.50

Depression is not just another problem but
a central link between many kinds of problems,
among them those that lead to depression and
those that may follow.51 Psychosocial factors iden-
tified as being associated with sleep problems may
represent a parent’s withdrawal of psychological
attention.52 There is evidence that an association
exists between parental depressed feelings and
a child’s sleep problems. Depressed maternal feel-
ings, rather than other measured psychosocial
stresses, such as separation experiences, are asso-
ciated with the development of sleep problems.
Long-term sleep continuity problems and the
association of persistent sleep problems with
parental difficulty in behavior management have
been reported.14

To determine whether the sleep problems com-
monly seen in pediatric practice are associated
with more pervasive disturbances in the child
or family, Lozoff and coworkers studied two
groups of healthy children.52 Five experiences
distinguished children with sleep problems from
those without them: an accident or illness in the
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family, an unaccustomed absence of the mother
during the day, maternal depressed mood(s),
sleeping in the parental bed, and the maternal
attitude of ambivalence toward the child. These
findings attest to the importance of sleep prob-
lems as an early childhood symptom. Bedtime
conflicts and night-time awakening seem to be
quantifiable, easily ascertainable behavior pat-
terns that could alert pediatric health profession-
als to the existence of more pervasive disturbances
in the child and family.

Night-time Fears
Childhood fears are normal. Most often they are
developmentally related and are manifested in
a variety of ways. Children 2 to 3 years old may
exhibit aggression directed toward siblings (sib-
ling rivalry), may fear death or the loss of a par-
ent, or may be troubled by separation from
parents and emerging socialization. The clinical
presentation may vary significantly, and devel-
opmentally appropriate fears may be generally
obscure. Children may complain of a fear of
robbers or monsters. These fears may be mani-
fested as frightening dreams. In general, the eti-
ologies of nocturnal fears and nightmares are
similar.1 If these fears are extreme, excessively
strict limit setting by parents will require the
child to deal with these fears alone, are usually
unsuccessful in resolving the sleep disturbance,
and may be detrimental to the emotional health
of the child.

To determine the origin of the fears that may
be manifested at night and by sleep disturbances,
evaluation should occur during waking hours.
Evaluation and intervention by a psychologist
or psychiatrist should be considered, especially
if the problem has persisted for a significant
period of time. If fears (and symptoms) have
been present for only a short period of time,
parental understanding and firm support may
be all that is necessary. Positive reinforcement,
progressive relaxation techniques, biofeed-
back, and techniques of self-control may be
attempted. A change in the bedtime ritual, with
the parent remaining close to the child for sup-
port and with gradual withdrawal, may be suc-
cessful in some children. Others may respond
well to modifications in the physical sleeping
environment.

Inadequate Limit Setting
Disordered sleep secondary to inadequate limit-
setting is most often seen in children during
middle childhood and early adolescence. The
usual complaint is one of difficulty settling at
night and bedtime struggles. The child will often
refuse to remain in bed and frequently even
in the bedroom. Although the child is physio-
logically prepared for sleep, the parents give in
to the child’s protestations easily and are unwill-
ing or unable to enforce night-time rituals and
routines consistently. Therefore, the child does
not remain in bed long enough for sleep onset
to occur. The child repetitively gets out of bed
and protests, the parents become disturbed, ten-
sion escalates, and the parents ultimately give
in and the child’s behavior is reinforced. Parents
may lack knowledge regarding limit setting or be
unaware that they are not appropriately setting
limits for the child. Environmental factors, such
as sharing a bedroom with a sibling or with par-
ents, and/or marital discord, may contribute to
sleep disruption. Parental lack of recognition
of the intensity of the child’s fears and the inabil-
ity to provide supportive firmness in the face
of the child’s protestations may increase anxiety
and exacerbate the problem.

Bedtime struggles in children who are not
physiologically ready for sleep due to circadian
rhythm disturbances or who suffer from inordi-
nate night-time fears may present in a manner
similar to that in children who do not have
appropriate limits set. Clinical differentiation may
be difficult, and evaluation of the family, intra-
familial relationships, and adequacy of parenting
is necessary.

If inappropriate limit setting is suggested clin-
ically, treatment should be designed to address
the underlying etiology. Psychological causes
and parental dysfunction should be addressed
first. Parents should be counseled on mecha-
nisms to enforce consistency and to provide sup-
portive firmness. A regular bedtime ritual should
be implemented and parents must be unwilling
to modify the regimen, regardless of protesta-
tions by the child. Closing the door or a gate
might be used to keep the child in his/her room.
However, door closing must be associated with
a supportive parental response, and this may be
difficult if significant parental dysfunction is
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concomitantly present. Anger, punishment, and
escalation of tension must be eliminated. Children
over 3 years of age may respond to specific
behavior modification techniques and negotia-
tions using positive reinforcement for appropri-
ate behavior and compliance with objectives
of the regimen. The concepts of persistency, con-
sistency, and winning should be stressed. The
parents must decide who is going to win, they
or the child. Parental patience and persistency
are frequently less than those of the child, believ-
ing it is easier to give in to the child than to
struggle. By letting the child win, the parents
reinforce similar behaviors that are often mani-
fested during waking hours as well.

CHRONOPHYSIOLOGIC FACTORS
RESULTING IN SLEEPLESSNESS

Advanced Sleep Phase Syndrome
Advanced sleep phase syndrome is a less com-
mon chronophysiologic disorder resulting in
sleeplessness. Total sleep time is normal; how-
ever, sleep occurs at an inappropriate time. When
sleep phase is advanced, children retire and set-
tle early and easily. Bedtime struggles are not
common, and children may become cranky and
disagreeable if kept awake when they are physi-
ologically ready for sleep. Nocturnal awakenings
and protestations are infrequent or absent.
Parental complaints most often center around
early morning awakening. The child is awake,
alert, happy, and playful during early morning
hours. Children with an advanced sleep phase
will often go unrecognized because early bed-
time and awakening time may fit well with
parental schedules and cause little social inter-
ruption. School attendance and performance are
rarely affected, and parents may appreciate the
free time afforded to them in the evening.
Maintenance of a sleep diary will greatly assist
in the diagnosis.

Treatment is straightforward and a rapid
response should be expected. Delaying the sleep
phase is significantly easier than advancing
it, since the master circadian pacemaker, under
free-running, non-entrained conditions, is spon-
taneously delayed (usually by 1 hour for each
24-hour period). Bedtime should be gradually
delayed by 30 to 60 minutes each night, depend-

ing on the developmental level of the child.
Morning awakenings should remain sponta-
neous and will be delayed reflexively once set-
tling is delayed. When the desired bedtime and
awakening time have been achieved, they should
be fixed and enforced every night (including
weekends and holidays). Again, persistency and
consistency are imperative for the success of the
regimen. A sleep diary should be maintained
during the course of treatment to objectively mon-
itor progress.

Delayed Sleep Phase Syndrome
Delayed sleep phase syndrome is the result of
a shift from the normal period of sleep to a time
later than that expected or desired. The charac-
teristics of sleep are normal, but the children
sleep at the wrong times. Children are physio-
logically ready for sleep late in the evening, and
the morning spontaneous awakening time may
occur during the late morning or early afternoon
hours, depending on the degree of the shift).
Nocturnal awakenings do not appear to be
a problem. Once the child is asleep, s/he tends to
stay asleep. Parental expectations for bedtime
may be quite earlier than the time the child is
biologically ready for sleep, resulting in the typ-
ical complaint of sleep onset difficulties and sig-
nificant bedtime struggles. Because the normal
sleep period has shifted to a time later in the day,
parents will usually report profound difficulties
in waking up the child in the morning. The
child’s behavior and activity in the morning
hours are quite sluggish. School performance in
the morning classes may be poorer than that
in the afternoon classes, and the child may fall
asleep in school, especially at the beginning of
the week. On weekends and holidays, when bed-
time tends to be later in the evening, there are
fewer struggles and the latency from “lights out”
to sleep is shorter. Children suffering from
delayed sleep phase syndrome tend to be sleep
deprived during the week because of the early
morning awakenings but catch up on the week-
ends. It may be difficult to differentiate delayed
sleep phase syndrome from other disorders pre-
senting with sleep onset difficulties, such as dis-
orders of inappropriate and inconsistent limit
setting. A comprehensive evaluation and mainte-
nance of a sleep diary for 2 to 3 weeks are of
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great assistance in evaluating a child for sleep
phase delays.

Small phase shifts in younger children are usu-
ally best treated with a controlled phase advance.
The regimen should begin when the child does
not have important daytime social and develop-
mental responsibilities (i.e., school), since some
degree of sleep deprivation occurs during the
first few days of management. The regimen
begins by initially delaying the hour of bedtime
for 2 or 3 days until the child is physiologically
ready for sleep and sleep onset latency is rela-
tively normal; bedtime struggles will disappear
quickly. Also at the beginning of the regimen,
the morning wake-up time should be strictly
fixed and maintained at an appropriate time,
even on weekends and holidays. If it is develop-
mentally appropriate, naps should be continued
but prolonged naps avoided. If the child does
not normally nap, daytime sleep should not be
permitted, since the child may accumulate sleep
during these hours at the expense of nocturnal
sleep. Once the child is settling easily, the bed-
time should be slowly advanced until the desired
time is reached. The degree of advance should be
determined by the child’s tolerance and response
to treatment. However, it must be remembered
that the total sleep time should be commensu-
rate with the child’s age and development.
Parents should be counseled regarding appropri-
ate sleep period times at various ages and should
expect realistic compliance from their child. Again,
maintenance of a sleep diary will greatly assist
in the assessment and monitoring of the thera-
peutic regimen.

Treatment of extensive sleep phase delays in
adolescent patients may involve further delay
of the sleep phase around the clock (moving
in the direction of a free-running pacemaker)
until the desired sleep and wake-up times are
reached. This should be accomplished only when
the youngster has no other social responsibilities,
since s/he will be sleeping all day and remaining
awake all night for a time. In addition, a parent
may have to stay up with the youngster and
phase delay with him/her in order for the regi-
men to succeed. This form of treatment may be
extremely difficult and inappropriate for younger
adolescents and prelatency children.

Exposure to intense light, especially when
it occurs during windows of entrainment, may

quickly shift the sleep phase to an appropriate
time. This form of therapy appears promising
for the adult patient, although it is still experi-
mental. Similar trials have not been performed in
children with phase shifts.

Regular but Inappropriate
Sleep–Wake Schedule
Children may present with a complaint of nap-
ping too late or too early in the day. Naps may be
too frequent or prolonged. Daytime sleep may
also be too infrequent for the child’s develop-
mental level. Occasionally, the child complains
of an inappropriately early bedtime or early
morning awakenings (which appear similar to
a phase advance), but significant daytime sleep
also occurs, resulting in appropriate total sleep
times. Although any of these symptoms may be
present, they tend to be consistent and recur
daily. A sleep diary for a period of 2 to 3 weeks
will reveal these regularly recurring but inappro-
priate times of sleep.

Treatment is directed at normalization of the
sleep–wake schedule. Once a regular and appro-
priate sleep–wake schedule is attained, sleep
normalizes.

Irregular Sleep Schedule
Entrainment of circadian rhythms occurs only if
appropriate zeitgebers are present and sleep–wake
schedules remain constant. Inappropriate naps
and schedules may result in internal desyn-
chronization of other systems as well. In these
patients, not only bedtime is disrupted but also
daily living in general is chaotic and lacks formal
structure. Social instability is often present. Meal
times tend to be irregular from day to day, and
meals may be taken by different family members
at different times.

Family dysfunction must be addressed first.
With little structure in the lives of all members
of the household, there is little chance that struc-
turing sleep for the child will be successful unless
the entire ecology of the family is treated. Sleep
should be charted regularly and appropriate
schedules for meals and sleep established.
Appropriate time cues must be provided, and
structured wake-up times and bedtimes must be
maintained in a consistent and persistent manner.
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OTHER FACTORS RESULTING
IN SLEEPLESSNESS

Childhood Onset of Disorders of
Initiating and Maintaining Sleep
One form of primary insomnia in adults has the
onset of symptoms before puberty. Some evi-
dence may place the presence of this disorder
early in infancy.53 Sleep onset and/or sleep main-
tenance complaints may be present. Daytime
symptoms of inadequate sleep may occur. It is
difficult to differentiate this form of DIMS from
others, since it may be finally diagnosed only
if the sleep complaint persists through puberty
and into adulthood. There seems to be no iden-
tifiable precipitating cause. Childhood-onset
DIMS may also constitute a shift in the balance
of the circadian pacemaker responsible for gen-
eration of the sleep–wake rhythm. The patterns
of poor sleep are often more difficult to treat
than the other forms of insomnia during child-
hood, and poor sleep tends to continue through-
out both the negative and positive periods
of emotional and developmental adaptation.
This group is also differentiated from short
sleepers by the presence of daytime symptoms
of fatigue, irritability, tenseness, mild depression,
difficulties in waking attention, and at times day-
time sleepiness.

Short Sleeper
Although it is not typically discussed in the pedi-
atric literature, the short sleeper is presented
here because it may be genetically or congeni-
tally determined. Short sleeper is the designation
for an individual who consistently sleeps sub-
stantially less in a single day than the customary
amount of sleep for the patient’s age and devel-
opmental level.53 Sleep, though short, is normal.
There are typically no specific complaints about
the quality of sleep, although the symptoms of
bedtime struggles and/or early morning awaken-
ings may occur during childhood. Daytime
sleepiness, difficulty with daytime behavior, and
poor performance are notably absent. True DIMS
does not exist despite the occasional desire and
unsuccessful attempts to sleep longer. Short sleep
appears to be at one end of the normal individ-
ual sleep requirement continuum.

As previously mentioned, short sleep has been
linked to reduced life expectancy. This relation-
ship probably has its source mainly in short total
sleep time patterns resulting from medical
and/or other sleep pathologies and not in short
sleep itself, as represented by the short sleeper.53

Insomnia is a symptom and not a diagnosis.
The causes of insomnia are varied and range
from the medical (i.e., drug-related, pain-induced,
associated with primary sleep disorders such
as obstructive sleep apnea) to the behavioral
(i.e., associated with poor sleep hygiene or sleep
onset association disorder) and are often a com-
bination of these factors. In adults insomnia is
generally defined as difficulty initiating and/or
maintaining sleep and/or early morning awaken-
ing and/or nonrestorative sleep. However, the
definition of insomnia or problematic sleep in
children is much more challenging for a number
of reasons. Clinically significant sleep problems,
like many behavioral problems in childhood,
may best be viewed as more loosely occurring
along a continuum of severity and chronicity
that ranges from a transient and self-limiting
disturbance to a disorder that meets specific
diagnostic criteria. Unlike strict research defini-
tions of sleep problems, the validity of parental
concerns and opinions regarding their child’s
sleep patterns and behaviors and the resulting
stress on the family must be considered in defin-
ing sleep disturbances in a clinical context. The
relative prevalence and the various types of sleep
problems that occur throughout childhood must
also be understood in the context of normal
physical, cognitive, and emotional phenomena
that are occurring at different developmental
stages. Parental recognition and reporting
of sleep problems in children also vary across
childhood, with the parents of infants and tod-
dlers more likely to be aware of sleep concerns
than those of school-aged children and adoles-
cents. Thus, the range of sleep behaviors that
may be considered “normal” or “pathologic”
is broad and the definitions are often highly
subjective.

To more clearly define the clinical situations
in which the use of pharmacotherapy for pedi-
atric sleep problems might be appropriate, a con-
sensus panel of pediatric sleep medicine
specialists agreed that the development of a con-
sensus definition of pediatric insomnia was
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a necessary and important first step. The follow-
ing key components of the consensus definition
were developed by the panel.

1. Pediatric insomnia may be defined as diffi-
culty initiating or maintaining sleep that is
viewed as a problem by the child or caregiver.

2. The significance of the sleep problem may be
characterized by

● its severity, chronicity, and frequency and
● associated impairment in daytime function

for the child or family.

3. The sleep problem may be due to a primary
sleep disorder or occur in association with
other sleep, medical, or psychiatric disorders.

Although prevalence rates are only approx-
imations because the definition of difficulty
initiating or maintaining sleep in children varies
across studies, approximately 25% of all children
are reported to experience some type of sleep
problem at some point during childhood. Specific
studies have reported an overall prevalence of
a variety of parent-reported sleep problems rang-
ing from 25% to 50% in pre–school-aged sam-
ples54 to 37% in a community sample of 4
to 10 year olds55 to up to 40% in adolescents.56

Furthermore, sleep concerns are one of the most
frequent parental complaints in pediatric prac-
tices, reported as the fifth leading concern of par-
ents after illness, feeding, behavior problems, and
physical abnormalities.57

Although these sleep disturbances are tran-
sient in many children, there is considerable
evidence that sleep problems may persist or
recur in a substantial percentage of them.7,8

In addition to their high prevalence and chronic-
ity, recent evidence also suggests that sleep dis-
orders may have significant short- and long-term
consequences on children’s academic and social
functioning and on their health.9,10 A wealth
of empirical evidence from several lines of research
clearly indicates that children and adolescents
experience significant daytime sleepiness as
a result of inadequate or disturbed sleep and that
significant performance impairment and mood
dysfunction are associated with daytime sleepi-
ness. Higher-level cognitive functions, such as
cognitive flexibility and abstract thinking/rea-
soning, seem to be particularly sensitive to the
effects of disturbed or insufficient sleep. Finally,
the health outcomes of inadequate sleep include

an increase in accidental injuries (ranging from
minor injuries to drowsy driving–related motor
vehicle fatalities) and the potentially deleterious
effects on the cardiovascular, immune, and vari-
ous metabolic systems, such as glucose metabo-
lism and endocrine function. Sleep problems are
also a significant source of distress for families
and may be one of the primary reasons for care-
giver stress in those families with children who
have chronic medical illnesses or severe neu-
rodevelopmental delays.

SCREENING FOR SLEEP PROBLEMS

A number of studies have suggested that
screening for sleep problems in pediatric prac-
tice is inadequate and may result in significant
underdiagnosis of sleep disorders. For example,
in a recent survey of over 600 community-
based pediatricians, over 20% of the respon-
dents did not routinely screen for sleep
problems in school-aged children in the con-
text of the well-child visit, and less than 40%
questioned adolescents directly about their
own sleep habits. Recognizing this gap, the task
force recommended that all children be regu-
larly screened for sleep problems in pediatric
clinical practice. One simple sleep-screening
algorithm is BEARS (Bedtime problems,
Excessive daytime sleepiness, Awakenings at
night, Regularity and duration of sleep, Snoring.
The key areas of inquiry that are included in the
BEARS screening for sleep problems in children
and adolescents are (1) bedtime resistance and
delayed sleep onset; (2) frequent and/or pro-
longed night-time awakenings; (3) regularity,
pattern, and duration of sleep; (4) snoring and
other symptoms of sleep-disordered breathing;
(5) sleep-related anxiety behaviors (e.g., night-
mares, night-time fears); and (6) excessive day-
time sleepiness (e.g., difficulty awakening in the
morning, naps). A number of other brief parent
and self-reporting sleep survey tools have also
been developed that can facilitate the screening
process and yield important information about
the nature and severity of any coexisting sleep
complaints.

EVALUATION OF SLEEP COMPLAINTS

The clinical evaluation of a child presenting with
a sleep problem involves a careful medical his-
tory to assess the potential medical causes of
sleep disturbances, such as allergies, concomitant
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medications, and acute or chronic pain condi-
tions. A developmental history is important
because of the aforementioned frequent associa-
tion of sleep problems with severe developmen-
tal delay. Assessment of the child’s current level
of functioning (e.g., school, home) is key in eval-
uating the possible mood, behavioral, and neu-
rocognitive sequelae of sleep problems. Current
sleep patterns, including the usual sleep dura-
tion and sleep–wake schedule, are often best
assessed with a sleep diary, in which parents
record daily sleep behaviors for an extended
period. A review of sleep habits, such as bedtime
routines, daily caffeine intake, and the sleeping
environment (e.g., temperature, noise level) may
reveal environmental factors that contribute
to the sleep problems. The use of additional
diagnostic tools such as polysomnographic eval-
uation are seldom warranted for the routine
evaluation of pediatric insomnia but may be
appropriate if organic sleep disorders such as
obstructive sleep apnea or periodic limb move-
ments are suspected.

Finally, referral to a sleep specialist for diag-
nosis and/or treatment should be considered
under the following circumstances: children
or adolescents with persistent or severe bedtime
issues that are not responsive to simple behav-
ioral measures or are extremely disruptive; chil-
dren or adolescents with parasomnias who also
present with symptoms of another underlying
sleep disrupter (e.g., sleep disordered breath-
ing) or for whom pharmacologic treatment is
being considered; children with associated med-
ical, psychiatric, and/or developmental conditions
that create additional management challenges;
and children and adolescents with circadian
rhythm disorders.

Currently, there are no medications approved
by the Food and Drug Administration for the
treatment of difficulty initiating and/or main-
taining sleep in the pediatric population.
Although it is clear that the ideal pediatric hyp-
notic medication does not exist, the task force
members agreed that it was important to con-
sider the characteristics that would be present
in the optimum clinical situation to allow the
practitioner to compare the pharmacologic
options that are currently available. The phar-
macokinetic properties of the ideal pediatric
hypnotic would include the high oral bioavail-
ability, a property that encompasses solubility,

rapid absorption, stability, and invulnerability
to extensive first-pass metabolism by the liver
and/or the gut to ensure rapid, consistent, and
reliable clinical responses and allow appropriate
dosages to be accurately predicted. Metabolism
should be to inactive products or active metab-
olites with short half-lives that are no longer
than that of the parent compound to minimize
the metabolite-associated side effects. Elimination
half-life should be short (2 to 3 hours). 

Pharmacodynamic properties would include
a rapid onset of effect, preferably within 30
minutes, so that it could be administered
shortly before bedtime and a duration of action
that would be sufficiently long so that only
once nightly dosing is necessary but not exces-
sively long so as to avoid residual daytime seda-
tion. There should also be no associated
rebound, tolerance, or withdrawal and only a
few side effects—preferably the tolerability
profile of placebo—with little or no potential
for drug–drug interactions. The ideal hyp-
notic should also not affect sleep architec-
ture because changes in slow-wave sleep, for
example, might lead to alterations in hormone
levels such as human growth hormone.35

Finally, the medication should be available in
a palatable oral liquid as well as a tablet/capsule
formulation.

Disorders of Sleep Onset
Associations
Treatment

The discussion of a variety of treatment modali-
ties along with their essential components is
provided in the following sections.

DIET AND LIFESTYLE

● Treatment for this disorder and most other
disorders associated with the problem of
sleeplessness in childhood involves imple-
mentation of the principles of sleep hygiene.

● The sleeping environment should be quiet and
dark.

● Morning awakening time should be firmly
fixed and consistently enforced. It is the most
powerful time for the entrainment of the
sleep–wake cycle.

● Bedtime should be firmly enforced. However,
some flexibility must be allowed for a normal
family lifestyle.
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● Environmental temperatures should remain at
a comfortable level, generally less than 75° F.
Excessively hot temperatures can disturb sleep
continuity.

● Hunger at bedtime should be avoided by the
provision of a small bedtime snack.

● Excessive bedtime and nocturnal fluids should
be avoided.

● Children must learn to fall asleep on their
own, without parental intervention. Infants
and children should be placed in their cribs or
beds in a drowsy but awake state at the begin-
ning of their nocturnal sleep period.

● Vigorous activity should be avoided for 1 to
2 hours before bedtime. Baths are stimulating
for children and should be moved to the
morning hours if there are problems settling
at the beginning of the nocturnal sleep period.

● Food or beverages containing caffeine (or
other methylxanthines) should be avoided
for several hours before bedtime. Common
foods and beverages containing caffeine include
but are not limited to colas, chocolate, tea, and
coffee.

● A variety of medications contain alcohol
(elixirs) or caffeine and should be avoided for
several hours before bedtime.

● Naps should be developmentally appropriate.
Prolonged naps close to the desired bedtime and
naps taken too frequently should be avoided.

● A faded-response program is typically the
most reliable method to change sleep onset
associations and assist the child in learning to
fall asleep without the need for parental inter-
vention.16 Faded response requires work on
the parents’ part. A resolution tends to occur
rapidly if caretakers are persistent and consis-
tent with the intervention.

● Since the sleeping environment must be safe
and secure, the youngster needs to be assured
that s/he can get his/her parents if needed. But
s/he should not need his/her parents in order
to fall asleep.

● The youngster should be allowed to protest
for a developmentally appropriate period of
time before the parents respond. Once the
protestation reaches this developmentally
determined time limit, the parents respond
and calm down the child. Once s/he is calm
but awake, they should again leave the room
and allow the child to protest slightly longer
before they respond. Each intervention should

result in the child being calm, in bed, and
awake when the parent leaves the sleeping
environment.

● This process should be continued until the
child is asleep. Several hours of repeated inter-
ventions may be required during the initial
few nights of treatment. Parents should be pre-
pared for this and understand that if they are
consistent and persistent, the problem will be
resolved quickly.

PHARMACOLOGIC TREATMENT

● Pharmacologic treatment is not indicated.

INTERVENTIONAL PROCEDURES

● Other interventions, such as environmental
manipulation (rearranging the bedroom),
night-lights, white noise, and other safe tran-
sitional objects, may be used in combination
with sleep hygiene and faded response.

ASSISTANCE DEVICES

● White-noise generators, sound machines, and
continuous-playing compact disc players may
assist in masking environmental noise that
may result in nocturnal awakening.

OTHER TREATMENTS

● Other behavior modification techniques have
been used. Permitting the child to “cry it out”
has been recommended; this can be successful
for some children but is often very difficult
for the child and the family. As previously
noted, security is quite important and permis-
sive for sleep onset to occur. Anxiety related
to an inability to alert parents to illness, pain,
or other discomfort may create other sleep-
related problems and settling difficulties.

● The treatment goal for excessive and repetitive
nocturnal fluid intake is to gradually wean the
youngster from the fluids at night. Abruptly dis-
continuing the fluids may be difficult and can
create ongoing sleep maintenance problems.

● Weaning from a bottle is often quick and sim-
ple. The volume of fluid is decreased by 1⁄4 to
1⁄2 oz every night until there is a minimum
amount in the bottle. If the child has diffi-
culty with this level of reduction in fluid
intake, the decrease may occur more slowly
(e.g., every other night, every third night).

● The child should not be permitted to fall asleep
with the bottle.
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● Once a minimum amount of fluid has been
ingested, switching to a pacifier may be
attempted.

● Weaning from breast-feeding, when associ-
ated with excessive nocturnal fluids, may be
somewhat more difficult, but attention to the
time spent nursing or switching to nocturnal
feeding with a bottle and then weaning
(as mentioned above) might be considered.
Nurturing may still be provided, but care
must be taken not to establish the nursing
activity as a sleep onset association. The nurs-
ing mother is the best suited to assess this
need. If the nursing period at night is consid-
erably different, less vigorous, and shorter
than diurnal feedings, the nursing may have
developed into a sleep onset association.
The child should not be permitted to fall
asleep at the breast and should be placed in
the desired sleeping environment in a drowsy
but awake state.

Neurologic Disorders
Treatment

Treatment of problem sleeplessness in the neu-
rologically challenged child depends on the
identified underlying etiology. All of the factors
that influence sleeplessness and affect the
sleep–wake cycle require attention. If behavioral
or parental management of the sleeplessness
is suspected, it may be managed by attention
to appropriate sleep hygiene. However, it might
be necessary to conduct the therapeutic regimen
more slowly than it would be in a non-neurolog-
ically impaired child. Appropriate attention
should be paid to the child’s sleep–wake schedule,
circadian rhythm, and time cues, which are par-
ticularly important for children with impairments
of special senses (e.g., blindness). Correction of
these schedule abnormalities is usually not diffi-
cult and rapidly improves sleep patterns and
daytime function.

PHARMACOLOGIC TREATMENT

Pharmacologic treatment is often required in
children with neurologic challenges. Treatment
may be for the short or long term and may be
influenced by significant comorbidity. The most
common pharmacologic agents used for problem
sleeplessness in children with neurologic chal-
lenges are listed below.17–19

● Diphenhydramine
● Standard dosage: 2 to 6 years of age, 12.5 to

25 mg at bedtime; 6 to 12 years of age, 25 mg
at bedtime; over 12 years of age, 25 to 50 mg
at bedtime.

● Contraindications: Narrow-angle glaucoma,
gastrointestinal or genitourinary obstruction.

● Main drug interactions: May interact with
antihypertensive or antidepressant medica-
tions; increased sedation when combined
with alcohol.

● Main side effects: Nervousness, dizziness,
hypertension, excitability, and drowsiness.

● Special points: Over-the-counter preparations
are often combined with other medications
(e.g., pseudoephedrine) as decongestants.
Elixirs contain 5% to 6% alcohol. Multiple
preparations are available. Patients’ parents
should be instructed to read the medication
label before purchase and administration.

● Chloral hydrate
● Standard dosage: Sedation and anxiety, 25 to

50 mg/kg (oral or rectal) every 8 hours, with
a maximum of 500 mg; Hypnotic, one dose
50 mg/kg (oral or rectal), with a maximum
of 2 g.

● Contraindications: Hypersensitivity to chlo-
ral hydrate; hepatic or renal impairment;
gastritis or ulcers; severe cardiac disease.

● Main drug interactions: May potentiate
the effects of warfarin, CNS depressants,
and alcohol; concomitant intravenous
administration of furosemide may result
in flushing, diaphoresis, and blood pressure
changes.

● Main side effects: Disorientation, excitement,
dizziness, fever, headache, ataxia, rash,
urticaria, gastric irritation with nausea, vom-
iting, or diarrhea; respiratory depression
when combined with other sedatives or nar-
cotics.

● Special points: Patients develop tolerance
to the hypnotic effects, so chloral hydrate
is not recommended for use for longer than
2 weeks; taper dosage to avoid withdrawal
with prolonged use.

● Imipramine
● Standard dosage: Imipramine is typically

used for the treatment of various forms of
depression, often in conjunction with psy-
chotherapy, and enuresis in children and has
been used as an analgesic for certain chronic
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and neuropathic pain. Hypnotic doses have
not been clearly delineated. Depression,
1.5 mg/kg/day, with dosage increments
of 1 mg/kg every 3 to 4 days; maximum dose
is 5 mg/kg/day in 1 to 4 divided doses.
Enuresis, 10 to 25 mg at bedtime.

● Contraindications: Hypersensitivity to
imipramine (cross-sensitivity to other tri-
cyclic antidepressants may occur); patients
receiving monoamine oxidase inhibitors
within the past 14 days; narrow-angle glau-
coma.

● Main drug interactions: May decrease or
reverse the effects of guanethidine and cloni-
dine; may increase the effects of CNS depres-
sants, adrenergic agents, anticholinergic
agents, and alcohol; hyperpyrexia, tachycar-
dia, hypertension, seizures, and death may
occur with monoamine oxidase inhibitors;
similar interactions with other tricyclic anti-
depressants may occur.

● Main side effects: Drowsiness, confusion,
dizziness, fatigue, anxiety, nervousness,
seizures, rash, photosensitivity, nausea, vom-
iting, constipation, dry mouth, decreased
appetite; urinary retention, blood dyscrasia,
hepatitis, blurred vision, increased intraocu-
lar pressure, weakness, and hypersensitivity
reactions.

● Special points: Do not discontinue abruptly in
patients receiving long-term, high-dose ther-
apy; use with caution in patients with cardio-
vascular disease, conduction disturbances,
seizure disorders, urinary retention, anorexia,
or hyperthyroidism or those receiving thyroid
replacement.

● Hydroxyzine
● Standard dosage: 0.5 mg/kg orally 30 min-

utes before bedtime.
● Contraindications: Hypersensitivity to

hydroxyzine or any of its components.
● Main drug interactions: May potentiate

other CNS depressants or anticholinergics
and can antagonize the vasopressor effects of
epinephrine.

● Main side effects: Hypotension, dizziness,
headache, ataxia, dry mouth, urinary reten-
tion, and weakness.

● Special points: Competes with histamine for
H1-receptor sites on effector cells in the gas-
trointestinal tract, blood vessels, and respi-
ratory tract.

● Diazepam
● Standard dosage: 0.04 to 0.25 mg/kg at bed-

time.
● Contraindications: Hypersensitivity to ben-

zodiazepines; should not be used in patients
with preexisting CNS depression, respira-
tory depression, narrow-angle glaucoma,
or severe and uncontrolled pain.

● Main drug interactions: Inducers of
cytochrome P450 2c may increase the metab-
olism of diazepam. There is increased toxic-
ity in the presence of CNS depressants.
Cimetidine may decrease the metabolism
of diazepam. Cisapride can significantly
increase diazepam levels. Valproic acid may
displace diazepam from binding sites, which
may result in an increase in sedative effects.
Selective serotonin reuptake inhibitors (e.g.,
fluoxetine, sertraline, paroxetine) have
greatly increased diazepam levels by altering
clearance.

● Main side effects: Drowsiness, confusion,
dizziness, amnesia, slurred speech, ataxia,
paradoxical excitement, blurred vision,
decreased respiratory rate, and apnea.

● Special points: Depresses all levels of the
CNS, including the limbic system and retic-
ular formation. Benzodiazepines must be
used with caution in the presence of other
CNS depressants and also in patients with
CNS lesions that affect the brainstem and
respiratory centers.

● Clonazepam
● Standard dosage: Start at 0.01 mg/kg at bed-

time. Maximum dose should not exceed
0.025 mg/kg.

● Contraindications: Hypersensitivity to clo-
nazepam or other benzodiazepines; severe
liver disease and acute narrow-angle glau-
coma.

● Main drug interactions: Concomitant use
with other CNS depressants will increase
sedation; phenytoin and barbiturates increase
clearance of clonazepam.

● Main side effects: Changes in behavior and
personality, dizziness, headache, memory
impairment, decreased concentration, hang-
over effect, and paradoxical insomnia.

● Special points: Clonazepam-induced behav-
ioral problems may be more frequent in
children with mental handicaps; when dis-
continuing treatment, taper slowly.
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● Lorazepam
● Standard dosage: 0.05 mg/kg at bedtime.
● Contraindications: Hypersensitivity to ben-

zodiazepines; should not be used in patients
with preexisting CNS depression, respiratory
depression, narrow-angle glaucoma, or
severe and uncontrolled pain.

● Main drug interactions: Other CNS or respi-
ratory center depressants may increase the
adverse effects of lorazepam.

● Main side effects: Drowsiness, lethargy,
hangover effect, dizziness, transitory hallu-
cinations, and ataxia.

● Special points: Use with caution in patients
with hepatic or renal impairment. Care
should be taken when used in patients with
compromised pulmonary function.

● Clonidine
● Standard dosage: Initial dosage is 2.5 to

5 μg/kg at bedtime.
● Contraindications: Hypersensitivity to cloni-

dine hydrochloride or any component.
● Main drug interactions: Tricyclic antidepres-

sants antagonize the hypotensive effects of
clonidine. Beta-blocking agents may potenti-
ate bradycardia, and withdrawal may result in
rebound hypertension. CNS depressants and
alcohol may increase the sedative effects.

● Main side effects: Palpitations, drowsiness,
sedation, headache, insomnia, anxiety,
depression, rash, constipation, and fatigue.

● Special points: Clonidine is a very potent
REM sleep suppressant. On abrupt with-
drawal, there is considerable REM sleep
rebound.

● Melatonin
● Standard dosage: There are only a few well

controlled studies of the use of melatonin in
children. Typical doses have ranged from 0.5
mg to 10 mg taken 1 to 5 hours before bed-
time.20

● Contraindications: None.
● Main drug interactions: None.
● Main side effects: One report has shown

an increase in seizure activity in children
with significant neurologic conditions and
seizures.21 No other significant side effects
have been reported.

● Special points: Many over-the-counter prepa-
rations may contain other ingredients. Since
formulations are proprietary, other ingre-
dients may not be known. Pure synthetic

melatonin is not soluble in water, and liq-
uid preparations may contain 7% to 13%
alcohol.

INTERVENTIONAL PROCEDURES

In some patients with hypertonicity, decreasing
muscle tone may result in improved sleep.
Medication used to decrease tone and spasticity
may result in more consolidated sleep.

Surgical interventions are not specific to the
child’s sleep-related disorder; they are aimed at
improvement of the underlying neurologic con-
dition (e.g., tendon release in spastic quadriple-
gia, posterior fossa decompression in patients
with Chiari II malformations). A beneficial effect
on sleep is secondary to improvement in the
youngster’s underlying condition.

Approaches to the child with underlying neu-
rologic conditions are similar to those used
in other youngsters. White-noise devices or
sound generators, compact disc players, night-
lights, and other assistance devices may be used
for problem sleeplessness in children with neu-
rologic disorders.

PHYSICAL/SPEECH THERAPY AND EXERCISE

Physical therapy and functional improvement
may also ameliorate problem sleeplessness.
Brushing or combing for 15 to 20 minutes before
bedtime may be helpful for youngsters with sen-
sory integration problems. A soft brush is rhyth-
mically stroked directly on the skin of the arms,
legs, chest, abdomen, and back. Brushing may be
done 2 to 3 times per day and should cease before
sleep onset so that it will not become a sleep
onset association.

Advanced Sleep Phase Syndrome
Treatment

DIET AND LIFESTYLE

● Increase early evening activity and bathe the
child before the desired bedtime.

● Increase environmental light exposure during
the late afternoon and early evening hours.
Decrease environmental light exposure during
the early morning hours.

● Bedtime may be delayed from 30 minutes to
2 hours, depending on the child’s age and
developmental level.

● If it is developmentally appropriate, provide
a brief mid-afternoon nap.
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PHARMACOLOGIC TREATMENT

In adults, 0.5 to 10 mg of melatonin taken after
4:00 AM or at the time of morning sleep offset has
been recommended. Similar data in children are
lacking, and it is unclear whether melatonin has
a place in the treatment of advanced sleep phase
syndrome in children.

Delayed Sleep Phase Syndrome
Treatment

The therapeutic components constituting diet
and lifestyle as well as pharmacology in the treat-
ment and management of delayed sleep phase
syndrome are discussed below.

Diet and Lifestyle
● Small phase shifts are typically best treated

with a controlled phase advance. The regimen
should begin when the child does not have
important daytime responsibilities, since some
degree of sleep deprivation will occur.

● The regimen begins by delaying the hour of
bedtime for 2 to 3 days to a point at which the
child is physiologically ready for sleep. If there
is significant stimulation during the evening
before bedtime, this should be minimized and
switched to the morning hours.

● Watching television before bedtime should be
avoided. Television programming requires the
child to delay sleep onset in order to finish
watching the show. Videotapes that may be
stopped and restarted may help.

● Exposure to bright light in the evening and
at around bedtime should be avoided. Bright
light and stimulation from computer games
and activities may both result in delayed sleep
onset.

● Morning awakening time should be firmly
fixed. It should not vary by more than 1 to 1.5
hours on school days, weekends, and holi-
days.

● Exposure to bright light in the morning may
assist in the slow advance of the sleep phase.
Bright light may be provided through a variety
of phototherapy devices or exposure to sun-
light. Bright computer screens surrounded by
other lamps may also provide the intensity of
light required for assisting in the advance
of the sleep phase.

● If it is developmentally appropriate, naps
should continue but prolonged naps should be
avoided.

● If the child does not normally nap, daytime
sleep should be avoided.

● Once the youngster is settling easily, the bedtime
may be slowly advanced until its desired time
is reached. The child’s tolerance and response
to treatment should determine the degree of
advance.

● Total sleep time should remain appropriate
to the child’s age and development.

● Parental expectations should be realistic.
● Occasionally, large phase delays in adolescents

may be managed by a continuous (around-
the-clock) phase delay.

PHARMACOLOGIC TREATMENT

● Melatonin has been used for the short term in
adults with delayed sleep phase syndrome and
has been reported to aid in the achievement
of and adherence to a new sleep schedule. In
addition, chronic use may assist in maintain-
ing the schedule. Nonetheless, no data are sim-
ilarly available in children.

● Over-the-counter hypnotics and sedatives as
well as prescription medication have not been
shown to be effective in the long-term resolu-
tion of delayed sleep phase syndrome.

Non–24-Hour Sleep–Wake
Schedule
Treatment

This sleep-related disorder is more common in
sightless children. It is also common in children
with middle fossa tumors both before and after
surgical and/or radiologic intervention.

● Begin and maintain a firm sleep–wake schedule.
● Morning awakening time should be firmly fixed.
● Providing sufficient and powerful time cues is

essential in assisting entrainment to a 24-hour
sleep–wake cycle.

● Caffeine-containing food and beverages
should be avoided after 2:00 PM.

PHARMACOLOGIC TREATMENT

● Melatonin 0.5 to 10 mg may be taken 1 to
4 hours before the desired bedtime.

● Vitamin B12 has been reported to be helpful
in some adult patients. Doses range from 0.5 to
3 mg per day.
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Primary Insomnia in Childhood
Treatment
● Treatment is centered on the institution of a

comprehensive program of sleep hygiene and
appropriate attention to sleep–wake patterns
across the 24-hour continuum.

● The sleeping environment should be quiet and
dark.

● Morning awakening time should be firmly
fixed and consistently enforced.

● Bedtime should be firmly enforced.
● The environmental temperature should remain

at a comfortable level.
● Hunger at bedtime should be avoided by the

provision of a small bedtime snack.
● Excessive fluids before bedtime should be

avoided.
● Children must learn to fall asleep on their

own, without parental intervention.
● Vigorous activity should be avoided for 1 to

2 hours before bedtime.
● Food or beverages containing caffeine (or other

methylxanthines) should be avoided for several
hours before bedtime.

● A variety of medications contain alcohol (elixirs)
and should be avoided for several hours before
bedtime.

● Naps should be developmentally appropriate.
● Appropriate parental expectations should be

established. These expectations should be based
on principles related to the ontogeny of the
sleep–wake cycle.

● Some children require less sleep than others.
The timing of the nocturnal sleep period should
be coincident with the youngster’s normal sleep
requirements.

● Behavioral approaches should be attempted
before other interventions.

● When behavioral interventions fail to resolve
problem sleeplessness, assessment of the par-
ents’ or caretakers’ ability to comply with the
therapeutic protocol is warranted.

● When compliance fails, more intensive behav-
ioral and family counseling may be indicated.

PHARMACOLOGIC TREATMENT

General recommendations for the use of medica-
tions in pediatric insomnia:

● Since the ideal pediatric hypnotic does not
currently exist, rational treatment selection
should be based on the clinician’s judgment

of the best possible match between the clinical
circumstances (e.g., type of sleep problem,
patient characteristics) and the individual
properties of currently available drugs (e.g.,
onset and duration of action, safety, tolerabil-
ity). This principle presumes some degree
of clinician familiarity with the pharmacologic
profile of the available sedatives/hypnotics
currently available for use in the pediatric
population.

● Treatment must be diagnostically driven and
based on a careful clinical evaluation of the
symptoms and consideration of all possible dif-
ferential diagnoses. It is incumbent upon the
clinician to choose the most appropriate phar-
macologic and/or behavioral therapies based
on the actual diagnosis rather than the symp-
tom complex. For example, sleep initiation
insomnia may be due to a primarily behavioral
sleep disorder (e.g., limit-setting sleep disor-
der), a physiologically based sleep disorder
(e.g., restless legs syndrome, delayed sleep
phase syndrome), or a combination of these
two disorders (e.g., psychophysiologic insom-
nia), each necessitating a different treatment
approach.

● Sleep problems in infants and very young chil-
dren are almost always related to developmental
asynchrony between the child’s sleep develop-
ment and parental expectations (e.g., the develop-
ment of nocturnal-diurnal sleep–wake rhythms,
“sleeping through the night”). Therefore, med-
ication is rarely if ever indicated in this age
group.

● In almost all cases, medication is not the first
treatment choice nor the sole treatment strat-
egy. Medication use, except for very self-limit-
ing circumstances such as travel, should be
viewed only within the context of a more com-
prehensive treatment plan.

● Medication should always be used in combina-
tion with nonpharmacologic strategies (e.g.,
behavioral interventions, parent education).
This is analogous to a number of other condi-
tions in children, such as attention deficit
hyperactivity disorder (ADHD), in which
a combination of pharmacologic and behav-
ioral strategies are often superior to drug treat-
ment alone.

● Before consideration of pharmacologic treat-
ment, sleep hygiene should always be opti-
mized. All sleep disorders in children may be
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exacerbated by poor sleep habits, such as exces-
sive caffeine use and irregular sleep-wake
schedules, which must be addressed before
medication is recommended.

● Treatment goals should be realistic, clearly
defined, and discussed with and agreed upon
by the family before treatment is initiated.
In addition, there must be a clear plan for the
followup and reassessment of therapeutic
goals. In particular, the parental expectations
regarding the degree of amelioration of the
sleep problem by medication and the antici-
pated duration of drug treatment should be
clearly established.

● Medication should be used only for the short
term; no prescription refills should be given
without reassessment of the target symptoms
and assessment of patient compliance with both
pharmacologic and behavioral management.

● Adolescents should be screened for alcohol/
drug use and pregnancy before the initiation of
therapy. Many recreational substances may have
synergistic clinical effects when combined with
sedatives/hypnotics. In addition, hypnotics with
high toxicity levels in overdose should be used
with extreme caution in situations in which
there is any risk of nonaccidental overdose.

● Patients should also be screened for the con-
current use of self-initiated nonprescription
sleep medications (e.g., Excedrin PM, mela-
tonin, herbals). Some of these medications have
similar ingredients (e.g., diphenhydramine is
the soporific ingredient in both Benadryl and
Tylenol PM); while generally viewed by par-
ents as safe, the potential drug–drug interac-
tions between most herbal preparations and
sedatives/hypnotics are largely unknown.

● Medication selection, particularly in terms of
duration of action, should be appropriate to the
presenting complaint—that is, for problems
with sleep onset, a shorter-acting medication
is generally desirable. For problems with sleep
maintenance, longer-acting medications may
be considered but are more likely to result in
“hangover” effects the following morning.

● All medications should be used with caution
and monitored closely for efficacy and side
effects. Since there are so few data on the
safety and efficacy of these medications in chil-
dren, a conservative approach similar to that
which should be exercised with any pediatric
off-label drug use is warranted.

● There are potential indications for hypnotic
use in otherwise normal children (generally
short-term).

● The safety or welfare of the child is threat-
ened—for example, the parent is overwhelmed
and/or unable to implement nonpharmaco-
logic interventions. Because of their rapid
onset of action, in this situation medications
may assist in “breaking the cycle” and allow for
the implementation of effective behavioral
strategies.

● There is a failure of, or an inability to com-
ply with, an adequate trial of accepted non-
pharmacologic and/or behavioral treatment,
for example, the older child or adolescent
with psychophysiologic insomnia who fails
to respond to standard behavioral manage-
ment tools such as stimulus control and
sleep restriction.

● Medication is used as an adjunct to sleep
hygiene and/or chronotherapy in circadian
rhythm disturbances, for example, in an oth-
erwise normal adolescent with delayed sleep
phase syndrome.

● The insomnia occurs in the setting of medical
illness with associated issues, including pain
control, concomitant medications, and hospi-
talization, for example, a child on steroids for
chronic illness.

● The insomnia occurs in the context of an acute
stressor, for example, a death in the family.

● The insomnia occurs or is anticipated in the
context of travel, for example, a prolonged
plane ride with an accompanying time change.

Contraindications to hypnotic use in otherwise
normal children:

● The insomnia occurs in the presence of
untreated sleep-disordered breathing, for exam-
ple, obstructive sleep apnea. Not only is hyp-
notic medication often inappropriate for treating
the underlying condition but also sedatives with
respiratory depressant properties (e.g., chloral
hydrate) may be dangerous in the situation of a
comorbid sleep-related breathing disorder.

● The insomnia is due to developmentally based
normal sleep behavior; for example, there are
inappropriate expectations from the parents or
practitioner regarding the child’s sleep behavior.

● The insomnia is due to a self- limiting condition
that temporarily results in night-time awaken-
ings, for example, teething.
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● There are potential drug interactions with
concurrent medications (e.g., opiates) or
unrecognized substance abuse or alcohol use.

● There is a limited ability to follow up with and
monitor the patient; for example, the parent
frequently misses scheduled appointments.

PHARMACOLOGIC TREATMENT OF PEDIATRIC
INSOMNIA IN CHILDREN WITH SPECIAL NEEDS

Sleep disturbances are a prominent part of the
morbidity of neurobehavioral, psychiatric, and
chronic medical conditions. Whether it is the
primary condition or is secondary to the chronic
condition, pediatric insomnia may contribute to
the exacerbation of these conditions and have an
adverse impact on the quality of life for the child
and family. Children with chronic medical and
developmental conditions are particularly prone
to insomnia because of the unique combinations
of family stresses, caregiver interactions, social
(peer) relationships, medical needs, sedating
or activating medications, physical challenges,
and psychiatric morbidity. For example, the fac-
tors common to many medical conditions that
can also create or exacerbate insomnia include
pain, pruritis, cough, abnormal movements, and
other disturbances. The physician must consider
each of these potential factors, realizing that sev-
eral may coexist and frustrate therapeutic inter-
ventions.

Because the neural and cognitive requisites
to develop and express most sleep symptoms are
basic, children with chronic medical and devel-
opmental conditions are susceptible to the same
emotional, behavioral, medical, and circadian
sleep disorders as normal children. Therefore,
these common causes of insomnia should be
considered first in children with chronic health
conditions and developmental disabilities and
treated appropriately. As is the case with normal
children, it is preferable to identify and control
the underlying process that creates a sleep distur-
bance instead of simply prescribing symptomatic
therapy for insomnia. However, sleeplessness
may overshadow other indicators of primary
medical and psychiatric disorders and thus
appear to arise de novo in an otherwise healthy
child. For example, insomnia is often a present-
ing symptom of many psychiatric disorders,
such as depression, post-traumatic stress disor-
der, and generalized anxiety disorder. If they are
not carefully sought, other symptoms of psychi-

atric and medical conditions may be missed and
an opportunity to eliminate the basis of the
insomnia would be lost.

Children with neurologic injury and specific
genetic, psychiatric, and behavioral syndromes
and conditions are particularly susceptible
to specific types of insomnia. Examples include
autism and pervasive developmental disorder,
blindness (circadian rhythm disorders), Smith-
Magenis syndrome (severe insomnia), Williams
syndrome (periodic limb movement disorder),
Rett syndrome (prolonged sleep onset latency,
sleep fragmentation), and Tourette’s syndrome
(increased nocturnal movements and awaken-
ings). Children with attention deficit hyperactiv-
ity disorder are often reported by parents to have
sleep onset difficulties and restless sleep and
present one of the more common chronic condi-
tions for which sedatives are recommended
by pediatric practitioners. Children with asthma
and atopy, renal failure, and epilepsy are also
highly prone to sleep disruption related to the
underlying chronic condition and/or medica-
tion. Thus, the physician may be guided by the
literature relevant to the specific diagnosis.

The approach to insomnia in children with
underlying medical or developmental conditions
must take into account the expected efficacy in
light of a patient’s behavioral strengths and chal-
lenges, the capabilities and needs of families
and caregivers, health care priorities or urgen-
cies that may temporarily supersede long-term
interests, and the impact of insomnia therapy on
underlying medical conditions and concurrent
medications. For example, a teenager with mild
mental retardation might not be able to take
a hypnotic in a reliable manner; a family in cri-
sis may need the rapid effect of a hypnotic until
behavioral interventions take effect; and mela-
tonin has the potential to lower the seizure
threshold in a child with an underlying seizure
disorder. In addition, because of frequent con-
current use of other medications and the idio-
syncratic response that these children may have
to sedatives/hypnotics, extreme caution should
be exercised with regard to the choice of med-
ication and monitoring of side effects.

Therefore, the task force recommends that the
specific history about the quality of sleep be an
integral part of the evaluation and maintenance
care of children with chronic medical and/or
mental health conditions. Pharmacologic therapy
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should be considered for sleep problems as
a part of the overall management strategy in con-
junction with behavioral therapy and sleep
hygiene. Sleep problems in these children should
be managed aggressively to avoid exacerbation
of the underlying condition and improve the
overall quality of life; a longer duration of drug
therapy is often necessary. Consultation with
a pediatric neurologist, developmental/behav-
ioral pediatrician, and/or sleep specialist is often
warranted.

● Pharmacologic management of primary insom-
nia in childhood is rarely indicated. Behavioral
management is indicated in almost all cases.
Nevertheless, certain situations exist that jus-
tify pharmacologic treatment in some cases
of primary childhood insomnia. These situa-
tions include those children with developmen-
tal delays, neurologic problems, and sensory
integration issues.

● Pharmacologic management may also be indi-
cated in some situations in which childhood
problem sleeplessness is the primary and under-
lying cause of family dysfunction.

● Once the situation indicates pharmacologic
management, treatment should be for the short
term (<3 weeks).

● Pharmacologic management must be used in
conjunction with other behavioral/family inter-
ventions that should continue beyond the lim-
ited use of medication.

The most common medications used for this
limited purpose are listed below.

● Diphenhydramine
● Standard dosage: 2 to 6 years of age, 12.5 to

25 mg at bedtime; 6 to 12 years of age, 25 mg
at bedtime; over 12 years of age, 25 to 50 mg
at bedtime.

● Contraindications: Narrow-angle glaucoma,
gastrointestinal or genitourinary obstruction.

● Main drug interactions: May interact with
antihypertensive or antidepressant medica-
tions; increased sedation when combined
with alcohol.

● Main side effects: Nervousness, dizziness,
hypertension, excitability, and drowsiness.

● Special points: Over-the-counter preparations
are often combined with other medications
(e.g., pseudoephedrine) as decongestants.
Elixirs contain 5% to 6% alcohol. Multiple
preparations are available. The patients’

parents should be instructed to read the
medication label before purchase and
administration.

● Cost-effectiveness: 25 mg capsules, $0.03;
12.5 mg elixir, $0.13 per teaspoon.

● Hydroxyzine
● Standard dosage: 0.5 mg/kg orally 30 minutes

before bedtime.
● Contraindications: Hypersensitivity to

hydroxyzine or any of its components.
● Main drug interactions: May potentiate

other CNS depressants or anticholinergics,
and can antagonize the vasopressor effects of
epinephrine.

● Main side effects: Hypotension, dizziness,
headache, ataxia, dry mouth, urinary reten-
tion, and weakness.

● Special points: Competes with histamine for
H1-receptor sites on effector cells in the gas-
trointestinal tract, blood vessels, and respi-
ratory tract.

● Lorazepam
● Standard dosage: 0.05 mg/kg at bedtime.
● Contraindications: Hypersensitivity to ben-

zodiazepines; should not be used in patients
with preexisting CNS depression, respiratory
depression, narrow-angle glaucoma, or
severe and uncontrolled pain.

● Main drug interactions: Other CNS or respi-
ratory center depressants may increase the
adverse effects of lorazepam.

● Main side effects: Drowsiness, lethargy, hang-
over effect, dizziness, transitory hallucina-
tions, and ataxia.

● Special points: Use with caution in patients
with hepatic or renal impairment. Care
should be taken when used in patients with
compromised pulmonary function.
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Pediatric sleep medicine once focused mainly on
nocturnal behavior: parasomnias, bedtime ritu-
als, and interactions between children and their
parents. More recently, clinicians have realized
that intrinsic dyssomnias such as obstructive
sleep apnea, upper airway resistance syndrome,
restless legs syndrome (RLS), and periodic limb
movement disorder (PLMD) also occur in chil-
dren and may have important effects on daytime
behavior. Furthermore, these effects differ from
those seen in adults with the same disorders.
Whereas adults often display overt, excessive
daytime sleepiness, children are more likely to
present with cognitive and behavioral morbidity.
For example, some affected children show inat-
tentive and hyperactive behaviors that lead to a
diagnosis of attention deficit hyperactivity disor-
der (ADHD) and treatment with stimulants
before the underlying sleep problem is recog-
nized. This chapter will highlight evidence that
abnormal daytime behaviors, many reminiscent
of ADHD, are among the most important out-
comes of childhood sleep disorders. Data that
have challenged or qualified this hypothesis also
will be discussed.

SLEEP, ADHD, AND POTENTIAL
PATHOPHYSIOLOGIC LINKS

The American Psychiatric Association’s Diagnostic
and Statistical Manual of Mental Disorders (DSM)
once listed disturbed sleep as one of the diagnostic
features of ADHD. Although the current edition
has dropped this criterion, the parents of children
with ADHD commonly note disturbed and rest-
less sleep in their children.1-4 In practice, sleep
disruption is often attributed to stimulant med-
ications or to persistence of daytime hyperactivity
into nocturnal hours. Monitoring of movement
(actigraphy) during 5-day intervals in children
with ADHD did not demonstrate nocturnal over-

activity but did show relative instability of sleep
onset and total sleep time in comparison with
controls.5 Polysomnographic studies in ADHD
children did not identify specific primary sleep
disorders.6-11 A review of polysomnographic stud-
ies of ADHD,12 as well as a subsequent video-
polysomnographic study,13 failed to identify
consistent abnormalities except for increased
movements during sleep. However, these studies
usually were performed with a focus on sleep
staging; they did not record breathing or leg
movement data later found to be as important in
children as they are in adults. Clinicians and
researchers without subspecialty interest in sleep
medicine often do not consider the possibility
that primary sleep disorders could contribute to
ADHD or related symptoms.14-17 However, grow-
ing evidence suggests that sleep disorders,
because of associated daytime sleepiness or other
consequences, could promote inattentive and
hyperactive behaviors.

Several types of studies indicate that hyperac-
tive children tend to have deficient levels of
arousal. More than 60 years ago, Bradley and
Bowen observed that stimulants rather than
sedatives provide effective treatment for hyper-
activity.18,19 In contrast, sedatives can worsen the
behavior. Early electrophysiologic studies—
based on skin conductance, EEG, and auditory
and sensory evoked responses—also suggested
that children with ADHD show hypoarousal
rather than hyperarousal.20 Recent multiple
sleep latency tests among 26 ADHD children and
21 controls showed increased daytime sleepiness
in the ADHD subjects,21 and a survey of the par-
ents of more than 800 children at general pedi-
atrics clinics suggested a substantial association
between sleepiness and behavior that character-
izes ADHD.22

The behaviors that define ADHD may be a
product of cognitive changes, particularly deficits
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in executive functioning,23 that can result from
disordered sleep or daytime sleepiness. In adults,
cognitive abilities are sensitive to sleep disor-
ders,24-26 and executive functioning, which
includes working memory, decision making, and
the ability to apply old information to new chal-
lenges, is especially vulnerable. Research in chil-
dren has been limited but does include a study of
16 children randomized to either 5 or 11 hours of
sleep for one night: On the following day, the
sleep-deprived group showed impairment of ver-
bal creativity and abstract thinking.27 Another
study of 82 children randomized to either 4 or 10
hours of sleep for one night showed increased
inattentive behaviors after sleep deprivation but
not hyperactive-impulsive behavior or impaired
performance on tests of response inhibition and
sustained attention.28

Cognitive deficits after sleep disruption may
localize to the prefrontal cortex.29 Adults with

obstructive sleep apnea show neuropsychologi-
cal deficits, particularly in executive function-
ing, that can be attributed to the prefrontal
cortex and sometimes improved by treatment.30

Preliminary data from functional magnetic reso-
nance imaging in adults with obstructive sleep
apnea show decreased activity of the dorsolateral
prefrontal cortex during performance of a work-
ing memory task and restoration of normal
activity levels after treatment.31 Prefrontal corti-
cal activity is also affected by experimental sleep
deprivation in adults.32-34 These data combine to
suggest a potential mechanism for cognitive and
behavioral changes in childhood dyssomnias:
Insufficient or inadequate sleep may contribute
to prefrontal cortical dysfunction and impair
executive functions such as behavioral inhibi-
tion, emotional regulation, and working mem-
ory and thereby promote inattentive and
hyperactive behaviors (Fig. 12–1).35

162 Chapter 12 Attention Deficit, Hyperactivity, and Sleep Disorders

Sleep
disruption

Intermittent
hypoxia and
hypercarbia

Disruption of restorative
features of sleep

Prefrontal cortical

Dysfunction of cognitive executive

Behavioral
inhibition

Set
shifting

Self-regulation of
affect and arousal

Working
memory

Adverse daytime effects

Problems mentally manipulating information
Poor planning and haphazard execution of plans
Disorganization
Poor judgment/decision-making
Rigid thinking
Difficulty maintaining attention and motivation
Emotional lability (“mood swings”)
Overactivity/impulsivity (especially in children)

Analysis/
synthesis

Contextual
memory

Disruption of cellular or
chemical homeostasis

Figure 12–1. A model by which sleep disruption or physiologic effects of sleep apnea could alter day-
time behavior in children. (Reprinted with permission from Beebe DW, Gozal D: Obstructive sleep
apnea and the prefrontal cortex: Towards a comprehensive model linking nocturnal upper airway
obstruction to daytime cognitive and behavioral deficits. J Sleep Res 2002;11:1-16.)
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Other pathophysiologic mechanisms may
pertain to specific sleep disorders. Obstructive
sleep apnea is associated with hypoxemia, which
could affect brain development. A model of sleep
apnea, produced by subjecting young rats to
intermittent hypoxia, has produced evidence of
hippocampal and cortical apoptosis.36 Although
the histologic changes are transient, associated
deficits in a spatial learning task do not com-
pletely resolve 2 weeks after the insult.
Furthermore, rats seem to have an age-specific
window of vulnerability that may have impor-
tant analogies in human development: Fifteen-
to 20-day-old animals show prominent neuronal
apoptosis after intermittent hypoxia, whereas
the effect is much less at younger and older
ages.37 Although it is attractive as a potential
explanation for the neurobehavioral problems
seen in obstructive sleep apnea, hypoxemia can-
not explain similar problems seen in children
with upper airway resistance syndrome or other
sleep disorders.38

COGNITIVE AND BEHAVIORAL
CHANGES IN CHILDREN WITH
SPECIFIC SLEEP DISORDERS

Obstructive Sleep Apnea
In 1976, the first published series of children
with obstructive sleep apnea described learning
difficulties, inattention, and hyperactivity as
prominent daytime symptoms.39 Subsequent
series in the early 1980s re-emphasized the fre-
quency of these behaviors, noted that some of
these children had been diagnosed with ADHD
before presentation to a sleep center, and found
that the symptoms of ADHD improved or disap-
peared after treatment for sleep-disordered
breathing.38,40 Although no subsequent random-
ized, placebo-controlled, double-blind studies
tested these observations, one study did use a
quasiexperimental design: Twelve children with
sleep-disordered breathing and scheduled to
undergo tonsillectomy were compared with 11
primary snorers also scheduled for tonsillectomy
and with 10 control subjects, most of whom had
been scheduled for unrelated surgery.41

Postoperatively, validated parental scales for
aggression, inattention, and hyperactivity and a
continuous performance test all showed
improvement in the group with sleep-disordered

breathing but no change in the control group.
Children with primary snoring showed improve-
ment in some areas.

Another study used a validated pediatric sleep
questionnaire to compare 27 ADHD patients at a
child psychiatric clinic, 43 patients with other
diagnoses at the same clinic, and 73 children at
a general pediatric clinic.42 The ADHD children
were three times as likely as the non-ADHD psy-
chiatric patients and the general pediatric
patients to have a history of habitual snoring.
Habitual snoring explained 16% of the variance
in a DSM-IV–based inattention and hyperactivity
scale. In a subsequent study, the parents of 866
children attending two general pediatric clinics
completed a validated 22-item pediatric sleep-
disordered breathing scale and the hyperactivity
index of the Conners’ Parent Rating Scale
(CPRS).22 High CPRS scores, defined as greater
than 1 standard deviation (SD) above normal,
were found in 13% (95% confidence interval
[CI], 11, 16) of all subjects, 22% (95% CI, 15,
29) of habitual snorers, and 12% (95% CI, 9, 14)
of nonsnorers. High CPRS scores were associ-
ated with high overall sleep-disordered breath-
ing scores (P < .01). Stratification by age and sex
showed that most of the association between
hyperactivity and snoring derived from boys less
than 8 years old (Table 12–1). These findings
suggest that if sleep-disordered breathing does
contribute to hyperactive behavior, young boys
may be the most vulnerable to this effect.

In an evidence-based review, an American
Academy of Pediatrics subcommittee found 12
publications that evaluated the association
between sleep-disordered breathing and a range
of cognitive and behavioral problems.43 No
report was a randomized trial, and each was a
cross-sectional or cohort study or a case series.
When the authors pooled the results of six cross-
sectional studies, they concluded that the com-
bined odds ratio (OR) for neurobehavioral
problems and snoring in children was 2.93
(2.23, 3.83).

Published reports that hyperactivity is partic-
ularly common in children with sleep-disordered
breathing generally have not prospectively
evaluated children using DSM-IV criteria. The
preliminary results of one study did include psy-
chiatric evaluations of 5- to 13-year-old children
scheduled for adenotonsillectomy (AT) and a
control group scheduled for general surgery.44
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Nearly all of the AT children were suspected
by their otolaryngologists of having sleep-
disordered breathing, although many also had
additional surgical indications. Although the
child psychiatrists who evaluated the children
were not blinded to surgical group, they did use
two well-validated structured interviews, the
Diagnostic Interview Schedule for Children and
the Children’s Psychiatric Ratings Scale. A dis-
ruptive behavior disorder—ADHD, oppositional
defiant disorder, or conduct disorder—was diag-
nosed in 20 (44%) of 45 AT children but in
0 (0%) of 8 control subjects (Fisher’s exact test;
P = .019). Among the AT children, 7 (16%)
had the ADHD-inattentive subtype, 2 (4%) had
the ADHD-hyperactive subtype, 6 (13%) had the
ADHD-combined type, and 9 (20%) had opposi-
tional defiant disorder. The children were also
evaluated for several other major DSM-IV diag-
noses—social phobia, seasonal affective disorder,
generalized anxiety disorder, obsessive-compulsive
disorder, post-traumatic stress disorder, enure-
sis, encopresis, tic disorder, major depressive
disorder, dysthymia, mania, hypomania, and
pervasive development disorder—but none
showed increased frequency in the AT group.
These data suggest that DSM-IV–based diag-
noses of disruptive behavior disorders are partic-
ularly common among children scheduled for
AT, most of whom carry a clinical diagnosis of
sleep-disordered breathing.

In addition to these behavioral problems, cog-
nitive changes in children with sleep-disordered
breathing have been the subject of a small but
growing body of literature. One study focused
on 16 obese children, among whom 5 had
obstructive sleep apnea on polysomnography.45

The children with sleep apnea demonstrated
deficits in learning, memory, and vocabulary, and
in the entire sample, apnea severity correlated
inversely with memory and learning perform-
ance. A second study compared neurocognitive
functioning in 16 childhood snorers, who had
little or no sleep apnea, to that in 16 nonsnor-
ers.46 The snorers showed lower attention, mem-
ory, and intelligence scores but no differences in
social competency and problematic behavior.
A third study of 28 children with obstructive sleep
apnea and 10 control subjects found preliminary
evidence that the former group had significantly
more somatic complaints, mood problems, and
difficulty relating to peers.47 However, many
measures showed no differences between
groups, and children with mild sleep apnea
showed more behavioral and emotional prob-
lems overall than those with severe sleep apnea.
Finally, data from the study of children sched-
uled for AT or other procedures show that
although the two groups did not differ signifi-
cantly with respect to age, grade, verbal IQ, and
performance IQ, the AT children performed
more poorly on academic achievement tests,
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Regression Estimated Odds
Age and Gender (N) Coefficient (SE) Ratio (95% CI) P
All subjects (866) 0.81 (0.25) 2.2 (1.4, 3.6) .0011

Boys (469) 1.05 (0.31) 2.8 (1.5, 5.2) .0008
Girls (397) 0.39 (0.43) 1.5 (0.6, 3.3) .3633

Age < 8 yr (565) 1.02 (0.30) 2.8 (1.5, 4.9) .0007
Age ≥ 8 yr (301) 0.32 (0.46) 1.4 (0.5, 3.3) .4831

Boys < 8 yr (295) 1.46 (0.38) 4.3 (2.0, 9.1) <.0001
Remaining children (571) 0.33 (0.35) 1.4 (0.7, 2.7) .3500

*Results adjusted for age and sex. Hyperactive behavior defined as Conners’ Parent Rating Scale hyperactivity index;
T score > 60. 

CI, confidence interval; SE, standard error.
Data from Chervin RD, Archbold KH, Dillon JE, et al: Inattention, hyperactivity, and symptoms of sleep-disordered

breathing. Pediatrics 2002;109:449-456.

Table 12–1. Conditional Logistic Regression Coefficients and Odds Ratios for
Hyperactive Behavior and Habitual Snoring (Present vs Absent) in a
Study of Children Aged 5 to 13 Years*
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including mathematical reasoning, spelling, and
numeric operations.48 A similar trend emerged
for basic reading performance, though not for a
measure of reading comprehension. In aggre-
gate, these studies suggest specific academic
deficits in children with sleep-disordered breath-
ing that would predict an important practical
impact, including poor school performance.

School performance was the main outcome
variable in one study that enrolled 297 poorly
performing first-grade children and screened
them for sleep-disordered breathing by parental
questionnaire, home oximetry, and capnogra-
phy: Fifty-four children (18%) were identified as
likely to have sleep-disordered breathing.49 The
parents of these children were advised to seek
further evaluation and possible treatment. One
year later, 24 (44%) of the 54 children had been
diagnosed and treated for obstructive sleep
apnea. These children showed significant
improvement in their school grades, whereas the
30 children with untreated sleep-disordered
breathing and the 243 children without evidence
of sleep-disordered breathing showed no
improvement. In a subsequent survey of 1,588
seventh and eighth graders, students whose per-
formances ranked them in the bottom quartile of
their classes were two to three times as likely as
top-quartile students to have had frequent and
loud snoring between the ages of 2 and 6 years.50

Finally, a study performed among 201 medical
students found that the failure rate for a year-end
examination was 13% for 78 nonsnorers, 22%
for 99 occasional snorers, and 42% for 24 fre-
quent snorers (P < .01).51

Restless Legs Syndrome and
Periodic Limb Movement Disorder
Although the prevalence of RLS in children is
not well defined, more than one third of 138
adults with this condition reported that symp-
toms had begun before the age of 10.52 Early
studies of restless legs in children found that
many patients had problems with inattention
and hyperactivity.53,54 One report found that 117
(91%) of 129 children referred to a sleep labora-
tory and confirmed to have periodic leg move-
ments during sleep (>5 movements per hour)
also met the criteria for ADHD.55 Additional data
suggested that children with ADHD may be
more likely to have restless legs and related com-

plaints than other children.56,57 These studies
focused on children referred for sleep or behav-
ioral concerns, but subsequent data collected at
general pediatric clinics also suggested promi-
nent associations between hyperactive behavior
and symptoms that characterize RLS and peri-
odic leg movements during sleep.58 Hyper-
activity was assessed with the CPRS and periodic
leg movements, restless legs, and growing pains
by a validated subscale of the Pediatric Sleep
Questionnaire (Fig. 12–2).59 High hyperactivity
indices (>1 SD elevation) were found in 13% of
all 866 subjects, 18% of children who had
described “restlessness of the legs when in bed,”
and 11% of those without restless legs (P < .05).
The OR for a high hyperactivity score and a 1 SD
increase in the periodic leg movement subscale
was 1.6 [1.4, 1.9], and this association retained
significance after statistical adjustment for
sleepiness, snoring, restless sleep in general, or
stimulant use.
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Figure 12–2. Among 866 children aged 5 to 13 years,
a validated questionnaire subscale for symptoms of rest-
less legs syndrome and periodic leg movements during
sleep (PLMS Score) displayed a dose–response associa-
tion with the hyperactivity index (HI). Box plots show
medians and 10th, 25th, 75th, and 90th percentiles. The
horizontal black stripe represents the mean. (Reprinted
with permission from Chervin RD, Archbold KH, Dillon JE,
et al: Associations between symptoms of inattention,
hyperactivity, restless legs, and periodic leg movements.
Sleep 2002;25:213-218.)
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Further support for the possibility that RLS or
periodic leg movements might contribute to
ADHD was provided by a report that seven
affected children experienced improvement in
behavior, as assessed by well validated measures,
when their RLS was treated with levodopa or a
dopamine agonist.60 However, as the authors
noted, these medications could have improved
behavior by a direct effect on brain mechanisms
that control behavior rather than through an
effect on RLS.

Other Sleep Disorders
Children with sleep disorders other than sleep-
disordered breathing or RLS also may suffer from
cognitive and behavioral consequences. A case
report of a child with delayed sleep phase syn-
drome carefully documented attention deficit
that improved considerably when the circadian
rhythm disorder was treated.61 Children with
narcolepsy often have problems with inattention
and hyperactivity that may improve upon treat-
ment.62,63 In the United States, adolescents are
often chronically sleep deprived. Those who per-
form poorly academically tend to obtain less
sleep at night than those who receive better
grades.64 Recent efforts to augment high school
students’ nocturnal sleep and address their ten-
dency to have delayed sleep phases by delaying
school start times in some Minnesota school dis-
tricts have been associated with longer times in
bed and slightly higher grades.

DO SLEEP DISORDERS CAUSE
COGNITIVE AND BEHAVIORAL
MORBIDITY IN CHILDREN?

The evidence presented above suggests that
sleep disorders may contribute to cognitive
impairment and disruptive behavior in children.
However, these studies do not constitute ran-
domized, double-blind, placebo-controlled tri-
als, and proof is still lacking for the hypothesis
that substantial minorities of the many children
with disruptive behavior disorders have undiag-
nosed sleep disorders as a contributing factor. In
addition, some studies have raised questions or
methodological concerns about demonstrated
links among sleep, cognition, and behavior.

One study of 113 children, aged 2 to 18 years
and referred for suspected sleep-disordered

breathing to a sleep laboratory, found that the
59 children confirmed to have sleep-disordered
breathing did show high hyperactivity scores,
but these scores were no higher than those of
the 54 children without sleep-disordered
breathing.65 Furthermore, hyperactivity levels
showed no significant association with the rate
of hypopneas and apneas, minimum oxygen sat-
uration, or most negative esophageal pressure
(investigated in a subset of 19 children).
Instead, the level of hyperactivity was associated
with the presence or absence of five or more
periodic leg movements per hour of sleep (P = .02).
The rate of periodic leg movements during
sleep showed a linear association with hyperac-
tivity among those subjects with sleep-disor-
dered breathing (P = .002) but no association
among those without sleep-disordered breath-
ing (P = .64). The association between behavior
and periodic leg movements rather than apnea,
even in a population referred for suspected
sleep-disordered breathing, raises some doubt
about whether sleep-disordered breathing
causes disruptive behavior. Corroborative
though preliminary evidence has emerged from
a second study.66 Such data are similar to those
obtained from adults with sleep apnea, in whom
the major behavioral outcome—sleepiness—
shows little correlation with apnea severity.67,68

One possible explanation for a correlation
between periodic leg movements and hyperac-
tive behavior only among children with sleep-
disordered breathing is that this disorder acts as
an effect modifier. However, the lack of a
stronger, direct association between apnea
severity and hyperactivity in children raises
some doubt about whether sleep apnea directly
causes this behavior.

Furthermore, studies that have reported asso-
ciations between sleep-disordered breathing and
either poor school performance or hyperactive
behavior have been correlational and could not
account for many potential confounding fac-
tors.22,42,49-51 For example, recent data from 146
second and fifth grade students in Ypsilanti,
Michigan, showed significant associations
between school performance and symptoms of
sleep disordered breathing before but not after
socioeconomic status was taken into account.69

These results raise the possibility that previous
studies of cognitive and behavioral problems in
childhood sleep disorders also would have

166 Chapter 12 Attention Deficit, Hyperactivity, and Sleep Disorders

Ch12.qxd  1/25/05  3:21 AM  Page 166



reached different conclusions if they had
accounted for socioeconomic status.

CONCLUSIONS

In short, increasing evidence suggests that a vari-
ety of childhood sleep disorders are associated
with inattention, hyperactivity, and underlying
cognitive impairment that could have signifi-
cantly adverse effects on such important out-
comes as development and school performance.
However, proof that sleep disorders cause neu-
robehavioral deficits in substantial numbers of
children is still lacking, and some studies have
generated conflicting data. Mechanisms by
which sleep disorders may cause cognitive and
behavioral changes have been proposed but not
yet thoroughly investigated.

If sleep disorders do influence cognition and
behavior, then this morbidity may constitute an
important public health problem. Problems
related to sleep are highly prevalent among chil-
dren70 but seldom discussed, recognized, or
treated at general pediatric clinics.71 Further-
more, those children who are suspected of having
sleep-disordered breathing usually undergo AT
without having any formal polysomnographic,
psychiatric, or cognitive testing.72 Arguments
that preoperative evaluation should be more
extensive, as now suggested by the American
Academy of Pediatrics,73 will be strengthened if
future research more effectively shows cause-
and-effect relationships between sleep disorders
and neurobehavioral consequences, and if future
data more convincingly link specific polysomno-
graphic findings with these important adverse
health outcomes.74
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In 1880, Gelineau coined the term narcolepsie to
describe a pathologic condition that was charac-
terized by recurrent, brief attacks of sleepiness.1

He recognized that the disorder was accompa-
nied by falls, or astasias, that were subsequently
termed cataplexy. Narcolepsy is a lifelong neuro-
logic 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, or neck in
response to emotional stimuli such as laughter,
fright, or rage), hypnagogic hallucinations (vivid
and often terrifying dreams at sleep onset), sleep
paralysis (momentary inability to move at the
time of sleep onset), and fragmented night
sleep.2

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
2nd 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 The exact prevalence of nar-
colepsy in childhood has been difficult to estab-
lish. Nevertheless, between 1957 and 1960, in a
series of 400 narcolepsy patients seen at the
Mayo Clinic by Yoss and Daly,6 15 (4%) were
younger than 15 years. These data were, how-
ever, gathered prior to the introduction of
polysomnography and the establishment of poly-
somnographic criteria for the diagnosis of
narcolepsy. Although the disorder is most often
diagnosed in the 3rd and 4th decades, a meta-
analysis of 235 subjects derived from three stud-
ies by Challamel and coworkers7 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 (Fig. 13–1). A lag
period of 5 to 10 years between the onset of
symptoms and diagnosis has been observed8 in
adult subjects. A similar but shorter lag period
perhaps also occurs in childhood narcolepsy.
Cataplexy, the most specific clinical feature of
narcolepsy, is present in only 50% to 70% of all
subjects. Some epidemiologic studies have
required the presence of cataplexy as a prerequi-
site for the diagnosis,9 whereas others10 have not
made this stipulation. This lack of uniformity in
clinical diagnostic criteria may explain variabil-
ity in estimations of the prevalence of nar-
colepsy.11

CLINICAL FEATURES

Preschool-Aged Children
Narcolepsy is rare in preschool-aged children.
Yoss and Daly observed that 11.7% of a group of
85 subjects were below the age of 5 years.6 In
their meta-analysis of 235 children, Challamel
and colleagues found that 4.6% were below the
age of 5 years at the time of diagnosis.7 Sharp
and D’Cruz have described a 12-month-old with
hypersomnia who was subsequently confirmed
to have narcolepsy.12 Nevsimalova and cowork-
ers have described a 21⁄2-year-old who developed
hypersomnolence at the age of 6 months, with
the presence of as many as 30 cataplectic attacks
per day that mimicked atonic seizures, but that
subsided after treatment with chlorim-
ipramine.13 In general, it is difficult to diagnose
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 pro-
vide an accurate history of cataplexy, hypnagogic
hallucinations, or sleep paralysis. The diagnosis
may, however, be facilitated by the documentation
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of cataplectic attacks on video-polysomnogra-
phy, which shows skeletal muscle atonia and
bursts of rapid eye movements coinciding with
low-voltage, mixed-frequency activity on the
electroencephalogram (EEG).

School-Aged Children
Daytime sleepiness is the most invariant and dis-
abling feature of narcolepsy. It may develop as
early as 5 to 6 years of age. There is a back-
ground of a constant, foggy feeling from drowsi-
ness, and superimposed on this background are
periods of more dramatic sleep attacks. Habitual
afternoon napping is uncommon in most 5- to
6-year-olds and should raise suspicion. Lenn
reported a 6-year-old who would fall asleep 5 to
10 times a day.14 Wittig and colleagues
described a 7-year, 5-month-old boy with nar-
colepsy who tended to fall asleep while watch-
ing television for longer than a half hour, at the
dinner table, and while seated in his mother’s
lap at a doctor’s office.15 The naps in children
with narcolepsy tend to be longer (30 to 90 min-
utes) than those in adult patients, but they are
not consistently followed by a refreshed feel-

ing.16 These attacks of sleepiness are most likely
to occur when the patient is carrying out seden-
tary activities such as sitting in a classroom or
reading a book. The daytime sleepiness fre-
quently leads to automatic behavior of which
the subject is unaware, to impaired consolida-
tion of memory, to decreased concentration, to
executive dysfunction, and to emotional prob-
lems. Mood swings are also common.17,18

Children with daytime sleepiness may be mis-
takenly labeled “lazy” and frequently become
the target of negative comments from their
peers. Excessive sleepiness may also be over-
looked by the parents until it starts adversely
impacting mood, behavior, or academic per-
formance. Adults who have been diagnosed
with narcolepsy frequently give a history of
“attention deficit disorder” in childhood.19

Pollack studied the circadian sleep–wake
rhythms in subjects with narcolepsy who were
isolated from their environmental cues.20 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 circa-
dian 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 extensor
muscles of the thighs, back, or neck in response
to emotional triggers such as fright, rage,
excitement, surprise, or laughter. It is caused
by the intrusion of the skeletal muscle atonia of
REM sleep into wakefulness.21,22 It is accompa-
nied by hyperpolarization 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 cataplexy may be difficult to elicit
in young children. I recall 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 min-
utes. Respiration and cardiovascular functions
remain unaffected. Challamel and coworkers7

found cataplexy in 80.5% of idiopathic nar-
colepsy and in 95% of symptomatic narcolepsy
subjects.
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Hallucinations at sleep onset (hypnagogic) or
upon awakening from sleep (hypnopompic) are
seen in 50% to 60% of narcolepsy patients and
may have an unpleasant, frightening quality to
them. They may be auditory or visual in nature.
Sleep paralysis is a sudden momentary inability to
move as one is drifting off to sleep or awakening
from sleep. Like cataplexy, both sleep paralysis and
hypnagogic hallucinations are caused by the intru-
sion of fragments of REM sleep into wakefulness.

Night-time sleep is also disturbed, with fre-
quent awakenings. Young and colleagues attrib-
uted sleep fragmentation in part to periodic limb
movements, which were found in five (63%) of
eight children with narcolepsy in their series.23

Periodic limb movements are rhythmic limb
muscle contractions of 0.5 to 5 seconds’ dura-
tion, 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. Similarly, they
may or may not be accompanied by a feeling of
restlessness in the limbs. Sleep fragmentation in
narcolepsy may also occur, unrelated to periodic
limb movements or restless leg syndrome.

Neuropsychological and behavioral manifesta-
tions are common in childhood narcolepsy, but
they have not been adequately studied, partly
because of difficulties in developing valid and
practical batteries of neuropsychological tests for
sleepy children. It is not uncommon for children
with narcolepsy to present with inattentiveness
or mild depression. Adult patients with nar-
colepsy have demonstrated selective cognitive
deficits in response latency, word recall, and esti-
mation of frequency.24 Rogers and Rosenberg25

performed a battery of neuropsychological stud-
ies on 30 adults with narcolepsy and age-
matched controls. The subjects with narcolepsy
experienced more difficulty in maintaining
attention than controls, as evidenced by more
perseveration errors on Strub and Black’s List of
Letters. It is unclear whether children with nar-
colepsy exhibit similar deficits.

PATHOPHYSIOLOGY

Narcolepsy in Animals
Over the past 2 decades, the study of narcolepsy
in animals has advanced understanding of the

various phenomena that are also observed in
humans. Narcolepsy has been studied in cats,
miniature horses, quarter horses, Brahman bulls,
and about 15 breeds of dogs, and it shows a
monogenic, autosomal recessive pattern of
inheritance.26-28 Cataplexy can be induced in
cats by the injection of carbachol (an acetyl-
choline-like substance) into the pontine reticu-
lar formation.29 Specifically, muscarinic type-2
receptors of acetylcholine have been impli-
cated.30,31 The food-elicited cataplexy 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 ani-
mals without narcolepsy.

In 1999, Lin and coworkers demonstrated
that canine narcolepsy is caused by a mutation in
the hypocretin receptor-2 (orexin-2) gene.32

Around the same time, Chemelli and colleagues
established that a null mutation for the hypocre-
tin-1 and hypocretin-2 peptides in mice pro-
duces aspects reminiscent of human narcolepsy,
including cataplexy.33 The hypocretin-containing
neurons are located primarily in the dorsolateral
hypothalamus, but they have widespread projec-
tions to remote areas such as the basal forebrain,
amygdala, medial nuclei of the thalamus, peri-
aqueductal gray matter, reticular formation,
pedunculo-pontine nucleus, locus coeruleus,
raphe nucleus, pontine tegmentum, and dorsal
spinal cord.32,34 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.
Hypocretins stimulate food intake, increase the
basal metabolic rate, and promote arousal.34

Decreased activation of the hypocretin system is
the underlying theme in canine and murine
narcolepsy. This receptor downregulation may
occur as a result of either exon-skipping muta-
tions in the hypocretin receptors (Labrador and
Doberman models),33 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 receptor (Dachshund
model).35 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
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activity, promotes waking, and reduces sleep
fragmentation in a dose-dependent manner.36

Histocompatibility Antigens
and Human Narcolepsy
In 1984, an association between narcolepsy and
histocompatibility leukocyte antigen (HLA) DR2
was reported in Japan by Juji and coworkers.37

This association was subsequently observed in
other geographic regions of the world as
well.38,39 Consequently, an immunologic mecha-
nism was suspected in the pathogenesis of
human narcolepsy, but this has not been estab-
lished. It was then demonstrated that the associ-
ation with DR2 is only secondary, and that there
is a stronger association 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% preva-
lence in the general population.40 In a study of
525 healthy subjects, Mignot and colleagues
demonstrated that DQB1*0602 positivity was
linked to shorter REM latency, increased sleep
efficiency, and decreased time spent in stage 1
NREM sleep.41 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 nar-
colepsy over heterozygotes, but that the
presence of these antigens does not influence the
severity of the disease.42

Hypocretins and Human
Narcolepsy
Unlike narcolepsy in dogs and mice, human nar-
colepsy is generally not associated with abnor-
malities in hypocretin receptors but rather with
low to absent levels of cerebrospinal (CSF)
hypocretin-1.43 In a postmortem study of human
narcolepsy, Thannickal and colleagues found an
85% to 95% reduction in the number of hypocre-
tin neurons in the hypothalamic region,44

whereas melanin-concentrating hormone neu-
rons, which are intermingled with the hypocretin
neurons, remained unaffected, thus suggesting a
targeted neurodegenerative process. Using a
radioimmunoassay, Nishino and coworkers45

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 nar-
colepsy patients had normal to high CSF
hypocretin-1 levels. In another recent study,
92.3% of patients who were both DQB1*0602
and cataplexy positive had undetectable CSF
hypocretin-1 levels, whereas DQB1*0602-nega-
tive patients with cataplexy and DQB1*0602-
negative patients without cataplexy had normal
levels.46 In a study of narcolepsy with cataplexy,
narcolepsy without cataplexy, and idiopathic
hypersomnia, Kanbayashi and colleagues47 found
that all nine CSF hypocretin-deficient patients
were HLA DR2 positive (including three preado-
lescents). In contrast, narcolepsy without cata-
plexy and idiopathic hypersomnia patients had
normal CSF hypocretin levels (Fig. 13–2).
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Figure 13–2. Mean cerebrospinal fluid hypocretin-1
levels in various categories of hypersomnia. The nar-
colepsy-cataplexy group included three prepubertal chil-
dren of ages 6, 7, and 10. (Adapted from Kanbayashi T,
Inoue Y, Chiba S, et al: CSF hypocretin-1 (orexin-A) con-
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idiopathic hypersomnia. J Sleep Res 2002;11:91-93.)
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The routine application of CSF hypocretin-1
assays in the diagnosis of narcolepsy is around
the corner. The 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 medications for the pur-
pose of obtaining a multiple sleep latency test
(MSLT) is inconvenient or impractical.

The Two-Hit Hypothesis
The presence of histocompatibility antigen
DQB1*0602 or DQA1*0102 is, per se, insuffi-
cient to precipitate narcolepsy. This is substanti-
ated by the fact that DQB1*0602-positive
monozygotic twins have been incompletely con-
cordant for narcolepsy, with one of the 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.48 Human narcolepsy is thus best
explained on the basis of a two-threshold hypoth-
esis, with an interplay between genetic suscepti-
bility and environmental 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 controls49 (P < .001). The com-
bination of genetic susceptibility and an
acquired stress seems to trigger most cases of
narcolepsy.

Monoamine Disturbances
Hypocretin deficiency in humans leads to
down-regulation of arousal-mediating nora-
drenergic and dopaminergic pathways in
the brainstem, and to upregulation of REM
sleep–facilitating cholinergic pathways.50

Montplaisir and coworkers51 measured serum
and CSF levels of several biogenic amines and
their metabolites—dopamine (the metabolite
homovanillic acid), norepinephrine (the
metabolite 3-methoxy-4-hydroxyphenylethyl-
eneglycol), epinephrine, and serotonin (the
metabolite 5-hydroxy indoleacetic acid)—in
patients with narcolepsy, in those with idio-
pathic hypersomnia, and in normal controls.
Both narcolepsy and idiopathic hypersomnia
patients had significantly decreased concentra-
tions of dopamine and indoleacetic acid, a

metabolite of tryptamine. Dopamine and trypt-
amine are usually present in high concentra-
tions in the basal ganglia. A relative deficiency
of these compounds, probably mediated by
down-regulation of hypocretin, is involved in
the evolution of sleepiness. Stimulants such as
dextroamphetamine and methylphenidate,
which are used in the treatment of hypersom-
nolence, are known to enhance dopamine
release from presynaptic terminals. Activation
of selective dopamine D2 receptor agonists also
suppresses cataplexy.52 This inhibition is
believed to be indirectly mediated via activation
of noradrenergic pathways. A reduction in cen-
tral 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 treatment with levodopa
or dopamine agonists. A cholinergic distur-
bance also coexists—physostigmine, a choliner-
gic agent, leads to a transient increase of
cataplexy.

Secondary Narcolepsy
Although the majority of narcolepsy is idio-
pathic, structural lesions of the diencephalon
or brainstem may on rare occasion precipitate
secondary narcolepsy in those who are biologi-
cally predisposed, perhaps subsequent to dis-
ruption of the hypocretin pathways. Cerebellar
hemangioblastomas, temporal lobe B-cell lym-
phomas, pituitary adenoma, third ventricular
gliomas, craniopharyngiomas, head trauma,
viral encephalitis, ischemic brainstem distur-
bances, sarcoidosis, and multiple sclerosis have
been associated with narcolepsy.53-60 In such
patients, the finding of cataplexy increases the
likelihood that the hypersomnolence is nar-
colepsy related. Isolated cataplexy has also
been observed in Niemann-Pick type C dis-
ease,61 but these patients cannot be labeled
as having secondary narcolepsy as they lack
other prerequisite clinical and polysomno-
graphic features. Arii and colleagues described
a hypothalamic tumor in a 16-year-old girl who
manifested hypersomnolence, obesity, and low
CSF hypocretin-1 levels, without cataplexy.62

Although this patient did not meet the criteria
for the diagnosis of narcolepsy, the report high-
lights the importance of hypocretins in the reg-
ulation of alertness.
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DIAGNOSIS

The diagnosis of narcolepsy is established on the
basis of the history, combined with characteristic
findings on the nocturnal polysomnogram and a
multiple sleep latency test.63 In preparation for
the sleep studies, the patient should be with-
drawn from all central nervous stimulants,
hypnotics, antidepressants, and any other psy-
chotropic agents for 2 weeks prior to the sleep
studies, as these drugs may impact sleep archi-
tecture. In the case of drugs with a long half-life,
such as fluoxetine, the drug-free interval may
need to be 3 to 4 weeks. During this time, the
patient should maintain a regular sleep–wake
schedule, which can be verified by wrist actigra-
phy and sleep logs that are maintained by the
patient for 1 to 2 weeks prior to the sleep stud-
ies.64 A general physical examination should
also be carried out to assess the Tanner stage of
sexual development, as normal values for noc-
turnal total sleep time, daytime sleep latency,
and daytime REM sleep latency are closely
linked to the Tanner stages.65

During the nocturnal polysomnogram, multi-
ple parameters of physiologic activity, such as
the EEG (C3-A1, O2-A1 montage), eye move-
ments, chin and leg electromyogram, nasal pres-
sure, thoracic and abdominal respiratory effort,
and oxygen saturation, are recorded simultane-
ously on a computerized sleep monitoring and
analysis system.66 The test helps exclude sleep
pathologies such as obstructive sleep apnea, the
periodic limb movement disorder,67,68 and idio-
pathic hypersomnia69,70 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 move-
ments. There is no significant disordered breath-
ing 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,71 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 < .001). A similar
conclusion was reached by Challamel and
coworkers in their meta-analysis of 235 sub-
jects,7 and in the pioneering work of Carskadon
and colleagues.72

An MSLT should be started at 2 hours after
the final morning awakening. It consists of four
to five nap opportunities of 20-minute lengths at
2-hour intervals in a darkened, quiet room (e.g.,
at 1000, 1200, 1400, and 1600 hours).63 Eye
movements, chin electromyogram and elec-
troencephalogram (generally C3-A2, O2-A1) are
recorded. The MSLT provides quantitative infor-
mation about the degree of sleepiness and quali-
tative information about the nature of the
transition from wakefulness into sleep (i.e.,
wakefulness → NREM sleep, or wakefulness →
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 acci-
dentally fall asleep between the naps. Typically,
the mean sleep latency is markedly shortened to
less than 5 minutes in patients with narcolepsy,
whereas in controls it is generally 15 to 18 min-
utes66 (Table 13–1).

In unaffected children, the initial transition is
from wakefulness 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 consis-
tently present in the early stages of the disorder
in children and young adults, and sometimes
serial sleep studies are needed to establish a
definitive diagnosis73 (Fig. 13–3). Opinions dif-
fer about normative values for the MSLT-derived
mean sleep latency in preadolescents. Although
the normative data derived by Carskadon65 are
widely used, it is conceivable that mean sleep
latencies may be greater than 20 minutes in
preadolescents.74,75

Serologic testing for the HLA DQB1*0602
haplotype is an adjunctive test, but it cannot be
used alone to diagnose narcolepsy, as this haplo-
type is also present in 12% to 38% of the general
population.41 CSF hypocretin analysis is useful
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in establishing the diagnosis when psychotropic
medications cannot be discontinued for safety
reasons. Unfortunately, the testing is not readily
available, so 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.76 To begin with, there
is a physiologic shift in the sleep-onset time of
most teenagers to between 10:30 and 11:00 PM.77

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.78

Superimposed on this may be elements of abnor-
mal 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.79,80 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 mim-
icking obstructive sleep apnea. The most common
causes of childhood obstructive sleep apnea are
adenotonsillar hypertrophy, neuromuscular dis-
orders, and craniofacial anomalies such as
Crouzon syndrome and Down syndrome.81-83

The upper airway resistance syndrome is another
under-recognized disorder leading to chronic
daytime sleepiness. It is characterized by habit-
ual snoring, an increased number of breathing-
related microarousals, and increased negative
intrathoracic pressures on monitoring of
esophageal pressures during polysomnography
using balloons.84

The Kleine-Levin syndrome, or periodic hyper-
somnia, is characterized by recurrent periods of
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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

Adapted from Carskadon MA: The second decade. In Guilleminault C (ed): Sleeping and Waking Disorders:
Indications and Techniques. Menlo Park, Calif, Addison-Wesley, 1982, pp 99-125.

Table 13–1. Normal Values for the Multiple Sleep Latency Test
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Figure 13–3. Serial multiple sleep latency tests (MSLTs)
in a 13-year-old child with evolving narcolepsy. MSLT tri-
als 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 laten-
cies 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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sleepiness.85 The disorder is common in adoles-
cent 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 remit spontaneously, only to reap-
pear 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 percent-
age of time spent in stages 3 and 4 of NREM
sleep.86 The MSLT shows moderate daytime
sleepiness with a shortened mean sleep latency
of 5 to 10 minutes, but fewer than two
SOREMPs.

Idiopathic hypersomnia should also be consid-
ered in the differential 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 drunkenness, as well as absence of
SOREMPs during the MSLT.70,87 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. I have studied six chil-

dren with narcolepsy who underwent serial noc-
turnal polysomnograms and MSLTs for the
assessment of daytime sleepiness.71 Long, unre-
freshing naps were common. Although the ini-
tial battery of sleep studies showed shortened
mean sleep latencies (less than 10 minutes), sug-
gesting moderate daytime sleepiness, they
lacked the necessary (two or more) SOREMPs to
diagnose narcolepsy. Initially, therefore, they met
the diagnostic criteria for idiopathic hypersom-
nia. A repeat battery of sleep studies several
months later, however, showed the appearance
of two or more SOREMPs on the MSLT of each
subject, characteristic of narcolepsy. In some
children, therefore, idiopathic hypersomnia may
be a transitional phase that precedes the devel-
opment of classic narcolepsy.

MANAGEMENT

Because narcolepsy requires lifelong treatment,
the nocturnal polysomnogram and MSLT find-
ings should be unequivocally positive before
making the diagnosis. Drugs commonly used for
treatment are listed in Table 13–2. Daytime
sleepiness is countered with stimulants such as
methylphenidate (regular or extended-release
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Symptom Drug (Trade Name) Dosage
Daytime Methylphenidate hydrochloride 5 mg bid to a maximum of 60 mg

sleepiness Ritalin 20 mg bid to a maximum of 60 mg
Ritalin SR 18 mg qid to a maximum of 54 mg/day
Concerta 10 mg qid to a maximum of 60 mg/day
Metadate 100-500 mg/day in 1-2 doses

Modafinil (Provigil) 10-40 mg/day
Dextroamphetamine (Dexedrine) 20-25 mg/day
Methamphetamine (Desoxyn) 10-40 mg/day
Amphetamine/dextroamphetamine

mixture (Adderall)

Cataplexy Clomipramine (Anafranil) 25-75 mg/day in 1-2 divided doses
Imipramine 25-100 mg/day
Protriptyline (Vivactil) 2.5-10 mg/day in 1-2 divided doses
Sodium oxybate (Xyrem) 3-9 g in two divided doses at night

Emotional Fluoxetine (Prozac) 10-30 mg/day every morning
problems Sertraline (Zoloft) 25-100 mg/day every morning

Periodic leg Clonazepam (Klonopin) 0.5-1.0 mg at bedtime
movements Levodopa-carbidopa (Sinemet) 25/100 or 50/200 at bedtime

Pramipexole (Mirapex) 0.125-0.25 mg at bedtime

Table 13–2. Drugs Used Commonly in the Treatment of Narcolepsy
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formulations) or various preparations of
amphetamine.88-91 The side effects of these
agents include loss of appetite, nervousness, tics,
headache, and insomnia. Modafinil (Provigil), a
drug with an unspecified mode of action, has
also been reported to be effective in enhancing
alertness and improving psychomotor perform-
ance in doses of 100 to 400 mg/day in one or two
divided doses. The side effects include headache,
nervousness, anxiety, and nausea.

Because cataplexy is mediated by cholinergic
pathways in the brainstem, drugs with anti-
cholinergic properties such as protriptyline and
clomipramine have been used for its control.
Sodium oxybate (gamma hydroxybutyrate), an
endogenous neurotransmitter/neuromodulator,
has recently been found to alleviate cataplexy in a
randomized, double-blind, placebo-controlled,
multicenter study.92 It leads to consolidation of
sleep and a marked increase in stage 3-4 NREM
sleep at night. It is unclear whether the signifi-
cant improvement in cataplexy and the modest
improvement in daytime alertness with sodium
oxybate are linked to consolidation in the dis-
rupted night-sleep that is so characteristic of nar-
colepsy, or to other unknown mechanisms.
Because of its positive effects on mood and libido,
it has the potential of being abused as a recre-
ational drug.50 One or two planned naps per day
of 25 to 30 minutes also help enhance daytime
alertness and improve psychomotor perform-
ance.93 Supportive psychotherapy and fluoxetine
or sertraline might also be indicated if patients
develop emotional and behavioral problems.

The Narcolepsy Network (www.narcolepsynet-
work.org) is a private, nonprofit resource for
patients, families, and health professionals.
Because of the increased risk of accidents from
sleepiness, patients should be cautioned against
driving long distances and working near sharp,
moving machinery. Future treatments might
consist of hypocretin analogues.50
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Excessive daytime sleepiness in the adolescent is
epidemic in our society today. In the adolescent
population, hypersomnolence is manifested pri-
marily as excessive daytime sleepiness. Symptoms
are partially the result of school and lifestyle pres-
sures combined with changes in circadian phase
and total sleep time. In contrast, excessive day-
time sleepiness being manifested as hypersom-
nolence is uncommon in young children. The
primary manifestation of sleepiness in young
children is hyperactivity. Young children respond
to the symptoms of sleepiness by increasing their
motor activity to maintain alertness. However,
even in this group, careful questioning does reveal
symptoms of daytime sleepiness. The clinical def-
inition of idiopathic hypersomnolence in child-
hood must take into account this difference in
the clinical response of children to the same “sleep
pressure” manifested as excessive daytime sleepi-
ness in adults.

Idiopathic hypersomnia (IH) is characterized
by sleepiness and sleep episodes that are usually
resistible, long lasting, not refreshing, and not
associated with frequent periods of sleep onset
with rapid eye movement (REM). In addition, IH
is sometimes associated with increased total
sleep, difficult awakenings, and sleep drunken-
ness.1 Guilleminault and Pelayo have divided IH
into three types based on etiology: those patients
with a positive family history and positive
human leukocyte antigen–Cw2, those with
a history of viral infection, and those not
included in the first two groups.2 Bassetti and
Aldrich divided their patients into three groups
based on clinical symptoms.1 The “classic IH”
group tended to have sleepiness that was not
overwhelming, take un-refreshing naps of up to
4 hours, and have prolonged night-time sleep
and difficulty awakening. The second group they
termed a “narcoleptic” type that presented with
overwhelming excessive daytime sleepiness;

took short, refreshing naps; and awakened with-
out sleepiness. The third group was a “mixed”
type, with features of both syndromes.

Idiopathic hypersomnolence is by definition
a diagnosis of exclusion. A complete evaluation
of other causes of hypersomnolence must be
undertaken. The differential diagnosis of idio-
pathic hypersomnolence is quite broad, ranging
from mood disorders to narcolepsy to circadian
rhythm disturbances. Table 14–1 provides a frame-
work based on etiology for further discussion
of the differential diagnosis below.

OBJECTIVE EVALUATION
OF SLEEPINESS IN CHILDREN

Objective evaluation of sleepiness begins with
a complete sleep history and physical examina-
tion to eliminate other causes of excessive day-
time sleepiness (Table 14–2) (see Chapter 1).
Sleep logs should be obtained to document sleep
times, and actigraphy may be utilized to confirm
the sleep log data. On the night prior to labora-
tory testing for daytime sleepiness, a polysomno-
gram should be obtained to confirm the absence
of a primary sleep disorder. Hypersomnolence
can be characterized quantitatively via the mul-
tiple sleep latency test (MSLT)3 and mainte-
nance of wakefulness test (MWT).4 Both tests
measure the time to fall asleep during the day-
time. The MSLT instructs the patient to fall
asleep, while the MWT instructs the patient to
stay awake. The mean adult sleep latency is 18.7
minutes. It is generally accepted in the adult
population that pathologic average sleep latency
is 5 minutes or less as the result of an MSLT with
an average sleep latency of 13.4 minutes.5

The results of the MSLT and MWT often dif-
fer. Bonnet and Arand suggest that the MWT
measures sleep propensity and also the arousal
system secondary to motivation and posture,
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while the MSLT is done supinely and measures
only sleep propensity.6 Carskadon and Dement
have demonstrated that sleep latency in children
is age dependent.7 Using Tanner stages to group
children during 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 into later ado-
lescence (Tanner stages 4 and 5). In the same

subjects, total sleep time and total REM time
remained constant, but total slow-wave sleep
(SWS) time decreased by 70%. The mean sleep
latency of Tanner stages 1and 2 children (mean
age 12 years, sleeping their habitual average of
9.1 hours) was 18 minutes, compared with the
college student (mean age 19 years, habitual
sleep 7.1 hours) of less than 5.5 minutes. Thus,
the definition of pathologic sleepiness in chil-
dren must account for this age dependency.

Clinical Presentation
Bassetti and Aldrich reviewed 42 cases of IH.1

The onset of hypersomnolence began at a mean
age of 19 ± 8 years (range 6-43 years). Onset was
associated with insomnia in 5, weight gain in 2,
viral illness in 4, and minor head trauma in 3.
Forty-five percent of the patients snored, and
60% took one or more involuntary naps during
the day. These naps lasted 30 minutes or more in
over half the subjects in their study, and 77%
reported that the naps were un-refreshing. Over
50% of the patients had psychiatric complaints.
Polysomnographic recordings demonstrated
short sleep latencies of 6.6 ± 5.7 minutes. Mean
latency on the MSLT was 4.3 ± 2.1 minutes. In
12 patients who underwent esophageal pressure
monitoring, 5 were found to have upper airway
resistance syndrome. None of these patients
reported improved sleep with continuous posi-
tive airway pressure.

Typically, symptoms begin during childhood
and include prolonged night-time sleep and
awakening difficulties that often proceed to the
onset of daytime sleepiness. Roth has reported
continuous nonimperative sleepiness; pro-
longed, un-refreshing naps without dreaming;
and difficult arousal.8

Polysomnographic studies of the 42 patients
of Bassetti and Aldrich1 demonstrated a sleep
efficiency of 93% from a mean of 20 total awak-
enings of greater than 1 minute, 8% slow-wave
sleep, and 18% REM sleep. They also found
automatic behaviors in 61% and sleep paralysis
in 40%. The amount of sleep per day was 8.4 ±
1.9 hours and arousal time in the morning
42 minutes. Forza and colleagues studied
10 patients with IH.9 All had onset before the age
of 21. There was no statistical difference between
IH patients and control subjects for the Tanner
stage test or sleep latency. Mean sleep latency
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Neurologic Disorders

Epilepsy and anticonvulsant therapy
Stroke
Tumor/increased intracranial pressure
Narcolepsy

Primary Sleep Disorders

Insufficient sleep syndrome
Insomnia
Upper airway resistance syndrome
Obstructive sleep apnea syndrome
Restless legs syndrome

Behavioral Disorders

Chronic fatigue syndrome
Kleine-Levin syndrome
Mood disorders

Circadian Disorders

Delayed sleep phase syndrome

Medical Disorders

Infection: acute and chronic
Muscle disease
Metabolic disorders
Prader-Willi syndrome

Table 14–1. Differential Diagnosis
of Hypersomnolence

Sleep log
Polysomnography
Multiple sleep latency test/maintenance 

of wakefulness test
Actigraphy
MRI
EEG
Psychological testing

Table 14–2. Diagnostic Studies to Define
Idiopathic Hypersomnia
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was 9.1 minutes. IH patients demonstrated
decreased SWS and increased REM sleep per-
cent. Mean sleep latency was 5.7 ± 0.7 minutes.

DIFFERENTIAL DIAGNOSIS OF
IDIOPATHIC HYPERSOMNOLENCE

The differential diagnosis of idiopathic hyper-
somnolence consists of those syndromes that
can produce excessive daytime sleepiness. A list
based on etiology is seen in Table 14–1. History,
physical examination, polysomnography, and
assessment 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 be concerned only with those
that are outside the scope 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 have
been only recently available for children. Thus,
the reader must apply pediatric normative values
when diagnosing sleep-disordered breathing10 or
restless legs syndrome/periodic leg movement
disorder.11 Insufficient sleep syndrome is still the
primary cause of daytime somnolence in most
children. A number of studies have led to con-
flicting results with regard to school start times
and daytime somnolence. Epstein and associates
in Israel found decreased total sleep time and
increased somnolence in fifth grade pupils
who started school at 7:10 AM compared with
8:00 AM.12 A study in Maryland demonstrated
no correlation of total sleep time with academic
performance.13

Upper airway resistance syndrome remains a
diagnosis that must be excluded in this patient
population. No consensus has yet been reached
on how to best evaluate this syndrome in chil-
dren. The use of esophageal pressure manometry
is controversial, and a consensus on the useful-
ness of noninvasive measures, nasal pressure,
and arterial tonometry has not been established.

Neurologic Disorders
Narcolepsy remains the most difficult clinical
syndrome to exclude in this group of disorders.

It can present at as young as 4 years of age, and
often cataplexy may not appear until later in life.
However, the recent understanding of the
absence of Orexin/hypocretin as the pathophysi-
ologic cause of narcolepsy will allow for accurate
diagnosis of this patient group as cerebrospinal
fluid assay for the absence of Orexin becomes a
routine clinical test.14

Those central nervous system lesions that
produce increased intracranial pressure can
be associated with hypersomnia. Subdural
hematomas can produce an indolent syndrome
of decreasing mental status and lethargy.
Associated with increased intracranial pressure
are often headache and vomiting. 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, because of
the atypical continuous spike-and-wave pattern
noted on the EEG. This condition is often
responsive to valproic acid, with rapid return to
a normal state. Anticonvulsants can also produce
sedation and excessive daytime sleepiness or
paradoxical hyperactivity in children. Sedation
appears to be common with carbamazepine,
while hyperactivity is more common with phe-
nobarbital.

Behavioral Disorders
Attention deficit hyperactivity disorder is an
active area of investigation in terms of its rela-
tionship to sleep disruption. Whereas both
obstructive sleep apnea syndrome and restless
leg syndrome/periodic leg movement disorder
are associated with hyperactivity in children,
attention deficit hyperactivity disorder is multi-
factorial in origin and sleep disorders constitute
an etiology in only a fraction of children with
ADHD.

Chronic fatigue/fibromyalgia syndrome is
also a diagnosis of exclusion. While these chil-
dren often complain of diffuse muscle aches,
trigger points may be seen in others. The
patients often complain of tiredness rather than
true hypersomnia. Polysomnography may demon-
strate an alpha–delta pattern on the EEG.15

Depression and upper airway resistance syndrome
must be excluded in chronic fatigue patients
as well.

Mood disorders are commonly associated
with sleep difficulties in children. They may be
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manifested as insomnia, early morning awaken-
ings, daytime sleepiness, or hypersomnia.
Vgontzas and coworkers found increased sleep
latency (54 vs 15 minutes), increased wake time
after sleep onset (79 vs 56.8 minutes), and
increased total wake time (134 vs 72 minutes) in
patients with psychiatric etiologies for their
hypersomnia compared with those with IH. In
patients with psychiatric disorders REM sleep
was decreased, compared with patients with
IH.16 Bipolar disorder may also present with
hypersomnia during the depression phase of the
illness. At times these children may overlap with
Kleine-Levin Syndrome (see Chapter 16).

Circadian Disorders

Delayed sleep phase syndrome may also produce
hypersomnolence. However, these children
report normal total sleep times in the presence of
delayed sleep onset and morning hypersomnia.
(see Chapter 9). Non–24-hour sleep–wake
cycles as well as advanced sleep phase syndrome
may also produce hypersomnolence. Sleep logs
and/or actigraphy are often helpful in recogniz-
ing these problems.

Medical Disorders
Acute illness often results in hypersomnolence
as one attempts to recover from bacterial or viral
infections. Hypersomnolence associated with
fever and a stiff neck should alert the examiner
to possible meningitis. However, a 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 meningi-
tis exists. Kubota and colleagues report a case of
acute disseminated encephalomyelitis associ-
ated with hypersomnolence as the major pre-
senting feature as well as low hypocretin levels
in the cerebrospinal fluid.17 Arii and associates
describe hypersomnolence and low hypocretin
levels in a child after removal of a hypothalamic
tumor.18

Metabolic disorders may produce episodic
mental status changes which may appear to pro-
duce sleepiness and altered mental status.
Disorders of ammonia metabolism, lactate and
pyruvate metabolism, and mitochondrial metab-
olism can be associated with episodic hyper-
somnia. Acute infection or other metabolic
stress often precipitates these episodes. Muscle

weakness can also be a source of hypersom-
nolence. Primary muscle disease, comprising
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 the need for nocturnal respiratory
support.19

Prader-Willi syndrome is associated with
obesity, craniofacial dysmorphism, hypotonia,
hyperphasia, hypersomnia, and hypothalamic
dysfunction. Manni et al found sleep-onset REM
(SOREM) periods in 5 of 10 children with Prader-
Willi syndrome on MSLT.20 None of the patients
were Dr-15 or Dq-6 positive. Hypersomnia and
SOREMs could not be accounted for by sleep-
disordered breathing alone; however, upper air-
way resistance syndrome was not excluded in
these patients.

TREATMENT

The treatment of IH is focused on symptom con-
trol, as the primary etiology remains unknown.
The goal of therapy is to allow the patient to
enjoy normal, alert functioning and restful noc-
turnal sleep.

The approach to therapy is sleep hygiene,
appropriate use of stimulant medication, and
safety for the patient. Sleep hygiene measures
should include naps in the afternoon and regular
sleep periods of 8 to 10 hours nightly. Drugs,
alcohol, or medications that promote sleepiness
should be avoided. Stimulant medication should
be used at the lowest effective doses tolerated
and growth problems secondary to anorexia can
be a limiting factor of use in some children. In
addition, a balanced plan of stimulant use must
be maintained to not interfere with night-time
sleep. The newer, longer-acting stimulants
(Table 14–3) have been beneficial in manage-
ment, keeping medicine out of the school setting
and decreasing the need for late afternoon dos-
ing. The American Academy of Child and
Adolescent Psychiatry has recently produced a
practice parameter for stimulant use in children,
adolescents, and adults.21

SUMMARY

IH remains a diagnosis of exclusion, and at times
it can be difficult to differentiate it from the
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other disorders in Table 14–1. Continued
research is necessary to better characterize this
disorder in children. Treatment should be symp-
tomatic; naps improve sleep hygiene and stimu-
lants should be used in concert to provide
improved quality of life in these children. The
role of hypocretin in the etiology of IH in chil-
dren requires further exploration.
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Duration Special 
Name of Action Contraindications Considerations
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Time spans
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Children who suffer significant head trauma fre-
quently experience significant sleep distur-
bances after the injury, particularly when the
trauma is severe enough to result in major loss of
consciousness. Nonetheless, sleep disturbances
may also follow minor trauma in which a brief
loss of consciousness occurs. In all instances,
sleep patterns after the insult vary notably from
the pretrauma sleep habits.

Closed-head trauma is the most common
event resulting in post-traumatic hypersomnia.
Head injury as a result of an automobile accident
is the most common cause. Even so, similar
symptoms have been reported after neurosurgi-
cal procedures and other brain traumas. It
appears that the mode of injury 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 unintentional sleep episodes. Nocturnal sleep
may or may not be prolonged compared with the
preinjury 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 sleepi-
ness (e.g., concentration difficulties, amnesia of
recent events, fatigue, and occasional visual
problems). Chronic headache and minor neuro-
logic signs of traumatic brain injury may also be
present.

Less commonly, the initial head injury is fol-
lowed by problems initiating and maintaining
sleep either with or without some degree of sub-
jective daytime sleepiness. Post-traumatic psy-
chogenic insomnia is also seen. Reports of
post-traumatic narcolepsy and cataplexy have
been described, but as it has been pointed out in
some case reports, post-traumatic narcolepsy/
cataplexy occurred 5 years after the head injury.
Other case reports do not appear to be consis-

tent with the narcolepsy/cataplexy syndrome
and more likely represent post-traumatic hyper-
somnia.1

Symptoms resulting from closed-head injury
depend on the location of injury within sleep-
regulating brain areas. Although data are limited,
there appear to be several correlations, with
hypersomnolence being the most common fea-
ture. Areas of the brain involved are most com-
monly those related to maintaining wakefulness,
including but not limited to the brainstem retic-
ular formation, posterior hypothalamus, and the
region of the third ventricle. Shearing forces
along the direction of main fiber pathways can
lead to microhemorrhages in these areas. High
cervical cord trauma has also been known to
cause sleepiness and unintentional sleep
episodes.2,3 Whiplash injury may result in
hypersomnia, with consequent sleep-disordered
breathing. In these cases, the hypersomnolence
appears to be secondary to the respiratory abnor-
mality.4

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,5,6 including the basal forebrain.7

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—
symptoms suggesting REM-sleep behavior disor-
der.8 Multiple sleep latency testing revealed
extremely short latencies. It was suggested that
dopaminergic pathways potentiate hypothalamic
hypocretin abnormalities that are involved in the
pathophysiology.

Closed-head injury may also involve the supra-
chiasmatic nucleus within the hypothalamus,
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resulting in disturbances of circadian rhythmicity.
These symptoms then produce a combination of
hypersomnia and insomnia. Complete sleep phase
reversal has also been reported.9

The prevalence of post-traumatic sleep disor-
ders has not been determined. Head injury due
to motor vehicle accidents is common and rep-
resents over 50% of all reported head injuries in
industrialized countries.10 Unintentional falls,
intentional violence, and increased risk-taking
behavior also contribute to the frequency of
head trauma in children.

Evaluating the underlying cause of hyper-
somnia in patients who have suffered head
trauma involves determining the degree of
injury and potential locations within the brain
that the trauma may have affected. In patients
recovering from coma, the relationship is clear.
Nonetheless, a careful history must always be
taken, and the presence or absence of prior sleep
disturbances of similar types should be deter-
mined. Obscure causes of hypersomnolence
should also be considered in the evaluation of
the patient with suspected post-traumatic hyper-
somnia. Hydrocephalus, subdural hematoma,
meningitis, encephalitis, and seizure disorders
should be assessed. The possibility of drug use
(pharmacologic and/or recreational) should also
be considered. Psychogenic insomnia related to
head injury must be assessed. When compre-
hensive nocturnal polysomnography reveals the
presence of sleep-disordered breathing after
head trauma, the sleep-related breathing disor-
ders must first be managed before determining
the extent to which each comorbid condition
contributes to the hypersomnolence. Patients
with anatomic risk factors for obstructive sleep
disordered breathing may abruptly develop
symptoms of head trauma. Similarly, clear-cut
narcolepsy with cataplexy has been shown to
occur after head trauma in patients who exhibit
human leukocyte antigen–DQ B1-0602. The
recognition that head trauma can be a precipitat-
ing factor to syndromes leading to excessive
daytime sleepiness is important, and a compre-
hensive evaluation of all patients who exhibit
excessive sleepiness after head trauma is needed.

Historical information forms the basis for the
evaluation of the patient with possible post-
traumatic hypersomnia in order to temporally doc-
ument the association of the hypersomnia with
the trauma, determine the presence of preexist-

ing sleep-related pathology, and assess the evolu-
tion of symptoms after the head injury. Physical
examination can reveal the possibility of minor
focal neurologic signs, especially those of brain-
stem origin.

In the hypersomnolent patient, polysomnog-
raphy and multiple 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 movement disorder. Polysomnography in
patients with post-traumatic hypersomnia gener-
ally reveals an increase in sleep duration with or
without changes in other aspects of sleep archi-
tecture.11 The findings in patients with post-
traumatic insomnia include long sleep latencies,
low sleep efficiency, and a decrease in nightly
sleep duration, especially in stage 2 sleep.12

Continuous polysomnography has confirmed
an increase in total sleep per 24 hours in some
patients with post-traumatic hypersomnia.12 It is
of interest that polysomnography during the
comatose period has prognostic value for the devel-
opment of full recovery without post-traumatic
sleep disturbances. The normal frequency of
sleep spindles, K-complexes, and normal non-
REM and REM sleep architecture are favorable
prognostic signs.13-16

If daytime sleepiness is a major complaint, a
multiple sleep latency test is of help in deter-
mining severity and circadian variation. In 
post-traumatic hypersomnia with daytime sleepi-
ness, sleep latency may be markedly short-
ened.11 Patients with post-traumatic insomnia
exhibit prolonged sleep latencies on nocturnal
polysomnography, and multiple sleep latency
testing may be normal.12 The presence of
obstructive sleep apnea syndrome, other forms
of sleep-disordered breathing, and/or sleep onset
REM periods (on nocturnal polysomnography
and/or multiple sleep latency testing) does not
rule out the possibility that head trauma is a pre-
cipitating or contributing factor.

Medical evaluation should include assess-
ment of levels of activity and the habitual
sleep–wake patterns of the youngster before the
head trauma. Assessment should include but not
be limited to the following: interviews of parents
and teachers, school performance records, prior
medical history, and school tardiness and absen-
teeism.
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The exact prognosis of patients with post-
traumatic hypersomnia has not yet been eluci-
dated. There are few systematic follow-up
studies. Based mostly on anecdotal information,
once the hypersomnia has stabilized, sleep dis-
turbances related to the head trauma show little
additional change. Patients with post-traumatic
hypersomnia generally respond fairly well to
treatment, and there are no known specific com-
plications.

Youngsters with post-traumatic hypersomnia
may require stimulant medication such as
methylphenidate or amphetamines in doses sim-
ilar to those required for narcolepsy/cataplexy
syndrome. In older children the drug of choice
may be modafinil, which has fewer side-effects
overall than phenylethylamine stimulants. The
dosage of modafinil in children has yet to be
determined, but a starting dose of 200 mg with
gradual titration to 400 mg (if needed) might be
attempted. On the other hand, modafinil has no
noradrenergic properties, and patients with
severe head trauma who have more significant
lesions and also complain of intellectual slow-
ness might benefit more from phenylethyl-
amines. These medications will have a general
“activating” effect that is not devoted solely to
sleepiness. 

Any coexisting sleep pathology or neurologic
disease requires independent management.
Nasal continuous positive airway pressure may
be helpful in secondary sleep-disordered breath-
ing. The potential beneficial effects of naps have
not been studied; they should probably be
restricted to less than 30 minutes to avoid sig-
nificant sleep inertia after the nap. They should
be taken when the patient feels the sleepiest but
not within 4 or 5 hours of habitual nocturnal
sleep time.
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Kleine-Levin syndrome is an unusual disorder
featuring recurrent episodes of excessive sleepi-
ness and prolonged total sleep time. It is rare,
with an onset typically in late adolescence, but
cases of younger and older individuals have been
reported. It has been suggested that a predispos-
ing event occurs before the onset of symptoms in
nearly half of the reported cases. Symptoms that
are flulike often precede the onset of episodes of
recurrent hypersomnia.

CLINICAL CHARACTERISTICS
OF KLEINE-LEVIN SYNDROME

Hypersomnia is the characteristic symptom of
Kleine-Levin syndrome. Sleepiness is profound,
and during spells patients may sleep continu-
ously for more than 20 hours. This excessive
sleepiness and true hypersomnia can develop
suddenly. However, symptoms typically have a
more gradual onset of 1 to 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 excessive overeating and sexu-
ally acting out behaviors, occur. Other mental
disturbances may be present. Compulsive
overeating and hypersexuality may not be pres-
ent 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 indiscriminate sexual advances, mastur-
bation, and/or public display of sexual fantasies.
Sexually acting-out is reported in approximately
one third of the males with Kleine-Levin syn-
drome. 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.1 Psychological symptoms vary con-
siderably, and irritability is common. Confusion
and visual and auditory hallucinations fre-
quently occur.

Recurrent episodes of hypersomnia may be
brief and last less than 1 week or may be pro-
longed and last up to 30 days. Characteristic of
Kleine-Levin syndrome are the recurrence of
episodes of hypersomnia and abnormal behav-
iors. Patients are normal between episodes.
Nevertheless, neuropsychological sequelae,
changes in personality, and a decrease in school
performance have been reported after a second
hypersomnolent episode. Physical examination
is generally normal.

Although Kleine-Levin syndrome is charac-
terized by the triad of recurrent spells of hyper-
somnolence, 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 associated 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.2

Nonetheless, patients with recurrent episodes of
hypersomnia occurring 20 years after the initial
onset of symptoms have been reported.2-4

The social and professional consequences are
not negligible: Students miss classes, and young
workers may be fired because of repeated
absences.

Menstruation-associated hypersomnia has
been reported in female patients. Periods of
hypersomnolence recur and are coupled with
menses. Occasionally, mental disturbances also
occur, frequently during the menstrual cycle.5
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Several female patients with recurrent hyper-
somnia had a notable absence of symptoms.1

The prognosis for menstruation-related hyper-
somnia is similar to that of Kleine-Levin syn-
drome.

The cause of recurrent hypersomnia is
unknown. A possible viral etiology may be pres-
ent in some cases, and in others there may be a
suggestion of local encephalitis in the region of
the diencephalon.6-8 Recurrent transient episodes
of unresponsiveness and clearly identified stage 2
sleep patterns with the presence of sleep spindles
due to bilateral paramedian thalamic infarctions
have also been reported.9 Although the exact
cause of recurrent hypersomnia and other mani-
festations is still unclear, the symptoms of hyper-
somnolence, excessive and compulsive eating,
hypersexuality, recurrence, and absence of any
identifiable abnormalities between spells are
suggestive of a functional abnormality at the
level of the diencephalon. The hypothalamus
may also be involved. Indeed, identical symp-
toms have been reported in patients with tumors
of the hypothalamus or third ventricle and in
patients with epidemic encephalitis. Most of the
literature and case reports suggest that this
recurrent hypersomnia is caused by dysfunction
of the hypothalamus and midbrain limbic sys-
tem. There also is evidence that brainstem dys-
function may be involved. Recurrent hypersomnia
associated with decreased blood flow in the thala-
mus on single-photon emission computed tomog-
raphy has also been reported.10 During the
remission period, there were no abnormal data
resulting from this testing.

Neuroendocrine function in patients with
Kleine-Levin syndrome has been assessed.
However, only a limited number of subjects
have been investigated, and most of the litera-
ture consists of case reports. Investigation is
complicated by the inability to predict the tim-
ing of episodes, lack of a prodromal period,
and relatively rapid recovery once symptoms
begin.

Nonetheless, some abnormal laboratory data
reported to date include a paradoxical growth
hormone response to thyroid-releasing hormone
stimulation,11 a blunted cortisol response to
insulin-induced hypoglycemia,12,13 and an
absent thyroid-stimulating hormone response to
thyroid-releasing hormone.13 These findings
suggest a possible dysfunction within the hypo-

thalamic–pituitary axis. However, other basal
and post-stimulation values of hormones are
usually normal, and laboratory values are nor-
mal during the asymptomatic periods between
spells.

Studies of nocturnal or 24-hour secretory
patterns of pituitary hormones have been con-
ducted in a limited number of patients. A nor-
mal secretory pattern of growth hormone was
reported in one patient, but the sampling at 
4-hour intervals was sparse.14 On the other hand,
an elevated growth hormone secretory pattern
was reported in two patients.15 A normal secre-
tory pattern of cortisol and somewhat abnormal
patterns of growth hormone have been identi-
fied in four other patients.16 A normal 24-hour
pattern of melatonin, prolactin, and cortisol
secretion has been reported.17 Gadoth and col-
leagues found an increased nocturnal prolactin
secretory pattern and an abnormally flat noctur-
nal luteinizing hormone secretory pattern,
whereas follicle-stimulating hormone and thy-
roid-stimulating hormone secretory patterns
were normal.11 Chesson and Levine compared
24-hour secretions in the symptomatic and
asymptomatic periods and found that values
obtained during nocturnal sleep showed a sig-
nificantly decreased growth hormone but
increased prolactin and thyroid-stimulating
hormone in a direction that supports the
hypothesis that dopaminergic tone is reduced
during the symptomatic period in Kleine-Levin
syndrome.18 However, Mayer and colleagues
found only minor hormonal changes in five
patients.19 Altogether, these data suggest some
functional disturbance 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 dien-
cephalic dysfunction is the occurrence of dysau-
tonomic features in some patients.20

Differentiating Kleine-Levin syndrome from
organic etiologies is often difficult. Diagnosis is
often based on the clinical presentation of recur-
rence of symptoms with asymptomatic intervals
and progressive improvement to resolution. In
addition, it is often a diagnosis of exclusion.
Hypersomnia may recur with space-occupying
lesions of the central nervous system, idiopathic
recurring stupor, and certain psychological/psy-
chiatric conditions.
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Tumors in the region of the third ventricle,
such as cysts, astrocytomas, and /or cranio-
pharyngiomas, may be responsible for intermit-
tent obstruction of the third ventricle, leading to
headache, vomiting, sensory disturbances, and
intermittent impairment of alertness. Less fre-
quently, tumors in other locations of the central
nervous system 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
result. If a free running state occurs, hypersom-
nia may alternate 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 hypersomnia has also been reported in
a patient with a Rathke cleft cyst.21

Major recurrent depression and bipolar affec-
tive disorder can be associated with excessive
sleepiness.22 Patients with psychogenic recur-
rent hypersomnia complain of extreme sleepi-
ness 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 complaint of sleepi-
ness.23

EVALUATION

The diagnosis of Kleine-Levin syndrome is typi-
cally based on clinical features. Laboratory eval-
uations are occasionally useful, since the
diagnosis may exclude other similar pathologies.
Complete blood cell count, platelet count, elec-
trolytes, renal and liver function tests, calcium,
phosphorus, serum protein electrophoresis,
immunoglobulin, antinuclear antibodies, rheuma-
toid 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 syn-
drome both during 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 generalized 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 can reveal
abnormal sleep latencies and sleep-onset REM
periods. Therefore, it has been suggested that the
multiple sleep latency test may be useful in diag-
nosis, especially when polysomnography and
multiple sleep latency testing are performed no
earlier than the second night after the onset of
hypersomnolence.24 During asymptomatic peri-
ods polysomnography and multiple sleep
latency testing are both normal.

TREATMENT

Kleine-Levin syndrome is typically treated
symptomatically. Interventions are focused on
terminating the episode of hypersomnia. Ampheta-
mines, methylphenidate, and modafinil have
been used in both treatment and prevention, but
no treatment has been consistently successful.
Generally, the effectiveness of maintaining wake-
fulness using this therapeutic approach does not
exceed a few hours.
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Sleep-disordered breathing (SDB) is a common
and serious cause of morbidity during child-
hood. 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 (Fig. 17–1). OSAS is
characterized by recurrent episodes of partial or
complete airway obstruction resulting in hypox-
emia, hypercapnia, and/or respiratory arousal.
The sleep fragmentation and gas exchange
abnormalities observed with OSAS may produce
serious cardiovascular and neurobehavioral
impairment. The upper airway resistance syn-
drome (UARS) is characterized by brief, repeti-
tive respiratory effort–related arousals during
sleep in the absence of overt apnea, hypopnea, or
gas exchange abnormalities1 (Fig. 17–2). It has
been linked to significant cognitive and behav-
ioral sequelae in children, including learning
disabilities, attention deficit, hyperactivity, and
aggressive behavior.2 Obstructive hypoventila-
tion features prolonged increased upper airway
resistance accompanied by gas exchange abnor-
malities, but not frank apnea or hypopnea.3

Children with primary snoring may have
increased respiratory effort, but they lack identi-
fiable arousals, including respiratory effort–related,
electroencephalographic (EEG), and subcortical
arousals.4 Although primary snoring has been
traditionally defined as a benign condition with-
out polysomnographic abnormalities,5 recent
evidence suggests that the increased respiratory
effort in primary snoring per se may be asso-
ciated with untoward neurobehavioral conse-
quences.6,7

Habitual snoring has been reported in 3% to
12% of the general pediatric population,
although only 1% to 3% have OSAS.8-10 It is
thus important to distinguish primary snoring
from more serious forms of obstruction. Early

recognition of SDB is important for effective
treatment with adenotonsillectomy or continu-
ous positive airway pressure. Establishing strict
criteria for OSAS diagnosis and severity is the
basis for optimizing the surgical and medical
management of this condition.11 The diagnosis
and management of pediatric OSAS continues
to evolve as more precise measures of flow lim-
itation and sleep fragmentation are introduced.
Both the intermittent hypoxemia and the sleep
fragmentation characteristic of OSAS pose a risk
to the vulnerable developing brain. The
increased recognition of subtle neurocognitive
impairments in children with SDB has forced cli-
nicians to rethink the threshold of disease requir-
ing intervention.

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 inter-
view12 (Table 17–1). Particular attention should
be given to conditions known to exacerbate SDB,
such as craniofacial abnormalities, neuromuscular
weakness, and genetic conditions. Parents typi-
cally provide the clinical history, as the patients are
usually oblivious to their condition. Loud snoring,
on a nightly basis, is nearly universal in pediatric
OSAS. A parental report of a snoring child is an
accurate predictor of polysomnographic snoring,
but not of OSAS.13 The snoring is often accompa-
nied by labored breathing, hyperextension of the
neck, and witnessed apneic pauses. Subjective
reports of excessive daytime sleepiness are infre-
quently present in children with OSAS. A recent
study reported that only 7.5% of the children with
polysomnographically proven OSAS had a history
of daytime sleepiness.14 Using an objective meas-
ure of sleepiness, such as a multiple sleep latency
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test, reveals that only 13% of children with OSAS
have a sleep latency of less than 10 minutes.14

Although not considered sleepy by adult stan-
dards, children with SDB are sleepier than unaf-
fected children.15 Increasing body mass index and
apnea index (usually greater than 15 to 20 events

per hour) were independently correlated with
shorter sleep latencies.14

The use of standardized screening question-
naires for OSAS has been disappointing.
Brouillette and coworkers presented a question-
naire suitable for distinguishing children with
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Figure 17–2. A 60-second epoch from a 16 year old with snoring and excessive daytime sleepiness.
Note flow limitation in the nasal pressure tracing leading to an EEG arousal. Inspiration is upward. Abd,
abdomen; Body, body position; Flow, thermistor; NAF, nasal pressure; RS, right side; SpO2, pulse
oximetry; Tho, thorax.
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OSAS from normal controls.16 However, subse-
quent application of this questionnaire to a pop-
ulation of snoring children demonstrated
wide-ranging positive predictive values (48.3%
to 76.9%) and negative predictive values (26.9%

to 83.3%).16-18 Other questionnaires were also
unsuccessful19,20 or were not validated with
polysomnography.21,22 Although children with
OSAS are statistically more likely to have reported
symptoms (e.g., witnessed apnea, cyanosis, or
labored breathing), the sensitivity and specificity
of such observations are low. Thus, the clinical
history alone is insufficient to diagnose OSAS in a
population of snoring children.12

Physical examination of children with OSAS
is most often normal, with the exception of ade-
notonsillar hypertrophy or craniofacial abnor-
malities (Table 17–2). The majority of OSAS
children 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 prac-
tice, as heightened awareness has facilitated ear-
lier diagnosis. Although blood pressure is
statistically elevated in children with OSAS, the
wide range of normal makes this measurement
a poor screening tool.23 The neurocognitive
consequences of OSAS, such as poor school per-
formance,24 aggressive behavior, and hyperactiv-
ity,2,25 are nonspecific.

IMAGING AND LABORATORY
EVALUATION

The diagnosis of SDB is firmly established using
polysomnography, and ancillary testing is rarely
indicated. Further screening may be useful to
facilitate perioperative care and to exclude
underlying conditions (Table 17–3). For exam-
ple, concern regarding right ventricular dysfunc-
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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
Restless sleep
Diaphoresis
Hyperextended neck
Frequent awakenings
Dry mouth

Table 17–1. Clinical History of Obstructive Sleep Apnea Syndrome

General

Sleepiness
Obesity
Failure to thrive

Head

Swollen mucous membranes
Deviated septum
Adenoidal facies

Infraorbital darkening
Elongated face
Mouth breathing

Tonsillar hypertrophy
High arched palate
Overbite
Crowded oropharynx
Macroglossia
Glossoptosis
Midfacial hypoplasia
Micrognathia/retrognathia

Cardiovascular

Hypertension
Loud P2 (heart sound)

Extremities

Edema
Clubbing (rare)

Table 17–2. Physical Examination in
Obstructive Sleep Apnea
Syndrome
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tion may necessitate an electrocardiogram or an
echocardiogram. Occasionally, chronic intermit-
tent hypoxemia may induce polycythemia, and
persistent hypercarbia can elevate serum bicar-
bonate. Routine pulmonary function testing is
not indicated in children suspected of having
OSAS unless restrictive or obstructive lung dis-
ease is suspected. A fluttering pattern in the flow
volume loop has been described in adults with
OSAS.26 Magnetic resonance imaging (MRI) of
the upper airway in children with OSAS com-
pared to unaffected controls reveals a statistically
smaller upper airway luminal volume and
elongation of the soft palate, as well as enlarged
tonsils and adenoids.27 However, there is consid-
erable 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 radi-
ograph was reported to have good sensitivity and
specificity for distinguishing mild from moder-
ate/severe OSAS in a small number of patients.28

Dynamic fluoroscopy under sedation may
demonstrate glossoptosis, particularly in chil-
dren with macroglossia, micrognathia, or neuro-
muscular weakness.29 Anatomic localization of
the site of obstruction may alter the therapeutic
approach in some children with craniofacial
anomalies. Neck radiographs may be suggestive
of adenoidal hypertrophy, but direct or indirect
visualization of the adenoids remains the diag-
nostic standard.

Video/Audio Recordings
Diagnosing OSAS using home audio recordings,
in addition to a standard clinical history and
physical examination, revealed a sensitivity of
92% but a specificity of only 29%.30 Subtle forms
of SDB are particularly difficult to evaluate using
this technique. However, computer-aided pro-
cessing of audio signals for regularity may
improve predictive value.31 Frequency domain
analysis of the snoring signal has also shown
promise in distinguishing OSAS from primary
snoring.32 Video recordings yield a noninvasive
measure of movement and therefore arousal.33-35

Video is also a useful adjunct to a comprehensive
polysomnogram to evaluate body and head posi-
tioning, paradoxical breathing, snoring, and
mouth breathing. Studies correlating video scor-
ing systems to standard polysomnography have
been encouraging.34 Future research will be nec-
essary to validate the utility of a particular domi-
ciliary video or audio study in a population with
a well-characterized symptomatology.

Overnight Polysomnography
Polysomnography is the gold standard for estab-
lishing the presence and severity of SDB in chil-
dren, and it can be performed in children of all
ages. An expert consensus panel has recom-
mended that overnight polysomnography is the
diagnostic test of choice in evaluating children
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Serum Markers

Hematocrit
Serum bicarbonate

Imaging

Brain magnetic resonance imaging (MRI)
Anteroposterior and lateral neck radiograph
Upper airway computer tomography/MRI (complex craniofacial issues)
Dynamic fluoroscopy

Sleep Monitoring

Multiple sleep latency test

Miscellaneous

Echocardiogram
Neurocognitive testing
Electrocardiogram
Flow-volume loop

Table 17–3. Ancillary Diagnostic Studies in Obstructive Sleep Apnea Syndrome
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with suspected SBD.12 Guidelines for performing
laboratory-based polysomnography in children
have been established.36 The sleep laboratory
should be a nonthreatening environment that
comfortably accommodates a parent during the
study. Personnel with pediatric training should
record, score, and interpret the study. The use of
sedatives37 and sleep deprivation38 may worsen
SBD and are therefore not recommended. To the
extent possible, sleep studies should conform to
the child’s usual sleep period. Infants may reason-
ably be studied during the day, whereas adolescent
studies should generally start later at night. The
polysomnographic montage will vary with the
patient’s age and suspected disorder (Table 17–4).

Electroencephalogram
Consensus guidelines for analyzing sleep architec-
ture have been established in infants39 and
adults.40 Standard practice is to apply adult EEG
criteria to children older than 6 months. Sleep
staging establishes that an adequate amount of
total sleep time and sufficient rapid eye movement
(REM) sleep were obtained on the night of the
study. In addition to sleep staging, the EEG trac-
ing 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 fre-
quency.41 This criterion appears to be appropriate
for use in children as well.42 However, visible EEG
arousals are present in only 51% of obstructive
events in children,43 complicating the diagnosis of
UARS in children. Frequency domain analysis of

the EEG tracing may further enhance the sensitiv-
ity of detecting respiratory events or arousal.44,45

Initial reports indicated that children with snor-
ing46 or even severe OSAS may have normal sleep
state distribution.47 However, a large cohort (N =
559) comparing unaffected children to those with
OSAS revealed that the latter have increases in
slow-wave sleep (23.5% versus 28.8% of total
sleep time) and decreases in REM sleep (22.3%
versus 17.3% of total sleep time).48 Furthermore,
these authors observed a decline in the sponta-
neous arousal index in patients with OSAS com-
pared with controls (8.4 versus 5.3), suggesting a
homeostatic elevation in the arousal threshold.48

Arousal
Arousal from sleep is a protective reflex mecha-
nism that restores airway patency through dila-
tor muscle activation. Both mechanoreceptors
and chemoreceptors have a role in initiating
the arousal response. Although arousals reverse
the airway obstruction, they result in the unto-
ward consequences of sleep fragmentation and
sympathetic activation.49 Polysomnographically,
arousal may be associated with EEG changes,41,45

increased airflow, elimination of airflow limita-
tion, cessation of paradoxical breathing, tachy-
cardia, movement,35 blood pressure elevation,50

and autonomic activation. In children, however,
approximately 50% of obstructive events do not
result in an EEG arousal.43 In infants, EEG
arousals are even less common.43 Thus, the EEG
arousal index is unreliable for the diagnosis of
UARS. Frequency domain analysis may reveal
evidence of EEG arousal not readily visible, and
it may be a clinically useful tool in the future.44,45

Obstructive events that terminate with auto-
nomic activation are termed subcortical
arousals. Autonomic measures include heart rate
variability,51 blood pressure elevations,50 pulse
transit time,4 and peripheral arterial tonome-
try.52 The pulse transit time was reported to be a
more sensitive measure of respiratory arousal
than the 3-second EEG arousal.4 Subcortical
arousals alone have been demonstrated to result
in neurocognitive impairment in adults.53

Measures of Respiratory Effort
A variety of methods to categorize central and
obstructive respiratory events are amenable to
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Electroencephalography (C3/A2, O1/A2)
Electrooculogram (right/left)
Electrocardiogram
Abdominal and thoracic excursion
Oximetry (3-sec averaging value), waveform
End-tidal PCO2 (peak value, waveform)
Flow: nasal pressure, oronasal thermistor
Snore volume
Body position sensor
pH (in special circumstances)
Esophageal pressure (in special 

circumstances)
Video/audio taping

Table 17–4. Example of a
Polysomnogram Montage
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overnight polysomnography. Measures of tho-
racic and abdominal excursion include piezo-
electric belts and respiratory inductive
plethysmography (RIP). The classification of
central and obstructive apneas is achieved by
determining if respiratory efforts are present
during intervals of reduced flow. Uncalibrated
RIP tracings may also be used as an index of
thoracoabdominal asynchrony. The highly com-
pliant chest wall in children results in asynchro-
nous motion between the thoracic and
abdominal tracings, termed paradoxical breath-
ing. This disparity may be quantified using
phase angle analysis that is independent of the
relative contributions of the two compart-
ments.54 Thoracoabdominal asynchrony has
been demonstrated in children with increased
respiratory effort due to upper airway obstruc-
tion and OSAS.54,55 Paradoxical breathing is nor-
mally seen in infants because of the high
compliance of their chest wall, particularly dur-
ing REM sleep, but it is rare after 3 years of age.56

Esophageal manometry (Pes), the gold stan-
dard for quantifying respiratory effort, permits
the detection of subtle, partially obstructive
events that may produce sleep fragmentation.57

However, Pes monitoring is uncomfortable and
may itself alter the frequency of respiratory
events.58 The introduction of noninvasive,
nasal pressure measurements has largely sup-
planted Pes for establishing the diagnosis of
UARS (see Fig. 17–2). Our current practice is
to reserve Pes monitoring for children with
diagnostic uncertainty even after standard
overnight polysomnography.

Measures of Airflow
Airflow can be quantitatively measured using an
oronasal mask and a pneumotachograph.
However, mask breathing is uncomfortable and
has been shown to alter respiratory mechanics.
Practically speaking, this methodology is
restricted to research settings. Thermistors pro-
vide qualitative measures of oronasal airflow by
measuring the temperature of expired air.
Although thermistors accurately indicate
complete cessation of flow, they are not an accu-
rate measure of tidal volume or therefore of
hypopnea.59 As a result, many laboratories have
adopted a definition of hypopnea that requires
an arterial oxygen desaturation of 3% and/or an

arousal in addition to a reduction in the ther-
mistor signal. Another drawback of the thermis-
tor is its long time constant that obscures the
nuance of the flow profile, making the evalua-
tion of flow limitation impossible.59

Nasal cannula pressure recordings provide a
minimally invasive, semiquantitative measure of
airflow.60,61 The resulting signal has been shown
to be proportional to flow squared. Because nasal
pressure measurements have a fast time constant,
it is possible to detect flattening of the inspiratory
nasal pressure signal, termed flow limitation,
which occurs in a collapsible tube when flow
becomes independent of driving pressure
(Fig. 17–3). Limitations of the nasal cannula
pressure recordings include obstruction of the
tubing with secretions, mouth breathing (espe-
cially in children with adenoidal hypertrophy),
and the possible increase in nasal resistance
caused by obstruction of the nares. In children,
the reported signal quality has varied in labora-
tory-based studies. Trang and coworkers62

reported an uninterpretable nasal cannula signal
during only 4% of total sleep time. However, 17%
of subjects had uninterpretable signals for more
than 20% of total sleep time. In contrast,
Serebrisky and colleagues63 reported adequate
nasal cannula flow signals (in greater than 50% of
total sleep time) during sleep in only 71.8% of
patients. In a domiciliary study, the nasal cannula
channel was not available, overall, for more than
50% of the night.64

Airflow may be approximated using RIP by
considering that lung volume can be approxi-
mated by a two-compartment model (thoracic
and abdominal excursion). RIP may be cali-
brated using an isovolume maneuver or a statis-
tical technique and used to derive a sum
channel proportional to tidal volume.65,66 Thus,
the time derivative of the sum channel is pro-
portional to flow. The RIP signal may therefore
be analyzed for apnea, hypopnea, and flow lim-
itation. Our current practice is to combine RIP,
nasal cannula pressure, and oronasal thermistor
in our laboratory-based studies to ensure that a
flow signal is likely to be available throughout
the night.

Gas Exchange
Pulse oximetry, which is based on the absorption
spectra of hemoglobin, is the standard polysomno-
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graphic measure of hypoxemia. The relationship
between the arterial oxygen tension (PaO2) and
the oxygen saturation (SpO2), the oxyhemoglo-
bin 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. In contrast,
patients with parenchymal lung disease may be
operating on the steep portion of the oxyhemo-
globin curve, thereby experiencing a profound
decline in SpO2 with small decrements in PaO2.
In sickle cell disease, the oxyhemoglobin curve
is variably shifted to the right, thus limiting the
utility of SpO2 measurements.67

The adequacy of ventilation can be assessed
noninvasively 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. 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 ventila-
tion–perfusion relationship. In subjects with
normal lung mechanics, end-tidal PaCO2 (P

ET

CO2) is approximately 2 to 5 mm Hg below the

arterial PaCO2 level.68 However, in diseases with
uneven ventilation–perfusion or altered alveolar
time constants, such as cystic fibrosis, the P

ET
CO2

is not 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.69 In OSAS, the shape of the capnogram
waveform qualitatively reflects flow, whereas the
plateau level indicates the overall adequacy of
ventilation. Normative data for P

ET
CO2 during

sleep are presented later in Table 17–5. The cap-
nometry signal is prone to artifact because of
nasal secretions that obstruct the sampling can-
nula. Morielli and colleagues69 reported that
27% of polysomnographic epochs in their labo-
ratory had a poor P

ET
CO2 waveform, stressing the

importance of careful attention to technique.
Transcutaneous CO2 (TcCO2) monitors may be
valuable in patients in whom P

ET
CO2 is not accu-

rate, such as infants or patients with parenchy-
mal lung disease.69 Although absolute values of
TcCO2 are variable, the trend is proportional to
the PaCO2, with a lag of several minutes. Sleep is
normally associated with a 4- to 6-mm Hg
increase in TcCO2.
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Figure 17–3. Nasal cannula pressure tracing demonstrating that flow becomes independent of driv-
ing pressure during flow-limited breaths. (Reproduced with permission from Hosselet J, 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 Polysomnographic Data
Normative data for the EEG and respiratory
parameters of sleeping children are shown in
Table 17–5.47,48,70-72 In infants, longitudinal arte-
rial oxygen saturation monitoring revealed a
median SpO2 baseline of 98%, but the SpO2 was
less than 90% during 0.51% of epochs.73 Marcus
and coworkers72 presented the respiratory data
of 50 normal, nonobese children between 1 and
18 years of age (mean, 9.7 ± 4.6), using a ther-
mistor and P

ET
CO2 monitoring. Nine subjects had

at least one obstructive apneic event. One “nor-
mal” child had an apnea index of 3.1/hour,
although he had a sibling with OSAS. Including
this outlier, an apnea index of greater than
1/hour was determined to be statistically abnor-
mal. However, the threshold level at which the
apnea index becomes clinically significant has
not been established. Only 15% of unaffected
children had any hypopneas, with the mean
hypopnea index being 0.1 ± 0.1 (range, 0.1 to
0.7).74 Acebo and colleagues71 also reported that
hypopneas were rare in older children and ado-
lescents. Normative data using nasal pressure
during sleep have not been presented in chil-
dren. Experience from our laboratory indicates
that hypopneas and respiratory effort–related
arousals do not occur in normal young children.

Normative data for esophageal manometry
(ΔPes) from 10 normal subjects in our laboratory,

aged 2 to 11 years, showed that control subjects
had a mean ΔPes of −8 ± 2 cm H2O (range, − 6 to
−12), a peak ΔPes of −12 ± 3 cm H2O (range − 9
to −19 cm H2O), and a ΔPes of less than or equal
to −10 cm H2O for 8% ± 12% of breaths (range,
3% to 61%).4 Other investigators have consid-
ered ΔPes swings of −8 to −14 cm H2O as nor-
mal75 and have suggested that normal children
spend 10% or less of the night with inspiratory
esophageal pressure swings of −10 cm H2O or
less.57 However, our data showed that two con-
trol patients spent 21% and 61% of the night
with a ΔPes of −10 cm H2O or less. Thus, nor-
mative data from nonsnoring controls reveal
considerable variability in respiratory effort. The
ΔPes is lower in normal infants (5 to 6 cm
H2O).76

Domiciliary and Nap Studies
Attended overnight polysomnography in a des-
ignated pediatric sleep laboratory is the gold
standard for the diagnosis of SDB children.36

However, such comprehensive testing is expen-
sive, labor intensive, and not widely available.
Recognizing that 10% to 12% of children snore
but that only 1% to 3% have OSAS8,9 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
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Sleep Parameters Respiratory Parameters
EEG arousal index, n/hr 7 ± 2 Obstructive apnea 

index, n/hr TST 0.0 ± 0.1
Sleep efficiency, % 84 ± 13 Obstructive hypopnea 

index, n/hr TST 0.1 ± 0.1
Stage 1, % TST 5 ± 3 Central apneas with 

desaturation, n/hr TST 0.0 ± 0.1
Stage 2, % TST 51 ± 9 Duration of 

hypoventilation 
(PETCO2 ≥ 45 mm Hg), 
% TST 1.6 ± 0.8

Slow-wave sleep, % TST 26 ± 8 Peak PETCO2, mm Hg 46 ± 3
REM sleep, % TST 19 ± 6 SpO2 nadir, % 95 ± 1
REM cycles, n 4 ± 1

Data presented as mean ± 2 SD.
EEG, electroencephalography; PETCO2, end-tidal arterial carbon dioxide partial pressure; REM, rapid eye movement;

SpO2, oxygen saturation.
See references 47, 48, 70, and 72.

Table 17–5. Polysomnographic Data in Unaffected Children
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treatments. Testing is indicated to determine the
presence and severity of SDB, the type of treat-
ment, the preoperative care, and necessary fol-
low-up.

Polysomnography during a daytime nap may
underestimate the degree of SDB.77,78 REM sleep
often does not occur during naps. Furthermore,
obstructive respiratory events worsen as sleep
progresses.47 Thus, although the positive pre-
dictive value of an abnormal nap study is 100%,
the negative predictive value is only 20%.77,78

Home study devices range in complexity from
oximetry alone79,80 to multichannel record-
ings.81 Ambulatory studies may be used to eval-
uate oxygenation in infants with chronic lung
disease, cystic fibrosis, restrictive lung diseases,
and neuromuscular conditions. Jacob and col-
leagues82 compared laboratory and domiciliary
studies in a population of symptomatic children
with adenotonsillar hypertrophy. Their multi-
channel monitor included oxygen saturation,
waveform, electrocardiogram, RIP, and video
recording, and therefore it cannot be compared
to commercially available ambulatory systems.82

Similar indices of apnea/hypopnea, desaturation,
and arousal were observed during attended labo-
ratory-based polysomnograms and domiciliary
studies.82

Documenting oximeters should include an
algorithm for artifact reduction such as a plethys-
mograph waveform or heart rate detected by the
oximeter. The oximetry channel alone has been
compared to full polysomnography in a popula-
tion of snoring children suspected to have SDB
with adenotonsillar hypertrophy.83 Oximetry
demonstrated an excellent positive predictive
value (97%) but a poor negative predictive ability
(53%).83 Many children with SDB and clinically
significant respiratory–effort related arousals do
not demonstrate oxygen desaturation.1,57 Similar
observations have been made regarding the limi-
tations of using oximetry as a screening tool for
adult OSAS.79,80 Oximetry is inadequate to diag-
nose a considerable percentage of pediatric SDB
in which arousal and hypoventilation, rather
than hypoxemia, predominate.84

Night-to-Night Polysomnographic
Variability
A single overnight polysomnogram is a well-rec-
ognized diagnostic tool for determining the pres-

ence and severity of OSAS in symptomatic chil-
dren.36 However, few data exist regarding the
variability of polysomnographic findings in chil-
dren. That is, it is unknown whether the fre-
quency and severity of sleep apnea syndrome
among snoring children is sufficiently consistent
from night to night to be accurately assessed by
one polysomnogram. The misclassification of
OSAS as primary snoring after a single night of
polysomnography has been observed in
adults,85,86 and it may also occur in children. An
adaptation effect of the sleep laboratory environ-
ment, termed the first-night effect, has been
reported to disrupt sleep architecture87-90 and
perhaps to underestimate respiratory distur-
bance.88,91

In children, the clinical diagnosis of either
OSAS or primary snoring remained the same in
two polysomnographic studies 1 to 4 weeks
apart.92 Although the overall classification of
subjects was unchanged, there were minimal
changes in OSAS severity between nights. This
supports the view that a single polysomno-
graphic night is sufficient for the diagnosis of
OSAS in otherwise normal, snoring children
with adenotonsillar hypertrophy. No night-
to-night systematic bias was observed in any
of the mean intersubject respiratory parame-
ters.90,92 The intrasubject respiratory param-
eters, however, demonstrated considerable
variability, particularly in children with severe
disease. The variability in respiratory parame-
ters could not be accounted for by changes in
body position or percent 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.90

Circumstances in which a single study night
may not be sufficient include inadequate REM
time, technical limitations in acquiring key
channels, or when the parents report that the
particular study night did not reflect a typical
night’s sleep.

DIAGNOSTIC AND EVENT
CLASSIFICATION

The optimal definition for respiratory events and
clinical classification has not been established in
children. There are no clinical studies evaluating
the relative merit of specific event definitions
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in relation to clinical outcomes.93 The poly-
somnographic criteria for event scoring and
clinical diagnosis, based on our experience, are
summarized in Tables 17–6 and 17–7. However,
well-designed outcome studies are desperately
needed to validate these criteria. Additional
abnormal breathing patterns, including tachyp-
nea and increased respiratory effort, have been
described in children with OSAS.94 Normative
data for respiratory effort–related arousals and

flow limitation are scant in children, and these
events appear to be rare. Nevertheless, the clini-
cal classification of symptomatic children cannot
be exclusively based on the apnea index alone.
Consideration of the apnea-hypopnea index,
flow limitation, SpO2, PET

CO2, and arousal indices
also contribute to the diagnosis of OSAS. Thus,
diagnostic interpretation of pediatric polysomnog-
raphy will continue to require consideration of
all respiratory parameters.
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Obstructive

Apnea Absence of oronasal airflow for any duration, 
with persistent respiratory effort

Hypopnea Thermistor: Reduction of oronasal flow >50% 
for a 2-breath duration or longer, with persistent 
respiratory effort accompanied by a desaturation of 
3% or greater, or by an arousal

Nasal pressure: Discernible change in flow shape or 
amplitude for a 2-breath duration or longer, 
with persistent respiratory effort accompanied by a 
desaturation of 3% or greater, or by an arousal

Respiratory effort–related arousal Evidence of increased respiratory effort or flow limitation 
leading to an arousal, followed by normalization 
of effort and flow

Flow limitation Flattening of the inspiratory limb of the nasal 
pressure channel

Snoring Coarse, low-pitched inspiratory sound
Hypoventilation PETCO2 > 50 mm Hg for >10% TST, or PETCO2

peak > 53 mm Hg
Accompanied by paradoxical breathing or 

obstructive events

Central

Apnea Absence of oronasal airflow for 20 sec or longer 
without respiratory effort

Shorter events are scored if associated with arousal, 
desaturation, or bradycardia.

Hypoventilation PETCO2 > 50 mm Hg for >10% TST, or PETCO2
peak > 53 mm Hg

Accompanied by decreased respiratory effort
Periodic breathing Succession of 3 or more central apneas of 3-sec duration, 

separated by < 20 sec of normal breathing

Miscellaneous

Mixed apneas Cessation of flow with a central and obstructive 
component

Rebreathing Evidence of increased CO2 in inspired air

PETCO2, end-tidal arterial carbon dioxide partial pressure; TST, total sleep time.

Table 17–6. Respiratory Pattern Scoring
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PETCO2 > 50
Apnea Index SpO2 Nadir PETCO2 Peak torr Arousals 

Diagnosis* (Events/hr) (%) (torr) (% TST) (Events/hr)
Primary snoring ≤1 >92 ≤53 <10 EEG < 11
Upper airway 

resistance ≤1r >92 ≤53 <10 RERA > 1
syndrome 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

*Each diagnosis requires one or more of the measures to its right.
EEG, electroencephalographic arousal; OSAS, obstructive sleep apnea syndrome; PETCO2, end tidal PCO2; RERA, res-

piratory-related arousal; Spo2, arterial oxygen saturation; TST, total sleep time.

Table 17–7. Diagnostic Classification of Sleep-Disordered Breathing
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Obstructive sleep apnea (OSA) is a frequent con-
dition and is currently estimated to affect
between 1% and 3% of 2- to 8-year-old chil-
dren.1-3 OSA is characterized by repeated events
of partial or complete upper airway obstruction
during sleep, resulting in disruption of normal
ventilation, hypoxemia, and fragmentation of
sleep (Fig. 18–1).4 However, habitual snoring
during sleep is a much more frequent occurrence
and affects up to 27% of children,2,3,5-9 with a
decrease in frequency in 9 to 14 year olds.10

OSA was first described by McKenzie over a
century ago,11 yet it was not until the mid-1970s
that it was recognized in children.12 Using
polysomnography in eight children aged 5 to 14
years, Guilleminault and colleagues published
the first detailed report of children with adeno-
tonsillar hypertrophy and OSA and suggested
that surgery may eliminate their clinical symp-
toms. Since this initial report there have been
multiple publications on OSA in children, and it
is clear that the classic OSA in children is a dis-
order distinct from the OSA that occurs in adults,
in particular with respect to gender distribution,
clinical manifestations, polysomnographic find-
ings, and treatment.13,14 OSA is frequently diag-
nosed in association with adenotonsillar
hypertrophy and is also common in children with
craniofacial abnormalities and neurologic disor-
ders affecting upper airway patency.

The primary symptom of OSA is snoring.
While snoring is not normal and essentially indi-
cates the presence of heightened upper airway
resistance, many snoring children may have pri-
mary snoring, that is, habitual snoring without
alterations in sleep architecture, alveolar ventila-
tion, and oxygenation. However, the acquisition
of definitive criteria allowing for a reliable dis-
tinction between primary snoring and OSA will
have to wait several years as the consequences of
OSA in children become better recognized and

understood and the threshold at which mor-
bidity occurs becomes known. Despite such
limitations, it is clear that polysomnographic
assessment is currently required for the defini-
tive diagnosis of OSA in children, since a clinical
history and physical examination are insufficient
to confirm its presence or severity.15 Never-
theless, it should be emphasized that alternative
screening methods have been recently ex-
plored16-19 and that novel technologic advances
may allow for improved diagnostic accuracy in
the future.20,21

The implications of OSA in children are mul-
tifaceted and potentially complex. If left
untreated or, alternatively, if treated late, pedi-
atric OSA may lead to substantial morbidity that
affects multiple target organs and systems and
that may not be completely reversed with appro-
priate treatment. The potential consequences of
OSA in children include behavioral disturbances
and learning deficits,2,22-25 pulmonary hyperten-
sion,26 and systemic hypertension27 as well as
compromised somatic growth.28

The pathophysiology of OSA in children has
been recently reviewed29 and is discussed in
detail in the previous chapter. It is clear that chil-
dren with OSA have increased upper airway col-
lapsibility30 and that enlarged tonsils and
adenoids are a major contributor to this disor-
der.31 However, adenotonsillar hypertrophy
alone is not sufficient to cause OSA because
some children with “kissing tonsils” do not have
OSA, whereas others are not cured after adeno-
tonsillectomy.32

As with any other disorder in medicine, mor-
bidity and mortality are the major incentives to
intervene and treat it. In subsequent sections of
this chapter, we will critically review the various
consequences of pediatric OSA. For the purpose
of clarity, the spectrum of morbidities associated
with OSA can be examined as representing four
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Figure 18–1. Graphic recording of the obstructive sleep apnea (OSA) triad, namely the cessation of
airflow in the presence of respiratory effort, oxyhemoglobin desaturation, and sleep arousal. AF, air-
flow; Abd, abdominal excursion; Chest, chest wall excursion; ECG, electrocardiogram; EEG, electroen-
cephalogram; EMG, chin electromyogram; EOG, electro-oculogram; LEMG, left anterior tibial EMG;
OA, obstructive apnea; SaO2, oxyhemoglobin saturation; Snore, sound channel; TcCO2, transcutaneous
PCO2.
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immediate consequences of upper airway
obstruction during sleep, namely, increased
work of breathing, intermittent hypoxemia,
sleep fragmentation, and alveolar hypoventila-
tion. Obviously, the separation of these elements
as individual contributors is artificial due to
their anticipated interaction in end-organ effects.
Nevertheless, this categoric classification per-
mits more accurate representation of the relative
contributions of each of these alterations
induced by OSA and provides a useful method-
ological approach to their investigation.

INCREASED WORK OF BREATHING

A logical and potential consequence of increased
work of breathing during sleep in children with
OSA is the development of failure to thrive (FTT).
Although in early reports of children with severe
OSA FTT was often present,28,33,34 it is currently
estimated that only a minority of children with
OSA will present with this problem, most probably
because of earlier recognition and referral.
Adenotonsillectomy and complete resolution of
OSA will induce significant growth improvements
in those children who present with FTT. In a small
study of children with OSA and FTT, Brouillette
and associates35 found that adenotonsillectomy
resulted in catch-up growth in all six children. In
fact, adenotonsillectomy has been shown to
increase the height and weight velocities of chil-
dren with normal growth and OSA.36 Interestingly,
even obese children with OSA will demonstrate
weight gain after surgical removal of their enlarged
tonsils and adenoids for the resolution of OSA.37

Mechanisms for growth deceleration in OSA
may be varied. These mechanisms may include,
but are not limited to, decreased appetite that is
possibly associated with reduced olfaction in
children with adenoidal hypertrophy, dysphagia
from tonsillar hypertrophy,38 decreased levels of
insulin-like growth factor-1 (IGF-1), IGF bind-
ing protein and possibly growth hormone
release,39-42 hypoxemia, acidosis, and the in-
creased metabolic cost of breathing during sleep.
While the mechanisms underlying decreased cir-
culating levels of IGF-1 in children with OSA
remain unclear, IGF-1 will recover after tonsil-
lectomy and adenoidectomy and parallel the
rebound growth that characterizes the responses
of these patients.41 It is possible that disruption
of non–rapid eye movement (NREM) sleep that

is not immediately recognizable when using
visual inspection of the sleep records may play a
role, since growth hormone release and its
downstream signaling through IGF-1 occur dur-
ing NREM sleep in general and more specifically
during delta sleep.43,44 This is particularly appli-
cable to pediatric OSA because even in snorers
who do not fulfill the current criteria for OSA,
there is evidence of stunted growth and disrup-
tion of IGF binding protein–3 circulating levels,
suggesting that some of these children may suf-
fer from disrupted sleep that in turn would affect
growth hormone release.42

Alternatively, changes in energy expenditure
during sleep could account for a reduction in the
linear growth of children with OSA. Indeed,
Marcus and coworkers45 studied 14 children
with moderate OSA (mean age 4 ± 1 years) and
demonstrated that increased metabolic require-
ments were present during sleep and normalized
after adenotonsillectomy, with a concomitant
gain in body weight. In this study no evidence
for decreased appetite was apparent, since
caloric intake was similar both before and after
surgery in all children. These findings suggest
that poor growth in some children with OSA
may be secondary to the increased energy expen-
diture that directly results from the increase in
work of breathing during sleep rather than be
associated with decreased caloric intake.1

However, this a priori logical mechanism has
been recently challenged by Bland and col-
leagues46 in a study of 11 children (mean age
6 ± 2 years) with a polysomnographically con-
firmed diagnosis of OSA. These investigators
found no evidence of increased energy require-
ments either before or after adenotonsillectomy
in these patients; in fact, their total daily energy
expenditures were similar to those of healthy
age- and gender-matched control subjects.

Thus, the FTT in pediatric OSA does not
appear to be associated with increased daily
energy requirements but involves a combina-
tion of increased night-time energy expenditure
caused by increased respiratory effort and,
more importantly, disruption of the growth
hormone-IGF-1 pathway. In general, complete
recovery of growth and resumption of its nor-
mal patterns will occur after adenotonsillec-
tomy.28,34,37 Furthermore, we are unaware of
any persistent, residual somatic deficits after
the resolution of OSA.

Consequences of Obstructive Sleep Apnea Syndrome Chapter 18 213

Ch18.qxd  1/25/05  3:25 AM  Page 213



INTERMITTENT HYPOXEMIA

Frequent oxygen desaturations during sleep are
common in children with OSA. In a study of 11
children, Gislason and Benediktsdottir3 found
that 73% had three or more respiratory events
per hour that were associated with desaturations
of >4%. Similarly, Stradling and associates38

found that 61% of the 61 children selected for
adenotonsillectomy because of recurrent tonsil-
litis had hypoxemia during sleep. Elevation of
pulmonary artery pressure due to hypoxia-
induced pulmonary vasoconstriction is a serious
consequence of OSA in children and can lead to
persistent pulmonary hypertension and cor pul-
monale.26 The overall magnitude of pressure
increases in the pulmonary circulation is proba-
bly smaller than that occurring during the sus-
tained, chronic hypoxemia observed at high
altitudes. Indeed, direct measurements of pul-
monary artery pressures in rats and mice
exposed to hypoxia revealed that the increase in
pulmonary artery pressure was greater when
continuous hypoxia was applied than it was with
episodic hypoxia.47 In 27 pediatric patients with
moderate to severe OSA, radionuclide assess-
ment of right ventricular function revealed
reduced ejection fraction in 37% and wall
motion abnormality in 45% of children with
OSA.48 These abnormalities were reversible after
surgery. However, there is no prospective study
assessing the overall prevalence and severity of
pulmonary hypertension in a large cohort of
children with sleep-disordered breathing (SDB).
It also remains unclear whether untreated or
long-lasting OSA will be associated with vascular
remodeling of the pulmonary circulation in
these children. Furthermore, evidence from ani-
mal models exposed to hypoxia for a short
period of time during early postnatal life reveals
that pulmonary hypertension is increased when
exposed to hypoxia later in infancy.49 These
authors speculated that the disrupted alveolar-
ization and vascular growth after the brief
hypoxic insult may increase the risk of severe
pulmonary hypertension later in life.

Normally, the cardiovascular effects of breath-
ing are recognizable in the systemic circulation
but are of small magnitude, as revealed by respi-
ratory sinus arrhythmia and minor fluctuations
in blood pressure that are synchronous with res-
piratory periodicity. In the context of OSA, sys-

temic hypertension has emerged as a major car-
diovascular consequence in adult patients.
Indeed, elevated blood pressures are present dur-
ing wakefulness in approximately 50% of adult
patients with OSA.50 Although the pathophysio-
logic mechanisms of such elevation in arterial
tension are still under intense investigation, it
appears that intermittent hypoxemia is the major
contributor to this serious consequence of OSA,
with less significant roles being played by sleep
fragmentation and episodic hypercapnia. Not-
withstanding such considerations, enhanced
sympathoadrenal discharge, altered homeostasis
of the renin-angiotensin pathway, and heightened
sympathetic autonomic nervous system tone will
develop along with increases in small arteriolar
vasomotor contractility suggestive of endothelial
dysfunction.51-62

The evidence for alterations in autonomic
nervous system tone is clearly not as extensive
when addressing the pediatric OSA population.
In an earlier study, Aljadeff and coworkers exam-
ined heart rate variability (a noninvasive probe
of autonomic nervous system tone) in children
with moderate to severe OSA and matched
control subjects.63 Inspection of moment-to-
moment changes in RR intervals revealed sus-
tained increases in sympathetic activity as well
as increased vagal discharge during respiratory
events. Similarly, Baharav and colleagues found
evidence of increased sympathetic tone as
derived from spectral analysis of cardiac period-
icities in children with OSA.64 The marked sen-
sitivity of the sympathetic system to the in-
creased respiratory effort that occurs throughout
the night in OSA patients, with the subsequent
hypoxia and arousal, will be manifested as
changes in vascular hemodynamics that can be
derived from the time differential between the
R wave (electrical cardiac contraction) and the
peripheral pulse waveform, (i.e., pulse transit
time). This relatively easy-to-obtain measure
may in fact be used as a circulatory corollary of
respiratory and arousal events in children65 and
may ultimately become one of the useful param-
eters for the OSA screening of snoring children.

Because children have greater vascular com-
pliance than adults, the magnitude and severity
of blood pressure elevation in pediatric patients
with OSA are not as prominent as those de-
scribed for older patients. Nevertheless, they do
occur and are manifested primarily as diurnal
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elevations of diastolic blood pressure.27 These
autonomic alterations are mediated by both the
episodic hypoxia that characteristically accompa-
nies the OSA syndrome and by the repeated
arousals and carbon dioxide elevations of this
condition. The long-term implications of such
effects on cardiovascular morbidity during the
later stages of childhood or even adulthood have
yet to be explored. However, in preliminary ani-
mal experiments, when rodents were exposed to
a model of OSA66 at an age corresponding to that
for the peak prevalence of pediatric OSA in child-
hood, marked attenuation of their baroreceptor
function lasting into late adulthood was found.67

As a result, early childhood perturbations may
lead to lifelong consequences; in other words,
certain types of adult cardiovascular disease may
represent, at least in part, sequelae from a priori
“unrelated events” during childhood. Therefore,
early identification of children with alterations in
baroreceptor and autonomic nervous system
functions in the context of pediatric OSA may
lead to detection of a population potentially at
risk for ulterior development of hypertension
and its cardiovascular-associated morbidity.

Evidence for an Effect of OSA 
on Learning and Behavior
Another potentially very serious consequence of
intermittent hypoxia may involve its long-term
deleterious effects on neuronal and intellectual
functions. Reports of decreased intellectual
function in children with tonsillar and adenoidal

hypertrophy date back to 1889, when Hill
reported on “some causes of backwardness and
stupidity in children.”68 School problems have
been repeatedly reported in case-series of children
with OSA and in fact may underlie more extensive
behavioral disturbances such as restlessness,
aggressive behavior, excessive daytime sleepiness.
and poor test performance.2,22,24,31,69,70,74 Table
18–1 summarizes the evidence for OSA and neu-
rocognitive and behavioral functions.

The neurocognitive and behavioral conse-
quences of disrupted sleep architecture and
intermittent hypoxemia in children with SDB are
only now being defined by appropriate scientific
methodology. There is increasing evidence to
support an association between OSA and atten-
tion deficit hyperactivity disorder (ADHD) in
children.77,80,85-88 Several studies have docu-
mented that children with SDB often have prob-
lems with attention and behavior similar to
those observed in children with ADHD.2,22-24,31

In addition, three separate survey studies
encompassing almost 3300 children have docu-
mented daytime sleepiness, hyperactivity, and
aggressive behavior in children who snored.2,8,81

It has been further suggested that up to one third
of all children with frequent, loud snoring will
display significant hyperactivity and inatten-
tion,2 while a reciprocal relation also appears to
be true, that is, children with ADHD exhibit
more sleep disturbances more frequently than
normal children.81,85

However, most of these studies of ADHD chil-
dren have relied on parental reporting rather
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Symptom Reference(s)

Based on Parental Report

Daytime sleepiness 12, 38, 75, 76
Behavior (including hyperactivity, inattention, 2, 12, 22-24, 31, 74, 75, 77-81

and aggression)
Depression 82
Enuresis 12, 76
Impaired school performance 12, 71

Objectively Measured

Behavior 9, 73, 82
Depression 83
Impaired school performance 25, 72, 84

Table 18–1. Brief Summary of Evidence for Obstructive Sleep Apnea 
and Neurocognitive/Behavioral Function

Au: Ref
to not
cited in
text or
table
below
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than on objectively collected data (see Table
18–1). In the few instances in which sleep stud-
ies were conducted in patients with ADHD,
attention was given to sleep architecture alone
and did not include cardiorespiratory data.89,90

In a recent study from our laboratory, both sub-
jective and objective sleep measures were
obtained and showed that objectively measured
sleep and respiratory disturbances are relatively
frequent among children with ADHD, albeit not
as frequent as those anticipated from parental
reports.9 In this study we also found that the
prevalence of OSA in a cohort of children with
ADHD, verified by neuropsychological testing,
does not appear to differ from that found in the
general population.2,3,91 However, an unusually
high frequency of OSA was found among chil-
dren with mild to moderate increases in hyper-
activity as measured by the Conner Parent
Rating Scale,92 a well validated method for dis-
criminating between children with ADHD and
normal control subjects (i.e., without true
ADHD). This suggests that while OSA can
induce significant behavioral effects being mani-
fested as increased hyperactivity and inattention,
it will not overlap with true clinical ADHD when
the latter is assessed by more objective tools than
just parental perception. Therefore, in a child
presenting with parental complaints of hyperac-
tivity and who does not meet the diagnostic cri-
teria of ADHD after undergoing a thorough
evaluation, as recently recommended by the
American Academy of Pediatrics,93 a careful
sleep history should be taken, and if snoring is
present, an overnight polysomnographic evalua-
tion should be performed.

The mechanism or mechanisms by which OSA
may contribute to hyperactivity remain unknown.
It is possible that both the sleep fragmentation
(see below) and episodic hypoxia that character-
ize OSA will lead to alterations within the neuro-
chemical substrate of the prefrontal cortex, with
resulting executive dysfunction.94 Notwithstand-
ing these considerations, sleep disturbances are
frequently reported by the parents of ADHD chil-
dren even when snoring is excluded.88 Based on
the available literature, the comorbidity of OSA
and ADHD could be shared by a substantial num-
ber of hyperactive children. In fact, it has been
suggested that up to 25% of children with a diag-
nosis of ADHD may actually have OSA.24

However, such rather extensive overlap may be

less prominent than that previously estimated if
medication status and psychiatric comorbidity are
accounted for in the analysis.95

Inverse relationships among memory, learn-
ing, and OSA have been documented.72,73 In
addition, improvements in learning and behav-
ior have been reported after treatment for OSA in
children,25,38,73 suggesting that the neurocogni-
tive deficits are at least partially reversible. In a
large cohort of first graders whose academic per-
formance was in the lowest 10th percentile of
their class, we found not only a six- to ninefold
increase in the expected incidence of OSA but
also a significant improvement in school grades
after adenotonsillectomy and resolution of OSA.
However, since we did not know what the opti-
mal learning potential was for these children, it
is possible that long-term residual deficits may
occur even after treatment. To further explore
this possibility, we examined the history of
snoring during early childhood in two groups of
13- to 14-year-old children who were matched
for age, gender, race, school attending, and
socioeconomic status but whose performances
were either in the upper or lower quartile of
their class. We found that children who snored
frequently and loudly during their early child-
hood were at greater risk for poor academic per-
formance in later years, well after snoring had
resolved.84 Therefore, these findings suggest that
even if a component of the OSA-induced learn-
ing deficits is reversible, there may be a long-
lasting residual deficit in learning capability and
that the latter may represent a “learning debt”;
that is, the decreased learning capacity during
OSA may have led to such a delay in learned
skills that recuperation is possible only with
additional teaching assistance. Alternatively,
the processes underlying the learning deficit
during OSA may have irreversibly altered the
performance characteristics of the neuronal
circuitry responsible for learning particular skills
(Fig. 18–2; see below). More recent work further
suggests that snoring children perform poorly
on measures of “executive functioning,”96 that
is, the ability to develop and sustain an organ-
ized, future-oriented, and flexible approach to
problem solving. Executive dysfunction appears
to be the most prominent area of cognitive
impairment with untreated SDB in adults,97,98

and our work now extends such observations to
the pediatric age range.9,96
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SLEEP FRAGMENTATION

The physiologic and behavioral effects of sleep
loss have been extensively investigated in adults,
although the effects of OSA on sleep in children
remain poorly understood. In adults OSA is
known to cause sleep fragmentation due to mul-
tiple arousals. Sleep fragmentation may be
achieved by auditory stimuli inducing arousals
throughout the night and has been shown to
result in performance decrements the following
day.99-101 Functions requiring concentration and
dexterity are significantly affected by the exces-
sive daytime sleepiness (EDS) resulting from
sleep fragmentation, and subjects are often con-
fused and disoriented. Aggressive outbursts, irri-
tability, anxiety, and depression are all known
manifestations of EDS in adults and appear to be
fully reversible once sleep recovery is allowed.
However, in contrast to adults with OSA, EDS
does not appear to be a major feature of child-
hood OSA when assessed by either parental

reports15,102 or more objective tools such as the
multiple sleep latency test.103 In fact, EDS
occurred in only 13% of the children with OSA
and was linearly correlated with the severity of
respiratory disturbance such that a multiple sleep
latency test of <10 minutes, which is indicative of
EDS, was extremely unlikely when the apnea-
hypopnea index was <15 events/hr. However, evi-
dence of increased sleepiness, measured by
multiple sleep latency testing, was reported by
Lecendreux and colleagues in 30 children with
ADHD who otherwise had no significant
polysomnographic alterations,104 raising the pos-
sibility that a subset of children with hyperactiv-
ity may in fact have an arousal disorder .

However, there is no reason to believe that
sleep fragmentation affects children differently
from adults. If this assumption is true, we would
anticipate that sleep fragmentation–related mor-
bidity would be reduced in children, since dis-
ruption of sleep architecture appears to be
unusual in this population.105 Indeed, when
arousals are scored using criteria developed for
adults,106 children with OSA have fewer EEG
arousals than adults with OSA and thus are bet-
ter able to preserve sleep architecture.45,102 The
lack of arousals may account for the increased
frequency of nocturnal enuresis seen in this pop-
ulation. Indeed, in a report by Guilleminault and
associates,22 18% of children presented with sec-
ondary enuresis, while Weider and coworkers107

reported a 76% improvement in nocturnal
enuresis after tonsillectomy and adenoidectomy.
Nonetheless, EDS-like morbidity is in fact pres-
ent in children with OSA, suggesting either that
current techniques to define arousal are not sen-
sitive enough to detect sleep fragmentation in
children108 or that functional susceptibility to
sleep fragmentation is higher in children.
Alternatively, intermittent hypoxia rather than
sleep fragmentation may be the major determi-
nant of neurocognitive morbidity in children. As
mentioned above, separation of the effects of
sleep fragmentation and intermittent hypoxia on
behavior and cognition is not possible in chil-
dren. Thus, the individual role played by each of
these factors in relation to neurobehavioral mor-
bidity will be impossible to determine in the
context of human studies.

To overcome such constraints, we recently
developed a rodent model that allows for separa-
tion of the roles played by intermittent hypoxia
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2 GHz chip

Simple computation: 32 ms versus 44 ms
Complex computation: 2.23 ms versus “freeze”
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Figure 18–2. Schematic model illustrating how the loss
of a given neuron within a neural circuit to sleep-disor-
dered breathing (SDB) (in this case the neuron labeled
“G”) leads to its replacement by the next best (2nd Best)
option available (in this case the neuron labeled “M”).
Such cellular changes, which underlie the fundamental
mechanisms of brain plasticity, are accompanied by
changes in the intrinsic properties of the neural circuit.
Analogous to a computer chip, the performance of the
circuit is reduced from 2 GHz to 800 MHz. As such, sim-
ple computations such as those required from early-
school children would not obligatorily translate into
visible learning/performance deficits. However, as the
intellectual requirements increase over time, the decre-
ments in performance associated with SDB could trans-
late into “FREEZE,” that is, the inability to learn or
perform the computational task being requested. Thus,
the deficits associated with pediatric OSA may not mani-
fest themselves until later in life.
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and sleep fragmentation.66 We found that inter-
mittent hypoxia during sleep is associated with
significant increases in neuronal cell loss and
adverse effects on spatial memory tasks in the
absence of significant sleep fragmentation or
deprivation. Furthermore, when this model was
applied to developing rodents, a unique period
of neuronal susceptibility to episodic hypoxia
during sleep emerged and coincides with ages at
which OSA prevalence peaks in children.109

Since this age coincides with that of the critical
period for brain development, it is possible that
during this period the delayed diagnosis and
treatment of OSA will impose a greater burden
on vulnerable brain structures and ultimately
hamper the overall neurocognitive potential of
children with SDB. This issue has been recently
investigated, and indeed, developing rats exhibit
greater decreases in the acquisition and retention
of spatial tasks.110 Interestingly, male rats
exposed to intermittent hypoxia during sleep
also exhibit increased locomotor activity, uni-
quely reminiscent of the hyperactivity of chil-
dren with SDB, in whom a male predominance is
well established.

ALVEOLAR HYPOVENTILATION

Snoring children with and without OSA repre-
sent a classic example of intermittent alveolar
hypoventilation resulting from increased upper
airway resistance associated with insufficient
compensatory respiratory drive mechanisms
during sleep. Since children are less prone to col-
lapse their upper airways during sleep,29 long
periods of increased upper airway resistance and
hypercapnia with and without hypoxemia will
develop during the night rather than more fre-
quent, discrete, obstructive apneic events, lead-
ing to the term “obstructive hypoventilation.”13

This feature of OSA in children has led to the
recommendation to monitor carbon dioxide lev-
els using both end-tidal and transcutaneous ap-
proaches, if possible.111

In adults with OSA, a blunted ventilatory drive
to hypercapnia during wakefulness may develop
and may contribute to the pathophysiology of
upper airway obstruction. In addition, daytime
hypercapnia may occur in adult patients with
OSA and is probably the end result of multifacto-
rial interactions involving respiratory dynamics,
obesity, and leptin and other endocrine abnormal-

ities.112 While intermittent hypercapnia is fre-
quent in pediatric OSA during sleep, it will almost
always disappear during wakefulness, indicating
that hypercapnic and hypoxic ventilatory drives
are intact in children.27,45 However, arousal
responses to hypercapnia are attenuated during
sleep, suggesting that interactions among sleep,
ventilatory drive, and neural mechanisms under-
lying upper airway patency affect the recruitment
of arousal centers in OSA.27

Intermittent elevations in PaCO2 not only can
exacerbate the effects of intermittent hypoxemia
on neural tissue but also can affect cerebral cir-
culation and vasomotor activity.113 Furthermore,
hypercapnia can directly suppress neural func-
tion,114 and it is well established that CO2 eleva-
tions will increase pulmonary artery pressure,
possibly through increases in sympathetic
tone.115 Therefore, the typical intermittent
hypercapnia that occurs in children with OSA
may either directly or, through interactions with
episodic hypoxia and arousal, exacerbate end-
organ injury in this condition.

CONCLUSIONS

It is becoming increasingly clear that OSA in
children can have adverse effects on somatic
growth, induce cardiovascular alterations such
as pulmonary and systemic hypertension, and
lead to substantial neurobehavioral deficits,
some of which may not be reversible if treatment
is delayed. Based on our current understanding
of the morbidity affecting pediatric OSA, it is
imperative to direct future efforts toward an
improved definition of the spectrum of the OSA-
induced syndrome, such as providing more
accurate guidelines for treatment.
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PATHOPHYSIOLOGY

The anatomy and neural control of the pharynx
have evolved to serve its multiple functions as a
conduit for air, liquids, and solids. The pharynx
must be collapsible to facilitate swallowing and
speech. Coordinated neuromuscular action is
required to propel food into the esophagus but
not the nose or trachea, as well as for speech.
However, the collapsibility required for speech
and swallowing can be an impediment to respi-
ration, when the patency of the pharynx is
required to conduct air from the nose to the lar-
ynx. In conscious individuals, the pharynx must
remain open at all times except during momen-
tary closure associated with swallowing, speech,
regurgitation, and eructation.

The patency of the pharynx is determined by
both anatomic and physiologic factors. During
inspiration, intraluminal pressure is negative
(subatmospheric) and tends to produce pharyn-
geal collapse. Assuming constant flow, Bernoulli’s
principle dictates that a smaller airway would
result in even more negative intraluminal pres-
sure, with a greater tendency to collapse. Thus,
one would expect that individuals with a small
pharynx would be at a greater risk for airway
collapse during sleep, but this is not necessarily
the case. The airway of a child is inherently
smaller than that of an adult, yet the prevalence
of obstructive sleep apnea (OSA) is about 1% in
school-aged children,1-3 compared with a preva-
lence of 4% in middle-aged men.4 Similarly, the
prevalence of OSA is higher in men than
women,4 even though women have a smaller
pharynx.5 Thus, the anatomic size of the phar-
ynx cannot be the only factor predisposing an
individual to OSA.

Modeling the pharynx as a Starling resistor
has been useful in understanding its mechanical
properties as a collapsible tube (Fig. 19–1). On

inspiration, pressure at the airway opening (nares)
is atmospheric, and downstream pressure is
equal to tracheal pressure. Therefore, pressure
within the pharyngeal lumen is negative with
respect to the atmosphere. Collapse occurs when
this negative pressure is lower than that sur-
rounding the segment (Pcrit). In adults Pcrit is the
lowest in nonsnorers, increasing progressively in
subjects who snore and those with hypopnea
and obstructive apnea. The results of one study
showed that subjects with OSA had a positive
Pcrit, indicating that the airway would collapse
during sleep.6 Similar results have been found in
children, in whom Pcrit correlated with the sever-
ity of sleep-disordered breathing (Fig. 19–2).7

In awake adults, a small pharynx can be over-
come by stiffening of the pharynx,8 probably by
augmenting upper airway tone.9 During sleep
this compensatory mechanism can be lost,
resulting in airway closure despite (and partially
because of ) continuing respiratory effort.10

Hypoxemia and hypercapnia ensue, with the
apnea terminating on arousal. Frequent arousal
results in sleep fragmentation and daytime
sleepiness. Therefore, any factors that decrease
pharyngeal size or increase pharyngeal compli-
ance might be expected to predispose an indi-
vidual to OSA syndrome (OSAS) (Fig. 19–3). In
one early description of OSAS in children, 32%
had facial dysmorphism, presumably contribut-
ing to an anatomically small pharynx, and an
additional 12% had underlying neuromuscular
disorders, probably causing OSA from pharyn-
geal hypotonia.11

Factors Affecting Pharyngeal Size
The anatomic size of the pharynx stems from a
combination of the underlying bony structure
and soft tissue, including the tonsils and ade-
noids. It may also be affected by dynamic factors
such as obesity.

Obstructive Sleep Apnea Syndrome in
Infants and Children: Clinical

Features and Pathophysiology
Lee J. Brooks

19

223

Ch19.qxd  1/25/05  3:25 AM  Page 223



The underlying bony structure of the face
clearly contributes to the risk for OSAS. Children
who snore have a narrower anterior-posterior
dimension of the pharynx.12 Several studies
have documented familial aggregation of
OSAS13 independent of weight, body mass
index, or neck circumference.14,15 Family mem-
bers tended to share a small pharyngeal volume,
retroposed maxillae with shorter mandibles,16

and/or other craniofacial features, such as a

high, narrow hard palate.17 Thus, genetic fac-
tors, particularly those controlling pharyngeal
structure, can place even normal individuals at
a risk for OSAS.

Children with craniofacial abnormalities may
be at a particularly high risk for OSAS.18 Micro-
gnathia is a hallmark of Treacher Collins syn-
drome and the Robin sequence. Mutations in the
fibroblast growth factor receptor genes result in
midfacial hypoplasia of children with such dis-
orders as Apert-Crouzon syndrome and achon-
droplasia. These disorders are discussed in detail
elsewhere.

Soft tissues can also narrow the pharynx, par-
ticularly in cases of adenotonsillar hypertrophy.
The tonsils and adenoids are at their largest,
with respect to the underlying bony structures,
between 3 and 6 years of age,19 coinciding with
the peak incidence of childhood OSAS. The
severity of obstructive events is related to the
size of the adenoids20 and most otherwise nor-
mal children with OSAS respond well to adeno-
tonsillectomy.21 However, OSAS is not caused by
adenotonsillar hypertrophy alone. Several stud-
ies have been unable to show a correlation
between upper airway or adenotonsillar size and
the number of respiratory events that occur dur-
ing sleep.20,22-24 In addition, some children with
adenotonsillar hypertrophy but no other known
risk factors for OSAS are not cured by adenoton-
sillectomy.21 Finally, Guilleminault and colleagues
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Figure 19–1. The Starling resistor model of the upper
airway. The upper airway is represented as a tube with a
collapsible segment. The upstream (nasal) and down-
stream (tracheal) segments have fixed diameters and
resistances (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 et al: Upper airway collapsibility
in children with obstructive sleep apnea syndrome. J Appl
Physiol 1994;77:918-924.)
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Figure 19–3. Obstructive sleep apnea syndrome
(OSAS) in children may result from a combination of fac-
tors. Structural anomalies may result in a narrow upper
airway (UA), and decreased neuromuscular tone may
result in a floppy UA. Genetic, hormonal, or other factors
may also have an impact on these conditions.

Figure 19–2. Pcrit (the pressure surrounding the col-
lapsible pharyngeal segment) vs. apnea index (number
of obstructive apnea events per hour of sleep). There is a
significant correlation between Pcrit and the severity of
obstructive sleep apnea (r = .80, P < .02). (Redrawn with
permission from Marcus et al: Upper airway collapsibility
in children with obstructive sleep apnea syndrome. J Appl
Physiol 1994;77:918-924.)
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described a cohort of children who were cured of
OSAS by adenotonsillectomy but developed a
recurrence during adolescence.25 Thus, it appears
that childhood OSAS is a dynamic process
resulting from a combination of structural and
neuromotor abnormalities rather than from struc-
tural abnormalities alone.

Obesity may narrow the pharynx due to the
deposition of adipose tissue within the muscles
and soft tissue surrounding the airway.26 Although
most adults with OSAS are obese, children with
OSAS are often of normal weight or even fail to
thrive.27 However, obesity does increase the child’s
risk for OSAS.20,28-31

Factors Affecting 
Pharyngeal Compliance
Women and children have a smaller pharynx
than men yet are at a lower statistical risk for
OSA. Acoustic studies of the upper airway
demonstrate that women have a relatively stiff
pharynx compared with men.5 Children also
have different pharyngeal pressure–flow char-
acteristics, suggesting a stiffer upper airway
than that in adults.32 These findings suggest
that both genetic and hormonal factors likely
affect pharyngeal compliance and hence the
risk for OSA. This can be modified by many dis-
ease states, particularly those affecting neuro-
muscular tone. Children with cerebral palsy
and other neurologic disorders are at an
increased risk for OSA. Children with Down
syndrome and Prader-Willi syndrome are at an
increased risk for OSA because of decreased
neuromuscular tone as well as anatomic fac-
tors. Obesity may make the pharynx more com-
pliant and may also increase the risk for
sleep-disordered breathing by decreasing oxy-
hemoglobin saturation because of reduced
functional residual capacity and/or blunting of
central respiratory drive.

CLINICAL FEATURES

The clinical appearance of children with OSAS is
often different from that of adults. However, in
both groups the problem is usually first recog-
nized by the female caregiver (wife or mother),
and there is often some denial and reluctance on
the part of the patient to seek medical care.
Unlike adults, gender distribution in children, at

least during the prepubertal years, is approxi-
mately equal.31

Snoring
Clinical findings may occur during both sleep
and wakefulness (Table 19–1). It is important to
obtain the clinical history from a parent or even
a sibling who shares a room and might have
observed the patient while s/he was sleeping; few
of us are aware of (and admit to) snoring and
other nocturnal symptoms. Snoring is usually
the presenting complaint of patients with OSAS.
Up to 20% of children snore intermittently, and
7% to 10% of them are habitual or regular snor-
ers.1,2 From 1% to 3% of school-aged children
have significant disease.1,2 Respiratory pauses,
often ending with a snort or gasp, are also often
described. The snoring may be cyclical, worsen-
ing with a decrease in motor tone associated
with rapid eye movement sleep. These symp-
toms are often the worst when the patient is in
the supine position, where gravity pulls the
genioglossus to occlude the airway. However,
non-obese prepubertal children may breathe bet-
ter in the supine position,33 suggesting a differ-
ent pathophysiology from that in older children
and adults.

Not all children who snore have OSAS. No
combination of historical or physical factors has
been useful in distinguishing OSAS from pri-
mary snoring. Several studies have attempted
to predict the presence of OSAS in children with
a suggestive clinical presentation, including
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Nocturnal

Snoring
Respiratory pauses
Restless sleep
Diaphoresis
Paradoxical respiratory movements
Enuresis

Diurnal

Sleepiness
Behavior problems
Poor school performance
Morning headaches

Table 19–1. Symptoms of Obstructive
Sleep Apnea in Children
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snoring, witnessed apneas, and/or daytime som-
nolence. However, only one third to one half of
the children suspected of having OSAS satisfied
polysomnographic criteria.21,34-36 Therefore, lab-
oratory confirmation is essential to confirm the
diagnosis and establish the severity of the dis-
order so that the appropriate therapy may be
instituted. These studies are best performed in a
laboratory where the staff members are experi-
enced with children; preparation of the child for
study and scoring and interpretation of the study
may be different from that for adults. In general,
children have fewer clear obstructive events than
adults, and close attention must be paid to the
identification of partial obstructive events, or
obstructive hypopneas, in children.37 An apnea/
hypopnea index of 5 or greater is considered
abnormal in young adults, whereas normal chil-
dren usually do not have more than one event of
obstructive apnea per hour of sleep.38 However,
the clinical significance of a small number of res-
piratory events, even if statistically abnormal, is
not known. Children are also more likely than
adults to have significant oxyhemoglobin desat-
uration with shorter obstructive events, proba-
bly due to lower functional residual capacity and
smaller oxygen stores.

Restless Sleep
Restless sleep may be a sign of frequent arousal
secondary to respiratory pauses. It is often help-
ful to inquire about the condition of the bed-
clothes in the morning; the only clue to the
extent of restless sleep may be disheveled sheets
and blankets. The child may prefer to sleep in
the upright position or with his or her neck hyper-
extended to maximize the patency of the upper
airway.

Enuresis
Nocturnal enuresis can occur during any stage of
sleep.39 Several anecdotal reports describe a rela-
tionship between OSAS and enuresis in chil-
dren.40,41 In one study, 47% of children with
more than one respiratory event per hour of
sleep had nocturnal enuresis, compared with
17% of children with no or one respiratory event
per hour (P < .05).42 Enuresis was more preva-
lent among boys than girls but was not related to
obesity. This may be a function of an insufficient

arousal response,43 impaired urodynamics,44

and/or insufficient vasopressin production dur-
ing sleep.45

Obesity or Failure to Thrive
As in adults, obesity may predispose the child to
OSAS.20,28-31 However, in contrast to adults, chil-
dren with OSAS may fail to thrive. In one report,
27% of the children with OSAS were failing to
thrive,46 perhaps due to the increased work of
breathing during sleep.27 After treatment for
their OSAS, a group of 14 children demonstrated
an increase in weight percentile, accompanied by
a decrease in sleeping energy expenditure.27

Endocrine factors such as insulin-like growth
factor–1 (IGF-1) may also play a role. Thirteen
children with OSA showed an improvement in
weight and IGF-1 after adenotonsillectomy.47

Conversely, OSA may itself be a risk factor for
the metabolic syndrome, a complex of hyperin-
sulinemia/fasting hyperglycemia, abdominal
obesity, and dyslipidemia. The severity of OSA
correlated with fasting insulin levels in a group
of obese children independent of the degree of
obesity.48 Treatment of OSA by continuous posi-
tive airway pressure in adults with type 2 dia-
betes resulted in a significant improvement in
their insulin responsiveness.49 This may be the
result of catecholamine and/or cortisol release
associated with arousal and/or hypoxemia.

Daytime Functioning
Frequent arousal and poor quality of sleep may
result in daytime sleepiness. Sometimes this is
obvious, as in the child who falls asleep in school
or at the dinner table. It is frequently more sub-
tle, being manifested as a short temper, behavior
problems, or academic difficulties. Children
whose parents report snoring and sleep distur-
bances were believed by their teachers to be more
hyperactive and less attentive than control sub-
jects.1 These children may be misdiagnosed as
those with attention deficit hyperactivity disorder.
These episodes of daydreaming or inattentive-
ness may represent brief “microsleeps” as the
child attempts to repay his or her sleep debt.
Children with a lower academic performance in
middle school are more likely to have snored
during early childhood than their better perform-
ing schoolmates.50 Children with sleep-associated
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gas exchange abnormalities who were perform-
ing poorly in school showed an increase in their
grades after adenotonsillectomy.51 Deficiencies
in cognitive function, when they occur, may be
the result of intermittent hypoxemia52 and/or
frequent arousal, preventing good-quality noc-
turnal sleep. Sleepiness in the absence of snoring
may suggest narcolepsy or simply inadequate
sleep due to insomnia or schedule problems.
Nocturnal asthma and gastroesophageal reflux
may also disturb nocturnal sleep and result in
excessive daytime somnolence.

Mortality
There appears to be an excess mortality in adults
with OSAS. Adults with more than twenty
apneic events per hour had a significant increase
in mortality over those with fewer than twenty
such events per hour.53 The increased mortality
may result indirectly from medical risk factors
such as hypertension54 or an increased risk of
motor vehicle accidents.55 Comparable data are
not available for children, but pediatric OSAS
can be associated with systemic hypertension,56

ventricular dysfunction, and/or cor pulmonale.57,58

In one early report 12 of 22 children had cor pul-
monale,46 but this is probably less common now,
with greater awareness of the problem resulting
in earlier diagnosis and treatment.

SUMMARY

OSA is common in children, resulting from a
combination of factors influencing the size and
collapsibility of the pharynx. Children with OSAS
may present with nocturnal complaints includ-
ing snoring, restless sleep, and enuresis. In the
daytime they may exhibit sleepiness, behavior
problems, and/or poor school performance.
They may be obese or fail to thrive. OSAS may
result in considerable morbidity and perhaps
mortality if left untreated.
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Several anecdotal reports suggest the likelihood
of a relationship between nocturnal enuresis and
obstructive sleep apnea (OSA) in both adults1-6

and children.7-10 This is further elucidated in case
series. A questionnaire study of children in
Istanbul showed an increased prevalence of noc-
turnal enuresis in habitual snorers compared
with occasional snorers and nonsnorers.11 Cinar
and colleagues12 noted that 35% of children
operated on for upper airway obstruction
reported nocturnal enuresis, and two thirds of
those who responded reported complete or par-
tial relief of enuresis 3 months after surgery.
Weider and coworkers13 described a series of
115 children with upper airway obstruction and
enuresis. Six months after “some type of surgery
to eliminate upper airway obstruction,” the
group reported a 77% reduction in the number
of enuretic nights. However, neither of these
reports included a control group and very few of
the patients had polysomnography to define and
quantify their obstructive sleep apnea. A large
population study of home polysomnograms
in Hispanic and Caucasian children aged 6 to 11
years found a prevalence of enuresis of 11.3% in
children with a respiratory disturbance index (RDI;
apneas plus hypopneas per hour of sleep) of
greater than 1 compared with a prevalence of 6.3%
in children with an RDI of less than 1 (P < .08).
Enuresis was strongly associated with loud
snoring (P < .007), a known correlate of sleep-
disordered breathing (SDB) in children.14

We described 160 pediatric patients (90 boys
and 70 girls) who were referred to our sleep cen-
ter with signs and symptoms suggestive of OSA15

(Table 20–1). The mean age of the children was
9.6 ± 3.58 years (range, 4.2 to 17.9). There was
no relationship between RDI and age (rS = −.15,
P > .20). A total of 66 children (41%) currently
described enuresis, a percentage similar to that
found in the data of Cinar et al.12 Forty-nine per-

cent of the boys were enuretic compared with
31% of the girls (P < .05). There was no differ-
ence in RDI between the boys and girls (P = .91).
The mean body mass index (BMI; kg/m2) was
22.6 ± 8.71 (range, 12.9 to 64.2). There was no
relationship between BMI and RDI (rS = .09, P > .5)
or the presence of enuresis (X2 = 3.08, P = 0.55).

Enuresis was more prevalent in the younger
children, but at all ages enuresis was more preva-
lent than in literature controls.16,17 Of the children
who wet the bed, 64% had primary enuresis and
36% had secondary enuresis. Children with an
RDI of less than 1 had a significantly lower
prevalence of nocturnal enuresis (27%) than did
children with an RDI of greater than 1 (47%) (X2

= 4.13, P < .05). Of children with an RDI of less
than 1, 14% had enuresis frequently, compared
with 32% of children with an RDI of greater than
1 (X2 = 4.52, P < .05). There was no significant
difference in the prevalence of enuresis between
children with an RDI between 1 and 5, those with
an RDI between 5 and 15, and those with an RDI
greater than 15 (X2 = .18, P = .92) (Figure 20–1).

These data demonstrate a high prevalence of
nocturnal enuresis in children with suspected
SDB. Children with more than one respiratory
event per hour of sleep (RDI > 1) were at signif-
icantly greater risk of enuresis than were chil-
dren with an RDI of less than 1. In other studies,
more than one obstructive apnea per hour of
sleep has been suggested to indicate OSA in
children.18

The predisposition of boys to nocturnal
enuresis, and the 3-to-1 ratio of primary to sec-
ondary enuresis are similar to descriptions of
otherwise-normal children.19 Wang and col-
leagues found nocturnal enuresis in 24 of 82
children (29%) referred for suspected OSA.20

Eleven of those 24 had OSA confirmed with
polysomnography, but no data were reported on
the severity of the OSA. Brouillette and coworkers
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found nocturnal enuresis in 8% of children with
OSA compared to 4% of controls.21 However,
this was not a statistically significant difference,
probably because of the small number of patients.

Finally, treatment of OSA with continuous
positive airway pressure, dental devices, or ade-
notonsillectomy has been reported to ameliorate
enuresis in adults2-6 and children.7-10,13,22

Why might children with SDB be at risk for
nocturnal enuresis? Proposed etiologies for noc-
turnal enuresis include insufficient arousal
response, impaired urodynamics, and insuffi-
cient vasopressin production during sleep.

Children who wet the bed are reported by
their parents to be more difficult to arouse from
sleep than children without enuresis.23 Weider
and colleagues reported that “a number of
patients [with upper airway obstruction] who
could not be aroused before surgery were able to
wake up and go to the bathroom by themselves
after surgery.”13 SDB may therefore promote
enuresis by decreasing the arousal response,24

perhaps because of sleep fragmentation.24-26

Daytime urodynamics are similar in children
with and those without enuresis.27 However, the
increased intra-abdominal pressure caused by
respiratory efforts against an obstructed airway
can be transmitted to the bladder. Cystometrog-
raphy has demonstrated that bladder pressure
during sleep may rise as high as 60 cm H20
in conjunction with respiratory efforts against an
obstructed upper airway, in contrast to pressures
of about 5 cm H20 during quiet wakefulness.1

Thus, OSA may promote enuresis by increasing
bladder pressure.

Finally, SDB can affect the secretion of urinary
hormones such as atrial natriuretic peptide

(ANP) and antidiuretic hormone (ADH). Adults
with OSA have elevated ANP and decreased
ADH,28-30 and the normal nocturnal decrease
in urine output does not occur.29-31 In patients
with OSA, plasma ANP correlates negatively with
cumulative apnea duration and lowest arterial
oxygen saturation, and positively with the high-
est change in intrathoracic pressure.28 This may
result from the more negative intrathoracic pres-
sures increasing atrial volume, thus stimulating
ANP production. Acute hypoxemia may result
from central or obstructive respiratory events,
and it may stimulate ANP secretion.32 Urine out-
put, sodium excretion, and secretion of ANP all
decrease, whereas renin and aldosterone increase,
with successful treatment of OSA.28,30,31,33,34

Many of these studies describe patients
referred for suspected SDB, and it is possible that
nocturnal enuresis was a factor in the primary
physician’s decision to refer, thus inflating the
reported prevalence of enuresis. Despite this, the
evidence suggests that the association between
nocturnal enuresis and OSA is real, with a rea-
sonable physiologic basis.

Obstructive sleep apnea, which can usually be
easily treated, should be considered in the differ-
ential diagnosis of nocturnal enuresis in children.

232 Chapter 20 Enuresis in Children with Sleep Apnea

Boys Girls
N 90 70
With enuresis (%) 49 31*

Age (yr) 9.7 ± 3.6† 9.4 ± 3.6
BMI (kg/m2) 22.2 ± 7.9 24.0 ± 9.8
RDI 11.3 ± 18.8 8.3 ± 13.4

*P < .05
†Mean ± SD
BMI, body mass index; RDI, respiratory disturbance

index.

Table 20–1. Patient Demographics
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Figure 20–1. Prevalence of nocturnal enuresis in 160
children referred for suspected sleep-disordered breath-
ing. Frequent enuresis was defined as wetting the bed
3 nights a week or more. (From Brooks LJ, Topol HI:
Enuresis in children with sleep apnea. J Pediatr 2003;
142:515-518.)
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Childhood obstructive sleep apnea syndrome
(OSAS) is a common condition that can result in
severe complications if not diagnosed and
treated in a timely fashion. Nevertheless, most
patients respond readily to treatment. The main-
stay of treatment is tonsillectomy and ade-
noidectomy (T&A). Nasal continuous positive
airway pressure (CPAP) is usually the second-
line treatment for children who do not respond
to T&A, or for those few children for whom
T&A is not indicated. In selected cases, other
treatment options may be useful.

WHEN TO TREAT

One of the biggest dilemmas in pediatric sleep
medicine is the question of who warrants treat-
ment. Very few outcome studies have been con-
ducted in children. Some normative pediatric
data are available.1-4 However, these data tell us
only what is statistically abnormal. We do not
yet know which clinical or polysomnographic
parameters predict a poor outcome—that is,
which parameters are clinically important. It is
generally accepted that children with severe
OSAS should always be treated, as these children
are at risk for serious complications such as cor
pulmonale and failure to thrive. Many practi-
tioners agree that children with primary snoring
should not be subjected to surgery, although this
group has not been rigorously studied. However,
treatment of the child with mild abnormalities
on polysomnography is controversial. In such
cases, as with most medical conditions, treat-
ment decisions should be based on the constel-
lation of symptoms, physical examination, and
laboratory results (polysomnography), rather
than on polysomnography results alone. If the
decision is made not to treat the child, then
follow-up is important.

EMERGENCY TREATMENT

Most patients with diagnosed OSAS can await
elective treatment. On a practical level, these
children have often waited weeks or months
before seeing a physician or undergoing a sleep
study, and the decision is therefore made that
they can wait for surgery. Although these patients
do not seem to have acute problems, it should be
realized that the short-term effects of untreated
hypoxemia or obstructive apnea are unknown.

Occasionally, emergency treatment is war-
ranted in children presenting with cardiorespira-
tory failure or severe hypoxemia. Many children
can be successfully managed with nasopharyn-
geal tubes, pending definitive surgery,5 or with
CPAP.6 Intubation is rarely needed. Sedation
should be avoided, and supplemental oxygen
should never be administered without careful
monitoring for hypoventilation (see later).

TREATMENT MODALITIES

Tonsillectomy and Adenoidectomy
T&A is the first-line treatment for childhood
OSAS. It is a relatively simple procedure with a
low complication rate, and it usually results in a
cure. Therefore, it is preferable to long-term use
of CPAP, where compliance is often a problem.
Nevertheless, T&A should not be undertaken
lightly. As with any surgery, there is associated
morbidity and even mortality. For these reasons,
it is recommended that surgery be performed
only after polysomnographic proof of OSAS has
been obtained.7,8

Efficacy of T&A

OSAS results from the relative size and structure of
the upper airway components, and the relationship
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between structural narrowing and neuromotor
tone of the upper airway, rather than from the
absolute size of the tonsils and adenoid. Thus, even
in children with relatively small tonsils, or with
additional risk factors for OSAS such as cranio-
facial syndromes, T&A is often successful in treat-
ing OSAS. This has been demonstrated in children
with morbid obesity,9,10 Down syndrome,11 and
cerebral palsy.12 However, these patients should be
reevaluated postoperatively to ensure that the
OSAS has resolved and that further treatment is
not necessary.

Several studies have evaluated the success rate
for T&A in children with OSAS secondary to ade-
notonsillar hypertrophy. These studies are hard to
compare directly, as they utilized different patient
populations, recording techniques, definitions of
respiratory events, time periods for postoperative
evaluations, and types of surgery (e.g., some of
the studies included patients who underwent ade-
noidectomy with monotonsillectomy). Never-
theless, the different studies all show that the
overwhelming majority of patients have an
improvement in both symptoms and polysomno-
graphic findings postoperatively.10,13-21 The most
complete data are given by Suen and colleagues.19

They studied 26 children with OSAS but without
neurologic or craniofacial anomalies. Patients
underwent follow-up polysomnography 6 to
50 weeks after T&A (personal communication
from the authors), and showed a decrease in res-
piratory distress index (RDI) from 16 ± 10/hr to 2
± 1/hr. Four patients continued to have an RDI of
greater than 5 postoperatively, with one still hav-
ing an RDI of 45 per hour. The preoperative RDI
was a predictor of the response to surgery. Frank
and coworkers18 evaluated seven children 4 to
6 weeks after T&A and found that the average
total number of apneas fell from 194 to 7. Bar and
colleagues22 studied 10 normal children an aver-
age of 3 months after T&A and found a decrease
in the RDI from 8 ± 9 to 1 ± 2. Zucconi and
coworkers21 evaluated 14 patients with nap or
overnight polysomnography 3 to 18 months post-
operatively (surgery being adenoidectomy, ade-
noidectomy with monotonsillectomy, or T&A)
and showed a decrease in the apnea-hypopnea
index from 11 ± 10 to 3 ± 2/hr. Agren and col-
leagues16 reported normalization of the oxygen
desaturation index 1 year postoperatively.

Studies have shown that growth improves
after T&A, even in children who were in the

normal range beforehand.20,22-25 In fact, even
obese children gain weight postoperatively.26

Enuresis has been reported to improve after
surgery.27 Studies of behavioral and cognitive
function have, in general, shown an improve-
ment after T&A. Ali and coworkers28 found an
improvement in the Conners Behaviour Scale,
Matching Familiar Figures Test, and a continu-
ous performance test postoperatively; children
with snoring showed a lesser response after
T&A, and controls (studied after a 6-month
time period) did not change. Goldstein and col-
leagues29 showed an improvement measured on
the Child Behavior Checklist (controls were not
evaluated). Gozal showed an improvement in
academic scores after T&A in children with
sleep-disordered breathing but no change in
either normal controls or untreated children
with sleep-disordered breathing.30 In contrast
to these studies, a study of behavioral symp-
toms after treatment, compared with an un-
treated control group, showed an improve-
ment in daytime symptoms but no significant
change in temperament or intelligence after
surgery.31

Tonsillectomy or Adenoidectomy, or Both?

Many sleep specialists believe that both the ton-
sils and the adenoid should be removed, even if
one or the other appears to be the more enlarged.
This results from the belief that OSAS is caused
by both structural and neuromotor abnormali-
ties, and that therefore widening the airway as
much as possible is desirable. There is also
anecdotal evidence of a high persistence or re-
currence rate in children treated with adenoid-
ectomy or tonsillectomy alone. However, there
are no randomized, controlled trials evaluating
the different types of surgery. Nieminen and
coworkers17 noted that 73% of children with
OSAS had a history of prior adenoidectomy; all
improved after tonsillectomy. This suggests
either that adenoidectomy alone was insufficient
or that the adenoids grew back. Zucconi and col-
leagues21 reported that three children who
underwent adenoidectomy alone had only a tran-
sient improvement in OSAS, whereas 16 children
who underwent T&A or adenoidectomy with
monotonsillectomy did better. However, further
details were not provided. In children with a sub-
mucous cleft palate, adenoidectomy may result in
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velopharyngeal incompetence; in this group, ton-
sillectomy alone is a consideration.

Adenoidal recurrence may occur, especially in
very young children. One study evaluated ade-
noidal regrowth in a sample of children who had
symptoms of nasal obstruction 2 to 5 years after
adenoidectomy.32 One patient had already
undergone revision adenoidectomy. In the
remaining patients, the authors reported lym-
phoid regrowth occupying 0% to 40% of the
nasopharynx. Thus, if children develop a recur-
rence of OSAS after T&A, they should be evalu-
ated to determine whether the adenoids have
regrown and revision adenoidectomy is required.

Morbidity and Mortality

Acute general complications of T&A include
hemorrhage (in approximately 3% of cases),33 res-
piratory decompensation, anesthetic complica-
tions, pain, and poor oral intake. Death has been
reported.34 Preoperative sedation may precipitate
acute upper airway obstruction.35 Postoperative
respiratory decompensation may result from tran-
sient worsening of OSAS secondary to postopera-
tive edema and increased secretions; respiratory
depression from anesthetic agents, narcotics, and
the use of oxygen in children with a blunted
hypoxic ventilatory drive; and the occurrence of
postobstructive pulmonary edema.36,37 The latter
is a poorly understood phenomenon occurring
with the relief of upper airway obstruction from
any cause (such as croup, epiglottitis, or OSAS).
Long-term complications of T&A, such as
nasopharyngeal stenosis and velopharyngeal
incompetence, occasionally occur.

A number of studies have evaluated the
prevalence of postoperative respiratory compli-
cations. In patients with polysomnographically
proven OSAS, prevalence rates of 16% to 27%
have been reported.6,38,39 Prevalence rates in
those studies in which polysomnography was
not performed are lower.40,41 These studies prob-
ably included children with primary snoring as
well as OSAS. Studies of postoperative complica-
tions have been remarkably consistent in their
findings about which patients are at greatest risk
for postoperative respiratory compromise. High-
risk groups include children less than 3 years of
age, children with underlying disease (craniofa-
cial anomalies, obesity, cerebral palsy, or a his-
tory of prematurity), those with severe OSAS,
and those with failure to thrive or cor pulmonale
(both of which are associated with severe
OSAS).6,38,39,42-44 High-risk patients can never-
theless be treated safely if appropriate precau-
tions are taken.45 Recommendations include
performing surgery in tertiary care centers where
pediatric specialists and a pediatric intensive
care unit are available, avoiding preoperative
sedation, ensuring intravenous access prior to
inducing anesthesia, and monitoring patients
closely postoperatively, so that appropriate air-
way intervention can be performed as needed.
Currently in the United States, T&A is usually
performed as outpatient surgery. The American
Academy of Pediatrics Clinical Practice
Guideline7 recommends that high-risk patients
(Table 21–1) be hospitalized overnight after sur-
gery and monitored continuously with pulse
oximetry. CPAP can be used in the perioperative
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Age younger than 3 years
Severe obstructive sleep apnea syndrome (OSAS) on polysomnography
Cardiac complications of OSAS (e.g., right ventricular hypertrophy)
Failure to thrive
Obesity
Prematurity
Recent respiratory infection
Craniofacial anomalies
Neuromuscular disorders

Reproduced with permission from American Academy of Pediatrics, Section on Pediatric Pulmonology, Sub-
committee on Obstructive Sleep Apnea: Clinical practice guideline: Diagnosis and management of childhood
obstructive sleep apnea syndrome. Pediatrics 2002;109:704-712.

Table 21–1. Risk Factors for Postoperative Respiratory Complications in Children
with OSAS Undergoing Adenotonsillectomy
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period to stabilize patients prior to T&A and to
treat postoperative complications.6,46 It may
reduce the need for postoperative intubation.

Follow-Up

All children should be reevaluated clinically
after surgery. Those with severe OSAS preopera-
tively, continued risk factors for OSAS, or per-
sistent symptoms should be considered for
repeat polysomnography. Traditionally, it is
stated that OSAS improves 6 to 8 weeks after
T&A. However, this has not been studied sys-
tematically. Significant improvement may occur
much earlier. Helfaer and colleagues performed
repeat polysomnography the night after surgery
on a group of children with OSAS.47 This study
was limited to children with mild to moderate
disease and no underlying medical conditions.
Postoperatively, patients showed an immediate
reduction in the apnea-hypopnea index (from
5 ± 1 to 2 ± 1) and an improvement in arterial
oxygen saturation during rapid eye movement
sleep (from 78 ± 5% to 92 ± 1%).

Continuous Positive 
Airway Pressure
The vast majority of children with OSAS will be
cured by T&A. However, a small number of
patients will require further treatment. Typically,
these patients have underlying medical condi-
tions, such as obesity, craniofacial anomalies, or
neuromuscular disease. However, occasional
patients have idiopathic OSAS that persists after
T&A despite the absence of any obvious risk fac-
tors.48 In addition, some patients are not candi-
dates for T&A, such as adolescents with minimal
adenotonsillar tissue, or patients with severe
bleeding disorders. In these patients, nasal CPAP
can be a highly effective means of treatment.

Method of Action

During CPAP use, positive pressure is generated
by a blower attached to a mask. For bilevel pres-
sure, the inspiratory (IPAP) and expiratory
(EPAP) pressures can be adjusted independently,
so that the expiratory pressure is lower than the
inspiratory pressure. Unlike conventional venti-
lators, the respiratory circuit has a single limb for
both inspiration and expiration. A fixed leak near

the patient’s mask prevents CO2 rebreathing.
CPAP increases the intraluminal upper airway
pressure and elevates it above the upper airway
critical closing pressure,49 thereby stenting the
airway open. It reduces upper airway50 and dia-
phragmatic51 inspiratory muscle activity. Because
the upper airway is rich in sensory nerve end-
ings, increased nasal airflow from CPAP can stim-
ulate ventilation.52 The use of nasal CPAP in
adults with OSAS has been shown to result in
improved cognitive and psychiatric function,
decreased daytime somnolence, decreased wak-
ing hypercapnia, improved cardiovascular func-
tion, and possibly decreased mortality.53

Efficacy of CPAP in Children

In the United States, CPAP use is not approved for
children weighing less than 30 kg. Nevertheless,
there is widespread experience in the use of CPAP
in children of all ages, including infants,54,55

showing that it is safe and effective. Several large
series have been published. One study reported
CPAP use in 80 patients at the same institution,46

and a multicenter study reported on CPAP use in
94 patients.48 Both studies showed that CPAP was
effective and tolerated in more than 80% of
patients with OSAS, including children with cran-
iofacial anomalies, obesity, or neurologic disor-
ders. The required pressure varied from 4 to 20
cm H2O, and this range was independent of age
and underlying diagnosis. Presumably, the pres-
sure level was proportional to the severity of
OSAS, although different protocols at the varying
institutions did not allow this to be evaluated sys-
tematically. Excluding patients in whom CPAP
was only used perioperatively, or in whom addi-
tional treatment modalities were used, only 4% to
16% of patients improved sufficiently to discon-
tinue CPAP over the several years of follow-
up.46,48 Long-term studies are needed.

Nasal CPAP has long been known to be effec-
tive in treating central apnea in infants; recent
studies show that it is also effective in treating
obstructive apnea in this age group.54-56 Infants
are more likely to be weaned off CPAP than older
children.54,55 Unfortunately, nasal masks are not
commercially available in the United States for
this age group, although an infant mask
(ResMed, Sydney, Australia) is available in other
countries.
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Institution of CPAP Therapy

Although CPAP is effective in children, it
requires time and patience on the part of both
the family and the medical practitioner to get it
to work. Several centers46,57 begin CPAP at home
on low pressures, to enable the child to gradually
habituate to the system prior to bringing patients
into the lab for a formal titration. It is important
to make the CPAP use part of a child’s bedtime
routine. The alternative, placing the mask on a
young child’s face while the child is asleep, can
result in frightened arousals during the night
and leads to poor tolerance. Behavioral condi-
tioning may be useful.58,59 In children, pressure
requirements change over time.48,54 Therefore, it
is necessary to frequently reevaluate pressure
levels in response to growth. In addition, it is
important to pay attention to mask and headgear
fit as time passes.

Patients with OSAS whose CPAP was discon-
tinued for 1 night may have a temporary
improvement in breathing compared to their
baseline, pre-CPAP treatment state. Polysom-
nography on the first night off CPAP demon-
strates fewer and shorter obstructive apneas,
decreased esophageal pressure swings, and less
arterial oxygen desaturation.60-62 This may result
from a number of factors, including decreased
sleep fragmentation, decreased upper airway
edema, and resetting of the ventilatory drive.
Because of this transient improvement, CPAP
should be discontinued for at least several days
prior to polysomnography in patients being eval-
uated for discontinuation of therapy.

Compliance

The major problem with CPAP use is poor com-
pliance. A number of studies in adults have
shown that approximately 15% to 20% of
patients drop out immediately.63,64 The remain-
ing patients use CPAP for an average of 5 hours
a night.63-65 Comparable studies have not been
performed in children, although a preliminary
report suggests that their compliance may be
similar.66 It is recommended that compliance
be assessed objectively by regular readings of the
equipment hour meter. Compliance can be
improved by increasing the comfort of the equip-
ment and paying close attention to side effects.
A ramp function that allows the machine to

gradually increase pressure as the patient falls
asleep may increase comfort. Bilevel pressure
may be more comfortable than CPAP, although
this requires further study in children. Only one
study (in adults) has directly compared CPAP to
bilevel ventilation for OSAS.63 This study did not
demonstrate a significant difference in effective
use between the two methods. However, the
CPAP group had a significantly larger dropout
rate than the bilevel group. Furthermore, com-
pliance in the bilevel group was affected by the
difference between inspiratory and expiratory
pressures, suggesting that different ventilation
protocols may affect compliance. In practice,
bilevel ventilation is often used for patients who
find CPAP uncomfortable.

Side Effects

The most common side effects of CPAP use are
nasal symptoms, including nasal congestion, rhi-
norrhea, dryness, and epistaxis (Table 21–2).
These are caused by the cooling and drying
effects of CPAP, which alters the nasal mucosa
and impedes mucociliary clearance.67 In one
study, more than two thirds of adults using CPAP
complained of nasal symptoms.68 The most effec-
tive treatment is use of a heated humidifier; cool
humidification is little better than placebo.69

Attention to hygiene (cleaning the equipment
and changing filters regularly) is important.
Nasal steroids or saline drops may be efficacious
in some patients. Other side effects include dry
or irritated eyes resulting from mask leak.
Dermatitis and pressure lesions from the mask
may occur. This can be severe and can lead to
decubitus ulcers, particularly in patients who are
unable to adjust the mask themselves (e.g., those
with cerebral palsy). Pressure lesions can be min-
imized by ensuring good mask fit, avoiding over-
tightening of the mask straps, using gel masks,
placing spacers on the forehead rather than on
the bridge of the nose, using skin hydrocolloid
dressings, or alternating different types of masks.
Gastric distension occurs occasionally but is usu-
ally self-limiting. More severe side effects, such as
pneumothorax70 or barotrauma affecting the
eyes,71 ears, and central nervous system,72 have
been reported very rarely.

Some considerations are specific to the use of
CPAP in children. Central apneas can occur at
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higher pressure levels46 because of an active
Hering-Breuer reflex. This can be remedied by
placing the patient on bilevel ventilation with a
backup rate. Children may have problems trigger-
ing bilevel machines, as the triggering algorithms
used are not suitable for the lower flow rate and
faster respiratory rate seen in young or weak chil-
dren. This must be taken into account when
adjusting settings. Certain brands of equipment
trigger better in young children than others.
Mouth breathing during CPAP use is not a prob-
lem unless it interferes with ventilation, in which
case a chin strap or full face mask can be used.
However, there may be a risk of aspiration with
the use of a full face mask, particularly in very
young or developmentally impaired children.
Occasionally, nasal damage (with nasal prongs)73

or midfacial depression (with nasal masks)74

occur in children who begin using CPAP at a
young age.

Uvulopalatopharyngoplasty
Uvulopalatopharyngoplasty (UVPP) is a surgical
procedure involving excision of the uvula and
the posterior portion of the palate and tonsils,
and trimming and reorientation of the tonsillar
pillars. In adults, it has a success rate of approx-
imately 50%.75 The procedure is not commonly
performed in children and has not been system-

atically evaluated except in specific subpopula-
tions. It is useful in patients in whom abnormal
upper airway neuromuscular tone contributes to
OSAS (e.g., patients with cerebral palsy and
Down syndrome).76-78

Craniofacial and Other Surgeries
In complex patients with OSAS, particularly
those with craniofacial anomalies, craniofacial
surgery may be effective. This is especially indi-
cated in patients who do not tolerate CPAP or
who would also benefit from the cosmetic effect
of surgery. Few large-scale studies have been
published; most of them were by one group of
surgeons.79-82 This group has reported good suc-
cess in treating patients with craniofacial anom-
alies, Down syndrome, or cerebral palsy using
complex craniofacial surgery. They use an indi-
vidualized surgical approach based on the site of
obstruction. Patients are evaluated by physical
examination, radiologic studies, and endoscopy.
Those with abnormalities in the region of the
nares to the velum are treated with combinations
of adenoidectomy, septoplasty, and inferior tur-
binectomy. Those with obstruction in the region
extending from the lips to the hypopharynx are
treated with procedures such as tonsillectomy,
UVPP, tongue reduction, mandibular osteotomy,
and tongue–hyoid suspension. These procedures
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Side Effect Treatment
Nasal symptoms (dryness, congestion, Heated humidification

rhinorrhea, epistaxis) Nasal steroids
Saline nose drops

Skin ulceration Correct mask fit.
Avoid overtightening of head gear.
Protect bridge of nose with hydrocolloid dressings.
Gel masks
Spacer on forehead instead of bridge of nose
Alternate different interfaces (e.g., nasal cannula, 

nasal mask).
Eye irritation Correct mask fit.
Inability to fall asleep while wearing CPAP Pressure ramp
Central apnea Bilevel ventilation with backup rate
Hypercapnia (rarely seen in children) Nonrebreathing valve
Failure to trigger bilevel ventilation Use ventilator with low triggering threshold 

or adjustable sensitivity levels.
If suboptimal ventilation, consider increasing

expiratory positive airway pressure and adding O2.
Midfacial depression Custom mask

Table 21–2. Treatment of Side Effects of Continuous Positive Airway Pressure (CPAP)
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are best performed in experienced, multidiscipli-
nary centers, as they are fraught with potential
complications. Surgery may require prolonged
intubation or temporary tracheostomy.

Select craniofacial procedures may be appro-
priate for patients with isolated anomalies.
Mandibular distraction procedures can be per-
formed in children with micrognathia, including
infants with Pierre Robin syndrome or hemifa-
cial microsomia81 (Fig. 21–1). In this procedure,
the mandible is divided and an external distrac-
tion device applied. Distraction is gradually
applied via the device, typically by 1 mm/day.
However, long-term complications, such as
asymmetrical jaw growth, may occur. Midfacial
advancement can improve both upper airway
function and cosmetic appearance in children
with craniofacial anomalies such as Crouzon
syndrome. Tongue reduction has been used to
treat patients with Down syndrome or other
causes of macroglossia.77,83 However, the effects
of this surgery on swallowing and speech have
not been formally investigated. Epiglottoplasty is
useful in treating selected children with upper
airway obstruction secondary to laryngomala-
cia,84 although the overwhelming majority of
children with laryngomalacia do not require
treatment, as they improve with age.

Weight Loss
Weight loss is recommended for all obese
patients. However, this is notoriously difficult to
achieve. Even if weight loss does occur, it hap-
pens slowly. Therefore, interim treatment is
required. T&A is often effective even in mor-
bidly obese children,9,85 and it is usually the
first-line treatment unless there is minimal ade-
notonsillar tissue. CPAP can be used pending
surgery. Patients with significant obesity should
undergo postoperative polysomnography to
determine whether further treatment, such as
CPAP, is necessary.

Most of the data regarding weight loss and
OSAS are from studies of adults. Major weight
loss in adults, such as that seen with bariatric
surgery, has been reported to result in resolution
of apnea. Moderate weight loss (10% to 20% of
body weight) is associated with a more modest
improvement in OSAS.86 One study evaluated
the effects of bariatric surgery on OSAS in chil-
dren.87 Eleven children underwent surgery, with

a resultant weight loss of 45% of body weight.
Two children underwent simultaneous UVPP,
and one child required a tracheostomy because
of prolonged postoperative intubation. Nine
patients received polysomnographic evaluation
postoperatively and showed an improvement
(from 73% to 93%) in mean arterial oxygen sat-
uration. Additional details were not provided.
Further study of bariatric surgery in morbidly
obese children with severe apnea, who have

Treatment of Obstructive Sleep Apnea Syndrome in Children Chapter 21 241

Figure 21–1. Top, An 8-year-old girl with obstructive
sleep apnea syndrome secondary to micrognathia is
shown immediately after a mandibular distraction proce-
dure with the placement of external fixators. Bottom,
The patient is shown several years after the procedure.
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failed other treatments, is warranted. Of con-
cern, however, are several articles describing
long-term recurrence of OSAS in obese patients
who had lost weight, even though the weight
loss had been maintained.88,89 This may have
resulted partly from the fact that the patients
never attained a normal weight, even though
they weighed less than they had originally.

Oral Appliances and 
Orthodontic Treatment
Oral appliances are recommended for adult
patients with mild OSAS or those who are intol-
erant of CPAP,90 but few studies have evaluated
oral appliances in children. In one study,91 chil-
dren with mild to moderate OSAS and dysgnathia
were fitted with an appliance. Twenty-six percent
discontinued therapy. In the remainder, the apnea-
hypopnea index decreased significantly but did
not normalize. A second study showed a modest
improvement in a group of children with mild
obstructive apnea (apnea-hypopnea index
decreased from 8 to 4 per hour).92 Further study
on oral and orthodontic appliances in children is
warranted. At present, these devices should be
used only by specialists with expertise in pediatric
orthodontics, as they have the potential to alter
the shape of the craniofacial skeleton in growing
children. Conceivably, however, the early use of
oral appliances could improve craniofacial char-
acteristics that put children at risk for OSAS.

Rapid maxillary expansion using orthodontic
appliances has been used successfully in one
study of adults with obstructive apnea and max-
illary constriction,93 and in one study of children
with obstructive apnea and maxillary constric-
tion.94 In the latter study, children with adeno-
tonsillar hypertrophy were excluded (the criteria
for diagnosing adenotonsillar hypertrophy were
not stated). Thus, this appears to be a promising
technique for a select population group.

Supplemental Oxygen
Two studies have evaluated the effect of supple-
mental oxygen on children with OSAS.95,96 In
both studies, supplemental oxygen resulted in
improved arterial oxygen saturation, as expected.
There were no clinically important differences in
the number or duration of obstructive apneas
when subjects breathed supplemental oxy-
gen.95,96 PCO2 levels did not change for the group

as a whole. However, a few individuals showed a
marked increase in PCO2 when breathing supple-
mental oxygen; this could not be predicted by
age, weight, or severity of OSAS (Fig. 21–2).
Supplemental oxygen use will not alleviate the
increased work of breathing or sleep fragmenta-
tion associated with OSAS, and this is therefore
not an appropriate first-line treatment. However,
these studies suggest that it may be useful as a
temporizing measure, or when other treatments
fail, in a few select individuals (e.g., in an infant
with mild OSAS resulting from craniofacial
anomalies, who is expected to improve with
growth). Supplemental oxygen should never be
administered to patients with OSAS without first
measuring their change in PCO2 in response to
the oxygen.

Drugs
In general, pharmacologic agents are not useful
in the management of OSAS. Systemic glucocor-
ticosteroids have been used to shrink adenoidal
tissue. However, only one study has evaluated
this treatment. In an open-label, uncontrolled
study, a 5-day course of prednisone did not
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Figure 21–2. The peak end-tidal PCO2 is shown for indi-
vidual patients with obstructive sleep apnea syndrome
while breathing room air compared with supplemental
oxygen during sleep. Group means and standard devia-
tions are shown in the side bars. Although there was no
difference in the mean PCO2 between the two conditions,
several individuals had an increase in PCO2 while breath-
ing supplemental oxygen. (Adapted from Marcus CL,
Carroll JL, Bamford O, et al: Supplemental oxygen during
sleep in children with sleep-disordered breathing. Am J
Respir Crit Care Med 1995;152(Pt 1):1297-1301.)
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significantly improve OSAS.97 Topical nasal
steroids have been shown to have a modest effect
in children with OSAS.98 Following a 6-week
course of treatment, patients had a modest
improvement in apnea index from 11 ± 9 to 6 ±
8/hr. However, the individual response to treat-
ment was varied, with a wide standard deviation,
and many subjects went on to have T&A. The
effect of withdrawing topical steroid treatment is
not known. Thus, a trial of nasal steroids may be
warranted in some patients with mild OSAS, but
follow-up is essential. Further study is needed.

Environmental Conditions
There is a high prevalence of allergy in children
with OSAS.99 Theoretically, avoiding allergens
may improve OSAS. Although passive smoking
is associated with snoring,100 one study failed to
show a relationship between maternal smoking
and OSAS.101 Nevertheless, it seems prudent to
minimize exposure to cigarette smoke.

Tracheostomy
Tracheostomy is the ultimate treatment for
OSAS, as it bypasses the site of obstruction.
However, it is associated with many complica-
tions, including speech problems, chronic tra-
cheitis, and interference with the activities of
daily life. Fortunately, with the increased use of
CPAP and other treatment modalities, tra-
cheostomy is now rarely required. It may be
needed in children with upper airway obstruc-
tion during both wakefulness and sleep, particu-
larly in children with cerebral palsy or severe
craniofacial malformations.

CONCLUSION

A variety of effective treatment modalities are
available for children with OSAS. However, many
unanswered questions remain. What degree of
OSAS warrants treatment? What is the correla-
tion between polysomnographic abnormalities
and clinical outcome? What is the long-term out-
come of CPAP use in children? Which equipment
is best suited for them? What are the success and
complication rates of complex surgical proce-
dures such as UVPP and tongue reduction in
children? Are successfully treated patients at risk
for recurrence of their disease as adults? Further
long-term studies are desperately needed.
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General and pediatric otolaryngologists are fre-
quently asked to evaluate and consider surgical
management in children with snoring, sleep-
related breathing disorders, and possible obstruc-
tive sleep apnea (OSA). OSA and upper airway
resistance syndrome (UARS) in the pediatric pop-
ulation are most often caused by adenoid and ton-
sillar (adenotonsillar) hypertrophy, which has a
peak incidence from the ages of 2 to 5 years mir-
roring the incidence of pediatric OSA. However,
other causes of upper airway obstruction must be
ruled out and appropriately treated if present. Since
the widespread availability and use of antibiotics,
the morbidity and complications of tonsillitis have
been reduced dramatically. Tonsillectomy and ade-
noidectomy are the most commonly performed
curative procedures, and awareness of pediatric
OSA syndrome (OSAS) and sleep apnea has
resulted in a changing trend in the indication for
pediatric adenotonsillectomy over the traditional
infectious indication.1 The definitions of OSA and
UARS are described in detail in other chapters of
this text; hence, this chapter will focus on the diag-
nosis, surgical indications, and outcome of adeno-
tonsillectomy specifically relevant to OSA.

PATHOPHYSIOLOGY OF OSA

The pathophysiology of sleep-related breathing
disorders, UARS, and OSA differs from patient to
patient, depending on the presence of medical
comorbidities, central versus obstructive apnea,
and, if obstructive, the specific site of upper airway
obstruction. The upper airway includes the nasal
passages down to the glottic inlet, including poten-
tially redundant soft tissue in the oropharynx and
hypopharynx; therefore, evaluation must include
areas other than the adenoid and tonsillar tissue.

Nasal obstruction secondary to allergic rhinitis
or polyps may respond to conservative manage-
ment. Stridor may signify laryngeal or tracheal
pathology. Benign or malignant upper airway
masses can present with snoring and sleep-
disordered breathing. Comorbidities such as cran-
iofacial abnormalities, neuromuscular deficiencies
caused by cerebral palsy, and Down syndrome may
play primary roles in the upper airway obstruc-
tion.2 OSA specific to patients with craniofacial
abnormalities and/or neurologically challenged
children is carefully described in other chapters.
Such patients require a more complex treatment
plan through a multidisciplinary approach.

Nonsurgical management of pediatric OSA
includes mechanical interventions such as contin-
uous positive airway pressure (CPAP), bilevel pos-
itive airway pressure (BiPAP), and medical
therapy. The indications and technical details
related to CPAP and BiPAP are covered elsewhere.
Medical therapy is specifically relevant in the treat-
ment of obesity, allergy, sinonasal pathology, and
adenotonsillar hypertrophy due to acute tonsillitis.

Obesity
Obesity is becoming more prevalent in the
United States and is recognized as a significant
health problem in children. However, in contrast
to adults, most preadolescent children with OSA
are of normal weight or even underweight.
Nonetheless, obesity inducing or contributing to
OSA is growing more prevalent in the pediatric
population. Weight control alone has been
shown to result in the partial cure of sleep-
related breathing disorders.3 For children with
severe or morbid obesity, referral to a weight loss
specialist or nutritionist and family education
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are critical in successfully reducing long-term
sequelae of not only OSA but all obesity-related
health problems.

Nasal Obstruction
The treatment of nasal pathology may improve
obstructive symptoms. Many children present
with a history of nasal congestion and nocturnal
mouth breathing. This may be due to the nasal
cycle, which is a natural phenomenon when
breathing occurs via a single nasal passage such
as in turbinate mucosa alternate engorgement
or due to vasomotor rhinitis or allergies. In chil-
dren who present with nasal airway obstruction,
significant adenoid hypertrophy causing nasopha-
ryngeal obstruction needs to be ruled out. Over-
the-counter topical nasal decongestants and oral
decongestants are not recommended for chronic
use in the pediatric population. Nasal saline
irrigation may be effective in relieving nasal con-
gestion, especially during upper respiratory
infections. Consistent daily use of topical nasal
steroids may decrease the severity of snoring.
Mometasone has been approved for children as
young as 2 years of age, and fluticasone is
approved for children 4 years of age or older.
Intranasal steroid sprays may relieve nasal
obstruction secondary to adenoid hypertrophy,
providing symptomatic improvement in those
without tonsillar hypertrophy. Aqueous intranasal
beclomethasone (Beconase AQ) used twice daily
for 16 weeks was shown to decrease the ade-
noid/choana ratio by 29% and reduce the nasal
obstruction symptom score by 82%.10

Management of allergic rhinitis is essential
if this is the cause of nasal congestion and the
resulting upper airway obstruction. Avoidance,
antihistamines, mast cell stabilizers, intranasal
steroids, and immunotherapy, alone or in com-
binations are effective measures in controlling
atopic disease.4 Allergy testing may be helpful.
Chronic sinusitis should also be considered in
the patient with persistent rhinitis and nasal air-
way obstruction. In rare circumstances radio-
graphic imaging studies such as coronal sinus
computed tomographic screening may be help-
ful in the child with a history that is suggestive
of but not conclusive enough to warrant medical
management for sinusitis. Usually the clinical
history and physical findings are sufficient to
initiate a therapeutic trial regimen for sinusitis.

Appropriate sinusitis treatment should include
broad-spectrum antimicrobial therapy. Ancillary
measures such as topical nasal steroids and saline
nasal washes may be beneficial. Adenoidectomy
alone or with maxillary sinus irrigation has been
shown to improve patients with purulent rhinor-
rhea and chronic nasal congestion secondary to
chronic sinusitis and adenoiditis.

Before medical therapy for nasal obstruction,
the presence of sinonasal and pharyngeal masses
must be ruled out. The literature is replete with
cases of benign and malignant neoplasms present-
ing clinically with snoring and symptoms sug-
gestive of OSA. A thorough history and complete
examination with heightened suspicions are
necessary to identify these rare conditions and
prevent a physician from simply attributing the
symptoms of sleep-related breathing disorders to
adenotonsillar hypertrophy.

Gastroesophageal
Reflux/Gastrolaryngo-
pharyngeal Reflux
Functional and pathologic gastroesophageal
reflux (GER), and more specifically gastrolaryn-
gopharyngeal reflux (GLPR), are widely recog-
nized in the pediatric population and have been
shown to be associated with both chronic sinusi-
tis and upper airway edema in children. Direct
visualization of the upper airway by flexible
laryngoscopy in a child with GLPR may reveal
edema of the pharyngeal and laryngeal mucosa
as well as lingual tonsillar hypertrophy. These
changes in turn may result in sleep-related
breathing disorders and apnea in infants.5,6

When the history and/or physical findings
suggest that GLPR is involved, either a dual-
channel, 24-hr pH probe study or a therapeutic
trial of proton pump inhibitors or H2 blockers is
warranted.

DIAGNOSIS OF ADENOID AND
TONSILLAR HYPERTROPHY

Adenoid hypertrophy is usually diagnosed by
lateral neck x-ray, whereas tonsillar hypertrophy
is clinically diagnosed by direct visualization.
The history of mouth breathing may suggest
nasal obstruction and adenotonsillar hypertro-
phy, but it is not specific to either adenotonsillar
hypertrophy or OSA. Most children have promi-
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nent adenoid and tonsillar tissue relative to their
small head size, but the majority of children do
not have OSA. Children are susceptible to fre-
quent viral infections involving the upper respi-
ratory tract and will frequently have nasal
congestion and rhinorrhea associated with the
upper respiratory illnesses even without adenoid
hypertrophy. The lateral neck x-ray will demon-
strate nasopharyngeal airway narrowing second-
ary to prominent adenoid tissue, or alternatively,
direct visualization using flexible fiber-optic
nasopharyngoscopy will demonstrate adenoid
hypertrophy if it is seen to occupy more than
approximately 80% of the choana. Since both
methods lack objectivity, the physician’s obser-
vation, based on the clincal history and exam,
should determine whether the patient undergoes
polysomnography to assist in deciding if adeno-
tonsillectomy is indicated.

When the oropharynx is inspected, the size,
position, and characteristics of tonsils such as
the presence of exudate, tonsilloliths, or crypts
are noted. Tonsil size is determined clinically by
the space both tonsils occupy in the oropharynx
in view. Tonsils occupying less than 25% of the
pharynx are routinely described by otolaryngol-
ogists as 1+, less than 50% 2+, less than 75% 3+,
and finally, those occupying greater than 75%
of the oropharyngeal space or tonsils making con-
tact in the midline are 4+. This is a generalized
classification for description. The decision to
perform tonsillectomy should not be based on
size alone. The tonsils may be endophytic and
appear as 1+ or 2+ in the office exam, and the
true size is often not appreciated until the time
of surgery, when the patient is under anesthesia
and the oropharynx is completely exposed using
a mouth gag instrument. There is no strict cor-
relation between the size of the tonsil and upper
airway obstruction, and the oral exam may not
represent the actual degree of obstruction com-
pared with an exam of the posterior oropharynx
with nasopharyngoscopy.

ACUTE TONSILLITIS

Patients with acute tonsillitis may have sudden
or new-onset symptoms of snoring and OSA.
Tonsillar hypertrophy secondary to acute bacter-
ial or viral infection may be unilateral or bilat-
eral, both of which may cause new or worsening
symptoms of snoring and upper airway obstruc-

tion. Significant tonsillitis has been defined to
include any of the following: temperature above
38.5° C, cervical adenopathy of greater than 2 cm,
the presence of tonsillar exudate, or positive
group A b-hemolytic streptococcus (GABHS).
Patients evaluated for acute tonsillitis with con-
comitant symptoms of fever, odynophagia, dys-
phagia, and possible airway obstruction should
be treated with a course of oral antibiotics
if exudative tonsillitis is seen and/or a bacterial
pathogen is confirmed by a rapid streptococcal
swab test. Pain associated with acute tonsillitis
can be safely and adequately treated with a sin-
gle dose of oral or intramuscular dexamethasone
in patients older than 15 years of age.7 Acute
mononucleosis may result in severe adenotonsil-
lar hypertrophy with significant obstruction.
A decision for adenotonsillectomy should take
into consideration the patient’s infection history
and the frequency and severity of such airway
obstruction as well as the likelihood of recur-
rence. Patients with acute tonsillar hypertrophy
secondary to an infection should also be fol-
lowed after infectious symptoms have resolved
to ensure that there is resolution of adenoid
and/or tonsillar hypertrophy and symptoms of
upper airway obstruction.

CHRONIC ADENOTONSILLAR
HYPERTROPHY

In one study of cases of chronic adenotonsillar
hypertrophy, broad-spectrum antibiotics such
as amoxicillin/clavulanate potassium given as a
30-day course have been shown to decrease ade-
notonsillar hypertrophy in the short term, but
83% of the patients had a return of their sleep-
disordered breathing–related symptoms and
went on to have surgical management for OSA
at 24-month followup.8 There may be a role for
a prolonged course of antibiotics in providing
short-term symptom relief or if the patient is not
a surgical candidate due to medical comorbidities.

Dexamethasone 1 mg/kg/day over 3 to 5 days
can result in a rapid reduction of tonsil and ade-
noid size, with an improvement in the symptoms
of upper airway obstruction. However, short
courses of oral prednisone have been shown to
be ineffective in treating pediatric OSA caused
by adenotonsillar hypertrophy.9 Long-term use
of corticosteroids is generally not recommended
secondary to systemic side effects.
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DIAGNOSIS OF OSA

While the clinical history and physical exam are
important, they do not provide a reliable diag-
nosis of OSA. Several recent studies have demon-
strated that OSAS diagnosed by history alone
was confirmed in only 30% to 55.6% of patients
when polysomnograms were perrformed.10-14

These studies suggest that there is a poor corre-
lation between history and OSA with polysomnog-
raphy (PSG). However, they were conducted
before high UARS was recognized and therefore
most likely underestimated the incidence of
sleep-disordered breathing. In general, it does
appear that snoring as a symptom is not a reli-
able indicator of OSA. Primary snoring without
associated abnormalities in sleep architecture,
alveolar ventilation, or oxygenation is estimated
to occur in up to 10% of the pediatric popula-
tion.15 PSG is considered the gold standard in
diagnosing OSA. It is imperative to understand
that OSAS is differentially defined in adults
and children, and the criteria for an abnormal
pediatric polysomnogram are different from
those of adults.16 An apnea index of 1 and an
apnea-hypopnea index (AHI) of greater than or
equal to 5 are considered abnormal; however,
the clinical significance of these numbers is
unknown. Due to the difficulties in confirming
sleep-disordered breathing by history alone, PSG
is a useful tool to assist in the confirmation of
the diagnosis before considering surgical inter-
vention.17 The severity of the OSA based on the
apnea index, respiratory disturbance index, low-
est oxygen saturation, and maximum end-tidal
CO2 may direct the planning of postoperative
care, such as observation in the intensive care
unit and parental counseling of possible pro-
longed intubation during the immediate postop-
erative period. However, not every child with
symptoms and an exam suggestive of upper air-
way obstruction secondary to adenotonsillar
hypertrophy needs to have PSG-proven OSA
before consideration of surgical intervention.
First of all, there are simply not enough available
sleep center resources to perform and interpret
the number of pediatric polysomnograms neces-
sary to evaluate every child with the symptoms
of sleep-related breathing disorders. Second,
clinically significant sleep-disordered breathing
can be present even in the absence of an abnor-
mal polysomnogram. UARS has recently been

described in which negative intrathoracic pres-
sure swings during inspiration lead to EEG
arousals and sleep fragmentation and, more
importantly, to subsequent daytime symptoma-
tology similar to that of OSAS. In UARS the
polysomnogram does not demonstrate signifi-
cant apneas and hypopneas. It has been sug-
gested to be more common than OSAS.18 UARS
may be formally diagnosed either by esophageal
manometry, which measures respiratory effort
and intrathoracic pressure, or end-tidal CO2
capnography in conjunction with a suprasternal
notch monitor, which detects increased intratho-
racic pressure.

It is neither cost-effective nor possible to have
every child who is a potential candidate for ade-
notonsillectomy obtain a polysomnogram, regard-
less of the severity of symptoms and the exam,
or to undergo the aforementioned testing to
diagnose UARS. The prevalence of UARS is
underestimated in children, since it is not rou-
tinely assessed. However, since UARS leads to
symptomatology similar to that of OSAS, clinical
history alone that is suggestive of UARS can be
an indication for surgical intervention. These
patients demonstrate improvement in the elimi-
nation of snoring, sleep fragmentation, daytime
somnolence or hyperactivity, and other symp-
toms associated with sleep-related breathing
disorders after adenotonsillectomy. PSG should
also be offered to families as an alternative
approach to assist in providing additional objec-
tive data to help their decision making. For
patients who are not surgical candidates due to
medical comorbidity, PSG is necessary to deter-
mine the parameters for nonsurgical treatment
options such as CPAP.

POLYSOMNOGRAPHY 
BEFORE SURGERY

There are currently no clear criteria according to
which patients should undergo polysomnogra-
phy before adenotonsillectomy. This decision is
largely dependent on the physician bias and
therefore should be based on the severity of the
clinical history, the exam, and more specifically
the presence of medical comorbidity, including
obesity. For an otherwise healthy child without
medical comorbidity, including obesity, and who
does not have any history of intubation, hospi-
talization, or airway surgery, an oropharyngeal
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exam consistent with significant tonsillar hyper-
trophy may support the decision for adenotonsil-
lectomy without first obtaining a polysomnogram.
Complex patients who are at high risk for OSA
may benefit from a baseline polysomnogram. In
this population, additional postoperative PSG is
useful to confirm the resolution of OSA, even in
the absence of residual symptoms. Table 22–1
offers several predisposing factors for childhood
OSA but is by no means a complete list. In addi-
tion, whenever the history does not match the
examination, PSG is indicated.

INDICATIONS FOR
ADENOTONSILLECTOMY

Successful surgical management of pediatric
sleep-disordered breathing depends on identifi-
cation and intervention at every level of obstruc-
tion, which may occur from the nasal vault
down to the level of the glottis. A thorough his-
tory of symptoms, the physical exam, and at
times flexible nasopharyngoscopy, laryngoscopy,
and/or imaging studies will allow for the diagno-
sis of a site-specific obstruction and the forma-
tion of an appropriate surgical treatment plan.
Most cases of sleep-disordered breathing in chil-
dren are secondary to adenotonsillar hyper-
trophy, and symptoms are readily alleviated after
adenotonsillectomy. Patients in whom the
polysomnogram demonstrates both central and
obstructive hypoventilation may require a multi-
disciplinary approach to achieve a satisfactory
result. Decisions regarding when and how to
intervene depend on several factors, among
them the severity and site of obstruction; overall
health of the child, including comorbid condi-
tions; and family expectations. Treatment of pedi-
atric sleep-disordered breathing varies depending
on the severity. For very mild cases, observation
alone with monitoring for worsening signs and
symptoms may be sufficient. Surgical manage-
ment has been shown to be beneficial not only to
patients with mild cases secondary to adenoton-
sillar hypertrophy alone but also to patients
with the aforementioned comorbid conditions.
A combination of medical, surgical, and mechan-
ical interventions may be necessary in treating
moderate to severe cases.

Children who demonstrate mild or no evi-
dence of OSA by polysomnography may still
have UARS, causing sleep disturbances as well as

daytime chronic mouth breathing and behavior
problems. A prospective study using parental
questionnaires and sleep polysomnography
demonstrated that adenotonsillectomy provides
long-term benefits even in children in whom the
obstruction did not meet the criteria for OSA
(patients most likely have high upper airway
resistance).19 Many times the parents of children
with sleep-disordered breathing have a high
level of anxiety and disrupted sleep patterns sec-
ondary to their child’s sleep dysfunction. Surgical
intervention in these children can promptly
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Neurologic Abnormalities
Seizure disorder Head injury
Cerebral palsy Prematurity
Hydrocephalus Central apnea
Arnold-Chiari Meningomyelocele

malformation Myotonic dystrophy

Craniofacial Abnormalities
Micrognathia Retrognathia
Macroglossia Maxillary hypoplasia

Diseases
Hypothyroidism Crouzon’s disease
Goiter Gastroesophageal 
Morbid obesity reflux

Anatomic Obstructions
Excessive soft tissue Nasal stenosis

of the neck Choanal atresia
Short neck Septal deviation
Lingual tonsil Laryngeal papillomas/

hypertrophy tumors
Redundant Subglottic stenosis

oropharyngeal Subglottic 
mucosa/long uvula hemangioma

Adenoid hypertrophy Nasal polyps
Tonsillar hypertrophy Laryngeal web/
Pharyngeal flap stenosis/mass

surgery

Syndromes
Achondroplasia Beckwith-Wiedemann
Apert’s Treacher Collins
Down Stickler’s
Pierre Robin Fetal alcohol
Prader-Willi Marfan’s
Klippel-Feil Hemifacial microsomia

Table 22–1. Factors Associated with High
Risk for Obstructive Sleep
Apnea
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improve the quality of the life for both the patient
and the family.

TONSILLECTOMY 
AND ADENOIDECTOMY

Adenotonsillectomy is the most common major
pediatric surgical procedure performed in the
United States. Sleep-related breathing disorders
secondary to adenotonsillar hypertrophy may
have been more common than recurrent tonsilli-
tis as an indication for surgery ever since the
inception of the widespread use of antibiotic ther-
apy. Daytime audible breathing and chronic mouth
breathing are also common parental concerns
leading to referral to an otolaryngologist. History
taking should focus on night-time symptoms
such as consistent nocturnal snoring, including
observation of the degree of work of breathing; the
presence of retractions or paradoxical abdominal
respirations; obstructive pauses in airflow fre-
quently followed by snorting or gasping for air;
restless sleep; frequent arousals; and enuresis.
Daytime symptoms include difficulty getting up
in the morning, excessive irritability, hyperactiv-
ity, a poor attention span, somnolence, and even
morning headaches. Children with more severe
adenotonsillar hypertrophy may have audible
breathing while awake, which is easily noted
during an office visit.

PREOPERATIVE EVALUATION

Preoperative evaluation may vary depending on
surgeon preference and hospital guidelines.
Children who are otherwise healthy may obtain
medical clearance for general anesthesia by a
thorough history and physical exam from their
primary physicians. Any patient with a complex
medical history, including seizure, cardiac,
endocrine, and pulmonary problems, should
have an appropriate preoperative evaluation by
the specialist treating the specific problem.
Recommendations for perioperative, intraopera-
tive, and/or postoperative management specific
to each medical condition should be outlined
and communicated to the surgeon before the
procedure. Patients with complex medical comor-
bidities or who may be at an increased risk with
general anesthesia should be evaluated by an
anesthesiologist before the surgery. Many oto-
laryngologists rely on a detailed bleeding ques-

tionnaire to help screen for a possible bleeding
disorder or the need for blood work and possible
hematology consultation. When there are posi-
tive findings on the questionnaire, a screening
set of coagulation studies is obtained, including
a complete blood count, prothrombin time, partial
thromboplastin time, and the recently available
platelet function analysis, which is a replace-
ment for bleeding time as a measure of platelet
function. For African-American and other high-
risk groups, a sickle cell screen should be con-
sidered if the patient has not been previously
evaluated for sickle cell disease. There remains
controversy regarding the need for routine, pre-
operative blood work before surgery, but due
to the lack of cost-effectiveness as well as the
inability to predict which patient is at risk for the
reported 1% to 4% of postoperative hemorrhage,
routine blood work before adenotonsillectomy is
not usually performed.20 Laboratory evaluations
specific to coexisting medical conditions may be
necessary to determine clearance for surgery and
general anesthesia.

SURGICAL TECHNIQUES

Adenotonsillectomy is the most commonly per-
formed procedure under general anesthesia by
a variety of surgical techniques, including cold
knife; electrosurgery, such as monopolar, bipolar,
controlled radiofrequency, coablation, laser, and
argon plasma coagulation; needlepoint or blade
electrocautery; harmonic scalpel; and most
recently the powered instrument microdébrider
technique, described as subtotal or intracapsular
tonsillectomy.21-23 Electrosurgery and electro-
cautery differ in that electrosurgery uses a high-
frequency electrical current that passes through
tissue near the active electrode, causing the heat-
ing of the tissue and resulting in cutting, co-
agulation, and ablation of the tissue; in elec-
trocautery the current passes through a heating
element that conducts heat to the blade, creating a
“hot blade” for cauterization or cutting of the
tissue. Multiple studies have reviewed the differ-
ences among the various techniques. Except for
reported differences in operating time and intra-
operative bleeding, there are minimal statistically
significant differences with respect to postopera-
tive bleeding risk as well as outcome measures
such as postoperative pain when a complete ton-
sillectomy is performed.24-31
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A subtotal/partial tonsillectomy is also de-
scribed as intracapsular. This technique preserves
the tonsillar capsule and is believed to avoid direct
surgical violation of the pharyngeal muscles, thus
reducing postoperative pain and recovery time
because there is less injury to and inflammation
of the muscles and less disruption of nerve end-
ings. A recent study concluded that when com-
pared with the standard technique, intracapsular
tonsillectomy is just as effective in relieving
obstructive sleep-disordered breathing but pro-
duces statistically significantly less postoperative
pain and fewer episodes of delayed hemorrhage
and dehydration.21 This study also reported that
the numbers of days to return of normal activity
and analgesic use were lower in the groups who
underwent an intracapsular tonsillectomy. Future
data from current, prospective, randomized
studies may confirm that statistically significant
differences exist between this and all previous
techniques.

Adjunctive perioperative measures to improve
postoperative results include the use of dexa-
methasone in a single perioperative dose. Meta-
analysis of all blinded, randomized trials of
perioperative dexamethasone use has demon-
strated decreased postoperative emesis and an
earlier return to a soft or regular diet in those
that receive it. A single dose of 0.5 mg/kg of dex-
amethasone, up to 20 mg, given intraoperatively
has been shown to be effective in reducing post-
operative emesis and pain as well as improving
oral intake.32,33

POSTOPERATIVE MANAGEMENT

Candidacy for Ambulatory Surgery
Several reviews of large series have demonstrated
that adenoidectomy and tonsillectomy are safely
performed as outpatient procedures on those
children who meet the selection criteria.34-40

One prospective study showed the safety of a
six-hour postoperative recovery room observa-
tion period, and recommended a four-hour
observation period based on their finding.35

Children with OSAS have been shown to have
an increased risk of respiratory compromise
immediately after surgery, with the most signifi-
cant risk factors being age less than 3 years and
an AHI of greater than 10.41 Two other risk fac-
tors include having an abnormal electro-

cardiogram and weight less than the 5th percentile
for age.41 An increased risk of respiratory com-
promise applies not only to children who have
OSA secondary to adenotonsillar hypertrophy
but also to those with OSA associated with cran-
iofacial anomalies causing maxillary and/or
mandibular hypoplasia and reduction in the
pharyngeal airway. In addition to craniofacial
anomalies, medical comorbidities involving neu-
rologic problems such as seizure disorder, cere-
bral palsy, Down syndrome, and others cause
such OSA to be more complex.42

One study identified postoperative respira-
tory compromise after adenotonsillectomy in 10
of 37 children with OSAS, and a review of
patient characteristics resulted in a recommen-
dation of overnight observation for patients who
have any of the following high-risk clinical crite-
ria: less than 2 years of age, craniofacial anom-
alies including midfacial hypoplasia or
micrognathia/retrognathia, failure to thrive,
hypotonia, cor pulmonale, morbid obesity, or a
significant preoperative PSG abnormality.43

Several studies have demonstrated the
increased incidence of postoperative airway
complications in patients younger than 3 years
of age; therefore, it is the common practice of
most otolaryngologists to perform adenotonsil-
lectomy as a 23-hour observation procedure in
those younger than 3 years of age.31,38,44,45 Other
variables found to be statistically significant in
predicting the risk of respiratory compromise
after surgical intervention in pediatric patients
include neuromuscular disorders, chromosome
abnormalities, a history of restless sleep, diffi-
culty in breathing while asleep, loud snoring
with apnea, and an upper respiratory tract infec-
tion within 4 weeks of surgery.31 All of the afore-
mentioned risk factors warrant consideration for
overnight observation after surgery.

Recovery Room and 
Postoperative Observation
Postoperatively, patients are typically observed
in the recovery room for 30 to 45 minutes or
until they are sufficiently stable for transfer to
the ambulatory unit. Every ambulatory center
has its own discharge criteria. The most common
criteria include requiring demonstration of
control of postoperative nausea and/or emesis
and adequate pain control as well as an absence
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of obstructive snoring, oxygen requirements,
and other signs of respiratory compromise. For
patients under 3 years of age as well as those
with an increased risk of respiratory compro-
mise, the signs of respiratory compromise may
occur at any time within the first 12 to 24 hours
after the procedure but commonly occur in the
recovery room. Young children and those with
severe OSA are more likely to exhibit apneic
episodes, stridor, an inability to maintain oxygen
saturation over 90% despite supplemental oxy-
gen, and upper airway obstruction requiring an
artificial airway such as a nasopharyngeal trum-
pet or even endotracheal intubation. Inadequate
air exchange can lead to CO2 retention and nar-
cosis, which further depress respiratory drive.
This must be promptly recognized during the
postoperative period and may be confirmed by
using transcutaneous CO2 monitoring. Such
patients may require reintubation and respira-
tory support by means of a ventilator for 24 to 48
hours but are usually successfully extubated
with an otherwise uneventful recovery period.

After fulfilling criteria in the recovery room,
patients are typically transferred to an observa-
tion room for up to 4 hours. Attention to ade-
quate analgesia, stable vital signs, the ability to
void, and adequate oral intake determine whether
a patient may be discharged home.

Patients are usually discharged home with a
narcotic or non-narcotic analgesic and instruc-
tions for postoperative care. Those with severe
OSA on preoperative PSG should be considered
for postoperative PSG 6 weeks or later after sur-
gical intervention to ensure that no further treat-
ment is necessary. Postoperative PSG should also
be considered in patients who have persistent or
recurrent symptoms of upper airway obstruction
and sleep-related breathing disorders after surgi-
cal intervention.

Postoperative use of antibiotics and analgesics,
with or without narcotics, is based on the prefer-
ences of the surgeon. Narcotics (e.g., codeine and
oxycodone) should be used judiciously post-
operatively, especially in children younger than
3 years of age or those with neurologic disorders,
medical comorbidities, or documented severe
OSA. A recent study demonstrated equal efficacy
between the administrations of ibuprofen and
acetaminophen with codeine for pain control.46

Another study demonstrated no difference in
pain control and higher oral intake in the group

that received acetaminophen alone, most likely
due to the lack of potential nausea and vomiting
and gastric irritation from the codeine.47 In
order to maximize the benefits of acetaminophen
and minimize the potential side effects of a nar-
cotic, the senior author uses a scheduled dose of
acetaminophen every 4 hours (15 mg/kg) for the
first few days after surgery. Hydrocodone is avail-
able without acetaminophen in many cough
syrup formulations. A few of the formulations are
liquid without an alcohol base. One of these is
prescribed (dosing of hydrocodone at 0.15
mg/kg) to be given every 4 hours but only
if needed for breakthrough pain that is not ade-
quately relieved by the acetaminophen.

POTENTIAL COMPLICATIONS
AFTER ADENOTONSILLECTOMY

Complications after adenotonsillectomy may be
divided into immediate, short-term, and long
term categories.48 Primary and secondary hem-
orrhages after surgery are reported to be small
but potentially significant risks in most
series.34,36,37,49 Primary hemorrhage occurs
within 24 hours after surgery, while secondary
hemorrhage usually occurs between postopera-
tive days 5 and 10. There has been no identifi-
able, statistically significant risk factor for
predicting post-tonsillectomy hemorrhage, with
the exception of one study in which age greater
than 21 was found to be associated with an
increase in risk factor of 3%, almost twice that of
those younger than 21 years of age.49 Post-
obstructive pulmonary edema results from a
change in pulmonary hydrostatic pressure after
an increase in intrathoracic pressure that devel-
ops after the removal of long-term upper airway
obstruction. Other complications in the immedi-
ately postoperative period include dehydration
secondary to pain and decreased oral intake,
nausea and vomiting, atelectasis, aspiration, and
temporary eustachian tube dysfunction or otalgia
due to referred pain. Parents are typically
instructed to aggressively encourage the oral
intake of liquids, since it is speculated that
hydration reduces hypertension as well as dry
oropharyngeal mucosa and possibly traumatic
eschar removal that may cause postoperative
hemorrhage. Parents are also encouraged to keep
the patients from being too physically active
during the first few days after surgery as a
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measure to prevent hypertension, which may
also cause postoperative hemorrhage.

Velopharyngeal insufficiency (VPI) may
occur in the first few weeks to months after
adenotonsillectomy and is more likely to occur
in patients with a history of cleft palate, submu-
cosal cleft palate, or a neuromuscular disorder
with hypotonia. However, overaggressive resec-
tion of superior tonsillar pillars may cause short-
ening of the palate and may also produce the
symptoms of VPI. Patients and/or parents may
report hypernasality or fluid regurgitation into
the nasopharynx. Most cases of post-adenoton-
sillectomy VPI are resolved with observation.
For those with symptoms persisting for longer
than 6 months, referral to speech therapy may be
indicated. VPI as a complication after adenoton-
sillectomy could theoretically require surgical
intervention but is rarely reported.

Nasopharyngeal stenosis is a rare but signifi-
cant long-term complication secondary to scar-
ring of raw mucosal surfaces during healing.
Surgical repair may be necessary to re-establish
an adequate nasal airway.50

OUTCOMES OF
ADENOTONSILLECTOMY IN THE
MANAGEMENT OF OSA AND UARS

Various parameters have been used in the evalu-
ation and reporting of outcomes after adenoton-
sillectomy for the treatment of UARS and OSA.
In one study, PSG performed before and after
adenotonsillectomy demonstrated that surgery
significantly decreased the number of obstruc-
tive apneas and the average number of total
apneas during all sleep stages but did not have a
significant effect on the duration and proportion
of the various sleep stages.51 One prospective
study demonstrated that for mild OSA, defined
as less than 15 OSA events per hour, 15 patients
without underlying medical comorbidities
demonstrated a reduction in the number of
obstructive events and significant improvement
in oxygen desaturation during rapid eye move-
ment sleep on the operative night.52 A retrospec-
tive case series evaluated 48 patients by
comparing AHI, percent of sleep time with oxy-
gen saturation below 90%, and percent of sleep
time with end-tidal CO2 of greater than 50 on
the pre- and postoperative polysomnograms.
This study included a diverse population of

patients such as those with cerebral palsy, Down
syndrome, morbid obesity, and other syndromes
who underwent adenotonsillectomy alone, ade-
notonsillectomy with uvulopalatopharyngo-
plasty (UPPP), or tonsillectomy as a part of UPPP
only. Statistically significant differences were
observed in all three parameters after surgical
intervention.53

Before the availability and widespread use of
PSG for the evaluation of OSA, adenotonsillec-
tomy was shown to have far-ranging benefits,
with a reduction in mouth breathing as well as
improvement in behavioral problems even
when the upper airway obstruction did not
demonstrate severe OSA preoperatively.19 This
prospective study used pre- and postoperative
sleep sonography (recorded respiratory sounds)
during sleep as well as parental questionnaires
to compare 100 children with a diagnosis
of adenotonsillar hypertrophy with 50 age-
matched control subjects. Other improvements
reported include reduced dry mouth and halito-
sis, decreased mouth breathing, and decreased
fussy morning behavior and daytime fatigue. All
differences in parameters were shown to be sta-
tistically significant when comparing the out-
comes of patients postoperatively with their
symptoms preoperatively or with the control
subjects.

In a review of 55 children with OSA treated
with adenotonsillectomy, 86% of the patients
markedly improved, defined as a 75% reduction
in AHI; an 8% demonstrated improvement,
defined as a 50% to 74% reduction in AHI; and a
3% demonstrated (slight) improvement, defined
as a 25% to 49% reduction in AHI. Only one
patient had less than a 25% reduction in AHI
postoperatively.54 In a different review of 134
children with OSA who underwent adenoidec-
tomy and/or tonsillectomy, facial morphology
was correlated with adenotonsillar hypertrophy.
Significant improvement in AHI and the lowest
oxygen saturation (LSAT) was found in 77.6% of
patients. Those who did not demonstrate
improvement tended to have smaller tonsils, nar-
rower epipharyngeal spaces, and more poorly
developed maxillary and mandibular protru-
sions.55 This study also stratified the patients into
age groups, and while the LSAT was improved in
all age groups, significant improvements in AHI
were noted in patients 1 to 3 years of age and
4 to 6 years of age but not in those 7 to 9 years
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of age. There were no statistically significant dif-
ferences in improvement among members within
an age group.

Adenotonsillectomy has been shown to effec-
tively reverse cardiac changes in children with
adenotonsillar hypertrophy by comparing the
pre- and postoperative echocardiograms of
patients with OSA as well as the postoperative
echocardiography parameters with a control
group.56 They used echocardiography to compare
children with adenotonsillar hypertrophy and
sleep-related breathing disorders with a control
group and found statistically significant differ-
ences in right and/or left ventricular enlargement
as well as decreased left ventricular compliance.

In a review of 31 children with obesity and an
expected body weight range of 130% to 260%,
adenotonsillectomy was shown to decrease
irregular breathing periods to almost zero and
result in a mean of over 95% of the sleeping
period during which oxygen saturation is greater
than 90% in all patients.3 Weight loss in these
patients demonstrated a partial cure of sleep-
related breathing disorders, while adenotonsil-
lectomy was effective even when severe obesity
remained.

While an adenotonsillectomy with or without
additional surgery is expected to improve OSA in
children with neuromuscular disorders, these
patients are prone to increased postoperative
airway complications and prolonged postopera-
tive hospitalization and recovery. Such patients
are likely to require insertion of a nasopharyngeal
airway to maintain a patent upper airway, meticu-
lous secretion management, and nasogastric feed-
ing temporarily due to delayed and inadequate
oral intake.57 Avoidance of peri- and postopera-
tive use of narcotics will decrease the depression
of hypoxic respiratory drive. An awareness of
increased potential for postoperative complica-
tions allows adequate discussion and preparation
of the parents and family before surgery.

ADDITIONAL SURGICAL
PROCEDURES

Patients with residual symptoms suggestive of
upper airway obstruction after adenotonsillec-
tomy, as well as those with a preoperative
polysomnogram and an AHI of greater than 20,
should be considered for a second polysomno-
gram typically 4 to 6 weeks after surgery. The

time period within which a second polysomno-
gram is performed depends on the availability of
the study center and time to complete recovery
from the adenotonsillectomy. Repeated PSG will
again determine the severity of the airway obstruc-
tion and whether it is central or still obstructive,
and the decision can then be made whether to
pursue additional surgical intervention or med-
ical therapy such as CPAP or BiPAP. Outcome
studies have specifically focused on patients
with medical comorbidities that increase the
likelihood of having residual OSA despite stan-
dard adenotonsillectomy. Such conditions
include Down syndrome, cerebral palsy, cranio-
facial syndromes, and neuromuscular disorders
other than cerebral palsy. While it is beyond
the scope of this chapter to discuss in detail the
surgical techniques that are used more fre-
quently in adults for the treatment of OSA, the
outcomes of aggressive surgical intervention in
these patients are reviewed.

In patients with Down syndrome, adenoton-
sillectomy as part of an aggressive management
protocol including tongue reduction, tongue
hyoid advancement, UPPP, and maxillary or
mandibular advancement demonstrated improve-
ment in the postoperative apnea index, respira-
tory disturbance index, and LSAT.58 One
prospective study evaluated the age-related
outcomes of soft tissue and skeletal sleep apnea
surgery for infants and children with severe
OSA refractory to conservative medical and sur-
gical measures.59 The diagnoses among these
patients included cerebral palsy, Down syn-
drome, Pierre Robin syndrome, and other cran-
iofacial anomalies. This study demonstrated
that children over 36 months of age demon-
strated significant improvement in the respira-
tory disturbance index, apnea index, and LSAT
postoperatively, whereas only the respiratory
disturbance index improved significantly in
those between 12 and 36 months of age. For
children under 12 months of age, although
there was a trend toward improvement in respi-
ratory indexes, these patients experienced longer
hospital stays, a greater mean number of extuba-
tion attempts, and a higher surgical failure rate
than the older patients. The importance of a
multidisciplinary approach and soft tissue/skele-
tal surgeries with adenotonsillectomy has been
shown in several studies of various patient
groups, specifically those who had residual OSA
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after medical management and adenotonsillec-
tomy. For 15 of the 18 patients with cerebral
palsy and OSA, aggressive surgical treatment
allowed sparing of tracheostomy as the defini-
tive procedure for OSA.58 This study reported a
postoperative reduction in the apnea index, res-
piratory disturbance index, and LSAT, which
were all statistically significant compared with
the same parameters on preoperative PSG.

Uvulopalatopharyngoplasty
UPPP may be necessary in children with long
uvulae and redundant pharyngeal soft tissue
with or without adenotonsillar hypertrophy.
This surgical procedure has been shown to
be effective in patients with OSA who also have
neurologic disorders.60,61 This is a much more
prevalent treatment option in adults, since long-
term or severe sequelae such as a speech abnor-
mality or VPI from uvulectomy and/or UPPP
have not been adequately studied in the pedi-
atric population. In children whose anterior and
posterior tonsillar pillars are prominent after
tonsillectomy, the surgeon may consider suture
approximation of the two pillars to tighten
redundant pharyngeal mucosa, which may con-
tribute to the upper airway obstruction, at the
time of the tonsillectomy. Uvulectomy may
rarely be performed independent of UPPP in
conjunction with the adenotonsillectomy if
it is found to be significantly elongated or ede-
matous. As in adult patients, the main compli-
cation to avoid in this procedure is the overly
aggressive resection of the soft palate, leading
to VPI.

Septoplasty, Turbinate Reduction,
and/or Sinus Surgery
The aforementioned procedures are all aimed at
improving only the nasal airway and are per-
formed when appropriate and necessary. The
pediatric nasal septum is mostly cartilaginous,
and injudicious surgical intervention may have
a negative impact on long-term facial growth.
Nasal septal dislocation secondary to traumatic
birth may occur in the neonate, and closed
reduction may be effectively done at the bedside
after prompt diagnosis. Otherwise, septoplasty
for a deviated nasal septum is rarely performed
in the pediatric population, with the exception

of individual consideration given to those who
have significant internal nasal deformities caus-
ing obstruction most commonly associated with
nasal septal traumatic fractures. In summary,
nasal surgery for the treatment of OSA in the
pediatric population is uncommon.

Hypopharyngeal Airway
Expansion–Related Procedures
Such procedures include geniohyoid advance-
ment/expansion, tongue reduction, lingual ton-
sillectomy, lingual suspension, sliding genioplasty,
and maxillary/mandibular distraction. For the
pediatric population, with their relatively smaller
craniofacial dimensions, the most common
alternative surgical technique of relevance is
maxillary/mandibular advancement for those
with maxillary/mandibular hypoplasia causing
significant pharyngeal airway compromise. With
the improvement of external and internal dis-
traction devices, such procedures may be critical
in relieving or improving OSA and provide the
opportunity for the patient to avoid a tra-
cheostomy altogether or facilitate successful
decannulation of patients who had previously
required tracheostomy to relieve severe upper
airway obstruction.62 Again, with the exception
of maxillary and mandibular distraction tech-
niques, the aforementioned procedures are more
relevant for treating adults with residual OSA
after standard procedures such as septoplasty
and UPPP.

Tracheostomy
Tracheostomy remains the most reliable and
significant long-term surgical intervention for
OSA refractory to all other interventions.
Tracheostomy enables the complete bypass of all
levels of upper airway obstruction and allows
the use of night-time supplemental oxygen or
ventilatory support for those patients requiring
it. Tracheostomy is indicated if patients cannot
tolerate consistent and successful CPAP/BiPAP
use or if documented OSA persists on PSG
despite more conservative surgical procedures
such as adenotonsillectomy and UPPP. Children
who have associated craniofacial anomalies,
severe neurologic impairment such as cerebral
palsy, and/or chronic pulmonary disease may
meet multiple criteria for tracheostomy. This
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procedure may be necessary at the time of or
before pharyngeal or craniofacial surgery for
airway protection, with subsequent decannula-
tion after resolution of OSA as evaluated by
PSG. The decision to perform tracheostomy is
not taken lightly. Despite the best of tra-
cheostomy care, there are associated complica-
tions including accidental decannulation,
central apnea due to loss of hypoxic respiratory
drive, and mucous plugging resulting in venti-
latory insufficiency.62 Tracheostomy involves
long-term equipment cost and significant levels
of education for all those involved in the care of
the patient.

FOLLOW-UP

For patients whose symptoms of OSA do not
resolve, those with an AHI of greater than 20
preoperatively, and those with medical comor-
bidity including persistent or worsening obesity,
follow-up PSG is imperative. While residual,
severe OSA may be found even in asymptomatic
children who are otherwise healthy, it is much
more likely in those with pre-existing neurologic
impairment. The decision to perform long-term
monitoring with intermittent PSG should be
made based on the clinical symptoms and his-
tory of OSA severity and may be necessary
because the recurrence of OSA is possible and
risk factors leading to recurrent OSA have not
been well studied.
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PRIMARY SNORING

Primary snoring (PS) describes nightly or fre-
quent snoring that is not associated with apnea,
hypoventilation, or sleep fragmentation.1 By def-
inition, the diagnosis is made by polysomnogra-
phy, with objective measurement of sleep and
respiratory function. These criteria differentiate
PS from obstructive sleep apnea syndrome
(OSAS), which is associated with various degrees
of hypoxemia, hypercapnia, and sleep fragmenta-
tion related to complete or partial upper airway
obstructive events.

Clinical history alone cannot differentiate PS
from OSAS.2 In a study of 83 snoring children
referred to a tertiary pediatric sleep clinic, par-
ents completed a standardized, nurse-adminis-
tered questionnaire that asked questions re-
garding snoring frequency, observed apnea,
struggling to breathe, and other daytime and
nighttime symptoms. Children then underwent
nocturnal polysomnography to assess for sleep-
disordered breathing. Although there were sev-
eral differences in symptom frequencies between
the children with PS and those with OSAS, both
single and multiple questions showed poor sen-
sitivity and specificity in discriminating between
PS and OSAS.

UPPER AIRWAY 
RESISTANCE SYNDROME

Although PS is a polysomnographic diagnosis, a
diagnosis of PS suggests that no adverse sleep-
related or daytime sequelae are associated with
snoring in the absence of gas exchange abnor-
malities or abnormal sleep architecture. In other
words, some children with snoring have no inter-
ruption of normal sleep patterns, no cardiorespi-
ratory compromise, and no neuropsychological
morbidity. It follows that no treatment is

required. Because snoring is common, affecting
approximately 10% of children and up to 40% of
adults, the presence of snoring without adverse
consequences is likely to occur. However, discus-
sion of PS as a distinct diagnosis is complicated
by the emergence of the upper airway resistance
syndrome (UARS) as a distinct clinical entity.

UARS is defined as partial upper airway
obstruction that is not associated with gas
exchange abnormalities but is accompanied by
increased respiratory effort (conventionally meas-
ured by changes in intrathoracic pressure via
esophageal manometry) terminated by electroen-
cephalographic arousal; the primary symptom in
adults is daytime somnolence.3 Snoring occurs in
most affected individuals, but physiologic find-
ings of UARS have been noted in patients without
snoring, especially in those who have had palatal
surgery for upper airway obstruction. UARS is
associated with increased upper airway collapsi-
bility during sleep.4 Guilleminault and colleagues
initially reported the clinical and polysomno-
graphic characteristics of UARS in 25 children
who were referred for evaluation of snoring,
excessive daytime somnolence, and behavioral
problems.5 They demonstrated marked differ-
ences in the referred group compared to 25
healthy control children. Subsequently, numerous
studies have demonstrated these polysomno-
graphic findings in adults with daytime somno-
lence. Daytime somnolence is significantly
improved with nasal continuous positive airway
pressure therapy, as objectively measured by the
multiple sleep latency test.3

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 vari-
ety of daytime symptoms, including symptoms
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of attention deficit hyperactivity disorder and
academic problems. Most studies of snoring
children have not defined or described UARS as
a clinical entity separate from OSAS or PS, and
many have not performed detailed physiologic
recording. However, many studies have sug-
gested significant neurocognitive abnormalities
in habitually snoring children,6-8 including
attention deficit hyperactivity disorder, academic
problems, and behavioral problems. Available
data 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,1 no studies demonstrate a
clear relationship between the degree of sleep-
disordered breathing and symptoms or physio-
logic sequelae. Furthermore, although the
diagnosis of primary snoring has traditionally
been made on the basis of polysomnographic
findings alone, the available evidence suggests
that absence of daytime symptoms should be an
additional diagnostic criterion.

EPIDEMIOLOGY

A number of epidemiologic studies from diverse
geographic locations have been published
describing the prevalence of snoring in children.
Most of these have utilized parental report via
either questionnaire or interview format. Most
have not included objective measurements of
respiration during sleep, or they have included
such measures only in a subset of children felt to
be at high risk for OSAS.

A summary of epidemiologic studies of snor-
ing in children is presented in Table 23–1. The
prevalence of habitual snoring ranges from a
minimum of 3.2% in Iceland to a maximum of
12.1% in England. This contrasts with the 40%
frequency of regular snoring in adults. Studies
that have attempted to identify a subgroup of
children with OSAS show a prevalence of this
disorder of between 0.7% and 2.9%. None of
these epidemiologic studies have attempted to
distinguish UARS from PS. Rosen19 studied 326
otherwise healthy children with snoring. Fifty-
nine percent of children had OSAS, 25% had PS,
6% had UARS, and 10% had no snoring. It is
notable that 28% of the children in the study
were obese.

NATURAL HISTORY

Limited data are available regarding the natural
history of primary snoring in children. Marcus
and coworkers20 repeated polysomnography in
20 children 1 to 3 years after the initial diagno-
sis of PS; none had undergone airway surgery.
All of these children had persistent snoring; in
20%, snoring had increased, and in 70% there
was no change. Overall, there was no change in
apnea index, oxyhemoglobin saturation, 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 persist-
ently snoring children were not reported.

Topol and Brooks21 studied nine children with
primary snoring 3 years after initial polysomno-
graphic diagnosis of PS; a control group of nine
age-matched, nonsnoring subjects were also stud-
ied for comparison. As in the study by Marcus and
colleagues, there was no overall change in respi-
ratory parameters between the first and second
polysomnograms; one snoring subject had signif-
icant worsening of the respiratory disturbance
index. Interestingly, the control group had signif-
icantly 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.

DIAGNOSIS

History and Physical Examination
A sleep history that includes a question regard-
ing nocturnal snoring should be included in
health maintenance or well child care visits.22

The hallmark of primary snoring is nightly or
near-nightly snoring without physiologic or neu-
rocognitive consequences. Once a history of
habitual snoring is elicited, further history tak-
ing and a physical examination serve to assess
sleep-related or daytime symptoms that may be
associated with significant upper airway
obstruction during sleep. 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.
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The physical examination may be normal, or
it may reveal signs of upper airway obstruction
such as mouth breathing and tonsillar hypertro-
phy. Dolichocephaly and midface hypoplasia are
associated with snoring and OSAS. Obesity
appears to be a predisposing factor in both snor-
ing and OSAS, whereas growth failure may sig-
nify 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 electroencephalographic
arousals. Normal polysomnographic findings,
including the absence of increased arousal fre-
quency or abnormal tachypnea during sleep,
suggest PS. Although the gold standard for diag-
nosis of UARS is measurement of esophageal
pressure, this technique is invasive. Other tech-
niques have been evaluated but are not in wide-
spread clinical use. Therefore, an otherwise
asymptomatic child with snoring and a normal
polysomnogram can be assumed to have PS. On
the other hand, a child with normal polysomno-
graphic findings and abnormal symptoms may
have UARS, and treatment should be considered.

TREATMENT

By definition, primary snoring requires no spe-
cific treatment. Because of the rare progression
from primary snoring to OSAS, children should
be monitored clinically and reevaluated if symp-
toms 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 preva-
lence may be secondary to the influence of eth-
nicity and environment in different populations;
further definition of prevalence differences
would be useful in identifying patients at risk
and in public health policy decisions. Better def-
inition of the clinical consequences of snoring,
and specific comparisons between patients with
PS and those with UARS, are needed. Longer-

term natural history studies are essential, includ-
ing health and functional outcomes in adoles-
cents and adults who had childhood snoring.
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Disorders of the brain are often associated with
severe sleep disturbances. Frequently, children
with neurologic disabilities experience chronic
sleep–wake problems related to circadian timing
of sleep, sleep-related seizure disorders, sleep-
related movement disorders, and sleep-related
breathing disorders. Many respond poorly to tra-
ditional therapeutic intervention. Established
treatments include behavioral management,
chronotherapy, phototherapy, faded response-
cost programs, sedatives, hypnotics, and antide-
pressants. These are often unsuccessful in the
youngster with a chronic disabling condition of
the central nervous system (CNS). Some thera-
peutic approaches may even exacerbate symp-
toms or result in respite for only a few days.

Patients present with symptoms that may
include profound sleep onset difficulties at
desired bedtimes, inability to consolidate sleep,
inability to maintain sleep, irregular sleep–wake
schedules, rapidly changing sleep–wake sched-
ules, obstructive sleep apnea syndrome, prob-
lems with central control of breathing, seizures,
movement disorders, and arousal disorders.
Presence of multiple symptoms is the rule rather
than exception. Sleep deprivation and fragmen-
tation of sleep continuity occur, and consider-
able performance problems, as well as delay in
the response to rehabilitative efforts, can result.
Interestingly, these disorders of sleep and the
sleep–wake cycle not only deeply affect the
patient and his/her quality of life but commonly
result in sleep disturbances and decreased qual-
ity of life for the entire family.

CORRELATES OF CENTRAL
NERVOUS SYSTEM DEVELOPMENT

The CNS is the principal organ system governing
sleep, sleep’s components, and the sleep–wake
cycle. Major CNS alterations occur throughout

fetal life, neonatal life, infancy, and childhood.
Understanding these changes is essential in
assessing the patient with CNS dysfunction dur-
ing wakefulness and during sleep. Indeed, a
comprehensive awareness of maturational
changes during sleep may provide insight into
management.

Genetic and environmental factors are impor-
tant in determining morphologic and electrophys-
iologic development of the CNS. Differentiation
begins very early in the evolution of the embryo,
with a thickening of the dorsal ectoderm into the
neural plate. The cells in this single layer rapidly
increase in number and stratify, and two folds
and a neural groove develop. This central groove
fuses to become the neural tube, giving rise to
the substance of all neural elements whose cell
bodies and supporting elements lie within the
brain and spinal cord.1

During regional differentiation of the CNS,
structural flexure begins. Three regions can be
identified: cephalic flexure (region of the mid-
brain), cervical flexure (junction of the brain and
spinal cord), and pontine flexure (junction of the
metencephalon and myelencephalon). The lumen
of the neural tube undergoes dramatic changes
during this period of development that corre-
spond to regional specialization. The lumen in
the area of the telencephalon will ultimately
become the lateral ventricles. The lumen within
the telencephalon and diencephalon will become
the third ventricle. The cerebral aqueduct devel-
ops from the lumen in the mesencephalon. The
lumen of the metencephalon and myelen-
cephalon becomes the fourth ventricle.

Neuronal activity appears to be important in
the migration of neurons to appropriate posi-
tions within the CNS, the degree of dendritic
branching, and the strength of synaptic inter-
connections.2 Mitosis and migration continue
throughout development, and completion of the
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location of individual neurons occurs about 1
year after postconception term. Two internal
processes result in a high degree of neuronal
activity: the waking state and active (rapid eye
movement [REM]) sleep. It is possible that these
two states are important during prenatal and
early postnatal life for appropriate ultrastruc-
tural development of the CNS.

Centers responsible for control of sleep and
the sleep–wake cycles are contained in areas that
develop from the diencephalon. Appropriate
diencephalic maturation is essential for normal
sleep to occur. All neuronal activity that eventu-
ally reaches the cortex passes through the dien-
cephalon, with the sole exception of those
originating from olfaction. The third ventricle is
contained within the diencephalon. During the
seventh week of development, a small evagina-
tion appears from the caudal wall of the third
ventricle. This eventually becomes glandular
and forms the pineal body that is responsible for
secretion of melatonin.

Melatonin plays an important role in regulat-
ing the sleep–wake cycle, presumably through
entrainment to light–dark cycling. Secretion is
highly responsive to afferent neural activity via
the retinohypothalamic tract. Secretion increases
in a dark environment and decreases when the
retinas are exposed to light. Although data
regarding the function of melatonin are conflict-
ing, evidence exists that it affects the timing of
sleep through its effect on circadian organiza-
tion.3 Exogenous melatonin has been noted to
be useful in regulating sleep in children with
some sleep disorders4 and in improving sleep
in some neurologically handicapped children.5 It
seems likely, therefore, that disorders of develop-
ment of the diencephalon, as well as acquired
disorders that affect development or function of
cells in the caudal wall of the third ventricle, can
result in significant sleep–wake disorders.

After the seventh postconception week, tha-
lamic regions undergo differentiation, and neu-
ronal fibers separate the massive gray matter of
the walls of the thalamus into numerous tha-
lamic nuclei. Similarly, the wall of the hypothal-
amus contains hypothalamic nuclei, the optic
chiasm, the suprachiasmatic nucleus, and the
neural lobe of the stalk of the body of the pitu-
itary gland. The hypothalamus eventually
becomes the executive region for regulation of
all autonomic activity including core body tem-

perature, temperature regulation, and sleep.
Because the suprachiasmatic nucleus becomes
the governing region for the circadian timing of
many major physiologic functions (the biologi-
cal clock), it seems clear that dysfunctional
development of, or injury to, the ventral region
of the diencephalon can result in profound
symptoms related to the sleep–wake cycle.

The cerebral hemispheres become prominent
during the sixth postconception week. They
expand rapidly until they cover the diencephalon
and mesencephalon. The telencephalon becomes
the most specialized and complex portion of the
brain and can be quite sensitive to changes in
intrauterine environment. In the presence of
decreased neuronal electrical activity secondary
to hypoxemia from any cause, abnormal concen-
trations of cellular elements, decreased dendritic
branching, and a lack of the synaptic strength
needed to develop essential and mature neural
networks may result.

DISORDERS OF MATURATIONAL
DEVELOPMENT

Culebras6 has comprehensively described neu-
roanatomic and neurologic correlates of a wide
variety of sleep abnormalities. Lesions of the
medial mesencephalon almost invariably cause a
reduction in the level of alertness. Symptomatic
cataplexy, characterized by active inhibition of
skeletal muscle tone, has been described in
patients with rostral brainstem tumors that
invade the floor of the third ventricle.7 Disorders
of the lower mesencephalon and upper pons
tegmentum involving the region around the
locus ceruleus are responsible for symptoms of
REM sleep without atonia.8 Extensive pontine
tegmental lesions cause a reduction in total sleep
time, alterations in or abolition of non-REM
(NREM) sleep states and REM sleep, and paraly-
sis of lateral gaze.9

Disorders involving the medullary regions of
the CNS commonly affect respiratory centers.
A wide variety of sleep-related breathing problems
are seen in youngsters with Arnold-Chiari mal-
formation.10,11 Central apnea, increased periodic
breathing during REM and NREM sleep, central
hypoventilation syndrome, and prolonged expi-
ratory apneas can occur. If motor centers con-
trolling pharyngeal musculature are involved,
obstructive sleep apnea may also be present.
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Many other correlations can be identified.
Hypothalamic lesions have been associated with
hypersomnia. Diffuse lesions of the thalamus
lead to either ipsilateral decrease or complete
abolition of sleep spindles and represent a useful
electrographic sign of thalamic abnormalities.12

The cerebral hemispheres, although not primor-
dial in the generation or maintenance of NREM
and REM sleep, do have a modulating influence.
Patients with extensive cortical laminar necrosis
fail to exhibit slow waves or spindles during
NREM sleep but can express cortical desynchro-
nization during REM sleep.13 Finally, space-
occupying lesions of the CNS may cause
sleep–wake disturbances or specific sleep disor-
ders by virtue of their location. They may also
cause symptoms indirectly through the develop-
ment of increased intracranial pressure, hydro-
cephalus, or both.

POLYSOMNOGRAPHIC
CORRELATES

The clinical discipline of pediatric sleep medi-
cine and the study of sleep disorders in infants
and children are becoming increasingly focused
on brain dysfunction. Study of the sleeping brain
has been termed by Culebras as “neurosomnol-
ogy.”14 The physiologic functions of most other
organ systems differ significantly from the wak-
ing state, and there are clear ontogenetic changes
that occur in sleep and its structure. Studying
longitudinal changes of multiple physiologic
variables during sleep in the laboratory might
be termed developmental polysomnography.15

Evaluation of maturation of sleep within the con-
text of normal and abnormal human development
might provide a sensitive method of analysis.

It has been shown that electroencephalogra-
phy (EEG) is an excellent tool for measuring
brain maturation.16 Each conceptional age
reveals a characteristic pattern. The important
features of normal EEG ontogeny, therefore, tend
to reflect normal development. An apparent
delay of the appearance of these EEG patterns
might reflect an arrest or a delay in maturation of
the CNS. It has been proposed that close atten-
tion to stages of brain maturation in normal and
abnormal EEGs, as well as the normal progres-
sion of state development during sleep, might
allow more accurate timing of brain insult in
infants with neurologic sequelae.

Comprehensive polysomnography utilizing
an EEG array that provides greater detail than
the standard montage recommended for adult
polysomnography is recommended for the neo-
natal and pediatric patient. However, diagnosing
ontogenetic EEG variations must be performed
with caution, as abnormalities in the EEG reflect
general pathophysiologic processes but show lit-
tle specificity for any particular disease.17

Other polysomnographic variables can be
important in the assessment of developmental
maturation. Adding eye movement recordings
and electromyography to the EEG might
improve specificity. Recording of eye movements
during sleep helps to identify the sleep state. Eye
movement density and bursts of saccades may
hold special significance in prediction of mental
development and morbidity secondary to neona-
tal illness. Becker and Thoman18 evaluated the
occurrence of REM storms in newborn infants
and again at 3, 6, and 12 months of chronologic
age. The number of rapid eye movements within
each 10-second interval of active sleep was rated
on a scale based on the frequency and intensity
of the eye movements. Bayley scales of mental
development were administered to the cohort of
infants at 12 months of age. Interestingly, a sig-
nificant negative correlation was found between
the frequency of REM storms and Bayley scores.
By 6 months of age, REM storms seemed to
express dysfunction or delay in the develop-
ment of central inhibitory feedback control for
sleep organization and phasic sleep-related
activities.

The degree of phasic electromyographic activ-
ity during sleep may also reflect maturity of the
developing brainstem. Gross movements, local-
ized body movements, and phasic muscle activ-
ity are controlled by the CNS at different
organizational levels. Phasic motor activity is
ontogenetically simpler and decreases early dur-
ing development. Gross movements are quite
complex and require a greater degree of central
integration. The type and frequency of muscle
activity during sleep might, therefore, add to
information about the integrity of the CNS.
Hakamada and coworkers19 studied various
types of motor activity in term newborns with
significant illnesses. Generalized body move-
ments, localized tonic movements, and general-
ized phasic movements were evaluated. Patients
with minimally depressed EEG background

Sleep in Neurologic Disorders Chapter 24 271

Ch24.qxd  01/28/05  10:31 AM  Page 271



activity showed an increase in generalized move-
ments and localized tonic movements during
quiet sleep. In contrast, patients with markedly
severe EEG abnormalities showed an increase in
phasic movements. It was concluded that a sig-
nificant decrease in generalized body move-
ments, or an increase in generalized phasic
muscle activity, might indicate a poor progno-
sis for particular infants. However, the pres-
ence of even small amounts of localized tonic
movements suggest preservation of cortical
function. Nonetheless, diagnostic use of poly-
somnography and its components becomes most
cost effective when applied to specific problems.

SLEEP DISORDERS IN INFANTS
AND CHILDREN

Sleep disorders that occur in adults also occur in
children. Disorders of sleep and the sleep–wake
cycle differ from adult disorders in etiology,
pathophysiology, morbidity, and treatment.
Indeed, symptomatology can be dramatically dif-
ferent, and childhood sleep disorders are fre-
quently overlooked or overshadowed by clinical
problems that appear and are evaluated during
the day. It must be remembered that disordered
sleep can underlie meaningful daytime symp-
toms and can exacerbate other medical disorders.

There is often considerable delay in diagnos-
ing disordered sleep in the neonate, infant, or
child. Brouillette and colleagues20 described sig-
nificant delays in the diagnosis of sleep disor-
dered breathing and demonstrated profound
morbidity. In 22 patients with documented
obstructive sleep apnea, mean delay in referral
for 20 patients first evaluated after the neonatal
period was 23 ± 15 months. Almost three quar-
ters of the patients studied developed serious
sequelae including cor pulmonale, failure to
thrive, permanent neurologic deficits, behavioral
disturbances, hypersomnolence, and develop-
mental abnormalities.

The following paragraphs discuss common
primary sleep-related disorders in children.
These include obstructive sleep apnea, central
sleep apnea, and other breathing disorders that
occur during sleep, sleep-related seizures, partial
arousal disorders, movement disorders associated
with sleep, and sleep–wake schedule disorders.
Focus is placed on clinical presentation, labora-
tory diagnosis, and management considerations.

Sleep-Disordered Breathing
in Infants and Children
Eight types of respiratory pauses or respiratory
dysfunction during sleep can be described. The
clinical significance of each varies according to
the conceptional age of the youngster, the devel-
opmental status, and the presence of other medical
or congenital abnormalities. Respiratory pauses
include obstructive apnea, central apnea, mixed
apnea, expiratory apnea, post-sigh apnea, and
periodic breathing. Central hypoventilation
and obstructive hypoventilation may not be
associated with pauses in breathing but may sig-
nificantly affect ventilatory function.

An obstructive apnea is defined as an
absence of nasal and oral airflow from the nose
and mouth despite continuing chest and/or
abdominal effort (Fig. 24–1). Lack of airflow
may be brief, lasting 6 seconds or less, depend-
ing on the rate of respiration. If there are at
least two obstructed respiratory efforts, the
apnea may be clinically significant. Obstructive
apnea can be prolonged and associated with
cardiac deceleration (generally occurring dur-
ing the last third of the apnea), oxygen desatu-
ration, and elevation of end-tidal CO2 (ETCO2)
after airflow resumes.

Definition of central apnea varies according to
the age of the patient. In premature and very
young infants, central apnea is defined as absence
of nasal and oral airflow and respiratory efforts
lasting 20 seconds or longer. It may also be clin-
ically significant if shorter than 20 seconds but
associated with heart rate changes or oxygen
desaturation (Fig. 24–2). Prolonged central
apnea, related to an absence of both inspiratory
and expiratory neuronal activity, appears to be
quite unusual in otherwise normal infants and
children during NREM/quiet sleep. Brief central
apnea is normal during REM/active sleep. When
prolonged central apneas occur during quiet
sleep, central hypoventilation syndrome or a pri-
mary underlying central nervous system or
brainstem abnormality may be present.

Mixed apnea contains polysomnographic
components of both central and obstructive res-
piratory pauses (Fig. 24–3). There is some evi-
dence, however, that the “central” component of
a mixed apnea is either prolonged expiration or
an expiratory apnea.21 It may also represent a
combination of both.
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Expiratory apnea has received little attention
in the medical literature. It is defined as an
absence of polysomnographically recorded nasal
and oral airflow in the presence of continued
expiratory effort against an occluded or partially
obstructed upper airway. A prolonged expiratory
phase of breathing can be demonstrated
(Fig. 24–4). Almost all expiratory apneas are
preceded by an augmented breath, or a sigh.22

Upper airway occlusion may occur at any level,
from the nasopharynx to the larynx. Preliminary
evidence in some children indicates that a reflex
glottic adduction may occur in the presence of
continued diaphragmatic contraction. Increased
parasympathetic tone may be present, affecting
the diaphragm via the vagus nerve and increas-

ing vocal cord adduction via the recurrent laryn-
geal nerve. A significant fall in the heart rate
seems to occur during the first third of the res-
piratory pause in a manner similar to that seen
during the Valsalva maneuver. There is little
change in the arterial oxygen saturation (SaO2)
regardless of the length of the apnea. This might
be explained by a temporary increase in lung
volume and positive expiratory pressure. The
potential importance of recognizing expiratory
apnea is evident when assessing apnea or brady-
cardia during home monitoring of the infant, as
well as in some patients with underlying CNS
and autonomic nervous system abnormalities.

Although expiratory apneas are typically pre-
ceded by a sigh, post-sigh apneas seem to be
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Figure 24–1. This 60-second epoch demonstrates a prolonged obstructive apnea during REM sleep.
Note the significant decrease in airflow (>50% reduction) in the end-tidal carbon dioxide (ETCO2) flow
channel (19). There is continued and increasing respiratory effort in the chest and abdominal channels
(20 and 22) and continued intercostal electromyographic activity (21). After the event, there is an
arousal and a return to normal respiration. Note the shift in the phase angle of chest and abdomen
prior to the apnea, during the apnea, and after the apnea. During the apnea, effort shifts 180 degrees,
and paradoxical breathing can be noted. There is mild oxygen desaturation with spontaneous and
rapid return to oxygen saturation baseline. There is also a mild elevation of the ETCO2 during recovery
breathing after the event. Numbers in parentheses indicate channels in the figure.
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associated with little or no upper airway
obstruction (Fig. 24–5). An augmented breath is
followed by an apnea that appears to be central.
There is little change in heart rate, almost no
oxygen desaturation, and an absence of hyper-
carbia during and after the event. In certain
cases, continued rise in ETCO2 can be demon-
strated. Identification of these respiratory pauses
is also important in evaluating infants with
apnea and in follow-up of infants being moni-
tored at home.

Periodic breathing is a pattern of respiration
characterized by three or more respiratory
pauses of 3 seconds or longer, separated by nor-
mal breathing for less than 20 seconds.23

Periodic breathing is a normal pattern of respira-
tion in premature infants during active/REM and

quiet/NREM sleep (Fig. 24–6). The proportion
of the total sleep time occupied by periodic
breathing decreases as the youngster matures.
Periodic breathing is most often confined to
active/REM sleep in the term newborn.
Persistence later in infancy and childhood may
be abnormal and reflect immaturity or an abnor-
mality of brainstem respiratory control.
Unfortunately, clear norms regarding appropri-
ate percentages of periodic breathing across age
groups are not yet available.

Obstructive Sleep Apnea Syndrome

The hallmark of obstructive sleep apnea in chil-
dren is snoring. Snoring, however, can be absent
even in the presence of severe obstructive sleep
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Figure 24–2. Central apnea with a sinus pause noted in the electrocardiogram (EKG). In this 30-sec-
ond epoch recorded during non-REM slow-wave sleep, a somewhat prolonged central apnea is noted.
Air ceases, and there is also cessation of effort demonstrated in the chest, intercostal electromyogra-
phy, and abdominal effort channels. Note that airflow on this tracing was measured using an end-tidal
carbon dioxide (ETCO2) waveform. Because a side-stream method of analysis is required (with the sam-
pling chamber in the instrument rather than directly in the air stream as seen in main-stream analy-
sis), there is about a 3-second sampling delay. Effort seems to stop before flow stops, and effort begins
before flow begins. This is artifact secondary to this sampling delay in ETCO2 waveform, and the apnea
is central rather than mixed. Note the 1.5-second sinus pause in the EKG at the end of the event.
Oxygen desaturation did not occur during this respiratory pause.
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apnea. Breathing is often punctuated with
pauses and snorts. Difficulty breathing during
sleep, restless sleep, diaphoresis, morning
headaches, excessive morning thirst, night-
mares, sleep terrors, and enuresis may be associ-
ated symptoms. Daytime abnormalities include
sleepiness, hyperactivity, poor school perform-
ance, abnormal behavior, aggressiveness, patho-
logic shyness, and social withdrawal. Learning
problems, frequent upper airway infections, fail-
ure to thrive, or obesity may occur. In severe
cases, pulmonary hypertension and cor pul-
monale can develop.

Obstructive sleep apnea during childhood is
often associated with an anatomic abnormality
of the upper airway. The most common cause of
upper airway obstruction in children is hyper-
trophy of the tonsils and adenoids.24 Malforma-
tions of the mandible and maxillae can also
cause upper airway obstruction during sleep.
Central and peripheral neurologic abnormalities

can also result in obstructive sleep apnea as a
result of dysfunction of pharyngeal muscular
movements.

The upper airway serves a variety of functions
during the respiratory cycle, including protec-
tion of the lower airway and phonation. Little is
known about the physiologic function and reflex
activity of the upper airway and larynx in breath-
ing during sleep in neonates, and there is a
paucity of studies regarding normal and abnor-
mal pharyngeal and laryngeal respiratory func-
tion in prepubertal children. During the normal
respiratory cycle, the laryngeal airway is widely
patent during inspiration, and it narrows during
expiration.25 Changes in the glottic aperture
during the respiratory cycle result from phasic
activity of the posterior cricoarytenoid muscles
and the pharyngeal constrictor muscles.26 The
posterior cricoarytenoid muscles function to
widen the glottis and are the principal abductor
of the vocal cords. Along with the pharyngeal
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Figure 24–3. This 30-second epoch demonstrates a mixed apnea. It reveals a pause in respiratory effort
accompanied by a pause in airflow. However, at least two respiratory efforts (resumption of chest
effort, abdominal effort, and intercostal muscle electromyographic activity) occur prior to resumption
of airflow. The return of effort is significantly greater than the 3-second sampling delay of end-tidal
carbon dioxide (ETCO2). The event is followed by an arousal, but no electrocardiographic (EKG)
changes occurred. This event, however, was associated with a fall in oxygen saturation (SaO2) greater
than 4% from the baseline, and the nadir SaO2 reached 86%.
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constrictor muscles, the lateral cricoarytenoid,
oblique and transverse arytenoid, and thyroary-
tenoid muscles function to close the glottis by
adduction of the vocal cords. Controlled decline
in the activity of the posterior cricoarytenoid
muscles acts in consort with a decrease in activ-
ity of thoracic inspiratory muscles to cause expi-
ratory braking, a reflex-controlled regulation of
expiratory airflow and end expiratory volume.27

Appropriate function of the upper airway in reg-
ulating the respiratory cycle is critical. There is
increasing evidence that the upper airway has to
dilate before the diaphragm initiates inspiration.
Children with neurologic deficits or an auto-

nomic nervous system abnormality may be at
high risk for abnormalities of respiration.
Obstructive apnea predominates in children
with neurologic abnormalities, but other types of
apnea often occur.

Apnea of Prematurity

Apnea of prematurity (AOP) is defined as exces-
sive periodic breathing with pathologic apnea in
a premature infant. Almost half of all premature
infants manifest periodic breathing during the
neonatal period. Periodic breathing occurs with
greater frequency as gestational age decreases
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Figure 24–4. Although they are not frequently discussed, expiratory apneas do occur. There is appar-
ent resumption of expiratory neuronal activity and effort despite the occlusion of the upper airway.
This is often preceded by an augmented breath (sigh) or an arousal, or both. The event shown illus-
trates several characteristic features. There is an augmented breath during arousal (electromyography
shows chin muscle increases, and there is a brief increase in the heart rate). During the immediate
postinspiratory period, there is persistence of expiratory flow as demonstrated by the prolonged alve-
olar plateau on the end-tidal carbon dioxide (ETCO2) waveform. There is also an initial fall in the
R-R interval, with return to the baseline as the event continues and then resolves. This is quite differ-
ent from a postsigh respiratory pause and a true central apnea, because during these events there is a
progressive deceleration in the heart rate, followed by an increase in the heart rate during the arousal
after the event has ceased.
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and is present in almost all newborns less than
28 weeks gestation.28 AOP occurs in about half
of all infants with periodic breathing. It is
thought to be related to immaturity of the brain-
stem respiratory centers, central and peripheral
chemoreceptors, and pulmonary reflexes.

Even though many respiratory pauses in the
premature infant are central, there is evidence
suggesting that half of all apneas in premature
infants may be obstructive or mixed in origin.29

In these immature and often ill newborns, com-
plex neuromuscular events required to maintain
pharyngeal patency during respiration are easily
overwhelmed.30

AOP is often responsive to medical treatment.
Treatment of recurrent, clinically significant
apnea in a premature infant should ensure ade-
quate oxygenation and ventilation. Physical stim-
ulation may be all that is necessary. Continuous
positive airway pressure (CPAP), supplemental
oxygen, or mechanical ventilation may also be
required.

Methylxanthines are currently the most
widely used medications in the treatment of
AOP.31 Theophylline has been shown to reduce
the number of apneic episodes and lessen devel-
opment of respiratory failure.32 Theophylline,
however, does not shorten the clinical course of
AOP. Caffeine has also been shown to produce a
significant increase in ventilation, tidal volume,
and mean inspiratory flow. Caffeine appears to
increase ventilation mainly by increasing central
inspiratory drive. Both caffeine and theophylline
have similar effects on episodes of apnea; how-
ever, caffeine seems to have an earlier effect on
respiratory rate. Side effects of tachycardia, arousal,
and gastrointestinal intolerance are more fre-
quently observed with theophylline when com-
pared to caffeine.33 Theophylline has also been
shown to be associated with a decrease in cere-
bral blood flow.34 Caffeine provides stable
plasma levels and has a significantly longer plasma
half-life, allowing the prescription of only one
daily maintenance dose.
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Figure 24–5. This 30-second epoch demonstrates a postsigh respiratory pause. There is an aug-
mented breath (sigh), with rapid return of the flow to the zero baseline. There is little change in the
electrocardiogram, and there are no other physiologic effects of this event.
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Nasal CPAP is quite effective in resolving
obstructive apneas in premature and very young
infants. Central apneas, on the other hand, are
unaffected by nasal CPAP, although oxygenation
has been shown to increase, whether or not
apnea is present.35 For central apneas in the
premature infant, methylxanthine treatment
appears to be significantly superior to CPAP.36

Doxapram, a potent respiratory stimulant,
has been used experimentally to treat AOP. It
appears to affect both peripheral chemoreceptors
and central respiratory centers.37 Doxapram
infusions have been used in preterm infants
when therapeutic concentrations of theophylline
had failed to control episodes of central apnea.38

Obstructive Hypoventilation and High
Upper Airway Resistance

Obstructive hypoventilation occurs when there
is chronic upper airway obstruction associated
with high upper airway resistance. Overt apnea
may not be present (Fig. 24–7). If obstructive
apneas and hypopneas occur, they tend to be
most significant during REM sleep. Often, how-
ever, the number of apneas and or hypopneas
per hour of sleep is within age-appropriate nor-
mal limits. Respiratory rate during sleep is often
increased and oxygen saturation may be normal.
ETCO2 is, however, significantly elevated and
remains high because of upper airway occlusion.
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Figure 24–6. This 120-second epoch demonstrates periodic breathing, defined as three or more res-
piratory pauses that are at least 3 seconds long and that are separated by less than 20 seconds of nor-
mal breathing. This is normal in the premature infant in both quiet sleep and active sleep. As the
babies are born closer to full term, periodic breathing tends to decrease in prevalence throughout the
sleep period and is typically specific to active sleep. Prolonged periods of periodic breathing during
quiet sleep in the term or near-term infant might suggest the presence of a central control of breath-
ing problem, and further clinical investigation may be indicated. Care must be taken that the baby was
actually asleep at the time the spells of periodic breathing were noted in the respiratory channels.
Crying can appear very much like periodic breathing; technologist notes and video evaluation are
extremely helpful in differentiating between the two.
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A

B

Figure 24–7. A, This 120-second epoch recorded during slow-wave sleep demonstrates obstructive
hypoventilation. Airflow appears normal, but the end-tidal carbon dioxide (ETCO2) is elevated to
greater than 50 mm Hg. This represents alveolar hypoventilation. However, considerable snoring is
noted in this patient, and considerable apneas and hypopneas were noted during REM sleep.
Therefore, the elevation of the ETCO2 is most likely caused by obstructive hypoventilation. B, This 30-
second epoch, recorded from a patient who had suffered from hypoxic-ischemic encephalopathy,
demonstrates continuous epileptiform activity of sleep. The record could not be adequately scored for
NREM sleep state because persistent and consistent spike and wave activity was noted in NREM sleep.
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It has been recommended that obstructive
hypoventilation be considered when ETCO2
measurements remain above 46 mm Hg for more
than 60% of the total sleep time or when the
ETCO2 rises above 53 mm Hg.39

Central Hypoventilation

Central hypoventilation is an uncommon disor-
der manifested by insufficient ventilatory effort
due to inadequate output from the brainstem
centers that control breathing—that is, there is a
failure of the automatic control of breathing.
Hypoventilation in the absence of lung disease
or dysfunction of respiratory muscles exacer-
bates during sleep. Respiratory rate may appear
normal, but tidal volume during sleep is
extremely low. On the other hand, some children
with central hypoventilation have normal or
increased tidal volumes but a significantly
reduced respiratory rate. Hypoventilation may
also occur during wakefulness.

Infants with central hypoventilation syn-
drome may appear otherwise normal. Spontane-
ous breathing occurs, especially during sleep, or
the infant may breathe erratically. When
mechanical ventilation is instituted, weaning is
difficult. Blunted response to hypercapnia and
hypoxemia is often demonstrable.

Clinically, infants may present early in life
with apparent apneic episodes. However, symp-
toms may be manifested later in infancy and
include cyanosis and pulmonary hypertension.
The clinical course is chronic, and life-long ven-
tilatory support is often required, particularly
during sleep. Some infants improve with time
and may be able to support ventilation during
wakefulness. Others deteriorate over time and
require 24-hour mechanical ventilatory support.

Diagnosis of Sleep-Disordered Breathing

Accurate diagnosis of respiratory pauses during
sleep is based on continuous monitoring of res-
piratory, cardiovascular, and electroencephalo-
graphic parameters across the child’s habitual
sleep period. Severity of breathing disorders dur-
ing sleep often varies in a circadian manner. The
highest incidence of pathologic apnea, even in
very young infants, occurs during the early
morning hours.40 Polysomnographic monitoring
is most reliable when performed during the
major sleep period at night and attended by a

technician. Premature newborns and term
neonates may be evaluated adequately during
daytime hours if several continuous sleep–wake
cycles are monitored.

The parameters that should be monitored
continuously during polysomnography include
nasal and oral airflow by capnography, chest and
abdominal respiratory effort, oxygen saturation,
and measurement of ETCO2. Oxygen saturation is
monitored using pulse oximetry. Continuous
electrocardiography (lead II) is also recorded.
This provides continuous feedback of the car-
diovascular effects of respiratory pauses.
Continuous monitoring of the EEG, with an
expanded electrode array, chin muscle and ante-
rior tibialis electromyography, electro-oculo-
gram, and objective recording of patient
behavior during the sleep study is essential.
When indicated, esophageal pH may also be
continuously monitored. Recording multiple
physiologic variables provides an accurate iden-
tification of sleep state–related respiratory
changes as well as identification of apneas asso-
ciated with other significant sleep-related disorders
(e.g., sleep-related seizure activity, gastroesoph-
ageal reflux).

Pneumography (respiratory effort monitoring
by thoracic impedance, and heart rate monitor-
ing) should be avoided as a diagnostic method.23

Pneumograms have been widely used for screen-
ing in asymptomatic premature and term infants.
Unfortunately, integrity of respiration during
sleep can be significantly underestimated by this
type of recording. Sensitivity and specificity of
pneumography is poor. False-positive and false-
negative results are common. Partial airway
obstruction may cause false breath detection,
and breaths immediately after a sigh, or biphasic
augmented breaths are often missed.41 In addi-
tion, unless nasal and oral airflows are recorded,
only central apneas can be detected. Monitoring
only thoracic impedance may result in failure to
detect obstructive apnea, can confuse cardiac
pulse artifact with respiratory effort, and cannot
detect abdominal respiratory efforts.

Impedance pneumography done in the home
is almost as costly as comprehensive technician-
attended polysomnography conducted in the
laboratory. Pneumograms should be reserved for
evaluation of infants who trigger frequent home
monitor alarms, in which circumstances it may
help by differentiating true from false activation
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of the monitor. Technician-attended polysomnog-
raphy is still considered the most reliable and effec-
tive method available for describing respiration
during sleep and for identification of normal ver-
sus abnormal upper airway function during
sleep.

Paroxysmal Disorders
Sleep-related paroxysmal disorders may be dif-
ferentiated into epileptiform and nonepilepti-
form abnormalities. Interictal EEG evaluations
may not be helpful in diagnosis. Often, spells do
not occur in the laboratory and comprehensive
assessments and management must be based on
clinical grounds. Continuous monitoring of EEG
and other physiologic functions during poly-
somnography in the sleep laboratory may be
quite helpful in differentiating seizure disorders
from nonepileptic paroxysmal disturbances.

Seizures

An abundant variety of paroxysmal motor disor-
ders may occur during sleep. These recurring
spells must be differentiated from sleep-related
nonepileptic motor activity. The sleep of patients
with true seizures is typically fragmented.42

Abnormal sleep patterns may, however, indicate
a toxic effect of medication or CNS injury.

Interictal epileptiform activity tends to
increase during light stages of NREM sleep and
is inclined to be suppressed during REM sleep.
This is particularly true in patients suffering
from partial complex seizures.43 Sleep depriva-
tion increases the rate of focal interictal epilepti-
form discharges most markedly in stage 2 NREM
sleep. Some epileptic seizures appear almost
exclusively during sleep. For example, a syn-
drome of continuous spike and wave activity
during sleep occurs in young children and is
associated with hyperkinesias, neuropsychologi-
cal disturbances, and progressive aphasia—the
Landau-Kleffner syndrome.44

Much literature confirms the observation that
epileptic seizures occur in relation to specific
sleep stages and the sleep–wake cycle.45 Sleep
deprivation has been commonly used to pro-
mote seizures in the laboratory, especially in
patients with temporal lobe seizure disorders.46

Although seizures are recognized clinically only
during the day, fluttering of the eyelids can be
observed during sleep in conjunction with

paroxysmal bursts of 3 cycles per second spike-
and-wave activity.47 Partial complex seizures
originating in the frontal lobe occur most char-
acteristically during NREM sleep. Among
patients with sleep-related complex seizures
studied by Cadilhac,48 almost two thirds
occurred during NREM sleep. Approximately
16% of seizures studied were isolated to REM
sleep, and 20% occurred in both NREM and
REM sleep states. There is also a strong correla-
tion between seizures and sleep in patients with
benign partial epilepsy with centrotemporal
spikes (Rolandic epilepsy).45

In addition to the facilitatory effect of sleep
on seizure activity, seizure frequency may be
affected by the presence of other sleep-related
disorders. For example, in a group of patients
with obstructive sleep apnea syndrome and par-
tial epilepsy, six of seven patients studied by
Devinsky and colleagues49 revealed a signifi-
cant reduction in the frequency of seizure
activity and seizure severity after successful
treatment of the sleep-related breathing abnor-
mality.

Clinical differentiation between epileptic and
nonepileptic spells that occur during sleep can
often be difficult. Stores50 reviewed this issue
and was able to divide patients fitting this diag-
nostic dilemma into three categories. A first
group consisted of patients with nonepileptic
primary sleep disorders that are often associated
with motor phenomena and similar presenta-
tions, including some nightmares and sleep ter-
rors, NREM sleep partial arousal disorders, and
REM-sleep motor disorders. The second group
consisted of patients with primary sleep disor-
ders with motor components that can be incor-
rectly diagnosed as epilepsy, including the
partial arousal disorders, REM-sleep motor dis-
order, sleep-related rhythmic movement disor-
ders (such as jactatio capitis nocturnes), some
symptoms associated with obstructive sleep
apnea, automatic behaviors, idiopathic CNS
hypersomnia, and sleep-related enuresis. Finally,
the third group of patients have some epileptic
disorders that occur during sleep and may be
mistaken for sleep disorders. These consist of
nocturnal complex partial seizures of the tem-
poral lobe and, particularly of frontal lobe ori-
gin, nocturnal hypnogenic dystonia, episodic
nocturnal wanderings, and nonconvulsive sta-
tus epilepticus.
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Paroxysmal Hypnogenic Dystonia

Paroxysmal hypnogenic dystonia was first
described by Lugaresi and Cirignotta in 1981.51 It
is a rare disorder characterized by stereotypic,
choreoathetotic movements and dystonic postur-
ing during NREM sleep. Symptoms may begin in
childhood and be mistaken for normal (or abnor-
mal) behavior patterns or other stereotypic
movement disorders. Episodes may be brief, last-
ing less than a minute, or may be prolonged, per-
sisting for hours. Eyes are often open and
vocalizations may occur. If episodes occur fre-
quently or are recurrent during a single sleep
period, significant sleep disruption may occur.
There are rhythmic, sometimes violent, stereo-
typic movements (e.g., kicking, thrashing) of the
limbs and/or trunk, associated with dystonic pos-
turing of the hands, feet, arms, legs, and/or face.
At the termination of an episode, patients may be
coherent, but they rapidly return to sleep.

Polysomnography usually reveals episodes
arising out of stage 2 NREM sleep (although it
has been reported to occur in slow-wave sleep as
well). An EEG pattern of arousal may occur a
few seconds before an episode. Significant move-
ment artifact is seen on the EEG. Whether clear
epileptiform activity occurs during a spell is
somewhat controversial. Radiographic studies
and magnetic resonance imaging are notably
normal. It is unknown whether hypnogenic
paroxysmal dystonia is associated with CNS (or
other) pathology.

Symptoms generally run a chronic course and
may persist for many years. Carbamazepine, in
small doses, has ameliorated symptoms in some
patients.

Parasomnias
Parasomnias are classified as dysfunctions asso-
ciated with sleep, sleep stages, or partial arousals
from sleep. They are a group of disorders with
strikingly dissimilar presentations, but they
share many clinical and physiologic characteris-
tics. Often, parasomnias present clear sympto-
matology (e.g., sleepwalking, head-banging,
bruxism). Manifestations appear early in child-
hood and might be considered by parents and
health care practitioners as normal, benign, or
behavioral in origin. As the child ages, benign
characteristics can become exaggerated and dra-
matic. However, few pathophysiologic abnor-

malities can be identified, despite occasionally
severe paroxysmal features.52

As with all other disorders of sleep and wake-
fulness, evaluation begins with a comprehensive
history and physical examination. Special atten-
tion must be placed on a detailed description of
the events. Neurodevelopmental landmarks
must be carefully assessed. Sleep–wake sched-
ules, habits, and patterns require delineation.
Morning wake time, evening bedtime, bedtime
rituals, and nap time rituals should be described.
The presence of excessive daytime sleepiness,
snoring, or restlessness during sleep should be
ascertained. Whether there are or are not con-
current medical illnesses and whether the
patient is taking any medications or drugs
should be obtained in the clinical interview.

In the complete physical examination,
emphasis should be placed on a comprehensive
neurologic and developmental assessment. The
existence of developmental delays or symptoms
suggestive of neurologic disorders might indi-
cate an organic basis for the patient’s presenting
symptoms. Evidence of other medical disorders
should be assessed as possible contributing or
coexistent factors.

Laboratory evaluations should be guided by
the presenting signs and symptoms. A urine drug
screen may be helpful if the symptoms might be
a side effect of medication. Polysomnography is
often indicated. An expanded EEG electrode
array is recommended. A more extensive EEG
montage than typically recorded during poly-
somnography is often helpful in differentiating
a nonepileptic parasomnia from sleep-related
seizures. Concomitant video recording of the
patient while sleeping is indispensable and can
clearly demonstrate motor manifestations and
chronicle stereotypic movements. Attempts
should be made to obtain at least 400 minutes of
natural nocturnal sleep. It is often helpful to have
the patient drink fluids and avoid urination prior
to settling, as bladder distention may precipitate
some parasomnias. The need for all-night EEG
recordings, routine EEG, and radiographic stud-
ies depends on the presenting situation, night-
time manifestations, and clinical symptoms.

Nonepileptic Stereotypic Parasomnias

Although the phenomenon of stereotypic move-
ments during sleep has been recognized for
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many years, little is known of the etiology.
Stereotypic nonepileptic parasomnias are char-
acterized by repetitive, meaningless movements
or behaviors. Large muscle groups are involved
and manifestations include rhythmic, repetitive
movements such as body rocking, head-banging,
head-rolling, and body-shuttling. They are typi-
cally associated with transition from wakeful-
ness to sleep, may be sustained into light sleep,
and/or occur after arousal from sleep. Children
are usually developmentally, behaviorally, and
medically normal. Movements may be alarming
in appearance, and parents often become con-
cerned for the child’s physical and mental well-
being. Injury sometimes occurs.

Stereotypic movements occur in normal
infants and children. Lack of rhythmic activity
during infancy has occasionally been associated
with developmental delays. When stereotypic
movements during wakefulness persist into older
childhood and adolescence, a coexisting psy-
chogenic component may be present. Stereotypic
movements may be a form of attention getting, or
a mechanism of self-stimulation or self-soothing,
in developmentally disabled children.

Rhythmic movements can be observed in two
thirds of normal children by 9 months of age.
The incidence of head-banging occurs in 3% to
6.5% of the normal population; body rocking, in
19.1% to 21%; and head-rolling, in 6.3%. By 18
months of age, the prevalence of rhythmic move-
ments decreases to less than 50%, and by 4 years
of age to approximately 8%. This consistent
decrease and spontaneous resolution of symp-
toms as the child grows and develops is consis-
tent with a maturational origin of the disorder.

At times, motor activity and head-banging
can be violent, and physical injury can occur,
although it is uncommon. Cutaneous ecchymo-
sis and callus formation can result. However,
more serious injuries, including subdural
hematoma and retinal petechiae, have been
reported. Rhythmic movements usually decrease
in intensity and often resolve spontaneously
between 2 and 4 years of age. Rarely, symptoms
persist into adolescence and adulthood.

Diagnosis is based on identification of charac-
teristic symptoms in the absence of other med-
ical or psychiatric disorders. Polysomnography
demonstrates typical rhythmic movements dur-
ing the immediate presleep period and may per-
sist into stage 1 NREM sleep. Occasionally,

activity is noted after spontaneous arousal. It can
occur during slow-wave sleep, but it is rare dur-
ing REM sleep. Focal, paroxysmal, and epilepti-
form EEG activity associated with the stereotypic
activity are absent; however, a full-montage EEG
may be necessary to rule out epilepsy. Sleep archi-
tecture, stage progression, and stage volumes are
typically normal.

Partial Arousal Disorders

Arousal disorders are thought to be caused by
impaired or “partial” arousal from slow-wave
sleep. A hierarchical model may exist, as it
appears that a continuum of manifestations of
each of these disorders of sleep is present.
Symptoms most often begin in childhood and
resolve spontaneously, although occasionally
they persist into adolescence and adulthood.
Manifestations are quite alarming and injury
often occurs.

Arousal disorders present with bizarre, dra-
matic symptoms and share a number of common
features. All seem to occur during stage 3/4
sleep. Confusion, disorientation, and amnesia
for the events are present, and at times the
episodes are precipitated by external stimuli. In
contrast, forced arousal from REM sleep is more
often followed by rapid awakening, clear
thought processes, and vivid dream recall.

Partial arousal disorders occur more fre-
quently during periods of stress, in the presence
of fever, after sleep deprivation, and in patients
with hypersomnolence syndromes. Partial
arousals normally occur at the end of slow-wave
sleep periods during ascent to lighter sleep stages.
Because of the depth of slow-wave sleep and the
high arousal threshold in children, these arousal
disorders may represent conflicting interaction
between the mechanisms generating slow-wave
sleep and arousal. Chronobiologic triggers that
control sleep stage cycling may be more likely
to result in a partial arousal if the sleep schedule
is chaotic. There may be internal desynchroniza-
tion, and the internal arousal stimulus may come
at the “wrong” time, resulting in incomplete
arousal and manifest characteristics of both states.
As the child develops, these CNS mechanisms
mature, synchronization occurs, and symptoms
resolve spontaneously.

Confusional arousals consist of partial
arousals from slow-wave sleep during the first
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half of the sleep period. Episodes are sudden,
startling, and may be precipitated by forced
awakenings. Children may appear to be awake
during the episode, but they do not respond
appropriately to commands and resist being con-
soled. Confusion and disorientation are promi-
nent. Attempts to abort the “attack” may, in fact,
make the symptoms more severe and violent.

Factors that result in increased slow-wave
sleep or those that impair arousal may precipitate
or exacerbate confusional arousals. Hypersomnia
secondary to rebound from sleep deprivation,
narcolepsy syndrome, idiopathic hypersomnia, or
obstructive sleep apnea may exacerbate symp-
toms. Confusional arousals/sleep drunkenness is
frequently seen in patients with narcolepsy syn-
drome after prolonged daytime naps (those that
are longer than 60 minutes and that contain slow-
wave sleep). Stress, anxiety, fever, and excessive
exercise may precipitate attacks. Organic pathol-
ogy is rarely noted, although CNS lesions of the
periventricular gray matter, reticular activating
system, and posterior hypothalamus have been
reported in some patients. Injuries during confu-
sional arousals are common if there is displace-
ment of the patient from the bed.

The onset of symptoms is usually prior to
5 years of age. Children gradually arouse from
slow-wave sleep, and they may moan or mumble
unintelligibly. Symptoms then crescendo signifi-
cantly. Patients may thrash about in bed or fall
from the bed to the floor. During the episode, the
child appears profoundly confused and disori-
ented. Combativeness and aggressiveness may
occur and consolation or restraint may result in
exacerbation of symptoms. Episodes may be
brief, lasting for only a few minutes, or they may
be prolonged and last for several hours. There is
usually retrograde and/or anterograde amnesia
for the event. There may be associated night ter-
rors or somnambulism. Enuresis may occur dur-
ing or following the episode, resulting in
difficulties in differentiating these spells from
partial complex seizures.

Diagnosis is based on identification of confu-
sion, disorientation, agitation, or combativeness
on arousal, most often during the first one third
to one half of the night. Associated amnesia for
the event is present. There is rarely a clearly
identifiable medical or psychiatric disorder pres-
ent on clinical evaluation. Partial complex
seizure disorders with confusional automatisms

need to be ruled out. Polysomnography reveals
sudden arousal from slow-wave sleep, brief peri-
ods of delta activity, stage 1 theta patterns, recur-
rent microsleeps, or a poorly reactive alpha
activity, or any combination of these. Focal,
paroxysmal, and epileptiform activity are absent
from the EEG. Symptoms may peak during mid-
dle childhood and then undergo spontaneous
remission. The clinical course is usually benign
(although frightening). Physical injury can
occur and the child must be protected from
trauma during the episode.

Somnambulism: Sleepwalking

Somnambulism may vary in presentation from
simple sitting up in bed to agitated running and
aggressive, violent behavior during sleep. The
complex series of automatic behaviors mani-
fested may appear, on the surface, purposeful. As
with other partial arousal disorders, somnambu-
listic episodes occur out of slow-wave sleep, dur-
ing the first third of the sleep period. Episodes
may be quite alarming. Patients are uncoordi-
nated and clumsy during the walking episode,
and injuries are common. Because of the high
incidence of trauma during events, agitated som-
nambulism should be considered a potentially
fatal disorder and the major goal of management
is to protect the child from harm.

Somnambulism has been reported to occur in
1% to 15% of the population. It occurs with
greatest frequency during childhood, decreasing
significantly during adolescence, and it is
uncommon in adults. Episodes vary in fre-
quency, intensity, and length, making parental
reports quite inaccurate; the true incidence is
therefore unknown. There appears to be an
equal sex distribution. There also appears to be a
significant familial pattern, although clear
genetic transmission has not been identified.

Somnambulism usually begins in middle
childhood, between 4 and 8 years of age,
although onset may occur at any time after the
child develops the ability to walk. Symptoms
range from simple sitting up in bed to extremely
agitated, semi-purposeful automatisms and fran-
tic running. Most often the child will wander
around the house and can perform complex
tasks, such as unlocking doors, taking food from
the refrigerator, and eating. At times, children
leave the house. Often, the behaviors are
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meaningless and unusual. Verbalizations may
occur but are usually garbled, confused, and
meaningless. Eyes are often open and the child
may appear awake, but behaviors are only semi-
purposeful. Choreiform movements of the arms
and head may occur. Often, enuretic episodes
occur and the child may urinate (or attempt to
urinate) at unusual places around the house.
During a somnambulistic spell, the child is
extremely difficult to wake, although complete
arousal is possible. If awakened, confusion and
disorientation are usually present. Motor activity
can cease spontaneously, and the child may lie
down and return to sleep at unusual places
around the home, or the child may return to bed
without ever becoming alert.

A number of factors may precipitate somnam-
bulistic events. Fever and sleep deprivation are
notable. Any disorder that can produce signifi-
cant disruption of slow-wave sleep, such as
obstructive sleep apnea, may precipitate events.
In addition, sleep walking can often be precipi-
tated by urinary bladder distention in the suscep-
tible patient. External noise may also trigger an
event. A number of medications can exacerbate
the disorder, including thioridazine, Prolixin,
perphenazine, desipramine, and chloral hydrate.

Polysomnography typically reveals an arousal
from stage 3 or stage 4 sleep during the first
half of the sleep period. Most of the background
EEG activity is obscured by muscle artifact. Seizure
activity is notably absent.

Although it is clinically difficult, somnambu-
lism should be differentiated from other disor-
ders of arousal, such as confusional arousals and
night terrors. Displacement from the bed and
calm nocturnal wanderings are less common
with confusional arousals. Night terrors are more
typically associated with the appearance of
intense fear and panic and are less likely to be
associated with displacement from bed (although
displacement from bed is more common with
night terrors than nightmares). Intense auto-
nomic discharges and an initial scream herald a
sleep terror and are not present in somnambu-
lism. Nocturnal seizure disorders typically reveal
epileptiform discharges during the events; how-
ever, the interictal EEG may be normal. REM
sleep behavior disorder has been described in
children, characteristically occurs during REM
sleep, and is associated with clear verbalizations
and seemingly purposeful movements.

Sleep Terrors

Sleep terrors are third in a continuum of partial
arousals from slow-wave sleep. The onset of a
sleep terror (in contrast to the gradual onset of
confusional arousals) is sudden, abrupt, striking,
and frightening. These arousals are associated
with profound autonomic discharges and behav-
ioral manifestations of intense fear. The exact
prevalence of sleep terrors, like that of other par-
tial arousals, is unknown.

Onset of symptoms is usually between 2 and
4 years of age. Although most frequent during
childhood, sleep terrors can occur at any age. As
with other nonepileptic parasomnias, precipitat-
ing factors include fever, bladder distention,
sleep deprivation, and CNS depressant medica-
tion. Symptoms tend to significantly decrease
during puberty and rarely persist into adoles-
cence and adulthood. Psychopathology is rare in
children.

A sleep terror begins suddenly. The child typ-
ically sits upright in bed and emits a piercing
scream. Severe autonomic discharge occurs.
Eyes are usually widely open and pupils may
appear dilated. Tachycardia, tachypnea, diaphore-
sis, and increased muscle tone are present.
During the episode, the child is unresponsive to
efforts to console, and parental efforts often
exacerbate autonomic and motor activity. During
a spell, the youngster may run hysterically
around the house. The child may run wildly
into walls, furniture, or windows. Episodes of
extreme agitation are commonly associated with
injury. Unintelligible vocalizations and enuresis
can occur. As with other partial arousal disor-
ders, the child awakened from a spell may be
confused and disoriented, and there is amnesia
for the event. In contrast to confusional arousals,
episodes of sleep terrors are usually brief, lasting
only a few minutes, and they subside sponta-
neously.

Diagnosis is based on identification of these
symptoms and exclusion of organic pathology.
Polysomnography reveals sudden arousal from
slow-wave sleep during the first third of the
major sleep period. Sleep terrors, however, can
occur out of slow-wave sleep at any time during
the night. Partial arousals without motor mani-
festation occur more frequently in children with
sleep terrors than in unaffected children.
Autonomic discharges during these partial

Sleep in Neurologic Disorders Chapter 24 285

Ch24.qxd  01/28/05  10:32 AM  Page 285



arousals are identified by the presence of tachy-
cardia without full-blown symptoms.

Sleep terrors require differentiation from
sleep-related epilepsy with automatisms. In
these patients, EEG may show abnormal dis-
charges from the temporal lobe, although
nasopharyngeal leads may be required to iden-
tify the focus of abnormal activity. Epileptic
events may also be distinguished from disorders
of partial arousal by the presence of a combina-
tion of clinical features, stereotypic behaviors,
and the fact that they may occur during any part
of the sleep period as well as during wakeful-
ness. Identification of epileptiform activity, how-
ever, does not completely rule out the presence
of a partial arousal, as they may occur concomi-
tantly in the same patient.

Management of Parasomnias

There is no clear consensus regarding when a
partial arousal parasomnia requires treatment.
Symptoms are most often mild, occur less than
once per month, and result in injury to neither
the child nor the parents. In mild cases, expla-
nation of partial arousal disorders and parental
reassurance may be all that is necessary. Sleep
hygiene also should be discussed. Parents should
be encouraged to let the event run its course and
to intervene minimally. Interventions should
focus on preventing injury and simply guiding
the child back to bed. Too vigorous intervention
may prolong the episode.

Parents can be alerted of a quiet somnambu-
listic episode by the use of an alarm system (e.g.,
a bell placed on the doorknob of the child’s
room). Appropriate sleep hygiene is essential.
Sleep deprivation should be avoided and regular
sleep–wake schedules maintained. Brief daytime
naps might be attempted and a period of quiet
activity or relaxation techniques instituted prior
to bedtime. Fluids after the night-time meal
should be limited and the child encouraged to
empty the bladder immediately prior to bedtime.
Fevers, if present, should be appropriately
treated.

Severity of partial arousals is considered mod-
erate when symptoms occur less than once per
week and do not result in harm to the patient or
to others. In these cases, reassurance and a
behavioral approach (including behavior train-
ing, sleep hygiene, psychotherapy, and/or hyp-
nosis) have been successful.

In severe cases, when episodes occur almost
nightly or are associated with injury, nondrug
approaches are considered first. Drug treatment,
when used, should be prescribed for a short
period of time and should be used in conjunc-
tion with sleep hygiene and behavioral manage-
ment. The patient can be weaned from medication
when symptoms have been under good control
for approximately 3 to 6 months.

The most commonly prescribed medication is
diazepam. However, lorazepam and clonazepam
in small doses are also quite effective. Dosage
should be adjusted to the needs of the child.
Prolonged use of medication increases the
potential for side effects and complications. The
young child generally responds well to both
behavioral and medicinal approaches.

Parasomnias Associated 
with REM Sleep

Parasomnias previously discussed have been
related to dysfunctions associated with sleep
state transitions and partial arousal from NREM
stage 3 and stage 4 sleep. Parasomnias have also
been reported to occur out of stage REM sleep.
In many cases, manifestations are dissimilar and
can be differentiated on clinical grounds alone.
Certain REM sleep parasomnias, however, share
the symptoms of partial arousal disorders. Some
frequently occur in children (e.g., nightmares),
whereas others are extremely rare and have only
recently been described in children (e.g., REM
sleep behavior disorder). Disorders rarely
encountered during childhood are included
(e.g., REM sleep behavior disorder) because
their importance to the practitioner may become
clear when they are more completely understood
and dysfunction associated with the sleeping
state is further delineated in children.

Nightmares

A nightmare is a frightening dream that may
awaken the youngster from REM sleep. There is
usually vivid, clear recall of disturbing dream con-
tent. Anxiety and mild autonomic manifestations
occur. Often, an anxiety dream contains elements
of danger to the individual; a sudden arousal from
REM sleep occurs; and after awakening, the
youngster is oriented to the environment with
clear sensorium. Dream content usually involves
an experience of immediate and credible threat to
survival, security, or self-esteem.

286 Chapter 24 Sleep in Neurologic Disorders

Ch24.qxd  01/28/05  10:32 AM  Page 286



Dream anxiety attacks occur in REM sleep and
are often associated with the longest, most
intense REM period, during the last third of the
night. Major body movements are rare (because
of REM hypotonia), but REM sleep fragmenta-
tion, increased phasic activity, and frequent
movement arousals and awakening from sleep
with clear mentation are typical. Manifestations
are generally mild and vocalizations are rare.
Although autonomic activity increases during
nightmares, it is generally mild, differentiating it
from a sleep terror. There is good recall for the
disturbing dream, and the child functions well on
waking. In contrast to sleep terrors, nightmares
are brief. A prolonged waking episode with diffi-
culty returning to sleep is common after a night-
mare. In addition, nightmares are generally
unassociated with violent outbursts, there is no
displacement from the bed (until the child awak-
ens), and injuries are quite rare. Return to sleep
is generally delayed, and the child often responds
well to parental intervention.

Diagnosis of anxiety dreams is based on the
identification of the mild manifestations of disturb-
ing dreams occurring during the early morning
hours, absence of intense autonomic activation,
clear recall of the dream, appropriate functioning
and alertness on awakening, and a good response
to parental interventions. Polysomnography may
reveal an abrupt arousal from REM sleep. The
REM period from which the child awakens is
usually the longest and most intense period of
the night. It occurs later in the sleep period, dur-
ing early morning hours, and is associated with
mild tachycardia and tachypnea. Increased rapid
eye movement density may be noted. Focal,
paroxysmal, and epileptiform EEG activities
are absent.

Nightmares must be differentiated from sleep
terrors, REM sleep behavior disorder, and
epilepsy. Sleep terrors are usually more vivid,
they are frightening to the observer, they occur
during the first third of the sleep period, and
they are associated with severe autonomic dis-
charges. There is fragmented recall, the child is
confused on waking, somnambulism and agi-
tated sleepwalking are common, and many chil-
dren suffer injuries. 

REM sleep behavior disorder has been
recently described in childhood. Symptoms are
similar to those seen in the adult patient. In the
adult, the sudden arousal from REM sleep is

associated with significant purposeful motor
activity. Similar symptoms may be seen in
patients with post-traumatic stress disorder,
where there is state dissociation including, but
not limited to, increased chin muscle tone,
increased phasic activity, increased major body
movements during REM sleep, and increased
periodic limb movements. Partial complex
seizure disorders may occur during any stage of
sleep and wake, and automatisms and stereotypy
are common. Seizure episodes are associated
with abnormal EEG activity.

Sleep Paralysis

Sleep paralysis is characterized by absence of vol-
untary motor activity occurring at the beginning
of a sleep period (hypnagogic) or immediately
after awakening from sleep (hypnopompic). The
patient is conscious and aware of the environ-
ment but feels paralyzed. All muscle groups are
involved, but the diaphragm and extraocular
muscles are spared. Active inhibition of alpha
and gamma motor neurons is present and is sim-
ilar to that seen during REM sleep and cataplexy.
Sleep paralysis typically lasts only several min-
utes and subsides spontaneously. Occasionally,
attacks can be aborted by rapid movements of the
eyes or by being touched. Hypnagogic or
hypnopompic hallucinations are unusual but can
occur and add to anxiety.

Isolated episodes of sleep paralysis can occur
in unaffected individuals. Frequent spells are
reported in patients with narcolepsy and in famil-
ial sleep paralysis. Onset is usually during ado-
lescence, but symptoms may begin during
childhood. Children have difficulty describing
the events and may appear asleep during the
episode. Parents are unaware of the sleep paraly-
sis spell, because the atonia can be aborted by
touching or shaking.

The clinical course varies significantly. Most
cases are isolated and may be exacerbated by
sleep deprivation, excessive sleepiness, stress,
irregular sleep–wake schedules, or acute changes
in sleep phase. Sleep paralysis runs a more
chronic course in patients with narcolepsy and
in the familial form of the disorder.

Diagnosis of sleep paralysis is based on identi-
fication of presenting symptoms. These may be
quite difficult to interpret in children. Com-
plaints of an inability to “get up” or inability to
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“wake up” may be more common in children.
The youngster complaining to the parent of an
inability to move after sleep offset is rarely
encountered. Sleep paralysis associated with nar-
colepsy can be differentiated from the isolated
form by the absence of chronic excessive daytime
sleepiness, sleep attacks, hypnagogic hallucina-
tions, and cataplexy. Atonic generalized seizures
occur during wakefulness and may or may not be
associated with changes in level of conscious-
ness. Syncope occurs during wakefulness as well
and is most commonly associated with altered
levels of consciousness.

Polysomnography usually reveals significant
decrease in skeletal muscle tone in the presence
of a normal waking EEG pattern and conjugate
eye movements. Occasionally, patients enter
sleep during an episode of sleep paralysis and
reveal an EEG pattern consistent with stage 1
sleep. True sleep-onset REM periods may occur.

REM Sleep Behavior Disorder

REM sleep behavior disorder (RBD) or REM
sleep motor anomaly (RMA) has been described
in adults.53 There is evidence that a similar 
syndrome also occurs during childhood.54

Nonetheless, RBD is an unusual disorder charac-
terized by the appearance of elaborate, some-
times purposeful movement during REM sleep.
There is a paradoxical increase in muscle tone,
and patients seem to be acting out their dreams.
Violent behavior such as punching, kicking,
leaping out of bed, and running are reported and
often correspond with dream mentation. Injuries
to the patient and to bed partners are common.

Cases of RBD/RMA have been reported in
pediatric patients,54 and further understanding of
this disorder may reveal the incidence and preva-
lence to be higher than current descriptions sug-
gest. The majority of cases are idiopathic, but
neurologic disorders have been identified in
approximately 40% of affected adults.

Polysomnography reveals increased muscle
tone that persists throughout sleep. There is
often a paradoxical increase in muscle tone dur-
ing REM sleep, increased phasic activity, and
excessive limb or body jerking. Complex behav-
iors occur out of REM sleep, but no epileptiform
activity is noted on EEG during the complex
movements. Interestingly, REM sleep behavior
disorder in adults responds well to benzodi-
azepines, especially clonazepam.

Imperative in management of youngsters with
nonepileptic partial arousal disorders is a step-
wise approach. Education of parents and reas-
surance may be the only requirement. It is
essential the child be protected from injury,
especially if spells are frequent, there is displace-
ment from the bed, or the child is significantly
agitated and violent. Behavioral management
includes close attention to sleep hygiene, ade-
quate total sleep time, and limited nocturnal flu-
ids. Fever should be evaluated and treated
appropriately. Sleep deprivation should be
avoided. Sources of stress and anxiety should be
identified and appropriately addressed. If motor
manifestations are present, an alarm system
should be established so that the parents/care-
takers can be forewarned of episodes. A bell on a
doorknob may be all that is needed. If medica-
tions are indicated, benzodiazepines are typically
the drugs of first choice. Clonazepam in small
doses (e.g., 0.25 mg orally at bedtime) is quite
effective for both NREM and REM disorders.
Unfortunately, because of the long half-life of
clonazepam, a hangover effect can occur and the
youngster may do poorly and exhibit excessive
sleepiness the following day. Lorazepam in simi-
larly small doses has been quite successful. Small
doses of diazepam at bedtime may be most
appropriate for partial arousal parasomnia,
which occurs only during the first third of the
sleep period time. If RBD/RMA is suspected,
appropriate psychological, neurologic, and psy-
chiatric evaluations should be considered. As
previously stated, RBD/RMA has been associated
with post-traumatic stress disorder in adults,
and preliminary data may support a similar phe-
nomenon in children.

Cerebral Palsy
Sleep problems commonly occur in patients with
cerebral palsy (CP). Alterations of the sleep–wake
cycle and specific primary sleep disorders may
increase morbidity. Often, the quality of life
of the youngster and the family is profoundly
affected.

Physiologic changes occurring during sleep
affect specific reflexes in children with CP.
Alterations in the H-reflex during sleep were
studied in 13 children with cerebral palsy (eight
with spastic tetraplegia, two with a mixed form
of cerebral palsy without spasticity, three with
hypotonic diplegia or tetraplegia).55 In unaffected
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children, the maximum H-reflex progressively
decreases in amplitude from wakefulness to
REM sleep. In hypertonic patients, there is only
a slight decrease in the H-reflex in NREM sleep
and no significant change in REM sleep; the
amplitude of the H-reflex is always greater than
that in the control group. In dystonic and hypo-
tonic patients, the results obtained are similar to
those of the control group. In spastic patients (as
opposed to the control and the dystonic and
hypotonic groups), normal balance between the
function of supraspinal systems regulating the
amplitude of the spinal reflexes during wake and
sleep is altered, probably through the scarce
functionality of the supraspinal inhibitory struc-
tures.

Activity in youngsters with CP is often less
than physical activity in healthy peers. Children
with spastic diplegia were compared with nor-
mal controls in an analysis of their physical
activity during the day versus in sleep.56 It was
determined that children with spastic diplegia
are considerably less active than their healthy
peers. This is often significant in stabilization of
the sleep–wake cycle, as there is a correlation of
regularly scheduled physical activity during the
day and improvement of sleep at night. Regular
exercise as part of a comprehensive sleep
hygiene program is important in stabilization of
the sleep–wake cycle and can improve sleep in
some youngsters.

Disturbances in the sleep–wake cycle have
also been evaluated electroencephalographically
in children with CP. Classification of the back-
ground EEG was well correlated with distur-
bances in the sleep cycle, which was also related
to the interval after the hypoxic insult.57 The
relationship between sleep states and EEG pat-
terns also had a close correlation with the classi-
fication and became progressively disturbed
with increasing severity of the background EEG.
Each grade of the background EEG abnormality
had a different prognostic significance according
to the time of the recording. The one in the first
week offered the best prognostic value. A distur-
bance of sleep—if it exists—always runs parallel
with the course of the disease.58

Sleep EEG patterns were compared in 23
mentally retarded children (from 4 months to 5
years old) with CP, and 39 reference mentally
retarded children with no abnormality except
psychomotor retardation.59 The children with

CP (unlike those without CP) exhibited absence
of EEG patterns characteristic of wakefulness,
NREM sleep states that could not be differenti-
ated, absence of NREM characteristics and
NREM sleep without spindles, and absence of
REM sleep. In addition, short sleep times and
long waking times during the night were often
noted.

Melatonin concentration in blood, urine, or
saliva may become a useful marker of the circa-
dian rhythm in disorders of biologic rhythms.60

Of particular interest to pediatric clinicians is the
potential application of melatonin treatment in
establishing or reestablishing circadian rhythms
in infants and children maintained for long peri-
ods under artificial light conditions, as encoun-
tered in intensive care units, and in the treatment
of sleep and other rhythm disorders associated
with developmental delay or blindness. Care
must be taken when using melatonin in young-
sters with neurologic deficits, especially those
with intractable seizure disorders. There may be
a proconvulsant effect of exogenous melatonin
in some children with cerebral palsy and seizure
disorder.61 Until there is a clear understanding
of the efficacy and side effects of melatonin,
it should be reserved for those youngsters with
chronic neurologic disabilities not associated
with epilepsy, and for sightless youngsters who
are unresponsive to light–dark cycling.

Infants and children with myelomeningo-
cele, hydrocephalus, and Arnold-Chiari mal-
formation often exhibit symptomatic apnea
or hypoventilation. In a study of 18 asympto-
matic infants, Ward and colleagues11 showed
that asymptomatic infants with myelomeningo-
cele had longer total sleep time, longer
episodes of longest apnea, greater duration of
apnea greater than or equal to 6 seconds as
percent of total sleep time, and lower mean
heart rate than did control infants. This sug-
gested that asymptomatic infants with
myelomeningocele have a high incidence of
ventilatory pattern abnormalities during sleep.
This is currently being studied in a multicenter
retrospective analysis of respiratory patterns in
children with this CNS abnormality.

To assess hypoxic and hypercapnic arousal
response in children with myelomeningocele
and apnea, Ward and colleagues62 evaluated 11
infants in the presence of controlled hypoxemia
and 6 infants with controlled hypercarbia
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challenges. During hypoxemia, only two infants
with myelomeningocele aroused in comparison
to eight of nine control infants. Similarly, during
hypercarbia, arousal occurred in only three
infants with myelomeningocele compared to all
seven control infants. Three infants with
myelomeningocele subsequently died. It was
concluded that infants with myelomeningocele,
Arnold-Chiari malformation, and apnea or
hypoventilation have arousal deficits to normal
respiratory stimuli.

Circadian Rhythm Disorders
Children suffering from chronic debilitating neu-
rologic disabilities frequently experience disor-
ders of the sleep–wake cycle related to intrinsic
biologic (circadian) rhythms. In addition to disor-
dered sleep architecture and composition, many
youngsters (and their families) endure significant
disorganization of the timing of sleep. Disorders
of timing of sleep may result in a significant
lifestyle disarray, affect daytime functioning and
performance, and contribute to resistance to ther-
apeutic interventions during daytime hours.

Delayed Sleep Phase Syndrome
Sleep phase delay is common during childhood
and is seen in many youngsters with and without
abnormalities of neurologic status. Bedtime
struggles are common, and sleep onset difficul-
ties can be profound. Once asleep, continuity
and architecture may be normal, unless early
morning waking is required or sleep mainte-
nance difficulties are also present. The child who
has early morning responsibilities may experi-
ence extreme difficulty arousing. Excessive day-
time sleepiness most likely occurs, especially
during early morning hours. This may be mani-
fested by actual sleep attacks (unintentional
sleep episodes), attention problems, behavioral
abnormalities, or hyperactivity. Youngsters with
delayed sleep phase syndrome function best in
the afternoon or early evening hours. Spontaneous
sleep offset (when no responsibilities are pres-
ent) tends to be quite late in the morning, often
extending into the afternoon. On weekends,
recovery may occur because of the ability to
sleep later in the day, only to have the problem
recur during weekdays. Treatment principally
focuses on sleep hygiene. Firm, stable time of
morning sleep offset is essential. Advancing bed-

time will follow. Faded bedtimes with response
cost is an appropriate behavioral intervention.
If youngsters are not asleep within a reasonable
period of time (e.g., 20 to 30 minutes after lights
out), they may be removed from bed to perform
quiet tasks until drowsiness is identified. They
should then be placed back into bed. Slowly
advancing bedtime after sleep onset occurs rela-
tively rapidly will assist in changing and ulti-
mately fixing the timing of the major sleep
period. Although there is typically a rapid
response to this type of intervention, it may take
somewhat longer in the youngster with develop-
mental or neurologic disability. Medication is
sometimes required in children with significant
neurologic abnormalities, and it may delay sleep
onset. Chloral hydrate and benzodiazepines are
most commonly prescribed. If chloral hydrate is
used, the dosage should be adequate to assist in
sleep onset.
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PARASOMNIAS

Parasomnias represent a broad group of sleep
disorders that are defined as undesirable phe-
nomena occurring predominantly during sleep.
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 problems seen in children. The International
Classification of Sleep Disorders (ICSD),1 pub-
lished in 1990, includes the following four sub-
categories of parasomnia: arousal disorders,
sleep–wake transition disorders, parasomnias
usually associated with rapid eye movement
(REM) sleep, and other parasomnias. The ICSD
is currently under revision, and in the revised
nosology the sleep–wake transition disorders,
which include rhythmic movement disorders,
will be reclassified in the sleep-related move-
ment disorder category. This topic is covered in
Chapter 26. Parasomnias associated with REM
sleep, which include REM sleep behavior disor-
der and recurrent nightmares, is covered in
Chapter 26 and other parasomnias, which include
enuresis, in Chapter 27. This chapter addresses
arousal disorders.

DISORDERS OF AROUSAL 
IN CHILDREN

Disorders of arousal constitute a common group
of sleep disorders seen in children2 that was first
described as a distinct clinical entity by Broughton
in 1968.3 Disorders of arousal constitute a clini-
cal spectrum that varies from a child who quietly
sits up in bed, mumbles briefly, and then lies
back down and returns to sleep to the adolescent
who has a sudden arousal that begins with a
bloodcurdling scream followed by headlong
flight. All of the disorders of arousal share a

common pathophysiology and have many simi-
larities in family history, genetic predisposition,
timing during the sleep cycle, and clinical
features.

CLINICAL DESCRIPTION

The clinical features common to most children
experiencing any of the disorders of arousal
include the timing during the night-time sleep
cycle, misperception of and unresponsiveness
to the environment, automatic behavior, a high
arousal threshold, varying levels of autonomic
arousal, and variable retrograde amnesia. The
disorders of arousal typically begin abruptly at
the transition from the first period of slow-wave
sleep (non-REM [NREM] stage 4) (Figs. 25–1
and 25–2) of the night, which accounts for the
typical timing 60 to 90 minutes after sleep onset
at the end of the first ultradian sleep cycle. The
duration of each event can vary from less than
1 minute to over 90 minutes. In most cases, the
arousal will terminate when the child returns
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 will typi-
cally recur at 60- to 90-minute intervals during
the first half of the night that correspond to sub-
sequent transitions out of slow-wave sleep at the
end of each subsequent ultradian sleep cycle.
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 ICSD has divided the spec-
trum of arousal disorders into three distinct enti-
ties: sleepwalking, confusional arousals, and
sleep terrors. This nomenclature will be used
throughout the present chapter. At the mildest
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Figure 25–1. Polysomnogram of a disorder of arousal that occurred precipitously out of slow-
wave sleep.

Figure 25–2. 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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end of the 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 char-
acterized 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
polysomnography for other reasons.

Sleepwalking
The presentation of sleepwalking is similar at all
ages and includes, at a minimum, a partial arousal
from sleep with some ambulation. The young
child may simply awaken and crawl about in the
crib before returning to sleep. These events gen-
erally go unnoticed unless the child sleeps with
another family member. An older child may get
up and walk to the parents’ room or may simply
be found asleep at a location different from
where s/he went to bed, with no recollection of
having left his/her bed. Some unusual behavior,
such as urinating in an inappropriate place such
as the closet or next to the toilet, is common.
Such a child may be easily led back to bed, with
little evidence of a complete awakening and no
recall of the event the next day. Sleepwalking can
be triggered in most children by simply waking
and then standing them up within the first few
hours of sleep onset. Sleepwalking is not dan-
gerous in and of itself, but children may put
themselves in danger during a sleepwalking
episode by climbing out a window or leaving
their homes. During presumed sleepwalking,
children have drowned while camping near

water and have frozen to death after leaving their
homes in the winter.

Sleepwalking is common in children, as doc-
umented in two large-scale, population-based
studies by Klackenberg4 in Sweden and Laberge
and colleagues2 in Quebec. Klackenberg longitu-
dinally studied a group of 212 randomly selected
children in Stockholm 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 inci-
dence 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%.

Laberge and associates studied 1353 randomly
selected children in Quebec whose parents com-
pleted sleep questionnaires regarding the pres-
ence of parasomnias in their children yearly from
the time they were 10 to 13 years of age and ret-
rospectively from when their children were ages 3
to 10 years. In this group, occasional or frequent
sleepwalking was present in 14% of all children at
some time between the ages of 3 and 13 years.
The yearly incidence of sleepwalking from
Laberge’s study, as shown in Table 25–1, varied
from 3% to 9%. In the majority of these children,
the sleepwalking began and ended between the
ages of 3 and 10 years. At 13 years of age 3% of
the children were still sleepwalking. The sleep-
walking persisted beyond the age of 13 years in
24% of these children. There was no gender dif-
ference in sleepwalking prevalence. In the studies
of both Laberge and coworkers and Klackenburg,
sleepwalking was frequently seen in those children
who had confusional arousals at a younger age.

Disorders of Arousal in Children Chapter 25 295

Age Sleepwalking (%) CA&NT (%) Sleeptalking (%)
3-10 9.2 14.7 37.1
11 7 3.8 32.5
12 6.8 2.3 30.1
13 3.3 1.2 29.2
Overall 13.8 17.3 55.5

CA&NT, confusional arousals and night terrors.
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.

Table 25–1. Prevalence of Parasomnias at Various Ages in the Same Children
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Confusional Arousals
Confusional arousals may seem quite bizarre and
frightening to parents. The arousal usually starts
with some movements and moaning, progress-
ing to crying and often in association with intense
thrashing about in the bed or crib. An infant may
be described simply as crying inconsolably.
These arousals are common in infants and tod-
dlers. The child is typically described as appear-
ing 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, s/he 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’ inability to comfort
their child, who appears to be in great distress,
that is often of the greatest concern to them.

In the study of Laberge and colleagues,2 the
prevalence of occasional or frequent confusional
arousals between the ages of 3 and 13 years
was 17%. The yearly incidence varied from 1%
to 14%. In 85% of the children in their study,
the confusional arousals first appeared between
the ages of 3 and 10 years, and in the majority
of these children, the confusional arousals disap-
peared before the age of 10 years. The confu-
sional arousals persisted beyond 13 years of age
in 6.7% of the children who had confusional
arousals at a younger age. Sleepwalking and con-
fusional arousals were often seen in the same
child at different ages in the studies of both
Laberge2 and Klackenberg.4 Thirty-six percent of
the children with sleepwalking in the study
of Laberge and coworkers had confusional
arousals as preschoolers, and all of the children
with confusional arousals in Klackenburg’s study
had at least one episode of sleepwalking. Laberge
and colleagues used the term “night terrors”
to describe the events that are called “confu-
sional arousals” in the present chapter. Con-
fusional arousals is used here to conform to the
definitions described in the ICSD Classification
of Sleep Disorders.1

Sleep Terrors
Sleep terrors 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 precipitously
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 mydri-
asis. The facial expression is one of intense fear.
A youngster may jump out of bed and run blindly
as if to frantically avoid some unseen threat.
These events are usually shorter than confu-
sional arousals, generally terminating within
a few minutes. The child may awaken at the con-
clusion of the sleep terror or may simply return
to sleep without ever having completely awak-
ened. The child may report some recollection,
but it is most often fragmented and not charac-
teristic of the imagery reported from dreams and
nightmares. As measured by the Social Behavior
Questionnaire,5 anxiety was associated with
confusional arousals and sleep terrors in the
study of Laberge and associates2 and has been
noted by other authors in case reports of chil-
dren and adolescents.6,7

PATHOPHYSIOLOGY OF
DISORDERS OF AROUSAL

Disorders of arousal can best be understood
within the context of the basic neurophysiology
of sleep. This is described in detail in Chapter 4.
However, those aspects of sleep–wake regu-
lation that are particularly relevant to the un-
derstanding of disorders of arousal will be
discussed here. Sleep is an active, complex,
highly regulated neurologic process that is gen-
erated by and primarily for the benefit of the
brain. Sleep is composed of two fundamentally
different sleep states: REM and NREM sleep.
REM sleep, NREM sleep, and wakefulness each
have very different patterns of cerebral blood
flow, glucose utilization, predominant neuro-
transmitter systems, neuronal activation, and
thalamic functioning. From the perspective
of brain function, REM and NREM sleep are as
different from each other as each is from wake-
fulness. From this perspective, there are three
different “states of being” in which humans can
exist: REM sleep, NREM sleep, and wake-
fulness.8-12 The determination of the state of
being may be made using a variety of criteria.
For clinical evaluations, electrographic criteria
are generally used—the electroencephalogram,
electro-oculogram, and chin electromyogram—
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as described in the sleep stage–scoring manual
of Rechtschaffen and Kales.13 However, behav-
ioral criteria may also be used to differentiate
wakefulness, NREM sleep, and REM sleep14 in
humans, and single-cell neuronal discharge pat-
terns can be used to characterize states of being
in experimental animals.8

Each state has its own unique neuroanatomic,
neurophysiologic, neurochemical, and neuro-
pharmacologic correlates. There are a number of
physiologic markers for each state that tend
to occur in concert and cycle in a predictable
and uniform manner, resulting in the behavioral
appearance of a single prevailing state. Because
sleep is a fundamental property of numerous
neuronal groups rather than a phenomenon that
requires the whole brain, it is possible for differ-
ent parts of the brain to be in the different states
of wakefulness, REM sleep, and NREM sleep at
the same time. This concept is fundamental to
the understanding of a number of sleep disor-
ders, including the disorders of arousal. If differ-
ent parts of the brain can be in different states
simultaneously, then the physical, clinical, and
polysomnographic manifestations of these states
can also occur simultaneously. When this
occurs, the event can be described as a mixed
or dissociated state.14

Sleep is a dynamic state. There are continuous
currents driving and defining the propensity
toward NREM sleep, REM sleep, and wakeful-
ness. The rhythmic alternation among these
three states defines two important biologic
rhythms, the circadian and ultradian rhythms.
The alternation of wakefulness, REM sleep, and
NREM sleep over the 24-hour light–dark cycle
defines the circadian rhythm, whereas the inter-
weaving of these states over the sleep period
defines the ultradian rhythm (Fig. 25–2).
Circadian cycling is controlled by a hypothala-
mic pacemaker located in the suprachiasmatic
nucleus.15 Sleep–wake cycling is the most obvi-
ous manifestation of the circadian rhythm, but
equally important are diurnal variations in body
temperature, hormone secretion, drug metabo-
lism, pulmonary function, immune response/
reactivity, blood pressure, intestinal motility, gas-
tric acid secretion, and the propensity to enter
REM sleep. As the brain cycles among NREM
sleep, REM sleep, and wakefulness, a dynamic
reorganization occurs among multiple neuronal
networks and neurotransmitters at many levels

of the neuraxis. A complex switch orchestrated
in the midbrain and thalamus takes place.9,10

The transition among states usually occurs
smoothly and completely and is not behaviorally
apparent, but this is not always the case. The tran-
sition may be gradual and incomplete, resulting
in the behavioral appearance of a mixed state.
This is the neurophysiologic correlate of the
clinical situation that is referred to as state disso-
ciation. Narcolepsy, REM sleep behavior disorder,14

and disorders of arousal can all be best under-
stood as clinical examples of mixed or dissoci-
ated states of being.

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 ultradian sleep cycle. As a conse-
quence, the transition out of slow-wave sleep,
which is usually quiet, becomes dramatic and
perhaps violent. The child appears caught
between deep slow wave sleep and wakefulness.
His/her behavior at this time has elements that
we associate with wakefulness (walking, talking,
complex motor behaviors) and sleeping (misper-
ception of and unresponsiveness to the environ-
ment, high arousal threshold, amnesia, automatic
behavior) occurring simultaneously. The EEG
during a partial arousal from sleep is typically
characterized by waking and sleeping rhythms
with the simultaneous occurrence of alpha,
theta, and delta frequencies and likely shows
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. Alternatively, the
child may awaken but will have no recall of
the arousal and will usually rapidly return to sleep.
The causes of the disorders of arousal are multi-
factorial. The genetic predisposition, homeosta-
tic drive, sleep–wake cycling/synchronization,
and behavioral/emotional state all seem to play
some role in the clinical appearance of the disor-
ders of arousal. Of these factors, genetic pre-
disposition is probably the most important.
A positive family history in a first-degree relative
is present in 60% of the children with these dis-
orders16 compared with 30% in the general pop-
ulation. Sleep–wake cycling and synchronization
are affected by age, homeostatic factors, circa-
dian factors, hormones, and drugs. Affective dis-
orders, anxiety, and environmental stress have
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all been identified as important factors in the
appearance of the disorders of arousal in clinical
studies,2-4,6,7 although the mechanisms 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 disor-
ders were first described. The genetics of the dis-
orders of arousal has been explored by Hublin
and coworkers17,18 in population-based twin
studies and by Lecendreux and colleagues19 in
the human leukocyte antigen testing of patients
who sleepwalk and normal control subjects.
Hublin and colleagues calculated the phenotypic
variance of sleepwalking attributable to genetic
factors at 65%, which he believed was the result
of many genes, each with minor effects. This is
consistent with the results of human leukocyte
antigen testing for sleepwalking by Lecendreux
and associates.

The neurophysiologic mechanisms by which
genetics influences the appearance of the disor-
ders of arousal is not known. One possible
explanation, for which there is good theoretical
support and some experimental evidence, is that
the familial predisposition toward the disorders
of arousal is mediated by the genetic control
of the kinetics of the sleep homeostatic process.
This process has been shown to be under strong
genetic control in animal studies.20 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
homeostatic drive.21-23 Increases in slow-wave
sleep and slow-wave activity occur after sleep
deprivation and decline after sleep. In laboratory
animals, the increase in the homeostatic drive
caused by sleep deprivation is not obliterated
after the suprachiasmatic nucleus has been
destroyed; suggesting that the site of control for
the homeostatic system is different from that
for the circadian system. Although the suprachi-

asmatic nucleus does not control the homeosta-
tic process, the circadian system interacts with
the homeostatic system to regulate the timing of
sleep and wakefulness and hence the duration
of each. The synchronization of the homeostatic
and circadian systems has been shown to be
essential for the attainment of optimum sleep
and wakefulness. This interaction is described
in a comprehensive article by Dijk and Lockley.22

Adequate sleep duration occurs only when the
circadian and homeostatic systems are fully syn-
chronized. The clinical implication of this obser-
vation 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 leads to a clinical event in
the child predisposed to the disorders of arousal.

POLYSOMNOGRAPHY IN
DISORDERS OF AROUSAL

Polysomnographic studies have shown that indi-
viduals with the disorders of arousal, when com-
pared with normal control subjects, have no
consistent differences in sleep macroarchitec-
ture23,24—that is, sleep efficiency, sleep stage
percentages, and sleep latencies, among its other
characteristics. However, there are differences
in the sleep microarchitecture, including cyclic
alternating patterns in arousal rates,25,26 arousals
from slow-wave sleep,23,26 and slow-wave sleep
activity delta counts between the sleep of patients
with the disorders of arousal and that of control
subjects. These differences are the most promi-
nent during the first ultradian sleep cycle, which
is when the disorders of arousal usually occur.
There were (1) an increased number of brief
EEG arousals from slow-wave sleep, (2) a decrease
in slow-wave sleep activity delta counts at the
end of the first ultradian cycle, and (3) an increase
in arousals from the cyclic alternating patterns
compared with control subjects. The subjects for
these research studies were carefully screened
for the presence of other sleep disorders, specif-
ically sleep-disordered breathing, sleep depriva-
tion, and restless legs syndrome.

In one large case series of children referred to
a sleep clinic for an evaluation of the disorders of
arousal, there was an association between sleep-
disordered breathing and the disorders of
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arousal or restless legs syndrome with periodic
leg movements and these same disorders.27 The
disorders of arousal disappeared after adenoton-
sillectomy in the children with sleep-disordered
breathing and after drug treatment in the chil-
dren with restless legs syndrome, suggesting that
these clinical causes of sleep disruption can
unmask a disorder of arousal.27

All of these lines of evidence suggest that the
fundamental abnormality that underpins the dis-
orders of arousal is the instability of slow-wave
sleep. This conclusion is supported by the clini-
cal 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 deprivation28 that increases
the homeostatic drive and would be expected to
make an unstable homeostatic system more
unstable or after sleep fragmentation from sleep
apnea or the periodic movements of sleep.

CLINICAL EVALUATION OF
CHILDREN WITH DISORDERS 
OF AROUSAL

Children do not present to a clinician with
a diagnosis but rather with a clinical problem.
It is the responsibility of the clinician to arrive at
the diagnosis through a careful history and the
appropriate use of diagnostic studies. The chil-
dren 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 this disorder in chil-
dren. 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 distin-
guish between the different causes of unusual
nocturnal arousals and to formulate an appro-
priate evaluation and treatment plan. The pedi-
atric sleep history is covered in Chapters 2 and
5. Those facets of the sleep history that are the
most important in the evaluation of the disor-
ders of arousal are listed in Table 25–2. 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 who is thus
predisposed.

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: Events generally though not always
occur about 90 minutes after sleep onset. If
a second event occurs during the night, it typ-
ically occurs 90 minutes after the first, at the
time of the transition out of slow-wave sleep.
Arousals occurring on or soon after awaken-
ing are more likely to represent unusual sleep-
related seizures.29

Description of the event: The onset can be grad-
ual, 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 envi-
ronment, although s/he may be partially
responsive. A child will not typically recog-
nize 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 sin-
gle 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 evi-
dence of daytime sleepiness the next day.

Family history: The family history is often posi-
tive in parents and siblings for any of the
disorders of arousal.

Table 25–3 lists those conditions that mimic
the disorders of arousal and those that may trig-
ger them. The conditions that may mimic the
disorders of arousal include seizures; cluster
headaches; psychiatric disorders such as noctur-
nal panic attacks, post-traumatic stress disorder,
and nocturnal dissociative disorder; nightmares;
REM sleep behavior disorder; and the rhythmic
movements of sleep. The conditions that may
trigger these disorders in a child who may be
predisposed include obstructive sleep apnea, the
periodic movements of sleep, gastroesophageal
reflux, and behavioral/psychiatric disorders.
Sleep deprivation and an irregular sleep–wake
schedule are the most common, easily corrected,
nonspecific triggers for the disorders of arousal.
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POLYSOMNOGRAPHY

The role of polysomnography in the evaluation
of the disorders of arousal is limited because the
sleep macroarchitecture in children with these
disorders is generally normal. However, some
differences in polysomnographic recorded sleep
have been reported in children with these disor-
ders, such as hypersynchronous delta,30 preced-

ing the arousal. This is a nonspecific finding that
is also seen in children undergoing polysomnog-
raphy for other reasons. The primary role of
polysomnography in the evaluation of children
with the disorders of arousal is to rule out other
sleep disorders, such as obstructive sleep apnea,
the periodic movements of sleep, gastroe-
sophageal reflux, nocturnal psychogenic disso-
ciative states, REM sleep behavior disorder, and

300 Chapter 25 Disorders of Arousal in Children

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 Way in which it 

arousal terminates
Level of agitation/ Manner in which the 

ambulation child returns to sleep?
Association with Recall the next day

eating/drinking
Level of Age of onset

consciousness
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, swallowing problems

Cardiorespiratory: Asthma, cough, heart
disease, pneumonia

Gastrointestinal: Vomiting, diarrhea,
constipation, swallowing problems

Growth: Failure to thrive
Allergies: Milk, seasonal, asthma, eczema
Drug: Legal/illegal
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)
Social issues (stress at home, divorce, family

violence, drug/ethyl alcohol use)
Narcolepsy, hypersomnolence
Restless legs syndrome
Delayed/advanced sleep phase

Table 25–2. Sleep History
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nocturnal seizures, which may either trigger or
mimic the disorders of arousal.

If nocturnal seizures are suspected as the
cause of the awakenings as a result of the history
of the stereotypical nature or the timing of the
arousals throughout the sleep period or if there
is an increased likelihood of seizures because of
a concomitant neurologic problem, further diag-
nostic studies should be obtained. In most clini-
cal settings, 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 treat-
ment of sleep-related seizures. This complex topic
of sleep-related epilepsy is discussed in Chapter
24 and has recently been reviewed by Mallow.29

TREATMENT OF CHILDREN 
WITH DISORDERS OF AROUSAL

The most appropriate treatment for the child
with an unusual nocturnal arousal will depend
on the diagnosis. It goes without saying that
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 should begin
with the education of the child and the parents,
reassurance, and safety. The following recom-
mendations represent essential components in
any effective treatment plan for children with the
disorders of arousal.

The education of the parents and their children
about the benign, self-limiting nature of the
disorders of arousal is always the starting
point of treatment. It is often helpful to dis-
cuss the pathophysiology of these disorders
in a manner that is comprehensible to both
the child and parents.

The demystification of the symptoms is an
important part of the education of the parents
and child about the disorders of arousal. The
parents often misconstrue the problem and
fear that the intensity of the arousal reflects
severe, unresolved conflicts and are symp-
toms of psychological distress. Although it is
true that psychological stressors contribute to
the appearance of these disorders, they are
rarely the only cause.

The child’s safety is of paramount concern in
managing children with the disorders of
arousal. These disorders are not dangerous in
and of themselves, but during such an event
children can put themselves in danger by
walking out of the house during winter or by
running through a plate 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.

Sleep extension and regularizing the child’s
sleep schedule should always be considered

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

*Conditions that mimic disorders of arousal.
†Conditions that trigger disorders of arousal.

Table 25–3. Conditions That Mimic* or Trigger† Disorders of Arousal
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as part of the treatment of the disorders of
arousal. Sleep deprivation and an irregular
sleep-wake schedule are very common prob-
lems for children and are often causally
related to the appearance of these disorders.
Correcting these problems often leads to the
resolution of the arousal.

A history of caffeine use should be determined,
and if found, its elimination is recommended.

The child’s bedtime routine should be pleasant
for both the parent and the child and ideally
ends with his/her transition to sleep within
15 minutes of bedtime. If there is conflict
at bedtime, sleep onset latency is prolonged,
or if the child is fearful or requires close con-
tact with a parent, these issues will need to be
addressed.

Medication has also been described as an effec-
tive treatment for the disorders of arousal in
several series of case reports, although it has
not been the subject of well controlled stud-
ies. Clonazepam31,32 has been the most
widely used medication for the treatment of
these disorders. However, there is a general
hesitancy by many clinicians to begin phar-
macotherapy 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. In a child with frequent,
disruptive, or potentially dangerous arousals,
medication may be a good short-term strategy
while other nonpharmacologic modalities are
initiated. If medication is used, it should be
given 1 to 11⁄2 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 clon-
azepam is generally 0.25 mg. Tricyclic antide-
pressants have also been anecdotally reported
to be effective in the case reports of children
with the disorders of arousal.33,34

Two behavioral treatments for confusional
arousals have been described anecdotally in
the literature. Scheduled awakening was first
suggested by Lask35 as a treatment for the dis-
orders of arousal; although it is not clear why
this intervention is helpful, several case
reports have described its efficacy.36,37 The
recommended treatment is simple enough:
The child is awakened 15 to 30 minutes
before the time of the usual arousal and needs

to open his/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 sim-
ple intervention has been effective. However,
it should be noted that in some cases these
scheduled awakenings actually trigger an
arousal. Relaxation and/or mental imagery
and biofeedback have both been described in
several series of case reports as being useful
treatments for the disorders of arousal.38

Psychotherapy and counseling are important
interventions for the child who has evidence
of significant psychological distress. This is
true for any child in whom these problems are
discovered when these psychological factors
are considered to have an adverse impact on
the child’s or family’s life. However, children
are rarely able to compartmentalize their emo-
tional lives as well as adults, so it is uncom-
mon for the only manifestation of significant
psychological difficulties to be the nocturnal
awakenings.

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 con-
cept of a mixed state or state dissociation pro-
vides an explanation for these events that is
founded in the current understanding of the
neurophysiology of sleep. The disorders of arousal
are common problems, especially in young chil-
dren, and can usually be fully evaluated and
treated by a knowledgeable sleep clinician with-
out the use of high technology.
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Parasomnias are classified as dysfunctions asso-
ciated with sleep, sleep stages, and partial
arousal from sleep. The International Classifi-
cation of Sleep Disorders (ICSD),1 published in
1990, includes the following four subcategories
of parasomnias: arousal disorders, sleep–wake
transition disorders, parasomnias usually associ-
ated with rapid eye movement (REM) sleep, and
other parasomnias. The ICSD is currently under
revision, and in the revised nosology the
sleep–wake transition disorders, which include
rhythmic movement disorders, will be reclassi-
fied in the category of sleep-related movement
disorders.

These disorders of sleep are strikingly dissim-
ilar in presentation but share many clinical and
biologic characteristics. The symptoms appear
early in childhood. The steady, gradual transfor-
mation and resolution of symptoms suggest that
the etiology of parasomnias may be matura-
tional. Few pathophysiologic abnormalities can
be identified despite the severe and often intense
symptoms. Spontaneous remission as the child
ages is common.

Longitudinal observations have shown that
many parasomnias may appear gradually or have
a sudden onset. The frequency of parasomnia
spells can vary and can range from single rare
episodes to nightly events persisting for a pro-
tracted period of time. During wakefulness, no
obvious clinical abnormalities are present and
the patients appear medically and developmen-
tally normal, only to express bizarre and some-
times violent behaviors during sleep.

ETIOLOGY

The etiology of parasomnias is unknown. A mat-
urational etiology has been hypothesized.
However, any theoretical basis for the underly-
ing cause of parasomnias must address the com-

mon features. The additional characteristics
affecting classification in the pediatric patient
include those parasomnias typically associated
with non-REM (NREM) slow-wave sleep (SWS),
those typically associated with REM sleep, those
typically associated with the transition from
wakefulness to sleep, and other parasomnias.
Classification is typically made with the empha-
sis on observable behaviors.2

CLINICAL AND LABORATORY
EVALUATION OF A CHILD WITH
A PARASOMNIA

Evaluation begins with a comprehensive history
and physical exam. Special emphasis must be
placed on a detailed description of the nocturnal
events, including but not limited to the follow-
ing variables.

1. Usual time of occurrence of the spell
2. Description of behaviors, movements, or

symptoms manifested
3. Whether intervention efforts by the caretaker

improve or exacerbate symptoms
4. Whether the child leaves the bed
5. Recall or amnesia of the event(s)
6. Occurrence of symptoms during daytime

naps
7. Presence or absence of symptoms during

wakefulness
8. Presence of stereotypical movements or

rhythmic behaviors during the spell

Basic neurodevelopmental landmarks must
be carefully assessed for the presence of daytime
waking behavioral or developmental abnormali-
ties. Typical sleep–wake schedules, habits, and
patterns require delineation. Habitual morning
waking time, evening bedtime, and bedtime and
nap time rituals should be described. The pres-
ence of excessive daytime sleepiness, snoring, or

The Parasomnias
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other respiratory symptoms3 may assist in deter-
mining exacerbating factors. The presence of
concurrent medical illnesses and medication his-
tory should be obtained in the clinical interview.

A complete physical exam must be per-
formed. Emphasis should be placed on a com-
prehensive neurologic and developmental
evaluation. The existence of developmental
delays or symptoms suggestive of neurologic dis-
orders might indicate an organic basis for the
presenting symptoms. Other sleep disorders are
common in children with parasomnias, and res-
olution of the primary underlying sleep disorder
often results in resolution of the parasomnia
spells.3 A urine drug screen might be helpful if
the symptoms are considered to be due to a side
effect of medication.

Video recording of the spell by the parents
can provide significant information. Video
polysomnography is often indicated.4,5 An
expanded EEG electrode array assists in differ-

entiating a parasomnia from sleep-related
seizures and might provide information localiz-
ing focal pathology (Fig. 26–1). Concomitant
video recording of the patient while s/he is
asleep may demonstrate clinical manifestations
and chronicle movements.6 The study should
begin no later than 10:00 PM to avoid artificially
short sleep onset latency and end no earlier than
6:00 AM to avoid missing the last REM episode.
The patient should be allowed to awaken spon-
taneously so that a realistic natural recording
may be obtained. It is often helpful to have the
patient drink fluids and avoid urination before
settling, since bladder distention may precipitate
some parasomnias.7 In analyzing the polysomno-
gram, special emphasis is placed on the identifi-
cation of other sleep-related pathologies that
might precipitate the parasomnia. Attention
should also be devoted to analyzing the ampli-
tude of slow waves, synchronization of slow-
wave activity,8 arousal rhythms occurring during

306 Chapter 26 The Parasomnias

Figure 26–1. Recording of centrotemporal spikes characteristic of benign epilepsy of childhood
(benign rolandic epilepsy). In this 120-second epoch, spike activity can be seen in the left temporal
region; the series of spikes were followed by an arousal (not a seizure).
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SWS (Fig. 26–2), and intrusion of 4 to 7 Hz EEG
activity into SWS. Partial arousals, frequent
arousal rhythms without a state change, and
hypersynchronous theta intrusion into SWS
(theta–delta pattern) (Figs. 26–3 and 26–4) have
been associated with but not diagnostic of
arousal disorders.9 The need for all-night EEG
recordings, routine sleep-deprived EEG, and
radiographic studies depends on the presenting
situation, night-time manifestations, and clinical
symptomatology.

SLEEP–WAKE TRANSITION
DISORDERS

Sleep–wake transition disorders (SWTDs) repre-
sent a group of sleep disorders that are mani-
fested by falling asleep, the transition between
sleep states, or the transition from sleep to wake-
fulness. At times they may be thought of as state
dissociations or overlapping states. The presen-
tation varies considerably from rare and mild
movements during state transitions to frequent
and sometimes injurious movements having the
potential to result in discomfort, pain, anxiety,
embarrassment, and disturbance of the young-
ster’s sleep as well as that of the entire family.
Included in this classification of disorders are
rhythmic movement disorders (head banging
and body rocking), sleep starts, sleep talking,
and isolated sleep paralysis.

Rhythmic Movement Disorders
Rhythmic movement disorders involve stereo-
typical body rocking or head banging that occurs
during the transition from wakefulness to
sleep.10-17 These movements may also occur dur-
ing arousals from sleep and may persist into
NREM sleep. The movements vary in intensity
and can sometimes be quite violent. The etiology
is unknown. Rhythmic movements surrounding
the sleep period are common and have been
reported in approximately two thirds of normal
children. There appears to be a male-to-female
ratio of 4:1. They are typically self-limiting and
are resolved spontaneously in the vast majority
of youngsters by 4 years of age.18

The diagnosis of rhythmic movement disor-
ders is based on the identification of characteris-
tic symptoms in the absence of other medical
and/or psychiatric disorders. Polysomnography
is rarely required for diagnosis, but when used it
demonstrates the typical rhythmic movements
during the immediate presleep period that may
extend into early stage 1 sleep. They may also be
seen during arousals from sleep and sleep cycle
transitions. Occasional movements may be seen
during SWS, but it is rare during REM sleep.19

Focal, paroxysmal, and/or other epileptiform
activity associated with the stereotypical activity
are absent. Video recordings can be quite helpful
in characterizing these rhythmic movements.
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Figure 26–2. Recording of frequent arousal rhythms seen during short-wave sleep in children with
non–rapid eye movement parasomnia. In this epoch the rhythm is depicted as a significant theta burst.
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Home video recordings can also be very helpful
in classification. An occasional sleep-deprived or
prolonged EEG recording may be required to
rule out seizure disorders. Once asleep, sleep
architecture, state progression, and stage vol-
umes are typically normal (Fig. 26–5).

Although vigorous head banging may seem
quite aggressive, injury is rare. Occasional
bruising and/or abrasions might occur. The spon-
taneous degradation of symptoms and sponta-
neous resolution occur. A variety of treatments
have been suggested; however, most reports are
anecdotal, and there have been few treatment
regimens that have been replicable. Treatment
has included such varied modalities as inten-
tional rhythmic movements before bedtime,
rhythmic sounds in the sleeping environment,
antihistamines, benzodiazepines, and carba-
mazepine. The degree of success varies with each
treatment regimen. Children should be protected
from injury, and other disorders must be ruled
out, such as autism, pervasive developmental dis-
order, and hypnogenic dystonia.

Sleep Starts
Sleep starts (hypnic myoclonia) has also been
termed hypnagogic jerks.1 This transition prob-
lem from wakefulness to sleep is characterized
by a sudden, single, brief muscular contraction
of the legs and occasionally the arms, head, and
postural muscles.20 Sensory hallucinations (hyp-
nagogic hallucinations) often occur before the
sleep start, and the subjective perception of
falling may occur, ending with the myoclonic
jerk. Sleep starts are common, occur in most
individuals, and are not pathologic unless they
are frequent and result in sleep onset insomnia.21

They also must be differentiated from seizures,
especially if they occur in patients with known
epilepsy.22

Hypnic myoclonia may occur at any age and
may be frightening when observed by a parent,
especially if it is associated with a vocalization or
cry. Injury from the massive movement is rare,
but foot injuries secondary to kicking a bedpost
or crib rail may occur.
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Figure 26–3. Recording of a 30-second epoch demonstrating a theta-delta pattern during slow-wave
sleep in a 13-year-old child. Note the intrusion of theta band activity during delta sleep. This theta-
delta pattern has been observed in some patients with non–rapid eye movement (NREM) motor para-
somnias. It may be consistent with but not diagnostic of NREM motor disorders.
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Figure 26–4. Recording of arousal rhythms appearing as bursts of hypersynchronous delta activity
during short-wave sleep, which can be seen during the final one third of the 30-second epoch. This
activity has also been reported in some children before an episode of enuresis.

Figure 26–5. Rhythmic movement disorder demonstrated by a 60-second epoch on a recording of a
youngster who had been evaluated for sleep-related head-banging. This event typically occurs during
the transition from wakefulness to sleep but may also be seen during sleep. In this epoch the patient
suddenly became aroused, with a rhythmic movement artifact noted in all channels. Video recording of
this patient revealed the rhythmic shuttling of his whole body against the headboard of the bed.
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Sleep Talking
Sleep talking (somniloquy) is very common dur-
ing childhood. It is typically of little concern
to parents and caretakers. Significant outbursts
and loud talking or utterances are rare but occa-
sionally may be significant enough to disturb
the sleep of parents or other family members.23-25

Somniloquy is not associated with pathologic
states but may be related to other parasomnias,
such as sleep terrors, confusional arousals,
and sleepwalking.

The diagnosis is based on identification of the
typical manifestations of coherent speech, inco-
herent mumbling, or utterances during the sleep
period. Amnesia of the event is typical. The clin-
ical course is usually self-limiting, but symptoms
may persist. Polysomnography reveals that som-
niloquy can occur in any stage of sleep.

PARASOMNIAS USUALLY
ASSOCIATED WITH REM SLEEP

Parasomnias also occur during REM sleep. In
most cases, the manifestations are markedly dis-
similar to those of the NREM sleep parasomnias
and sleep–wake transition disorders. Most can
be differentiated on clinical evaluation alone.
Certain REM sleep parasomnias may occasion-
ally share symptoms similar to partial arousal
disorders. The frequency varies considerably
from commonly seen REM sleep parasomnias
(e.g., nightmares) to others that are rarely
described in childhood (e.g., REM sleep behav-
ior disorders). Disorders rarely encountered dur-
ing childhood are included because their
importance to the practitioner might become
clear when they are more completely understood
and the dysfunctions associated with the sleep-
ing state are further delineated in children.

Nightmares
A nightmare (anxiety dream) occurs during
REM sleep and is characterized by a frightening
dream that often results in a prolonged period of
wakefulness.26,27 There is typically clear recall of
the dream, manifestations of anxiety may be
present, and there may be some mild autonomic
nervous system discharge. There is sudden
arousal from REM sleep, arousal to a full waking
state, full orientation to the environment, and a
clear sensorium.

Nightmares most commonly occur during the
last one half to one third of the sleep period, dur-
ing the longest and most intense REM episode.
The “dream story” is often complex and may
involve a credible threat to survival, security, or
self-esteem. The dreams are usually vivid, with a
clear, action-packed story line. The dream recall
is appropriate to the child’s developmental and
maturational level. The child is most often fully
awake and alert after the nightmare, and the reac-
tion is emotional rather than associated with the
intense autonomic nervous system discharges
seen in association with sleep terrors. Children
are often easily comforted after an arousal from a
nightmare, and the return to sleep is delayed.

Nearly all children experience nightmares.
Prevalence data are not clear. The age of onset
appears to parallel the development of dreams in
childhood. There seems to be equal sex distribu-
tion and no clear familial pattern.

Movements are rare during nightmares due to
normal REM sleep hypotonia; however, arousal
from sleep with clear mentation is typical.
Manifestations are generally mild and vocaliza-
tions rare.

The diagnosis of anxiety dreams is based on
the identification of the mild and characteristic
manifestations of disturbing dreams occurring
during the early morning hours, absence of
intense autonomic activation, clear recall of the
dream, a story-like quality to the dream report,
appropriate functioning and alertness on awak-
ening, and a good response to parental interven-
tions. Other diagnostic techniques are rarely
required, and nightmares are typically easily dif-
ferentiated from sleep terrors on solely clinical
grounds (Table 26–1).

If polysomnography is conducted, an abrupt
awakening from REM sleep is seen, followed by
a prolonged period of wakefulness after sleep
onset. There may be mild tachycardia. Increased
eye movement density during REM sleep may
accompany the nightmare. Muscle tone is low,
and there may be increased frequency of phasic
muscle twitches. Focal, paroxysmal, and epilep-
tiform activities are absent.

Occasional nightmares are common during
childhood. However, if they become frequent,
persist for prolonged periods of time, or are asso-
ciated with daytime behavioral or performance
dysfunction, underlying medical or psychologi-
cal causes should be considered.
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Treatment is based on reassurance and educa-
tion. The maintenance of appropriate sleep
hygiene is essential. Identifying and minimizing
underlying causes, especially those that are anx-
iety or stress related, are essential to appropriate
management. Additional medical and/or psycho-
logical evaluation and management may be
required.

Isolated Sleep Paralysis

Isolated sleep paralysis is characterized by a
period of inability to voluntarily move occurring
at the beginning of the sleep period (hypna-
gogic) or immediately on awakening from sleep
(hypnopompic).28,29 The child is conscious and
awake and vigilant toward the environment. All
muscle groups except the diaphragm and extra-
ocular muscles are typically involved. Active
inhibition of alpha motor neurons is present,
and this inhibition is similar (if not identical) to
that which is associated with normal REM sleep.
Patients often have a sensation of difficulty
breathing due to inhibition of the accessory

muscles of respiration, and the episodes are
characteristically frightening.

Sleep paralysis spells are most often brief, last
only a few minutes, and subside spontaneously.
At times spells can be aborted by contact from
another person or by volitional rapid move-
ments of the eyes. Hypnagogic or hypnopompic
hallucinations are unusual during spells of sleep
paralysis but can occur and increase the anxiety
related to the episode.

Normal individuals experience isolated
occurrences of sleep paralysis . More frequent
events are seen in patients with narcolepsy syn-
drome (as part of the tetrad of excessive daytime
sleepiness/sleep attacks, cataplexy, hypnagogic
hallucinations, and sleep paralysis) and in famil-
ial sleep paralysis. There is equal sex distribu-
tion in this isolated form and a female
preponderance in the familial form.

The onset usually occurs during adolescence,
but the symptoms may begin during childhood.
Children have difficulty describing the event and
may appear asleep throughout its duration. The
parents may be unaware of its occurrence, since
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Characteristic Sleep Terror Nightmare
Time of night First third to first half of the Last half to last third of the 

sleep period sleep period
Sleep stage Slow-wave sleep REM sleep
Associated activity Movement and significant motor Movements during nightmares

activity is common. are rare.
Severity Severe outbursts Mild to moderate crying
Vocalizations Common Mild and rare
Autonomic Intense autonomic discharges Mild autonomic activity

nervous system including but not limited to 
tachycardia, tachypnea, diaphoresis,
and pupillary dilation

Recall for the event None/amnesia for the event There is good recall for the
nightmare. There is a story 
quality to the dream report 
(typically a good dream that 
turned bad).

State on awakening Confused/disoriented Fully awake and functioning
Injuries/violence Common Rare
Associated About 18% are associated with None

sleepwalking agitated sleepwalking.

REM, rapid eye movement 

Table 26–1. Comparison of Sleep Terrors and Nightmares
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touching or shaking might abort the hypotonia.
The symptoms may be mistaken for resistance to
awakening. Children who resist awakening
arouse cranky and obstinate. On the other hand,
children awakening from an episode of sleep
paralysis might be frightened and cry.

The clinical course varies significantly among
individuals. Most cases are isolated and are pro-
voked by sleep deprivation, excessive sleepiness,
stress, and an irregular sleep–wake schedule or
after acute changes in the sleep phase. Sleep
paralysis runs a more chronic course in patients
with narcolepsy syndrome and in the familial
form of the disorder.

The diagnosis is based on the identification of
presenting symptoms, which may not be obvi-
ous. Sleep paralysis associated with narcolepsy
syndrome can be differentiated from the isolated
form by the presence of other symptoms related
to the clinical tetrad. Atonic generalized seizures
occur during wakefulness and may or may not
be associated with changes in the level of con-
sciousness. Syncope occurs during wakefulness
as well and is commonly associated with altered
levels of consciousness.

Polysomnography might reveal a significant
decrease in chin muscle tone in the presence of
normal waking EEG rhythm. Conjugate eye
movements may be present as well. Patients may
occasionally enter sleep during an episode of
sleep paralysis and reveal an EEG pattern con-
sistent with stage 1 sleep. True sleep-onset REM
periods may occur at night, and a multiple sleep
latency test may be required to differentiate
these episodes from narcolepsy syndrome.

REM Sleep Motor Disorder
REM sleep motor disorder (RMD), originally
described in adults as REM sleep behavior disor-
der, has also been described in childhood.30 RMD
is an unusual abnormality seen in REM sleep that
is characterized by elaborate, sometimes purpose-
ful movements accompanied by vocalizations.
There is a paradoxical increase in muscle tone
that might be considered the absence of REM
sleep atonia, resulting in patients “acting out their
dreams.” Violent behaviors occasionally occur,
with patients punching, kicking, and/or leaping
out of bed. These behaviors are associated with
vivid dream recall. Injuries to the patient or to bed
partners are common. Episodes usually occur

during the first REM period of the night, approx-
imately 90 minutes after sleep onset.

RMD usually begins during late adulthood
and progresses over a variable period of time.
Children may also be affected, and a greater
understanding of this disorder may reveal the
incidence and prevalence to be higher than cur-
rent descriptions suggest. A majority of cases are
idiopathic; however, neurologic disorders have
been reported in approximately 40% of affected
adults. The signs and symptoms have also been
reported in post-traumatic stress disorder.

Polysomnography reveals increased muscle
tone that persists throughout sleep, especially
REM sleep. There are increased phasic muscle
activity, excessive limb movements and body
jerking, and periodic limb movements. Complex
behaviors occur during REM sleep. No epilepti-
form activity is noted on EEG. Interestingly,
RMD in both children and adults responds well
to benzodiazepines, especially clonazepam.

Sleep Bruxism
Sleep bruxism is the forceful grinding or rhyth-
mic clenching of the teeth or rhythmic move-
ments of the mandible during sleep.31

These rhythmic movements are the result of
involuntary, repetitive contractions of the mas-
seter, temporalis, and pterygoid muscles. When
teeth grinding occurs, there is loud, unmistak-
able noise produced. Predisposing factors for the
development of bruxism have been reported to
include minor abnormalities of the teeth, maloc-
clusion, stress, and anxiety. Some anecdotal data
have shown that rhythmic movement and pro-
trusion of the mandible also occur during
arousals associated with occlusive sleep-disor-
dered breathing.

The prevalence of bruxism is unclear, but it
has been estimated that 5% to 20% of children
have manifested symptoms. Bruxism has been
reported in over 50% of children, with a mean
age of onset of 10.5 years. Dental evidence of
bruxism can be identified in 10% to 20% of the
general population There appears to be an equal
sex distribution, and the condition is most com-
monly seen in children and young adults.
Similar to many parasomnias, a familial pattern
without clear genetic transmission can be
shown. There are no longitudinal studies
demonstrating the natural course of bruxism.
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Episodes of rhythmic jaw movements occur
either periodically or paroxysmally in bursts of 5
to 15 seconds or longer and are often repeated
many times during the sleep period. The day-
time symptoms are common and include jaw
pain, craniofacial pain, painful teeth, morning
headaches, chronic wear to the crowns of the
teeth, periodontal tissue damage, and bleeding
from the gums. Resorption of alveolar bone,
hypertrophy of the masseter and temporalis
muscles, and temporomandibular joint dysfunc-
tion can occur. Sleep bruxism can also be mis-
taken for atypical migraine cephalgia, especially
when the response to traditional treatment has
been poor.

The diagnosis is made by the identification of
the loud, unmistakable sound of bruxism in the
absence of other medical or psychiatric disorders
that may produce abnormal movements during

sleep. Obstructive sleep-disordered breathing
should also be assessed, especially in the pres-
ence of morning headaches, frequent nocturnal
awakenings (with or without headaches), snor-
ing, restless sleep, daytime sleepiness, hyperac-
tivity, attention span problems, and performance
difficulties.

Polysomnography reveals paroxysmal, rhyth-
mic muscle activity manifested by about 1 Hz
muscle artifact over the temporalis muscle
(Fig. 26–6). This rhythmic activity may also be
seen in the chin muscle electromyogram or
masseter muscle groups. If it is associated
with occlusive sleep-disordered breathing, the
muscle activity occurs during the arousal imme-
diately after the obstructive respiratory event
(Fig. 26–7).

A number of therapeutic approaches have
been recommended, yet a most important factor
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Figure 26–6. Recording showing a rhythmic temporalis muscle artifact associated with airway
obstruction. In this 60-second epoch the artifact is noted during an arousal after an episode of apnea,
and this brief activity can again be seen during an arousal after hypopnea. The exact cause of this activ-
ity is not known, but in patients with obstructive sleep-disordered breathing, it may be mandibular
movement in an attempt to assist in opening the airway.
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is appropriate dental management. A mouth
guard may be worn to prevent damage to the
teeth. However, the mouth guard does not seem
to prevent episodes of bruxism and is used pri-
marily as a preventive dental intervention. If
stress or anxiety is prominent, efforts to mini-
mize the precipitating causes may be helpful.
Treatment of dental and/or other anatomic
abnormalities, if present, may not alter its
course. If bruxism is associated with occlusive
sleep-disordered breathing, this should be
appropriately managed.
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Sleep-related enuresis (SRE) is characterized by
the involuntary and recurrent voiding of urine
during sleep. Biologic sequelae are uncommon,
but psychological and emotional comorbidity
are substantial. To minimize the consequences,
an understanding of the etiology, diagnostic pro-
cedures, and treatment is required.

Between 3 million and 7 million school-aged
children suffer from SRE.1 Prevalence data are
similar in all industrialized societies.2 Symptoms
of SRE are often secreted, and generalizations to
large populations should be accepted as approx-
imations rather than as reflections of actual inci-
dence and prevalence.

SRE may be primary or secondary depending
on the pattern of symptom presentation. Primary
SRE is the involuntary discharge of urine during
sleep, typically at night, that has been present
since birth and has not been interrupted by sig-
nificant asymptomatic periods. Secondary
enuresis refers to symptoms of involuntary void-
ing, typically at night, when there has been an
intervening period of at least 3 asymptomatic
months followed by recurrence.3,4 Secondary
SRE is more commonly associated with organic
or psychological factors than is primary SRE.
Approximately 80% of enuretic children wet
only at night, 5% wet only during wake during
the day, and about 15% are enuretic both during
wake and sleep.5 Again, organic and psychologi-
cal causes are more common when there is also
a pattern of incontinence during wakefulness.

The age at which SRE becomes abnormal is
controversial. The child’s coping ability and
commitment to solving the problem are impor-
tant. The family’s overall cohesion and frustra-
tion with the child who wets the bed at night can
influence parental perceptions about the conse-
quences of enuresis on the child and the family.6

Most agree that 5 years of age is the lower limit
where concern over bedwetting should begin

and intervention should be considered.7 SRE is
present in approximately 30% of 4 year olds but
in only 10% of 6 year olds, 3% of 12 year olds,
and 1% of 15-year-old adolescents. Spontaneous
remission rates of about 14% to 19% per year
have been reported.8 Boys tend to be affected
about twice as frequently as girls when less than
11 years of age. After age 11 years, the sex dis-
tribution appears to be equal.9 Additionally,
there appears to be a familial predisposition. The
highest frequency of SRE occurs in children
when both mother and father were enuretic as
children.10

ETIOLOGY

The exact cause of primary SRE is unknown. It
is most likely that a variety of factors exist and
contribute to persistence of SRE after the age at
which daytime continence occurs. Because
spontaneous resolution of SRE occurs at a rela-
tively regular and steady rate thorough middle
childhood, the underlying cause is thought to
relate to delayed maturation of bladder mecha-
nisms, and perhaps to a delay in the develop-
ment of portions of the central nervous system
required or maintenance of continence.

Although there is no conscious control over
the smooth muscle of the bladder, voluntary
control over voiding involves the maintenance of
control over skeletal musculature that may
directly influence smooth muscle. During wake-
fulness, recognition of bladder distension most
likely involves autonomic afferent stimuli origi-
nating in the bladder wall.

Sleep-related continence appears to be related
to several factors. First, functional bladder
capacity (i.e., the volume at which perception of
the need for micturition occurs) must increase
to a level that can adequately maintain volume
throughout the entire sleep period without
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spontaneous contractions. An adequate func-
tional volume is about 300 to 360 cc, and it is
generally reached by 2 to 7 years of age.11

Children with primary SRE tend to have delayed
functional bladder capacity when compared to
nonenuretic children. These children’s smaller
functional bladder capacity is insufficient to
maintain sleep-related continence even though
they are 41⁄2 years of age or older.12

Spontaneous detrusor muscle contractions
tend to be more frequent in enuretic children.13

These spontaneous bladder contractions are
inhibited through complex interactions of vol-
untary muscle groups. When contractions are
uninhibited, involuntary detrusor muscle con-
traction might occur during sleep.

Antidiuretic hormone secretion peaks during
nocturnal hours. This circadian variation results
in decreased free-water clearance, a decrease in
the volume of urine production at night, and an
increase in urine osmolality during the sleep
period. Night-time increase in antidiuretic hor-
mone secretion has been shown to be signifi-
cantly diminished in some enuretic children
with primary enuresis.14-16 Investigations
involving children with SRE compared with
unaffected controls pointed to a central action of
desmopressin, a defect at the central arginine
vasopressin receptor, or abnormality in the path-
way of sensory signals.17

Nonenuretic children and adults arouse when
the bladder reaches its functional capacity.
Although the mechanism of this arousal is not
clear, it is most likely viscerally mediated via
impulses originating in the bladder muscle.18

This arousal response results in waking and con-
scious perception of the need to void. This
results in activation of voluntary muscle groups
that are involved in maintenance of urinary con-
tinence.

None of these postulated mechanisms func-
tion alone. The underlying cause of SRE most
likely involves an interaction of factors related to
ongoing development of the urinary tract,
endocrine system, autonomic nervous system,
and areas of the central nervous system respon-
sible for arousal and waking.

Underlying psychological factors are uncom-
mon causes for primary SRE and seem to occur
in less than 1% of prepubertal children.19,20

Symptoms related to emotional problems, how-
ever, appear in about 10% to 15% of children and

appear in enuretic children more commonly
than in nonenuretic youngsters. Emotional
symptoms might include, but are not limited to,
thumb sucking, nail biting, tantrums, stuttering,
eating disorders, and poor self-esteem.21,22 With
primary SRE, these symptoms tend to resolve
with resolution of the SRE.23 On the other hand,
psychological etiologies are more common in
children with secondary SRE. Situational stress,
separation from parents, abuse or neglect, anxi-
ety, and birth of a new sibling have all been asso-
ciated with secondary SRE.1,21,24-26

Achieving continence during sleep is part of
the constitutional development of the child.
Despite the lack of clear documentation for the
concept of maturational delay as an underlying
cause, it is based on longitudinal clinical obser-
vations. First, in the absence of clinical interven-
tion, complete sleep-related continence will
occur at about 15% per year prior to puberty.
Functional bladder capacity increases as matura-
tion progresses, despite a normal anatomic blad-
der capacity.27 Uninhibited bladder contractions
that occur in enuretic children improve as the
youngster grows and matures.13,28 Coordinated
contractions of multiple skeletal muscles is nec-
essary to initiate the urinary stream, as well as to
maintain continence.29 Control over these mus-
cle groups follows a clear developmental pattern
similar to the development of other motor skills.
Arousal from sleep is required when bladder dis-
tension occurs. This arousal response is quite
high in smaller children, and the threshold for
arousal from internal and external stimuli
decreases as maturation occurs.

Although straightforward genetic factors have
not been identified, a familial pattern of primary
SRE has been demonstrated.23,30-32 Many parents
of children with primary SRE were also enuretic
as children. When both parents suffered from
SRE, almost three fourths of their children were
also enuretic. This is dramatically different from
children of parents who were not enuretic as
children. When neither parent was enuretic as a
child, only 15% of their offspring suffer from
SRE. Twin studies have also shown that when
one twin sibling suffers from SRE, there is a
greater predisposition for younger siblings to
also suffer from similar symptoms.

Genetic factors may be pertinent in some
cases. The pattern of involvement seems to be
consistent with an autosomal dominant charac-
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teristic with incomplete penetrance. Genetic
studies suggest linkage of primary SRE to specific
markers on chromosomes 12, 13, and 22.33-36

An association between genotype and pheno-
type, and identification of intermediary pheno-
types or traits of children with SRE need to be
documented.37 Nonetheless, the expectations of
enuretic parents for their children may con-
tribute to some degree of familial clustering of
symptoms.

There has been some suggestion that early
introduction of toilet training is unsuccessful, as
are rigid or punitive training practices.
Development of diurnal and sleep-related uri-
nary continence cannot be taught. Waking and
sleep-related continence is acquired by a com-
plex interaction between maturation of physio-
logic systems and learning by trial and error (or
success). Too-rigid toilet training and introduc-
tion of toilet training too early may be associated
with SRE.38,39 However, other studies have
shown no correlation between the success or
failure of toilet training efforts and the develop-
ment of SRE.40-42

Arousal from sleep seems to be difficult in
children with SRE. Although the arousal thresh-
old from slow-wave sleep may seem to underlie
SRE in some children, youngsters with SRE tend
to sleep no more deeply than nonenuretic chil-
dren, and the structure of their sleep is not sub-
stantially different.7 Enuresis occurs in all sleep
stages, and spells appear to be random or related
to time of night rather than sleep state.43,44

Although sleep of enuretic children does not
seem to differ significantly from that of
nonenuretic youngsters, those who suffer from
primary SRE spend a slightly longer time in bed
and have an increased number of sleep cycles.
Children who have enuretic spells during rapid
eye movement (REM) sleep are found to have
more REM sleep than comparison children.
Tachycardia is often seen to precede the enuretic
spell. Although the sleep of children with SRE
seems to be polysomnographically normal, these
children can exhibit signs of autonomous
arousal prior to voiding.45

ORGANIC FACTORS ASSOCIATED
WITH SLEEP-RELATED ENURESIS

Urinary tract infection (UTI) is 10 times more
common in prepubertal girls suffering from

habitual SRE than in age-matched girls without
SRE.20 Boys are much less likely to be prone to
UTI than girls, even in the presence of uninhib-
ited bladder contractions. Although most UTIs
are symptomatic, occult infection can occur and
typical symptoms such as fever, dysuria, and
diurnal urinary frequency may not be present. It
is still unclear whether SRE in patients with a
UTI is a symptom of a chronic underlying infec-
tion or a result of the pathophysiologic mecha-
nism responsible for SRE. After adequate
treatment of the UTI, SRE often remains present
and continues long after the infection has
resolved.8

Anatomic abnormalities of the urinary tract
have been associated with SRE. Any distal
obstruction may be associated with the develop-
ment of bedwetting.1,2,28 The presence of urinary
tract abnormalities is very low in primary SRE,
and expensive invasive urologic procedures are
most often not needed in the evaluation of chil-
dren with SRE. However, consideration must be
given to the possibility of the presence of an
organic abnormality when diurnal symptoms
suggest difficulty initiating or stopping the urine
stream, dysuria, daytime enuresis, or excessive
urinary frequency.

Extrinsic pressure on the bladder from a vari-
ety of causes may result in enuresis. Extrinsic
pressure on the bladder decreases its functional
and anatomic volume, and a large fecal mass or
extrinsic space-occupying lesion can result in a
long-term disorder of bladder control.1 In a
patient with chronic constipation, the resolution
of the fecal mass pressing on the bladder often
results in resolution of the enuresis.

Patients with medical conditions that result
in polyuria often present with SRE as an initial
problem. Indeed, any condition that results in
polyuria can cause SRE. Enuresis as a primary
complaint occurs commonly in patients with
diabetes mellitis or diabetes insipidus. There is a
higher than normal frequency of SRE in children
with sickle cell anemia, sickle cell trait, and
other hemoglobinopathies.3,46 Enuresis is com-
monly present in children with sleep-disordered
breathing (see Chapter 20). In addition, enuresis
commonly occurs in children who suffer from
non-REM sleep parasomnias, such as sleep ter-
rors, sleepwalking, and confusional arousals.

Some neurologic disorders may result in
enuresis. Enuresis may be associated with spinal
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cord lesions, including but not limited to
meningomyelocele, tumors, and agenesis.
Enuresis may also occur as a manifestation of a
seizure disorder.

Medications that result in a higher urine vol-
ume, such as diuretics, may also result in SRE.
Medications may be prescribed as short-term or
long-term medical regimens for other medical
conditions. Nonetheless, unintentional inges-
tion of diuretics should also be considered in the
initial evaluation.

DIAGNOSIS OF 
SLEEP-RELATED ENURESIS

Successful treatment of SRE is based on an accu-
rate diagnosis. The diagnostic workup begins
with a comprehensive history and physical
examination. Secondary SRE (specifically if
associated with symptoms suggesting a urinary
tract abnormality), UTI, polyuria, polyphagia,
polydipsia, seizure disorder, obstructive sleep
apnea syndrome, history of prior surgery related
to the genitourinary tract, allergies, or diurnal
enuresis, should raise the suspicion of organic
disease. Initial workup should also include an
assessment of possible psychopathology or
abnormalities in family dynamics. The family
history should be evaluated for evidence of
enuresis in the patient’s mother or father. Sleep
habits and patterns also require assessment.
Maintenance of sleep logs or a sleep diary for
about 2 to 4 weeks may provide insight into the
accuracy of the sleep–wake history and will pro-
vide a graphic longitudinal description of the
child’s sleep and wake behaviors as well as a
graphic depiction of the pattern of bedwetting.

Measurement of the bladder’s functional urine
volume during the period of graphic measure-
ment of the youngster’s sleep provides informa-
tion regarding functional capacity. If the
functional bladder capacity is normal, primary
SRE is unlikely, and a search for other etiologies
might be considered.

Laboratory evaluations begin with a urinaly-
sis and urine culture. These tests may be all that
is required in the initial evaluation. The urine
specific gravity; the presence of glucose in the
urine, pyuria, or proteinuria; and the presence of
casts in the urinary sediment should be assessed.
A urine culture as part of the initial workup to
rule out occult UTI is important. Other expen-

sive or invasive procedures are not typically
required in the initial evaluation. Additional
testing should be guided by the differential diag-
nosis after the initial assessment.

Ultrasonography, vesicle sphincter elec-
tromyography, and cystoscopy might be consid-
ered in some children who continue to be
enuretic after 3 months of treatment. If radi-
ographic or cystoscopic examinations are nor-
mal, continued enuresis may be associated with
detrusor or sphincter muscle problems.

If loud snoring, restless sleep, and sleep-
related diaphoresis are present, comprehensive
nocturnal polysomnography might be consid-
ered as part of the patient’s comprehensive eval-
uation. However, polysomnographic evaluation
is rarely required in the diagnosis of primary SRE
and should be reserved for those situations in
which an underlying sleep-related disorder is
strongly suspected. Indeed, diagnosis is most
often based on assessment of the history and
physical examination alone.

TREATMENT

Treatment of SRE is based on a rational approach
to diagnosis and management of any underlying
organic or pathologic condition. Treatment of
underlying sleep-disordered breathing often
results in resolution of the enuresis. Any psychi-
atric or psychological cause must be addressed
prior to or in conjunction with the institution of
any developmental, maturational, or behavioral
management program. Successful enuresis man-
agement programs utilize combined methods of
intervention. Regardless of the treatment pro-
gram of choice, behavior management and blad-
der training are typically included and are
important aspects of any intervention.

Treatment must begin with an assessment of
whether the child has primary or secondary
enuresis. The majority of patients presenting
with this complaint suffer from primary SRE and
require parental support, empathy, and patience.
As the spontaneous cure rate for children
between the ages of 5 and 16 years is about 15%
per year, it is commonly recommended that no
treatment be provided. Nonetheless, when the
child or parent desires a more rapid resolution or
when secondary, emotional problems occur,
treatment may also involve behavior modifica-
tion, enuresis alarms, and retention control exer-
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cises. Fluid restriction, pharmacotherapy, psy-
chotherapy, hypnosis, or biofeedback, or a com-
bination of these interventions, may be
entertained.47 Behavioral intervention is more
likely to be successful in children over the age of
6. Between the ages of 3 and 5 years, reassur-
ance, motivational counseling, and simple blad-
der training exercises may manage the problem.
Continued input from the health care profes-
sional and support during treatment contribute
to compliance.

Persistence and consistency must be encour-
aged and supported in any motivational and
behavioral counseling program. In the absence
of support and close followup, poor compliance
is likely and persistence of the problem can be
expected to occur.

When a program involving any form of
behavioral management begins, sufficient time
must be spent to reassure the youngster and the
parents that the symptom of primary enuresis is
not their fault. Expectation of results of the man-
agement program must be realistic, and there
must be clear communication regarding the time
required for problem resolution. Support and
positive reinforcement by the health care profes-
sional is essential. When expectations are clear
and well understood, the likelihood of success
increases. The tone of the counseling should
remain positive. Resolution may take months.
Persistently working toward an agreed-on goal
should be the primary focus of management
rather than an instantaneous cure of the SRE.
Parents and caretakers should avoid punishment
or exhibiting disappointment when the occa-
sional wet night occurs, as is common during
management. Interventions such as randomly
waking the child from sleep to void should be
discouraged; this generally results in prolonga-
tion of the problem. Management must focus on
treatment of the child’s problem and not “treat-
ment of the bed.”5

Respondent conditioning is very helpful.
Parents and children should agree on a reward
system that is readily attainable at the beginning
of management. Rewarding the child for a dry
bed in the morning can be more discouraging
than supportive because this is often beyond the
youngster’s capability at the outset of the pro-
gram. The reward need not be large or expensive.
Most importantly, the goal must be attainable by
the child, and the reward must be provided con-

sistently and immediately after the desired
behavior is performed.

Initial management includes bladder-training
exercises during the day. Exercises consist of
asking the child to terminate the urine stream
about halfway through the void, counting to 5,
and then finishing the void. This final comple-
tion is important because residual urine in the
bladder may result in the development of a UTI.
Rewards should be given for accomplishing each
of these behaviors.

Dry-bed exercises using guided imagery tech-
niques also have been suggested. At bedtime, the
child is instructed to lie in bed for a few
moments, visualizing being asleep and feeling
bladder fullness. Assistance from the parents is
required. Visualization of arousal and awakening
is then suggested and the child gets out of bed,
goes to the toilet, and voids. This technique
should continue for several months, depending
on the child’s response. Counseling the young-
ster and family that setbacks should be expected,
at the beginning of treatment and throughout its
course, improves compliance. Resolution of
symptoms occurs at a rate of approximately 35%
per year with the use of this regimen alone.7

Nevertheless, if there is no progress or change in
symptoms after about 3 months, other interven-
tions might be considered.

Enuresis alarms are also commonly used in
behavioral interventions. Although medications
were once a common approach, health care pro-
fessionals now appear to be more likely to rec-
ommend behavioral techniques in managing
SRE.7,48

A variety of instruments are available, some
more successful than others. Much of the suc-
cess involves motivation of the child and family.
Enuresis alarms involve a system that produces a
loud sound when the sensor becomes wet. All
alarm systems function using the same principle
of operant conditioning, with the physiologic
function of bladder distension, detrusor muscle
contraction, and voiding coupled to an external
stimulus. The sound (i.e., the stimulus) is
intended to awaken (i.e., the response) the child,
who will then stop voiding and will finish the
void in the toilet. Eventually, by coupling the
stimulus to the response of arousal, children
awaken at the sensation of bladder distention.5

At first, the child may have difficult waking to
the sound of the buzzer or bell. Indeed,
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confusional arousals might result. Parents
should help the child awaken and guide the
child to the bathroom to attempt to void in the
toilet. If parents are consistent and persistent in
their response to the sound of the alarm, soon
the youngster will begin to spontaneously wake
with the alarm.

When treatment with an enuresis alarm
begins, the child typically completely empties
the bladder. Gradually, there will be a perceptible
decrease in the volume of urine voided prior to
arousal and an increase in the volume voided in
the toilet. This progressive decrease in the
amount of urine voided into the bed continues
until only a small spot of urine is voided, just
enough to trigger the alarm. Then only the
underclothing may be wet but not the bed. Dry
nights will then begin to occur and increase in
frequency until nocturnal continence is
achieved. After about 1 month of consecutive
dry nights, the alarm may be discontinued.

Behavioral modification, motivational coun-
seling, and bladder training exercises may be
used along with the enuresis alarm. Initial
change in the pattern of bedwetting typically
begins after about 3 to 6 weeks of treatment.
Youngsters’ responses can vary considerably,
depending on the presence or absence of comor-
bid conditions, motivation of the youngster, and
consistency of parental assistance. Some young-
sters become dry quickly and others require
much longer time. In children where longer
treatment regimens have been required, it is
unclear whether the resolution was a result of
the treatment or because of timing of maturation
of nocturnal bladder continence.

As with all treatment regimens, exacerbations
may occur. It is important for the child and the
parents to understand that these are possible and
can be expected in many children, and they
should not become discouraged. Reinstitution of
the treatment protocol typically results in a very
rapid response.

Few contraindications exist. The child must
be able to hear the alarm, and its volume must be
greater than the arousal threshold. Hearing-
impaired children or children of hearing-impaired
parents may not be responsive to this method of
management. Children and parents must be con-
siderably motivated. Children who are fearful or
resistant to the alarm are less likely to respond
favorably. Children must be developmentally

capable of responding appropriately to the
alarm. The younger the child, the less likely it is
that the results will be positive. Finally, the
enuresis alarm should not be used as a means of
toilet training. Diurnal continence results from a
complicated interaction of multiple reflexes,
cognitive ability to inhibit bladder contraction,
and conditioning. Nocturnal continence requires
time and patience. Parents’ expectations should
be appropriate to the intervention.

Resolution of SRE using enuresis alarms has
been reported at approximately 65% to 80%,
with relapse rates of approximately 10% to
15%.49 Comparative trials reveal that the enure-
sis alarm may be superior to pharmacotherapy
and may be more effective in treatment of pri-
mary SRE when utilized with a behavior modifi-
cation program. This technique may increase
functional bladder capacity and result in sus-
tained confidence.50,51

Most often, the enuresis alarm is combined
with a positive reinforcement program, retention
control training, and positive practice using
guided imagery. A combined approach to the
management of enuresis is superior to the use of
an alarm alone.

Medications used in the treatment of SRE
have included antidepressants, antidiuretics,
antispasmodics, and prostaglandin synthesis
inhibitors. Desmopressin, 10 to 40 micrograms
intranasally or 200 to 600 micrograms orally, has
been successful in the treatment of primary SRE.
Although desmopressin usually reduces the fre-
quency of wetting, only a small minority of
patients obtains complete dryness using this
medication.15,52,53 Treatment effects usually last
only as long as the drug is taken. Recurrences are
common. Side effects are uncommon. Significant
hyponatremia associated with seizures has been
reported.54,55 There does not appear to be a rela-
tionship between a family history of SRE and
response to desmopressin.32 Utilization of
desmopressin with an enuresis alarm or other
behavioral intervention may be the best overall
therapy, and this combined approach appears to
be superior to either given alone.56,57

Oxybutynin chloride has a direct spasmolytic
effect on the bladder and is helpful in controlling
some children with SRE that is caused by unin-
hibited bladder contractions. Oxybutynin has a
direct effect on bladder smooth muscle, and con-
tractions are directly inhibited. Traditionally, it
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has been utilized in children with incontinence
secondary to neurogenic bladder. It has been
shown to be effective in controlling diurnal
enuresis and uninhibited detrusor muscle con-
tractions, and it has been used in some centers in
combination with desmopressin and behavioral
interventions in comprehensive SRE manage-
ment programs.

Tricyclic antidepressants, particularly imipra-
mine, have been the most commonly prescribed
medication for the treatment of SRE. Their effec-
tiveness appears to be derived from increased
alpha-adrenergic stimulation of proximal
tubules of the kidneys.58,59 Unfortunately, the
response rate is quite variable and the long-term
cure rate is only about 25%. Relapses are com-
mon. Tricyclic antidepressants significantly
affect the sleep cycle and result in REM sleep
suppression. There is a narrow therapeutic
window, and fatal overdose is a significant
possibility.60

In one randomized, double-blind, placebo-
controlled trial, carbamazepine was shown to be
useful in the treatment of primary SRE.61

However, comprehensive polysomnography or
EEG was not done prior to randomization, mak-
ing the results questionable.

Other forms of interventions using alternative
techniques have been reported. Electroac-
upuncture has been reported to result in 65%
more dry nights than in control children.62

However, only 5 of 23 youngsters were consid-
ered responders to treatment (responders
defined as having a greater than 90% reduction
in the number of wet nights at a 6-month evalu-
ation). Interestingly, according to the youngsters’
parents, the sleep arousal threshold had decreased
in about 50% of these children.

The success rate of any management program
may be attributed in part to the spontaneous
cure rate or to the patient’s response to increased
attention to the problem. Emotional support of
the child is probably one of the most critical ele-
ments of any treatment program.
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This chapter reviews the differential diagnosis of
sleep disorders in children and describes under
what circumstances sedative/hypnotic medica-
tions are useful for their treatment. It reviews
classes of medications that affect sleep, with the
implications of their use in a pediatric popula-
tion highlighted. It also reviews the mechanism
of the sleep-promoting or -disrupting effects of
various classes of psychoactive compounds.

CRITICAL ASPECTS OF PEDIATRIC
SLEEP PHARMACOLOGY

Insomnia and hypersomnolence in children are
related to the neurotransmitters γ-aminobutyric
acid (GABA), serotonin, dopamine, norepineph-
rine, histamine, and acetylcholine. The com-
pounds that affect sleep share the common
property of being excitatory or inhibitory in the
brain in one or more of the above neurotrans-
mitter systems.

The receptor mechanisms for the actions of
the sleep-promoting medications include the lig-
ands of the benzodiazepine receptor site, which
allosterically modulates the GABA receptor and
its chloride ion channel; serotonin 5-hydrox-
ytryptamine (5-HT)2A antagonists; anticholin-
ergics/antimuscarinics; antihistamines; and
α-adrenergic antagonists.

Examples of the classes of medication active
at these sites include benzodiazepines and ben-
zodiazepine-like substances that bind to the
benzodiazepine recognition site; GABA agonists
such as mood stabilizers; GABA reuptake
inhibitors, which are also mood stabilizers; and
benzodiazepine-mimicking compounds, includ-
ing zaleplon and zopiclone. Serotonin 5-HT2A
antagonists include antidepressants such as tra-
zodone and nefazodone. Anticholinergic med-
ications include tricyclic antidepressants such
as amitriptyline and clomipramine. Antihista-

mines are present in a wide variety of com-
pounds, including tricyclic antidepressants.
Sedating antihistamines include hydroxyzine
and diphenhydramine. α-Adrenergic antago-
nists are present in antidepressants and blood
pressure medications.

The classes of medication that disrupt sleep
include dopamine agonists, adenosine antago-
nists, cholinergic agents, and serotonin reuptake
inhibitors. Norepinephrine and dopamine reup-
take blockade also results in sleep disruption.
Adenosine antagonists such as caffeine disrupt
sleep.

The selection of a sedating or stimulating psy-
chopharmacologic agent for a child is always diag-
nosis based.

In children, pharmacologic agents are typi-
cally used only when behavioral interventions
are not effective.

The selection of a pharmacologic agent requires
a sleep diagnosis to be firmly established for
which the agent is suitable. A thorough inter-
view with the patient and parents or others
involved in managing the child’s sleep is required.
A differential evaluation must include a complete
sleep history, establishing the severity of the
sleep difficulty, its frequency, and its duration.
The times of the night that the sleep difficulty
and undisturbed sleep occur should be estab-
lished. The extent to which the child is sleepy
or is sleeping during the day should be reviewed.
The impact of the sleepiness or tiredness on
school performance is important. Differences
between the number of hours of sleep on school
day and non–school day nights is also important
because many children are partially sleep
deprived on school days and obtain rebound
sleep on weekends.

Circadian rhythm disorders must be ruled out
before considering difficulty initiating and main-
taining sleep (DIMS). Sleep hygiene problems,
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such as inappropriate noise or light in the sleep-
ing environment, should be reviewed.

Listed below are some of the diagnoses that
may lead to DIMS in a child, and subsequent sec-
tions will review the treatment approaches
focusing on pharmacologic interventions.

Sleep onset association disorder
Settling disorder of infancy/childhood
DIMS secondary to sleep phobia
Sleep-related panic attacks
Childhood-onset psychophysiologic insomnia
Phase delay syndrome
Phase advance syndrome
DIMS secondary to anxiety disorder
DIMS secondary to mood disorder
DIMS secondary to psychosis/schizophrenia
Night terrors
Nightmares
Sleepwalking
Head banging, jactatio capitis nocturna
Confusional arousal
DIMS in association with attention deficit hyper-

activity disorder (ADHD)

A comprehensive understanding of the child’s
emotional state at the time of the sleep difficulty,
whether it is sleep onset insomnia or nocturnal
awakening, is important. Chronic sleep-related
anxiety, fear, a depressed mood, worrying
thoughts, and apprehension each may be indica-
tive of a psychiatric diagnosis. The behavioral
repertoire of the child on awakening should be
established. Does the child remain in his or her
own bed or enter the parent’s bedroom? The man-
ner in which the parents respond to the child’s
sleep difficulties is also important. Do they capit-
ulate to the child’s wish to remain in their bed,
or do they take the child to his or her bed?

The extension of any night-time symptoms
into daytime behavior should also be explored.
If the symptoms of an anxiety or mood disorder
appear to be related to the sleep difficulty, are
there comparable symptoms present during the
day and in different situations? Many children
express profound anxiety as bedtime approaches,
have disturbed sleep for the first portion of the
sleep period, and then settle into undisturbed
sleep until morning awakening. Some of these
children may show no apprehensiveness with
separation or in other circumstances.

It is important to determine whether either
biologic parent or any first-degree relatives have

or have had sleep difficulties similar to those
of the child. Detailed questioning will fre-
quently reveal a first-degree relative with a sim-
ilar sleep problem. Inquiry into its course and
treatment is helpful. Anxiety, depressive, and
bipolar disorders each have a demonstrable
family linkage. Adoption studies suggest a
strong genetic component in the risk for these
disorders.

If it is established that the patient (child) has
comorbid psychiatric symptoms and a family
member or members have similar symptoms, the
sleep specialist is not diagnosing a psychiatric
disorder in the child but deducing the etiology of
the sleep disorder and fashioning an approach
that considers psychiatric symptoms.

When both the psychiatric symptoms and
DIMS are present, establishing the time course of
the two is important in diagnosing the sleep
disorder. If the sleep disorder emerges concur-
rent with the emotional symptoms and subsides
when they subside, then treating the emotional
disorder will most likely result in amelioration
of the sleep symptoms. If the sleep disorder pre-
cedes the emotional disorder, then it may be
an initial emerging symptom or an independent
disorder.

Before administering a sleeping agent to
a child, the child’s family should complete a
sleep log for at least 2 weeks to provide a base-
line measurement of the chief complaint. A tar-
get symptom for which the drug is prescribed,
such as sleep onset latency, sleep duration, or
sleep fragmentation, should be selected. A realis-
tic level of improvement, such as reducing sleep
onset latency from greater than 1 hour to less
than 30 minutes, should be discussed with the
family. The family should maintain the sleep log
after the drug trial begins to enable the assess-
ment of the effectiveness of the drug with regard
to the specific selected complaint.

Caution in Children When Using
Psychoactive Compounds

All medications used in the treatment of insomnia
or parasomnia require close monitoring. Sleep-
inducing medications may precipitate night
terrors, sleepwalking, confusional arousal, and
daytime somnolence, which has the potential to
exacerbate psychiatric and behavioral problems
and disrupt attention and learning.1
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The recurrence of parasomnias on withdrawal
of sedating medications is common, especially if
withdrawal is rapid.1 Gradual withdrawal over
several weeks may be required.

Sleep-Inducing Agents
The term sedative-hypnotic refers to the ability of
a medication to sedate (or tranquilize) and induce
sleep (hypno-). When sedative medications are
used to decrease anxiety, they are referred to as
anxiolytics. A number of agents are approved
as anxiolytics, among them various antidepres-
sants such as doxepin and paroxetine, benzodi-
azepines such as alprazolam and diazepam, and
buspirone, a 5-HT1A augmenting agent. Virtually
every hypnotic approved by the Food and Drug
Administration is a benzodiazepine or a com-
pound that binds to the benzodiazepine receptor
site. Many agents approved as anxiolytics, anti-
depressants, and antipsychotics have drowsiness
as a side effect, and some physicians prefer these
agents over benzodiazepines despite the absence
of demonstrated efficacy.

Effects of GABA Allosteric 
Modulators on Sleep

Barbiturates, which are first-generation hyp-
notics, increase stage 1 sleep and decrease para-
doxical (rapid eye movement [REM]) sleep.
Virtually all benzodiazepines, including triazo-
lam, midazolam, and diazepam, also decrease
sleep onset latency, increase non-REM (NREM)
stages 1 and 2 sleep, and decrease REM sleep
except for midazolam, which increases both
stage 1 and REM sleep at low doses. Zolpidem
and zopiclone decrease REM sleep but do not
increase stage 1 sleep.2 Nearly all of these com-
pounds have been shown to reduce the propor-
tion of slow-wave activity. The activation of
GABAA receptors is involved in the initiation
and maintenance of NREM sleep and the gener-
ation of sleep spindles but disrupts the processes
underlying slow-wave sleep (SWS).

BENZODIAZEPINES AND SLEEP

All benzodiazepines share certain effects in com-
mon—hypnotic, anxiolytic, muscle relaxant,
and anticonvulsive—but some have greater
emphasis on one or the other of these common
effects. Therefore, certain benzodiazepines are

more effective as anxiolytics and others as hyp-
notics. The speed at onset determines whether
a benzodiazepine will be effective in treating
sleep onset insomnia, and the medication half-
life determines whether it is effective in treating
disorders of maintaining sleep or early morning
awakening. Benzodiazepines with a short half-
life tend to exert more amnestic effects, and
those with a long half-life result in more daytime
sleepiness.

ZALEPLON

Zaleplon (Sonata), a nonbenzodiazepine that binds
to the benzodiazepine receptor, has an ultrashort
half-life, making it useful in the treatment of
sleep onset insomnia. Recent publications sup-
port its greater safety in children than zolpidem
and benzodiazepines.3 Zaleplon is 14.3 times
more potent in binding to membrane prepara-
tions of the cerebellum than to those of the
spinal cord. It produces significant increases in
muscimol binding similar to those of diazepam,
and it is antagonized by flumazenil. Zaleplon
shows little affinity for other receptors, and it
produces large increases in EEG power of the
delta frequency band without affecting the alpha
or beta frequency band. In contrast, intravenous
administration of triazolam and zopiclone
increases the energy of the beta frequency band.
The zaleplon-induced increase in the delta fre-
quency band is antagonized by pretreatment
with flumazenil, which does not affect the spon-
taneous EEG alone. These results suggest that
zaleplon is a selective, full agonist of the ω1-
receptor subtype; thus, zaleplon may induce
SWS.4

ZOLPIDEM

Zolpidem (Ambien) has a relatively short half-
life and no demonstrable morning hangover and
may be preferable to benzodiazepines with
longer half-lives, especially in children. It has
powerful hypnotic properties but little anxiolytic
effect. Zolpidem is a widely used hypnotic agent
acting at the GABAA receptor benzodiazepine
site. It is especially useful in the treatment of
middle-of-the-night insomnia or early morning
awakening because of its half-life of 2 to 3 hours.
On recombinant receptors, zolpidem displays
a high affinity for only the α1-GABAA receptors
and an intermediate affinity for α2- and α3-
GABAA receptors. It does not bind to α5-GABAA

Pharmacology of Sleep in Children Chapter 28 329

Ch28.qxd  1/25/05  3:35 AM  Page 329



receptors. The sedative action of zolpidem is
exclusively mediated by α1-GABA receptors.
Similarly, the activity of zolpidem against GABA
antagonist–induced tonic convulsions is also
completely mediated by α1-GABAA receptors.
The sedative/hypnotic and anticonvulsant activ-
ities of zolpidem are due to its action on α1-
GABAA receptors and not on α2- and α3-GABA2A
receptors.5

TRIAZOLAM

Triazolam (Halcion) is useful for the treatment
of insomnia in children because of its short half-
life but is to be avoided because of its amnestic
effects.

Tricyclic Antidepressants and Sleep

Tricyclic antidepressants should be selected with
sedative properties taken into consideration. The
sedating or activating properties of antidepres-
sants are side effects of the medication. Sedation
with certain compounds will occur on the first
night of administration, which is beneficial in
many instances and in contrast to the therapeu-
tic effect of the medication, which may require
2 to 6 weeks to emerge.

Pediatric patients presenting with hypersom-
nolence or insomnia whose onset coincided with
that of an affective disorder should be adminis-
tered an antidepressant that addresses both their
sleep complaint and mood disorder. If sleep was
normal until the advent of the mood disorder,
then treating the mood disorder typically restores
sleep to its levels before the mood disorder episode.
That is, all antidepressants, whether they affect
sleep or not, will probably result in improvement
in the patient’s sleep as the mood disorder is
treated. If a sleep complaint emerges or contin-
ues independent of a mood complaint in the
past, it will be most efficacious to select an anti-
depressant with an appropriate sleep- or wake-
up–enhancing profile.

Some antidepressants powerfully promote or
interfere with sleep. Tricyclic antidepressants
have been used to treat children for many years.
There is little evidence that they are effective
antidepressants in children. However, those with
sedating properties may be preferred in cases in
which insomnia is present.

Most sedation
Amitriptyline

Lomipramine
Doxepin
Trimipramine

Moderate sedation
Imipramine
Nortriptyline

Least sedation
Amoxapine
Desipramine
Protriptyline

For the hypersomnolent, anergic, depressed
child with psychomotor slowing, protriptyline
is the most activating tricyclic antidepressant.
Agitation and anxiety are its two most prevalent
side effects. Doxepin, which is approved for both
depression and anxiety, is effective in depressed
individuals with insomnia, especially with mixed
anxiety/depression symptoms.

Selection of Serotonin-Specific Reuptake
Inhibitors (Not So Specific)

Selective serotonin reuptake inhibitors (SSRIs)
cause insomnia by stimulating 5-HT2A receptors
in brainstem and forebrain sleep-promoting cen-
ters. 5-HT2A receptor stimulation results in
increased wakefulness and disruption of SWS.

More stimulation
Fluoxetine
Sertraline

Less stimulation
Fluvoxamine
Paroxetine

No stimulation
Citalopram

Several members of this class of medication
have demonstrated efficacy in children in con-
trolled trials. Various studies have shown that
SSRIs disrupt sleep. Their administration gener-
ally results in reduced SWS, greatly reduced REM
sleep, and increased stage 1 sleep. The mecha-
nism of action is believed to be the activation
of 5-HT2A receptors.

Bupropion and Sleep

Bupropion’s mechanism of action is as a norep-
inephrine and dopamine reuptake inhibitor.
It inhibits sleep by increasing dopamine and
norepinephrine at the synaptic cleft and is the
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least preferred for insomniac patients. It is the
most preferred for retarded depression, which
presents with cognitive slowing and hypersom-
nia. It is also frequently prescribed for patients
who do not respond to serotonergic agents,
including SSRIs and tricyclic antidepressants.
Bupropion can be added to SSRIs to increase
their clinical efficacy.

Serotonin and Norepinephrine
Reuptake Inhibitors

Venlafaxine (Effexor), a dual reuptake inhibitor,
and serotonergic and noradrenergic reuptake
inhibitors may be more rapid in onset and more
effective in severe depression. It is the most pre-
ferred in depressed patients who present with
hypersomnia, cognitive slowing, and anergia.
Venlafaxine causes insomnia at medium doses
and severe insomnia at high doses due to block-
ade at the NE, 5-HT and DA receptors.

Noradrenergic and Specific
Serotonergic Antidepressants

The mechanism of action of mirtazapine
(Remeron) is as a noradrenergic and specific
serotonergic 5-HT2A antagonist. It is sleep enhanc-
ing due to its 5-HT2A antagonism, antihistamin-
ergic actions, and alpha2 antagonist property,
which disinhibits both the NE and 5-HT recep-
tors. It is specifically indicated in depressed
patients with insomnia.

Serotonin Antagonists/Reuptake
Inhibitors

Serotonin 5-HT2A antagonists/reuptake inhibitors
are sleep enhancing. Nefazodone, a member of
this class, causes norepinephrine reuptake block-
ade and acts as an antagonist at the serotonin
5-HT2A receptor. A major side effect is sedation.
Perhaps the most sedating of all antidepressants
is trazodone, which both acts as an antagonist at
the 5-HT2A receptor and blocks histamine recep-
tors, leading to two sedating mechanisms.

Antiseizure Medications and Sleep

Valproic acid (Depakene) is used as an anti-
seizure medication and in the treatment of bipo-
lar disorder. It has sedating effects and may be

used effectively in the treatment of insomnia
associated with behavioral agitation. Carbama-
zepine (Tegretol) is also used principally as an
anti-seizure medication and in the treatment
of bipolar disorder. It also has sedating effects.
Gabapentin (Neurontin) is sedating and appears
to increase SWS.

Atypical Antipsychotics and Sleep

Atypical antipsychotics that are sedating include
ziprasidone, quetiapine, and olanzapine. Risper-
idone, another atypical antipsychotic, has insom-
nia as a side effect. Clozapine (Clozaril) is not
discussed because of the risk of agranulocytosis.
Atypical antipsychotics at low doses are extremely
useful in treating severe agitation in combination
with insomnia. Because they lack many of the
side effects of typical neuroleptics, they are more
frequently administered to individuals who do not
meet the criteria of the Diagnostic and Statistical
Manual–IV for psychosis or schizophrenia but
are agitated due to disrupted sleep.

Combination Medications for
Depression and Insomnia

Sedating agents such as trazodone, nefazodone,
a sedating atypical antipsychotic, or a benzodi-
azepine may be added to an SSRI at bedtime for
the treatment of insomnia with depression. The
dose of the SSRI should be considered, as the
addition of a second agent may result in increased
side effects.

Most benzodiazepines have half-lives that are
too long to be effective in children.

Pharmacologic Treatment
of Specific Sleep Disorders
in Children and Adolescents
Sleep Onset Insomnia, Settling Disorders,
and Sleep-Related Anxiety

Before prescribing medication, a differential diag-
nosis should be performed differentiating a true
insomnia from a variety of other sleep and psychi-
atric disorders that result in difficulty in initiat-
ing sleep. Sleep onset insomnia in a child consists
of minimum bedtime resistance and an elon-
gated period of wakefulness without attempts at
interaction with caretakers. In contrast, settling
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disorders are characterized by bedtime struggles
and/or repeated attempts at interaction with
caretakers. Settling disorders may be conceptual-
ized as normal, early developmental variations of
oppositional defiant disorder. Sleep-related anx-
iety is characterized by an increase in autonomic
and central nervous system symptoms of anxiety
and fear related to bedtime and sleep. Sleep-
related anxiety may be a normal variation of the
anxiety disorders as the child struggles to deal
with the early developmental task of individua-
tion/separation.

It is important to differentiate among sleep
onset insomnia, settling disorders, and sleep-
related anxiety, as each is treated differently. Sleep
onset insomnia is treated with behavioral ther-
apy approaches such as stimulus control therapy,
sleep restriction therapy, relaxation therapy, and
sleep hygiene. It may also be treated with sedat-
ing medications in certain circumstances. If sleep
maintenance is not an issue, a medication with
a rapid onset and short half-life, such as zaleplon,
is preferred.

Settling disorders are treated with a variety of
techniques. These behavioral techniques require
close cooperation among all caretakers involved
in the child’s sleep initiation. Medications are
not indicated and have not been found to be effi-
cacious in treating settling disorders. Prolonged
settling disorders may indicate other psychiatric
diagnoses.

Sleep-related anxiety is treated with approaches
virtually the opposite of settling disorders. A care-
taker in the child’s presence, typically on a palate
next to the child’s bed, is required to minimize anx-
iety. Antianxiety benzodiazepines with a rapid
onset, such as diazepam, may be helpful for brief
periods. The dose should be low enough so as
not to induce daytime somnolence.

Most children with sleep onset insomnia, in
contrast to those with a settling disorder, will not
be brought to the attention of a physician because
they tend to remain in their own beds and not
disturb caretakers. Adults with childhood-onset
insomnia come to the attention of physicians
only after they reach their twenties or older, when
poor sleep quality results in daytime fatigue. In
contrast to sleep onset insomnia, much more fre-
quently observed is psychophysiologic insom-
nia, which consists of DIMS.

Children with sleep difficulties had signifi-
cantly increased odds of anxiety/depression based

on the mother’s but not the teacher’s reports. The
association increased with age and was independ-
ent of the mother’s history of major depressive
disorder. The association between sleep difficul-
ties and anxiety/depression was greater than that
for other psychiatric problems.6

Circadian phase disorders and psychiatric dis-
orders often have sleep onset insomnia as a pre-
senting complaint, as do anxiety disorders and
depression. Although delayed sleep phase syn-
drome may be treated with melatonin adminis-
tered in the early evening, behavioral techniques,
namely exposure to early morning bright light,
are usually a first-line treatment in children (see
Table 9–2 in Chapter 9).

A 5-mg dose of melatonin at 6:00 PM is safe
for short-term use in uncomplicated sleep onset
insomnia and significantly more effective than
placebo in advancing sleep onset and dim-light
melatonin onset and increasing sleep duration in
elementary school children. These results were
confirmed in children with chronic sleep onset
insomnia in a placebo-controlled trial. Sustained
attention was not affected.7 Other pharmaco-
logic choices are described below.

Benzodiazepines are indicated mainly for tran-
sient or short-term insomnia, for which prescrip-
tions should be limited to a few days, occasional
or intermittent use, or courses not to exceed
2 weeks, if possible. Temazepam, loprazolam, and
lormetazepam, which have a medium duration
of action, are suitable. Diazepam is also effective
in single or intermittent doses. Potent, short-
acting benzodiazepines such as triazolam appear
to carry a greater risk of adverse effects.8

Sleep Phobia

Children sometimes develop a specific phobic
reaction to sleeping alone, with all the character-
istics of a specific phobia, such as fear of flying
or fear of blood for adults. The phobia includes
a panicky reaction, with autonomic activation
and apparent terror, as if the child’s life is in dan-
ger. This reaction is distinct from settling disor-
ders, in which an overwhelming sense of palpable
terror is not present, and anxiety disorders, in
which the symptoms are present in many situa-
tions throughout the day.

Specific phobias in adults are treated with
behavioral therapy, typically a deconditioning
model. The same approach is the most effective
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in children, which consists of introducing the
child to sleeping in his or her own room in
a gradual and nonthreatening manner. Medications
are a second-line treatment, most typically a ben-
zodiazepine with anxiolytic properties.

The sleep specialist must carefully devise
a plan, the first step of which is to achieve sepa-
ration that is tolerated without overwhelming
anxiety by the parents as well as the child. This
outcome may be realized with a parent on a cot
in the child’s room. Considerable skill is required
to develop a stepwise program that is neither
too draconian nor overcapitulates to the child’s
demands.

Settling Disorders

Sleep difficulties characterized by the need for
interaction with caretakers, namely having a par-
ent in the child’s bed or the child wishing to be in
the parents’ bed, are best treated behaviorally.
These difficulties are settling disorders, in which
the child repeatedly seeks the parents’ presence. A
settling disorder should be differentiated from
a sleep phobia, as the latter is marked by over-
whelming panic that would be exacerbated by
a technique such as allowing a child to cry for a
set period of time. Ferber describes techniques for
dealing with settling disorders, which are varia-
tions of behavioral therapy techniques. Flexibility
of approach is the hallmark of these interven-
tions, the object of which is to find one that is tol-
erable for both the parents and the child.

Children aged 6 to 12 months with severe,
chronic sleep disorders such as DIMS were com-
pared to peers without sleep problems. At the
age of 5.5 years, 7 of the 12 children in the sleep
disorder group met the criteria for the diagnosis
of ADHD. None of the control children met
these criteria.9 Sleep problems at 4 years of age
predict behavioral/emotional problems in
midadolescence after controlling for sex, adop-
tion status, and behavioral/emotional status. The
correlation between sleep problems and depres-
sion/anxiety increased significantly from age
4 years to midadolescence.10

Medications appear to be effective in treating
night-time awakening in the short term, but
long-term efficacy has not been demonstrated.
In contrast, specific behavioral interventions
have consistently shown both short-term effi-
cacy and the possible long-term effects of deal-

ing with settling problems and night-time awak-
ening.11

Hyperactivity is associated with both increased
body movement during sleep and sleepwalking;
behavioral problems are related to bedtime strug-
gles. The symptoms of depression and anxiety
are associated with night terrors, difficulty falling
asleep, and daytime somnolence.12

Behavioral extinction techniques as well as
parent education are effective in preventing sleep
problems. They are now considered to be well
established treatments. Graduated extinction and
scheduled awakenings appear to be effective
behavioral treatments.13

Less sleep at night is associated with a psy-
chiatric diagnosis in children, and less night-time
sleep and less sleep in a 24-hour period are asso-
ciated with increased behavior problems and
more externalization of problems.14 Others have
focused on the relationship between the regula-
tion of sleep and the control of attention, emo-
tion, and behavior.15

Confusional Arousal

No controlled studies of the effects of medica-
tion have been performed. In severe cases, clini-
cal reviews indicate that benzodiazepines and
tricyclics are effective.16 Because antihistamines
are sedating and do not consistently have anxi-
olytic effects, they may increase the likelihood
of parasomnia.

Night Terrors

Night terrors should be distinguished from night-
mares (i.e., anxiety dreams) and sleep-related
panic attacks. Night terrors occur early in the
night with no morning recollection and are char-
acterized by intense autonomic arousal and dis-
oriented behavior. Nightmares typically occur
later in the sleep period but are more variable in
their time of occurrence, and typically a vivid
dream with a narrative plot is reported. Night
terrors emerge from stages 3 and 4 sleep, and
nightmares emerge from REM sleep. Sleep-related
panic attacks are similar to night terrors in the
severity of perceived dread but are characterized
by morning recall and the concurrent develop-
ment of fear of the bedroom and sleep, which are
associated in the child’s mind with the possibil-
ity of recurrence.
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A sleep and behavioral/psychiatric disorder
questionnaire showed that adolescents with
sleep terrors and sleepwalking have an increased
prevalence of neurotic traits, psychiatric disor-
ders, and behavioral problems. Sleep terrors and
sleepwalking in childhood are probably princi-
pally related to genetic and developmental fac-
tors and their continuation; in particular, their
onset in adolescence may be related to psycho-
logical factors.17

It is not clear whether the hypnotic or anxi-
olytic properties of benzodiazepines constitute
the mechanism of action of these drugs in treat-
ing night terrors. There are no controlled studies
of the effects of these medications. Diazepam
at bedtime is the standard treatment, but mida-
zolam, oxazepam, lorazepam, or clonazepam, is
sometimes preferred.16

One study of night terror episodes18 featured
confused behaviors, motor activity, and absent
or fragmented recall. Polysomnography docu-
mented arousal from SWS in 9 of 10 patients. All
of the original patients reported psychiatric
symptoms. All 6 patients who received the sub-
sequent structured evaluation met the lifetime
criteria for Axis I conditions (most commonly
affective and substance abuse disorders) and had
elevated scores on the personality scale of the
Millon Clinical Multiaxial Inventory–II. Night
terrors were not limited to psychiatric episodes.
The episodes that occur in adults are similar
to those that are described in children. While
they are distinct from sleep-related panic attacks,
night terrors appear to occur in adults with his-
tories of psychopathology.18

Sleep-Related Panic Attacks

In this placebo-controlled trial, clonazepam was
an efficacious and safe short-term treatment for
panic disorder. Discontinuation during and after
slow tapering was well tolerated.19

Panic attacks may be induced during stages
3 and 4 sleep by the administration of high doses
of caffeine to sleeping subjects.20

Fluoxetine has been found to be effective in
the treatment of a variety of anxiety disorders in
children who were not responsive to psychother-
apy, including separation anxiety, social phobia,
generalized anxiety disorder, and panic disorder.
Improvement occurs over a 5-week period. Doses
vary and should be individualized for each clin-
ical situation.21

Children with panic disorder show greater
changes in heart and respiratory rates when lac-
tate is infused during sleep.22 Patients with a his-
tory of sleep panic have higher rates of generalized
anxiety disorder, social phobia, and major
depression. The presence of sleep-related panic
attacks may delineate a subgroup of panic disor-
der patients who have early difficulties with anx-
iety and comorbid mood and anxiety disorders
as adults.23

Panic disorder frequently appears first during
adolescence and may occur concurrent with sleep-
related panic attacks or night terrors. Besides
panic attacks and avoidance behavior, adoles-
cents often have sleep initiation and continua-
tion disturbances. They suffer from insomnia,
nocturnal panic attacks, and fear of going to bed
or falling asleep.24,25

Concurrent acute onset of night terrors, som-
nambulism, and spontaneous daytime panic
attacks meeting the criteria for panic disorder
is reported in a 10-year-old-boy with a family
history of panic disorder (unpublished anec-
dote). Both the parasomnias and the panic disor-
der were fully responsive to therapeutic doses of
imipramine. A second case of night terrors and
infrequent full-symptom panic attacks is noted
in another 10-year-old boy whose mother has
panic disorder with agoraphobia. The clinical
resemblance and reported difference between
night terrors and panic attacks are described.
The absence of previous reports of this comor-
bidity is notable. It is hypothesized that night
terrors and panic disorder involve a similar con-
stitutional vulnerability to dysregulation of
brainstem-altering systems.

Sleepwalking

There are no controlled studies of the effects of
medication. Clinical reviews indicate triazolam,
lorazepam, diazepam, and clonazepam or imipra-
mine, desipramine, and clomipramine may be
used at bedtime. Another medication that has
some demonstrated efficacy is carbamazepine.16

Nocturnal Enuresis

In this disorder, only the results of long-term fol-
lowup are meaningful. Most studies of desmo-
pressin (DDAVP) show it to be statistically more
effective than placebo after 2 to 4 weeks of use.
This finding is not clinically useful, as symptom
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resumption frequently follows withdrawal. Both
DDAVP and imipramine are effective in short-
term studies.26 Those most likely to be perma-
nently dry with DDAVP are older children who
respond to 20 μg and do not wet the bed fre-
quently.27 Oxybutynin (Ditropan) for bladder
spasms is the most effective when nocturnal enure-
sis is combined with daytime incontinence.28

Treatment with tricyclic antidepressant drugs
(imipramine, amitriptyline, lomipramine and des-
ipramine) reduces bedwetting by about one night
per week. DDAVP and tricyclic antidepressants
appear to be equally effective while on treatment,
but this effect is not sustained after treatment
is stopped. Alarms appear to be more effective in
the long term.29

Treatment with DDAVP is more effective than
retention control training in decreasing the num-
ber of wet nights but not effective in children
with a low functional bladder capacity. Daytime
functional bladder capacity predicts a response to
DDAVP but not to retention control training.30

In a 9-week study, there is a greater effect of
DDAVP combined with alarm therapy than either
alone. However, combined treatment and either
DDAVP or alarm therapy for 9 weeks have a
6 month follow-up success rate of about 37%.31

Treatment of Insomnia with Moderate
to Severe Developmental Disabilities

Eighteen of 20 children with developmental dis-
abilities had shorter sleep latencies when receiv-
ing melatonin than placebo in a double-blind,
6-week trial. The greater the sleep latency at
baseline, the more it decreased with melatonin.
However, melatonin does not increase sleep dura-
tion, nor does it decrease the number of awak-
enings. No side effects have been reported when
melatonin is used in this manner.32

Sleeplessness after Pineal
Tumor Extraction

Melatonin replacement therapy is beneficial for
those patients who have deficient melatonin syn-
thesis from both DIMS and circadian rhythm dis-
orders.33

Sleepless Children Who Do Not
Tolerate Oral Medication

Eight children who were inpatients at Children’s
Hospital in Boston or at Children’s Hospital at

Stanford (aged 5 to 16.6 years) and were unable
to tolerate oral medications received intravenous
amitriptyline for neuropathic pain, depression,
and sleep disturbance and as an adjuvant agent
for opioid analgesia. One patient experienced
an extrapyramidal reaction that was successfully
managed with diphenhydramine.34

Insomnia in Children Secondary
to Anxiety Disorders

Listed above are settling disorders, sleep onset
insomnia, and sleep phobia. In contrast to each
of these sleep problems, insomnia secondary to
an anxiety disorder entails generalized anxiety in
a wide variety of circumstances, chronic worry-
ing, and frequently oversensitivity to the feelings
of others. These children may have a variety of
the symptoms of anxiety and a family history
of anxiety disorders.

Currently favored medications for anxiety
disorders, including generalized anxiety disor-
der, panic disorder, phobias, and phobic disorders,
are antidepressants, especially SSRIs, and bu-
spirone. The heterocyclic doxepin and the SSRI
paroxetine are both approved for anxiety disor-
ders and have sedating side effects. In addition,
anxiety disorders frequently overlap with
depressive disorders, varying from major depres-
sive disorder with subsyndromal anxiety in gen-
eralized anxiety disorder with dysthymia. Both
depressive symptoms and anxiety level may vary
independent of each other.

If the onset of insomnia is coincident with an
exacerbation of anxiety symptoms, then it should
first be addressed with antianxiety medications,
frequently SSRIs such as paroxetine, which is
sedating, and the heterocyclic doxepin. For gen-
eralized anxiety disorder, the serotonergic 5-HT1A
agonist buspirone is a first-line treatment.
Clonidine is helpful in blocking the noradrener-
gic aspects of anxiety, such as tachycardia, sweat-
ing, and tremor.

Benzodiazepines are useful in the treatment of
the subjective aspects of anxiety, especially when
a rapid response is required. They are helpful in
treating residual insomnia after symptom relief
from the underlying anxiety disorder has been
addressed. The risk–benefit ratio must be con-
sidered carefully before prescribing an agent
from this class to a child because of the possibil-
ity of daytime sedation, abuse, and addiction.
Short–half-life benzodiazepine receptor agonists
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such as zaleplon are preferred because of less
daytime sedation. Long–half-life medications in
this class, such as clonazepam, are preferred when
their daytime anxiolytic effects are sought.

Long-term Medication for Difficulties
Initiating and Maintaining Sleep
in Children

In the treatment of long-standing DIMS in chil-
dren, antidepressants are the most frequently
used class of medication. Brief treatment most
frequently uses antihistamines. The most sedat-
ing antidepressants are amitriptyline, doxepin,
nefazodone, and trazodone.

In laboratory studies in adults, SSRIs (fluoxe-
tine, paroxetine, fluvoxamine, and sertraline) sig-
nificantly disrupt sleep, with the exception of
citalopram (Celexa).

Zolpidem (Ambien) and zaleplon (Sonata) are
nonbenzodiazepines that are active at the benzo-
diazepine receptor site. They have less morning
sedation and result in fewer withdrawal symp-
toms than classic benzodiazepines. Zolpidem
at bedtime is indicated for late-night sleep main-
tenance and early morning awakening; both
start at 5-mg doses for adults. Zaleplon, with its
ultrashort half-life, is indicated for sleep onset
insomnia. The use of these medications in chil-
dren has not been studied extensively, but their
favorable side effect profiles, including less day-
time sedation, suggest that they might be well
tolerated.

All of the antidepressants that increase the sleep
tendency suppress REM sleep, with the exception
of nefazodone and trazodone. The behavioral,
developmental, and physiologic effects of long-
term benzodiazepine administration in children
have not been studied.

Treatment of Resistant, Severe DIMS

Medications with different mechanisms of action,
including antihistaminergic, anticholinergic,
serotonergic, benzodiazepine, and antiseizure
agents, should be rotated. A combination of
medications, each at low doses, from two or three
classes may be preferred over increasing the
dose.

It is becoming more common to prescribe
atypical antipsychotics with sedating profiles

to children and adolescents who have agitation
and DIMS that do not respond to other treat-
ments. Unlike the classic neuroleptics, these
medications have fewer extrapyramidal side
effects, especially at low doses. These agents
include ziprasidone (Geodon), quetiapine
(Seroquel), and olanzapine (Zyprexa) but not
risperidone (Risperdal), which has insomnia as
a side effect.

Disrupted Sleep in Children with
Attention Deficit Hyperactivity Disorder

The parents of children with ADHD state that
their children show a high rate of sleep prob-
lems, more than those described by the
parents of normal control subjects. Sleep dif-
ferences in ADHD are not verified by actigra-
phy or sleep diary data, with the exception
of longer sleep duration and increased bed-
time resistance. Interactions during bedtime
routines are more challenging in ADHD,
which may be the basis of the perceived sleep
problems.35

Most sleep disturbances in ADHD are secondary
to stimulant treatment and comorbid anxiety and
behavior disorders. ADHD cannot be explained
as a consequence of sleep disruption.36 Children
with ADHD are not different from control sub-
jects on polysomnographic sleep variables, but
video analysis shows more upper and lower limb
movements.37

Although no polysomnographic differences
are found, boys with ADHD fall asleep more rap-
idly on the multiple sleep latency test than chil-
dren without symptoms of ADHD. Its results
correlate with hyperactivity, impulsivity, and inat-
tentiveness. Children with ADHD are more sleepy
during the day due to a deficit in alertness and
not poorer sleep quality.38

Children with bipolar disorder differ from
those with ADHD in the presence of mania-spe-
cific symptoms, including grandiosity, and they
typically show ultrarapid or ultradian cycling.
The sleep disorders of bipolar children are best
treated with mood stabilizers.39

Sleep disturbances in children with ADHD
should be addressed behaviorally and/or by
modifying stimulant schedules and doses and
not by sedatives/hypnotics unless an independ-
ent sleep diagnosis is verified.
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in anxiety disorders, 335
in neurologic disorders, 153

Clozapine, 331
Coagulation studies, preoperative, 254
Codeine, after adenotonsillectomy, 256
Cognitive deficits

attentional. See Attention-deficit/hyperactivity 
disorder.

cerebellar-vestibular dysfunction and, 4–5
in breathing-related sleep disorders, 164–165
in obstructive sleep apnea syndrome, 216

model for, 216, 217f
in upper airway resistance syndrome, 263–264
sleep disorders and, 161–167
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Cow’s milk allergy, insomnia in, 138–139
CPAP. See Continuous positive airway pressure (CPAP).
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Sunday night bedtime in, 105
temperature curves in, 101, 102f
treatment of, 108t, 154

advancing bedtime in, 107
bright-light box in, 107
bright-light therapy in, 107, 154
chronotherapy in, 107, 109
maintenance phase in, 109
melatonin in, 107
phase shifting approach in, 106
sleep hygiene in, 106–107
successful, 109
temperature nadir and, 104–105

vs. idiopathic hypersomnia, 186
vs. narcolepsy, 177

Delta brushes, on electroencephalogram, 50, 51f
Depression

differential diagnosis of, 20, 22
insomnia in, 143–144

combination medications for, 331
maternal, childhood insomnia and, 143
sleep problems and, 31

Desipramine, 330
Desmopressin, in sleep-related enuresis, 322, 

334–335
Detrusor muscle, spontaneous contractions of, enuresis

and, 318
Developmental changes

in case-based analysis of sleep problems, 44
in ultradian cycles, 44

Developmental delay, pervasive, sleep problems and, 31
Developmental disabilities, moderate to severe, insomnia in,

pharmacologic treatment of, 335
Dexamethasone

in acute tonsillitis, 251
in chronic adenotonsillar hypertrophy, 251
perioperative, 255

Dextroamphetamine, in idiopathic hypersomnia, 
187t

Diabetes, sleep-related enuresis in, 319
Diazepam

in neurologic disorders, 152
in parasomnias, 286
in partial arousal disorders, 288
in sleep-onset insomnia, 332
sleep and, 329

Diencephalon
abnormalities of, in Kleine-Levin syndrome, 194
development of, 49, 270

Diphenhydramine
in neurologic disorders, 151
in primary insomnia, 158

Disorders of initiating or maintaining sleep (DIMS). See
Insomnia.

Disorientation, in partial arousal disorders, 284
Dissociated state, in arousal disorders, 297
Diuretics, enuresis from, 320
Dolphins, sleep in, 2, 11
Dopamine, in narcolepsy, 175
Down syndrome

obstructive sleep apnea syndrome in, craniofacial surgery
for, 240

otolaryngologic surgery in, 258
sleep disorders in, 23t

Doxapram, in apnea of prematurity, 278
Doxepin, 330

in anxiety disorders, 335
Dream, anxiety, 286–287, 310–311, 311t
Drug(s). See also Pharmacotherapy.

heart rate and, 64
hypersomnia from, 21
in case-based analysis of sleep problems, 44, 46t
insomnia from, 20, 142

Dyslexia, cerebellar-vestibular dysfunction in, 4–5
Dyssomnia. See Sleep disorders.
Dystonia

body movements during sleep in, 62–63
paroxysmal hypnogenic, 282

EEG. See Electroencephalogram.
Electroacupuncture, in sleep-related enuresis, 323
Electrocardiogram

description of, 68
during sleep, 63–65, 68

Electrocautery, in adenotonsillectomy, 254
Electroencephalogram, 49–57, 66, 67t

brain maturation and, 271
delta brushes on, 50, 51f
description of, 68
discontinuous pattern on, 50, 50f, 51f
electrodes in

arrays for, 66, 67t, 68
placement of, 56, 58f

equipment for, 66, 67t
in cerebral palsy, 289
in early and middle childhood, 56–57, 57f–58
in fetus, 49–51

at weeks 24 to 28, 50, 50f
at weeks 28 to 32, 50, 51f
at weeks 32 to 36, 51
at weeks 36 to 40, 51

in neonates and infants
at term to 3 months, 51–53, 52f–54f
at 3 to 12 months, 53–56

in obstructive sleep apnea syndrome, 201
in parasomnias, 306–307, 307f–309f
K-complexes on, 37, 55
normative data for, 204, 204t
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Electroencephalogram (Continued)
sleep spindles on, 54–55
sleep stage scoring of, 57–58
slow-waves on

during sleep, 51–52, 53f, 54
during wakefulness, 53

sucking artifact on, 52, 55f
theta activity on

during early and middle childhood, 56
hypersynchronous, 56, 57f
in infants, 53

theta-delta pattern on, 56, 58f
in parasomnias, 307, 308f, 309f

trace-alternant pattern on, 51, 52f
vertex waves on, 55

Electromyogram, 60–63, 65, 66, 68
anterior tibial muscle, 60, 65, 68
brain maturation and, 271–272
chin muscle, 60, 68
equipment for, 66
intercostal, 67
leg muscle, 65

Electro-oculogram, 57, 58–60, 66
equipment for, 66
in infants, limitations of, 59

Electrophysiologic cycles, during sleep, 11–12
Electrosurgery, in adenotonsillectomy, 254
EMG. See Electromyogram.
Emotional problems

in narcolepsy, 178t, 179
in sleep-related enuresis, 318

Emotional state
circadian rhythm of, 91
sleep problems and, 328

Encephalitis, viral, narcolepsy and, 175
Encephalomyelitis, vs. idiopathic hypersomnia, 186
Encephalopathy, static, insomnia in, 140
Endocrine system

during sleep, 75–77, 75t
in Kleine-Levin syndrome, 194

Endothermic animals, sleep patterns in, 2
Energy conservation theory of sleep, 2–3
Energy expenditure, in obstructive sleep apnea syndrome,

213
Enuresis

in obstructive sleep apnea syndrome, 217, 226, 231–232,
232f, 232t

respiratory disturbance index and, 231
sleep-related, 317–323

diagnosis of, 320
etiology of, 317–319
organic factors associated with, 319–320
primary vs. secondary, 317
treatment of, 320–323, 334–335

Enuresis alarms, 321–322
Environmental conditions, in obstructive sleep apnea 

syndrome, 243
Environmental manipulation, in sleep-onset association 

disorder, 150
Epiglottoplasty, in laryngomalacia, 241
Epilepsy. See also Seizures.

benign rolandic, 306f

Epilepsy (Continued)
sleep-related, 281, 301

vs. parasomnias, 306, 306f
vs. sleep terrors, 286

vs. idiopathic hypersomnia, 185
Epithalamus, development of, 49
Esophageal manometry

in obstructive sleep apnea syndrome, 202
normative data for, 204, 204t

Esophagitis, in gastroesophageal reflux, pathogenesis of, 81
Eveningness preference, 88
Evolutionary theory of sleep, 2
Executive function deficits. See also Cognitive deficits.

in breathing-related sleep disorders, 216, 217f
sleep problems and, 162, 162f

Expiratory apnea, 273, 276f
Expiratory braking, 276
Eye closure, persistent, during neonatal sleep, 52
Eye movements

brain maturation and, 271
conjugate, development of, 59
density of, sleep deprivation and, 59–60
during REM sleep

analysis of, 59, 60
in dyslexia, 5

microtremor, 60
recording of. See Electro-oculogram.
saccadic, during REM sleep, 59

Face, structure of, obstructive sleep apnea syndrome and,
224

Face perceptions, in newborns, 3–4
Faded-response program, in sleep-onset association

disorder, 150
Failure to thrive, in obstructive sleep apnea syndrome, 213,

226
Family dynamics, in delayed sleep phase syndrome, 104
Family values, sleep behavior and, 27–28
Fatigue, chronic, vs. idiopathic hypersomnia, 185
Fetus

cardiovascular system of, 63
circadian rhythm development in, 93–94
electroencephalogram in, 49–51

at weeks 24 to 28, 50, 50f
at weeks 28 to 32, 50, 51f
at weeks 32 to 36, 51
at weeks 36 to 40, 51

Fever, somnambulism and, 285
Fibromyalgia

in chronic fatigue syndrome, vs. idiopathic hypersomnia,
185

sleep problems in, 32
First-night effect, in polysomnography, 205
Fluoroscopy, in obstructive sleep apnea syndrome, 200
Fluoxetine, 330

in narcolepsy, 178t, 179
in sleep-related panic attack, 334

Fluticasone, in nasal obstruction, 250
Fluvoxamine, 330
Follicle stimulating hormone (FSH), during sleep, 75t,

76–77
Forbidden sleep zone, 88f, 91
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Forebrain, in sleep-wake cycle, 37
Formula, hydrolyzed milk-protein, in cow’s milk allergy,

139
Fussing

colic and, 115
fatigue-driven, 122

GABA allosteric modulators, 327, 329–330
Gabapentin, 331
Gas exchange, in obstructive sleep apnea syndrome,

202–203, 205
Gastric acid secretion, during sleep, 80–81
Gastroesophageal reflux, 81, 250
Gastrointestinal system, sleep-related variations in, 

80–81
Gastrolaryngopharyngeal reflux, 250
Genetic factors

in arousal disorders, 298
in sleep-related enuresis, 318–319
in somnambulism, 298

Genitourinary system, sleep-related variations in, 80
Glioma, ventricular, narcolepsy and, 175
Growth hormone

during sleep, 75–76, 75t
in Kleine-Levin syndrome, 194

Growth retardation
in breathing-related sleep disorders, 22
in obstructive sleep apnea syndrome, 213

Guided imagery, in sleep-related enuresis, 321
Guinea pigs, sleep in, 10–11

H-reflex, in cerebral palsy, 288–289
Habit training. See Behavior therapy.
Hallucinations

hypnagogic
before sleep starts, 308
in narcolepsy, 171, 173

hypnopompic, in narcolepsy, 173
in Kleine-Levin syndrome, 193

Head-banging, 283, 307–308, 309f
Head injury

cognitive improvement after, REM sleep and, 6–7
hypersomnia after, 189–191
narcolepsy and, 175

Head-rolling, 283
Headache, sleep problems and, 32
Heart rate

blood pressure and, 65
cardiac output and, 64–65
during sleep, 63–65, 77, 77t
measurement of, 68. See also Electrocardiogram.
respiratory modulation of, 64
state-dependency of, 64
variability of

autonomic nervous system and, 64
during REM sleep, 63
in obstructive sleep apnea syndrome, 214
maturation of, 64

Heart rhythm, measurement of, 68
Hemangioblastoma, cerebellar, narcolepsy and, 175
Hematoma, subdural, vs. idiopathic hypersomnia, 185
Hemispheric sleep, in dolphins, 2

Hemoglobin-oxygen saturation, 67
Hemoglobinopathies, sleep-related enuresis in, 319
Hemorrhage, after adenotonsillectomy, 256
High upper airway resistance, 278–280, 279f
Hirschsprung’s disease, sleep disorders in, 23t
HLA (histocompatibility leukocyte antigen)

in narcolepsy, 174
in sleepwalking, 298
serologic testing for, 176

Homeostatic drive
circadian systems and, synchronization of, 298
in arousal disorders, 297
sleep deprivation and, 298

Homeostatic processes, in case-based analysis of sleep prob-
lems, 43, 46t

Hormone secretion, during sleep, 75–77, 75t
Hydranencephaly, body movements during sleep in, 62
Hydrocodone, after adenotonsillectomy, 256
Hydroxyzine

in neurologic disorders, 152
in primary insomnia, 158

Hyperactivity
attention deficit and. See Attention-deficit/hyperactivity

disorder.
breathing-related sleep disorders and, 163–164
habitual snoring and, 163, 164t
hypersomnia as, 183
obstructive sleep apnea syndrome and, 166
periodic leg movements and, 166

Hypercapnia, in obstructive sleep apnea syndrome, 218
Hypercapnic ventilatory response, during sleep, 78t, 79–80
Hyperkinetic children, sleep patterns in, 5
Hyperphagia, in Kleine-Levin syndrome, 193
Hypersexuality, in Kleine-Levin syndrome, 193
Hypersomnia. See also Daytime sleepiness.

confusional arousals in, 284
differential diagnosis of, 18t, 21–22
idiopathic, 183–187

clinical presentation in, 184–185
differential diagnosis of, 183, 184t, 185–186
evaluation of, 183–184, 184t
treatment of, 186, 187t
types of, 183
vs. narcolepsy, 178

menstruation-associated, 193–194
post-traumatic, 189–191
recurrent, 193–195. See also Kleine-Levin syndrome.

Hypertension
pulmonary, in obstructive sleep apnea syndrome, 214
systemic, in obstructive sleep apnea syndrome, 214–215

Hypnagogic jerks, 308
Hypnagogic sleep paralysis, 287, 311
Hypnic myoclonia, 308
Hypnogenic dystonia, paroxysmal, 282
Hypnopompic sleep paralysis, 287, 311
Hypnotics. See Sedative/hypnotic medications.
Hypnotoxins, 7
Hypocretin-1, cerebrospinal fluid

assay for, 175, 176–177
in human narcolepsy, 174, 174f

Hypocretin receptor-2 gene mutation, in animal narcolepsy,
173
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Hypomania, from bright-light therapy, 107
Hypopharyngeal airway expansion–related procedures, 259
Hypopnea, 206t
Hypothalamic-pituitary-adrenal (HPA) axis, in Kleine-Levin

syndrome, 194
Hypothalamus

development of, 49
in sleep-wake cycle, 37
lesions of, sleep abnormalities in, 271
thermoregulatory control by, during sleep, 75

Hypoventilation, 206t
central, 280

congenital, breathing-related sleep disorders in, 22
during sleep, 78
in obstructive sleep apnea syndrome, 218
obstructive, 197, 278–280, 279f

Hypoxia/hypoxemia, in obstructive sleep apnea syndrome,
163, 214–216

measurement of, 202–203
neurocognitive and behavioral consequences of,

215–216, 215t, 217f
Hypoxic ventilatory response, during sleep, 78t, 79

Ibuprofen, after adenotonsillectomy, 256
Imagery

guided, in sleep-related enuresis, 321
mental, in arousal disorders, 302

Imipramine, 330
in neurologic disorders, 151–152
in sleep-related enuresis, 323, 335

Incontinence, urinary. See Enuresis.
Indeterminate sleep, 52
Indoleacetic acid, in narcolepsy, 175
Infants. See also Neonates.

electroencephalogram in, 51–53, 52f–54f
at term to 3 months, 51–53, 52f–54f
at 3 to 12 months, 53–56

electro-oculogram in, limitations of, 59
polysomnography in, indications for, 66
premature

apnea in, 276–278
periodic breathing in, 79

Infection
urinary tract, enuresis and, 319
vs. idiopathic hypersomnia, 186

Insomnia, 127–158
behavioral considerations in, 129–130, 134–138
blindness and, 140
chronophysiologic factors causing, 145–146
cosleeping and, 130–131
deafness and, 140
differential diagnosis of, 17, 18t, 19–21, 327–328
drug-induced, 20, 142
evaluation of, 131–132, 148–149
general considerations in, 127–128
impact of, 148
in advanced sleep phase syndrome, 145, 153–154
in affective disorders, 143–144
in anxiety disorders, 335–336
in attention-deficit/hyperactivity disorder, 141–142
in behavioral and psychophysiologic disorders, 19
in breathing-related sleep disorders, 20

Insomnia (Continued)
in central nervous system disorders, 21
in chronic illness, 142–143, 157–158
in colic, 137–138
in cow’s milk allergy, 138–139
in delayed sleep phase syndrome, 145–146, 154
in depression, combination medications for, 331
in excessive nocturnal fluids, 136–137, 150–151
in irregular sleep schedule, 146
in limit setting disorders, 19, 144–145
in mood disorders, 143–144
in movement disorders, 20
in neurologic disorders, 139–141, 151–153
in night-time fears, 144
in non–24-hour sleep-wake cycle schedule, 154
in otitis media, 139
in parasomnias, 21
in psychiatric disorders, 19–20
in regular but inappropriate sleep-wake cycle, 146
in sleep-onset association disorder, 19, 134–136,

149–151
in sleep-wake cycle timing disorders, 20–21
incidence and prevalence of, 128–129, 148
management of

general concepts in, 132–134, 133t
in specific conditions, 149–158

medical disorders causing, 138–143
pediatric

definition of, 147–148
parental concerns in, 127–128

pharmacologic treatment of
after pineal tumor extraction, 335
general recommendations for, 155–157
in special needs children, 157–158
intravenous medications in, 335
long-term medications in, 336
secondary to anxiety disorders, 335–336
with moderate to severe developmental disabilities,

335
primary

childhood onset of, 147
psychiatric disorders and, 31
treatment of, 108t, 155–157, 158
vs. delayed sleep phase syndrome, 103t

psychogenic, post-traumatic, 189, 190
psychological factors causing, 143–145
referral indications in, 149
resistant, severe, 336
screening for, 148
short sleeper and, 147
sleep-onset

differential diagnosis of, 331–332
treatment of, 108t, 332

stress and, 130, 143
temperament and, 129–130

Insulin, fasting, in obstructive sleep apnea syndrome, 226
Insulin-like growth factor-1, in obstructive sleep apnea syn-

drome, 213
Intercostal electromyogram, 67
Intercostal muscle, hypotonia of, during REM sleep, 79
International 10-20 System of EEG electrode placement, 56,

58f
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Interpersonal dynamics, in delayed sleep phase syndrome,
104

Intestinal smooth muscle contraction, colic and, 114
Intracranial pressure

during sleep, 74, 74t
increased, vs. idiopathic hypersomnia, 185

Iron loss, in movement disorders, 20
Irritability, in Kleine-Levin syndrome, 193

Jerks, hypnagogic, 308

K-complexes, 37, 55
Kleine-Levin syndrome

clinical characteristics of, 193–195
evaluation of, 195
recurrent hypersomnia in, 22, 193–195
treatment of, 195
vs. idiopathic hypersomnia, 186
vs. narcolepsy, 177–178

Landau-Kleffner syndrome, 281
Laryngomalacia, epiglottoplasty in, 241
Larynx, respiratory functions of, 275–276
Learning deficits. See Cognitive deficits.
Learning theory of sleep, 3–7
Leg muscle electromyogram, 65
Legs, restless. See Restless legs syndrome.
Light

bright
as zeitgeber, 88f, 91
entrainment of circadian rhythms by, 92
in advanced sleep phase syndrome, 110
in delayed sleep phase syndrome, 107, 154
in sleep-onset insomnia, 108t

for resetting circadian rhythm
intensity of, 93
timing of, 93

indoor
as weak zeitgeber, 91
circadian rhythm phase shifts influenced by, 92–93

night, in sleep-onset association disorder, 150
Light receptors, retinal, 90, 90f
Limb movements, periodic. See Periodic limb movement

disorder.
Limit-setting sleep disorders, insomnia in, 19, 144–145
Lomipramine, 330
Loprazolam, in sleep-onset insomnia, 332
Lorazepam

in neurologic disorders, 153
in parasomnias, 286
in partial arousal disorders, 288
in primary insomnia, 158

Lormetazepam, in sleep-onset insomnia, 332
Luteinizing hormone (LH), during sleep, 75t, 76
Lymphoma, temporal lobe B-cell, narcolepsy and, 175

Macroglossia, surgery for, 241
Magnetic resonance imaging, in obstructive sleep apnea

syndrome, 200
Maintenance of wakefulness test (MWT), in idiopathic

hypersomnia, 183–184
Malnutrition, sinus pauses and, 65

Mammals, sleep in, 10–11
Mandibular distraction, 259

for micrognathia, 241, 241f
Maxillary expansion, 259

in obstructive sleep apnea syndrome, 242
Medical disorders

in case-based analysis of sleep problems, 45, 46t
insomnia in, 138–143
sleep problems in, 32
vs. idiopathic hypersomnia, 186

Medullary lesions, sleep abnormalities in, 270
Melatonin, 91–92

administration of, phase-response curve to, 92, 93
colic and, 114
in advanced sleep phase syndrome, 153–154
in cerebral palsy, 289
in delayed sleep phase syndrome, 107, 154
in insomnia with moderate to severe developmental 

disabilities, 335
in neurologic disorders, 153
in non–24-hour sleep-wake disorder, 101, 102, 110, 154
in sleep-onset insomnia, 108t, 332
secretion of

at dusk, 90
in development of circadian rhythm, 94, 270
maternal, 93
period of, duration of biological night and, 87f, 89
plot of, 90, 90f
regulation of, 91

Memory processing, during REM sleep, 3–7
Meningitis, vs. idiopathic hypersomnia, 186
Menstruation, hypersomnia associated with, 193–194
Mental imagery, in arousal disorders, 302
Mental retardation, sleep problems and, 31
Mesencephalon, lesions of, sleep abnormalities in, 270
Metabolic disorders, vs. idiopathic hypersomnia, 186
Metabolic syndrome, in obstructive sleep apnea syndrome,

226
Methylenedioxymethamphetamine (MDMA, “Ecstasy”), 

20
Methylphenidate

in idiopathic hypersomnia, 187t
in Kleine-Levin syndrome, 195
in narcolepsy, 178–179, 178t
in post-traumatic hypersomnia, 191

Methylxanthines, in apnea of prematurity, 277
Micrognathia

mandibular distraction for, 241, 241f
obstructive sleep apnea syndrome in, 224

Microsleeps
development of, 56
during sleep deprivation, 9–10

Microtremor eye movements, 60
Midazolam, sleep and, 329
Middle ear disease, insomnia in, 139
Middle fossa tumors, non–24-hour sleep-wake disorder

and, 154
Midfacial advancement, 241
Midfacial hypoplasia, obstructive sleep apnea syndrome

and, 224
Migraine, sleep problems and, 32
Milk, warm, sleep hygiene and, 106
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Minute ventilation, during sleep, 78, 78t
Mirtazapine, 331
Mitosis, sleep and, 2
Modafinil (Provigil)

in idiopathic hypersomnia, 187t
in Kleine-Levin syndrome, 195
in narcolepsy, 178t, 179
in post-traumatic hypersomnia, 191

Mometasone, in nasal obstruction, 250
Monoamine disturbances, in narcolepsy, 175
Mood

circadian rhythm of, 91
impact of sleep problems on, 29–31

Mood disorders. See also Anxiety disorders; Depression.
insomnia in, 143–144
sleep-onset insomnia in, 108t
vs. delayed sleep phase syndrome, 103t
vs. idiopathic hypersomnia, 185–186

Morningness preference, 88
Motor procedural tasks, memory processing of, sleep and, 4
Mouthguard, in sleep bruxism, 314
Movement activity. See also Body movements; Eye

movements.
during sleep, 60–63, 65, 66, 68

Movement disorders. See also Restless legs syndrome.
hypersomnia in, 22
in sleep bruxism, 312–314, 313f, 314f
insomnia in, 20
iron loss in, 20
periodic limb. See Periodic limb movement disorder.
rhythmic, 282–283, 307–308, 309f
sleep-related, 19t, 23

MSLT. See Multiple sleep latency test (MSLT).
Mucociliary clearance, during sleep, 79
Mucopolysaccharide storage disorders, sleep disorders in,

23t
Multiple sclerosis, narcolepsy and, 175
Multiple sleep latency test (MSLT)

in idiopathic hypersomnia, 183–184
in Kleine-Levin syndrome, 195
in narcolepsy, 176, 177t
in post-traumatic sleep disorders, 190
serial, in narcolepsy, 176, 177f

Muscle weakness, vs. idiopathic hypersomnia, 186
Myelomeningocele, with apnea, respiratory patterns in,

289–290
Myoclonia, hypnic, 308

Nadir
circadian, 91
temperature, in delayed sleep phase syndrome, 104–105

Nap studies, in obstructive sleep apnea syndrome, 204–205
Napping

benefits of, 1
involuntary, in idiopathic hypersomnia, 184
planned

in narcolepsy, 179
in post-traumatic hypersomnia, 191

scheduled, normal trends in, 27
Narcolepsy, 171–179

attention-deficit/hyperactivity disorder and, 166
cataplexy in, 171, 172, 178t, 179

Narcolepsy (Continued)
clinical features of, 171–173
confusional arousals in, 284
daytime sleepiness in, 171, 172, 178–179, 178t
diagnosis of, 176–177, 177f, 177t
differential diagnosis of, 19–20, 22, 177–178
epidemiology of, 171, 172f
hallucinations in, 171, 173
histocompatibility antigens in, 174
hypocretins and, 173, 174, 174f
in animals, 173–174
in preschool-aged children, 171–172
in school-aged children, 172
management of, 178–179, 178t
monoamine disturbances in, 175
pathophysiology of, 173–175
post-traumatic, 189
secondary, 175
sleep drunkenness in, 284
sleep paralysis in, 171, 173, 287, 312
two-hit hypothesis of, 175
vs. idiopathic hypersomnia, 185

Narcolepsy Network, 179
Nasal cannula pressure recordings, in obstructive sleep

apnea syndrome, 202, 203f
Nasal continuous positive airway pressure. See Continuous

positive airway pressure (CPAP), nasal.
Nasal obstruction, treatment of, 250
Nasal/oral airflow, measurement of, 65, 67

in obstructive sleep apnea syndrome, 202, 203f
Nasal pressure transduction, 67
Nasopharyngeal stenosis, after adenotonsillectomy, 257
Nefazodone, 331
Neonates. See also Infants.

active sleep in, 52, 54f, 60–61
circadian rhythm development in, 94–95
electroencephalogram in, 51–53, 52f–54f
face-processing abilities of, 3–4
polysomnography in, indications for, 66
quiet sleep in, 51–52, 52f, 60

Neural tube, 269
Neurodevelopmental disorders, sleep problems and, 31
Neurologic correlates, of sleep disorders, 270–271
Neurologic disorders

apnea in, 276, 289–290
circadian rhythm disorders in, 290
delayed sleep phase syndrome in, 290
insomnia in, 139–141, 151–153
sleep in, 269–290
sleep-related enuresis in, 319–320
sleep-wake cycle timing problems in, 20–21
vs. idiopathic hypersomnia, 185

Neurologic processes, in case-based analysis of sleep
problems, 44, 46t

Neuromuscular disorders, adenotonsillectomy and, 258
Neuromuscular tone, obstructive sleep apnea syndrome

and, 225
Neuronal activity, maturation of, 269–270
Neuronal susceptibility, to hypoxia, 217–218
Neuropsychological manifestations, in narcolepsy, 173
Neurosomnology, 271–272
Neurotransmitter systems, sleep pharmacology and, 327
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Niemann-Pick disease, cataplexy in, 175
Night awakenings. See Awakenings, night.
Night light, in sleep-onset association disorder, 150
Night terrors. See Confusional arousals; Sleep terrors.
Night-time fears, insomnia in, 144
Nightmares, 286–287, 310–311, 311t
Nocturnal fluids, excessive, insomnia in, 136–137, 150–151
Non–24-hour sleep-wake cycle, 101, 102, 110, 154, 186
Noradrenergic antidepressants, sleep and, 331
Noradrenergic disturbances, in narcolepsy, 175
Nortriptyline, 330
NREM sleep. See Slow-wave sleep.

Obesity
adenotonsillectomy and, 258
in obstructive sleep apnea syndrome, 225, 226, 249–250

Obstructive apnea, 272, 273f, 276
Obstructive hypoventilation, 197, 278–280, 279f
Obstructive sleep apnea syndrome, 274–276

adenotonsillar hypertrophy and, 211
ancillary diagnostic studies in, 199–200, 200t
arousal from sleep in, 201
attention-deficit/hyperactivity disorder and, 215–216
behavior disorders in, 163–164, 215–216
characteristics of, 197, 211, 212f, 274–275
clinical features of, 225–227, 225t
cognitive changes in, 164–165, 216

model for, 162, 162f, 216, 217f
consequences of, 211–218
daytime functioning in, 226–227
diagnosis of, 141, 197–206, 206t, 207t, 252

delay in, 272
domiciliary and nap studies in, 204–205
electroencephalogram in, 201
enuresis in, 217, 226, 231–232, 232f, 232t
epilepsy and, 281
failure to thrive in, 213, 226
gas exchange in, 202–203, 205
history in, 197–199, 199t
home audio-video monitoring in, 200
hyperactivity and, 166
hypersomnia in, 21–22
hypoventilation in, 218
hypoxemia in, 163, 214–216

measurement of, 202–203
neurocognitive and behavioral consequences of,

215–216, 215t, 217f
neuronal susceptibility to, 217–218

imaging studies in, 200, 200t
increased work of breathing in, 213
mortality in, 227
nasal obstruction in, 250
obesity in, 225, 226, 249–250
pathophysiology of, 223–225, 224f, 249–250
physical examination in, 199, 199t
polysomnography in, 252

during daytime nap, 205
night-to-night variability in, 205
overnight, 200–203, 203f

respiratory effort in, 201–202
restless sleep in, 226
risk factors for, 253, 253t

Obstructive sleep apnea syndrome (Continued)
school performance in, 165, 226–227
severity classification of, 207t
sleep fragmentation in, 217–218
snoring in, 225–226
somnambulism in, 285
treatment of, 108t, 235–243

adenotonsillectomy in, 235–238, 237t, 257–258
continuous positive airway pressure in, 238–240, 240t
craniofacial and other surgeries in, 240–241, 241f,

258–260
emergency, 235
environmental conditions in, 243
indications for, 235
oral orthodontic appliances in, 242
oxygen supplementation in, 242, 242f
pharmacologic, 242–243
tracheostomy in, 243, 259–260
uvulopalatopharyngoplasty in, 240
weight loss in, 241–242

upper airway abnormalities associated with, 275
vs. delayed sleep phase syndrome, 103t
vs. narcolepsy, 177
vs. primary snoring, 211, 225–226

Olanzapine, 331
Operant conditioning, in sleep-related enuresis, 321–322
Oppositional defiant disorder, in adenotonsillectomy

patients, 164
Oral appliances, in obstructive sleep apnea syndrome, 242
Orexin-2 gene mutation, in animal narcolepsy, 173
Oronasal airflow, measurement of, 65, 67

in obstructive sleep apnea syndrome, 202, 203f
Oronasal mask, in obstructive sleep apnea syndrome, 202
Orthodontic appliances, in obstructive sleep apnea

syndrome, 242
Otitis media, insomnia in, 139
Otolaryngologic surgery. See also specific procedures, e.g.,

Adenotonsillectomy.
in breathing-related sleep disorders, 249–260

Over-the-counter medications, insomnia from, 142
Overeating, in Kleine-Levin syndrome, 193
Oxybutynin chloride, in sleep-related enuresis, 322–323,

335
Oxygen

partial pressure of, during sleep, 78, 78t
supplementation of, in obstructive sleep apnea syndrome,

242, 242f
Oxygen saturation

during sleep, 74
in obstructive sleep apnea syndrome, 203
pulse oximetry monitoring of, 65, 67

Pacemaker, circadian, 86, 94
Pain conditions, sleep problems in, 32
Panic attack, sleep-related, 334
Paradoxical breathing, quantification of, 202
Paradoxical sleep, phylogenetic development of, 10
Parasomnias, 18t–19t, 282–288, 305–314

abnormal sleep-related behaviors in, 23
arousal-related. See Arousal disorders.
associated with REM sleep, 286–288, 310–314
clinical and laboratory evaluation of, 282
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Parasomnias (Continued)
enuresis in, 319
etiology of, 305
evaluation of, 305–307, 306f–309f
insomnia in, 21
management of, 286
nonepileptic stereotypic, 282–283, 307–308, 309f
polysomnography in, 306–307, 307f–309f
prevalence of, 295t
subcategories of, 293, 305

Parental concerns, in pediatric insomnia, 127–128
Parenting practices, colic and, 121–123
Parents, sleep problems in, impact of, 30
Paroxetine, 330

in anxiety disorders, 335
Paroxysmal disorders, sleep-related, 281–282
Paroxysmal hypnogenic dystonia, 282
Pemoline, in idiopathic hypersomnia, 187t
Penile tumescence, during sleep, 80
Perceptual learning, sleep and, 3–4
Performance

circadian rhythm of, 91
impact of sleep problems on, 29–31
impairment of, after sleep deprivation, 8–9
school, in obstructive sleep apnea syndrome, 165,

226–227
Period length (tau), of circadian rhythm, 86, 86f–87f
Periodic breathing, 79, 206t, 274, 278f
Periodic limb movement disorder

attention-deficit/hyperactivity disorder and, 165–166,
165f

hyperactivity and, 166
in narcolepsy, 173, 178t
insomnia in, 20, 108t
vs. delayed sleep phase syndrome, 103t
vs. idiopathic hypersomnia, 185

Pharmacotherapy, 327–336
of confusional arousals, 333
of enuresis, 334–335
of insomnia

after pineal tumor extraction, 335
general recommendations for, 155–157
in primary insomnia, 158
in resistant, severe insomnia, 336
in special needs children, 157–158
intravenous medications in, 335
long-term medications in, 336
secondary to anxiety disorders, 335–336
with moderate to severe developmental disabilities, 335

of obstructive sleep apnea syndrome, 242–243
of sleep disorders, 327–336

agents used in, 329–331
caution in, 328–329
combination therapy in, 331
critical aspects of, 327–331
in attention-deficit/hyperactivity disorder, 336

of sleep-onset insomnia, 108t, 332
of sleep phobia, 332–333
of sleep-related anxiety, 332
of sleep-related panic attack, 334
of sleep terrors, 333–334
of somnambulism, 334

Pharyngeal mass, nasal obstruction from, 250
Pharynx

compliance of, factors affecting, 225
obstructive sleep apnea syndrome and, 223–225, 224f
patency of, 223
respiratory functions of, 275–276
size of, factors affecting, 223–225
Starling resistor model of, 223, 224f

Phenergan, in insomnia, 133
Phenobarbital

adverse effects of, 142
heart rate and, 64

Phylogenetic considerations, in sleep, 10–11
Physical therapy, in neurologic disorders, 153
Physiologic considerations, in sleep, 11–12
Physiologic variations, during sleep, 73–79
Pierre Robin syndrome

otolaryngologic surgery in, 258
sleep disorders in, 23t

Piezocrystal belts, for evaluation of respiratory effort, 
66–67

Piezoelectric strain gauge transducers, for evaluation of eye
movements, 60

Pineal body, 49, 270
Pineal gland, melatonin secretion by, 92
Pituitary adenoma, narcolepsy and, 175
Plethysmography, for evaluation of respiratory effort, 

66–67
Pneumography, in breathing-related sleep disorders,

280–281
Poikilothermic animals, sleep patterns in, 2
Point of singularity, in circadian rhythm, 88f, 91
Polysomnography, 49–70. See also specific parameters, e.g.,

Electroencephalogram.
audio-video monitoring in, 65
brain maturation and, 271–272
description of, 68–69
duration of study in, 68
electrocardiogram in, 63–65, 68
electroencephalogram in, 49–57, 66, 67t
electromyogram in, 60–63, 65, 66, 68
electro-oculogram in, 57, 58–60, 66
equipment for, 66, 67t
future usage of, 66
heart rate/rhythm monitoring in, 68
in adenotonsillectomy

follow-up, 260
postoperative, 256
preoperative, 252–253

in arousal disorders, 298–299, 300–301
in breathing-related sleep disorders, 280
in idiopathic hypersomnia, 183
in Kleine-Levin syndrome, 195
in narcolepsy, 176
in neonates and infants, indications for, 66
in obstructive sleep apnea syndrome, 252

during daytime nap, 205
night-to-night variability in, 205
overnight, 200–203, 203f

in parasomnias, 282, 306–307, 307f–309f
in post-traumatic sleep disorders, 190
in primary snoring, 266

Index 351

Index.qxd  1/25/05  3:36 AM  Page 351



Polysomnography (Continued)
in REM sleep behavior disorder, 288
in rhythmic movement disorders, 307–308, 309f
in sleep bruxism, 313, 313f, 314f
in sleep-related enuresis, 320
movement activity in, 60–63, 65, 66, 68
normative data for, 204, 204t
patient preparation for, 69
respiratory activity in, 65, 66–68
safety of, 69
sleep laboratory environment in, 69–70
techniques in, 66–68

Polyuria, sleep-related enuresis in, 319
Pons, lesions of, sleep abnormalities in, 270
Pontine flexure, 269
Porpoises, sleep in, 11
Positive airway pressure

bilevel, vs. nasal CPAP, 239
continuous. See Continuous positive airway pressure

(CPAP).
Posterior cricoarytenoid muscles, 275, 276
Prader-Willi syndrome

sleep disorders in, 23t
vs. idiopathic hypersomnia, 186

Prednisone, in obstructive sleep apnea syndrome, 
242–243

Prefrontal cortex, dysfunction of, sleep problems and, 162,
162f

Premature infants
apnea in, 276–278
periodic breathing in, 79

Problem solving, REM sleep and, 4
Prolactin, during sleep, 75t, 76
Protein synthesis, during REM sleep, 2
Protriptyline, 330

in narcolepsy, 178t, 179
Psychiatric disorders

hypersomnia in, 21
in case-based analysis of sleep problems, 44, 46t
insomnia in, 19–20
sleep problems and, 31, 328
vs. idiopathic hypersomnia, 186

Psychiatric symptoms, delayed sleep phase syndrome and,
104–105

Psychogenic insomnia, post-traumatic, 189, 190
Psychological factors

in insomnia, 143–145
in sleep-related enuresis, 318
insomnia from, 143–145

Psychophysiologic disorders
abnormal sleep-related, 22
hypersomnia in, 21
insomnia in, 19

Psychotherapy
in arousal disorders, 302
in narcolepsy, 179
in sleep-onset insomnia, 108t

Pulmonary artery pressure, in obstructive sleep apnea
syndrome, 214

Pulmonary edema, after adenotonsillectomy, 256
Pulmonary function testing, in obstructive sleep apnea

syndrome, 200

Pulmonary hypertension, in obstructive sleep apnea
syndrome, 214

Pulmonary secretions, mucociliary clearance of, during
sleep, 79

Pulse oximetry monitoring, 65, 67
in obstructive sleep apnea syndrome, 202–203, 205

Q-T interval, state-dependency of, 64
Quetiapine, 331

in insomnia, 336
Quiet sleep

body movements during, in neonates, 60
electroencephalogram during, in neonates, 51–52, 52f
heart rate during, 63
respiratory rate during, 63

Radiography, in obstructive sleep apnea syndrome, 200
Rats, sleep in, 10–11
Rebreathing, 206t
Referral to sleep specialist, indications for, 149
Relaxation techniques

in arousal disorders, 302
in sleep-onset insomnia, 108t

REM latency, definition of, 68
REM sleep

as state of being, 296–297
dream anxiety attacks in, 287
during early and middle childhood, 56
electroencephalogram during

in infants, 56
in neonates, 52

electromyogram during, 60, 61
eye movements during, 59, 60
heart rate variability during, 63
in learning and memory, 3–7
in restoration of brain tissue, 2
mechanisms generating, 39f
memory processing during, 3–7
parasomnias associated with, 286–288, 310–314
phylogenetic development of, 10
respiratory disturbance index during (REM RDI), 69

REM-sleep behavioral disorder, 288, 312
post-traumatic, 189
vs. nightmares, 287

REM storms, Bayley scores and, 59, 271
Renal function, during sleep, 80
Reptiles, sleep in, 10
Respiratory activity, during sleep, 65, 66–69
Respiratory compromise, after adenotonsillectomy,

237–238, 237t, 255
Respiratory disturbance index

definition of, 69
during REM sleep, 69
enuresis and, 231

Respiratory effort
in obstructive sleep apnea syndrome, 201–202
normative data for, 204, 204t
recording of, 65, 66–67

Respiratory inductive plethysmography (RIP), in obstruc-
tive sleep apnea syndrome, 202

Respiratory muscles, hypotonia of, during REM sleep, 79
Respiratory pattern scoring, 206, 206t
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Respiratory pauses
diagnosis of, 280–281
during sleep, 272–278, 273f–278f. See also Apnea.

Respiratory rate
during quiet sleep, 63, 64
during sleep, 78–79, 78t

Respiratory system, sleep-related variations in, 78–80, 78t
Restless legs syndrome

attention-deficit/hyperactivity disorder and, 165–166,
165f

insomnia in, 20, 108t
vs. delayed sleep phase syndrome, 103t
vs. idiopathic hypersomnia, 185

Restless sleep
in attention-deficit/hyperactivity disorder, 141
in obstructive sleep apnea syndrome, 226

Restoration theory of sleep, 1–2
Reticular activating system, 12

in sleep-wake cycle, 35, 36f, 37, 40
Retinohypothalamic tract, 90, 90f
Rett syndrome, insomnia in, 157
Rheumatoid arthritis, juvenile, sleep problems in, 32
Rhinitis, allergic, nasal obstruction from, 250
Rhythmic movement disorders, 282–283, 307–308, 

309f
Risperidone, 331

Saccadic eye movements, during REM sleep, 59
Saline irrigation, in nasal obstruction, 250
Salivary flow, during sleep, 81
Sarcoidosis, narcolepsy and, 175
Schizophrenia, versus narcolepsy, 19–20
School performance, in obstructive sleep apnea syndrome,

165, 226–227
Sedative/hypnotic medications. See also specific classes and

agents , e.g., Benzodiazepines.
contraindications to, 156–157
in children, adverse effects of, 142
in insomnia, 133, 329–331

general recommendations for, 155–157
in special needs children, 157–158

in neurologic disorders, 140–141
in primary insomnia, 158
indications for, 156
pediatric, ideal, 149

Seizures
abnormal sleep-related behaviors in, 23
enuresis and, 320
sleep-related, 281, 301

vs. parasomnias, 306, 306f
vs. sleep terrors, 286

vs. idiopathic hypersomnia, 185
Sensory thresholds, night awakenings and, 130
Septoplasty, 259
Serotonergic antidepressants, specific, sleep and, 331
Serotonin, colic and, 114
Serotonin and norepinephrine reuptake inhibitors, sleep

and, 331
Serotonin antagonists/reuptake inhibitors, sleep and, 

331
Serotonin 5-hydroxytryptophan antagonists, 327

in sleep-onset insomnia, 108t

Serotonin reuptake inhibitors, selective
in anxiety disorders, 335
in sleep-onset insomnia, 108t
sleep and, 330

Sertraline, 330
in narcolepsy, 178t, 179

Settling disorders
differential diagnosis of, 331–332
treatment of, 108t, 332, 333
vs. delayed sleep phase syndrome, 103t

Sexually acting-out behavior, in Kleine-Levin syndrome,
193

Shivering, during sleep, 74–75, 75t
Short sleeper, 147
Sickle cell disease

preoperative screening for, 254
sleep problems in, 32
sleep-related enuresis in, 319

Sinonasal mass, nasal obstruction from, 250
Sinus pauses, malnutrition and, 65
Sinus surgery, 259
Sinusitis, nasal obstruction from, 250
Skeletal muscle activity, during sleep, 80
Sleep

anatomy of, 35–40
behavioral considerations in, 11
chronobiology of, 85–97. See also Circadian rhythm.
colic and, 113–123
disturbances of. See Sleep disorders; Sleep problems.
function of, 1–7
in neurologic disorders, 269–290
insufficient nocturnal

vs. idiopathic hypersomnia, 185
vs. narcolepsy, 177

NREM. See Slow-wave sleep.
paradoxical, phylogenetic development of, 10
pharmacology of, 327–336
phylogenetic considerations in, 10–11
physiologic considerations in, 11–12
physiologic parameters monitored during. See

Polysomnography.
physiologic variations during, 73–79
REM. See REM sleep.
slow-wave. See Slow-wave sleep.
temperament and, 118–119, 130
theories of, 1–2
toxins produced during, 7
urinary incontinence during. See Enuresis.

Sleep apnea, obstructive. See Obstructive sleep apnea 
syndrome.

Sleep architecture, analysis of, 68
Sleep bruxism, 312–314, 313f, 314f
Sleep cycle

development of, 56
heart rate and, 63
physiology of, 11–12

Sleep deprivation, 8–10
arousal disorders and, 299, 302
attention deficit after, 162
eye movement density and, 59–60
from circadian rhythm disorders, 101
homeostatic drive and, 298
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Sleep deprivation (Continued)
microsleeps during, 9–10
partial, 9–10
somnambulism and, 285
total, 8

Sleep diary
in idiopathic hypersomnia, 183
in insomnia, 132
in pharmacologic therapy, 328

Sleep disorders. See also Sleep problems.
arousal-related. See Arousal disorders; Parasomnias.
attention-deficit/hyperactivity disorder and, 161–167,

162f. See also Attention-deficit/hyperactivity disorder.
breathing-related. See Breathing-related sleep disorders.
case-based analysis of, 43–45, 46t
circadian rhythm. See Circadian rhythm sleep disorders.
cognitive and behavioral changes in, 161–167
complex syndromes associated with, 23, 23t
diagnosis of, delay in, 272
differential diagnosis of, 17–23, 18t–19t
epidemiology of, 27–32
evaluation of, 17
hypersomnolent. See Hypersomnia.
narcoleptic. See Narcolepsy.
neurologic correlates of, 270–271
of initiating or maintaining sleep. See Insomnia.
pharmacologic treatment of, 327–336. See also

Pharmacotherapy.
agents used in, 329–331
caution in, 328–329
combination therapy in, 331
critical aspects of, 327–331

primary, vs. idiopathic hypersomnia, 185
Sleep drunkenness, in narcolepsy, 284
Sleep duration

television viewing and, 128
temperament and, 130

Sleep efficiency, calculation of, 68
Sleep history

in arousal disorders, 299, 300t
in idiopathic hypersomnia, 183
in parasomnias, 305–306

Sleep hygiene
abnormal, vs. narcolepsy, 177
in delayed sleep phase syndrome, 106–107
in idiopathic hypersomnia, 186
in sleep-onset association disorder, 149–150
principles of, 133t

Sleep-induced respiratory impairment. See also
Breathing-related sleep disorders.

hypersomnia in, 21–22
insomnia in, 20

Sleep laboratory environment, 69–70
Sleep latency

definition of, 68
testing of. See Multiple sleep latency test (MSLT).

Sleep log. See Sleep diary.
Sleep onset, wake after, 68
Sleep-onset association disorder, 134–136

clinical presentation and diagnosis of, 134–135
insomnia in, 19
treatment of, 135–136, 149–151

Sleep-onset insomnia
differential diagnosis of, 331–332
treatment of, 108t, 332

Sleep-onset REM period, in narcolepsy, 176
Sleep paralysis, 287–288

familial, 287
isolated, 311–312

Sleep patterns and behaviors
abnormal, 22–23
normal, 27–28
variables affecting, 28–29

Sleep phobia, treatment of, 332–333
Sleep physiology, after sleep deprivation, 8–9
Sleep problems. See also Sleep disorders.

daytime effects of, model for, 162, 162f
general

behavioral difficulties and, 130
impact of, 29–31
nosology of, 28
prevalence of, 29
temperament and, 129
variables affecting, 28–29

postcolic, 120
Sleep process matrix, 45, 46t
Sleep schedule, irregular, insomnia in, 146
Sleep specialist, referral to, indications for, 149
Sleep spindles

asymmetrical, in infants, 54
cerebellar vermis and, 37
development of, 54–55
learning experience and, 4
thalamus and, 37

Sleep starts, 308
Sleep talking, 295t, 310
Sleep terrors, 285–286, 296

panic disorder and, 334
treatment of, 333–334
vs. nightmares, 287, 310, 311t
vs. somnambulism, 285

Sleep-wake cycle
basal ganglia in, 37
cerebellum in, 35, 37
cortex in, 35, 36f, 38f, 39f
delayed maturation of, in colic, 117
desynchronization of, in arousal disorders, 297
during early and middle childhood, 56
forebrain in, 37
hypothalamus in, 37
in infants, 53
in neonates, 52
irregular, arousal disorders and, 299, 302
regular but inappropriate, 146
regulation of, 270

factors influencing, 43–45, 46t
thalamus in, 37

Sleep-wake cycle timing disorders
hypersomnia in, 22
insomnia in, 20–21

Sleep-wake transition disorders, 307–310, 309f
Sleep zone, forbidden, 88f, 91, 101–102

colic and, 117
Sleepiness. See Daytime sleepiness; Hypersomnia.
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Sleeplessness. See Insomnia.
Sleepwalking. See Somnambulism.
Slow-wave brain activity

during sleep
in infants, 54
in neonates, 51–52, 53f

during wakefulness, in infants, 53
high-amplitude, 51–52, 53f

Slow-wave sleep, 2
as state of being, 296–297
electroencephalogram during

in infants, 55
in middle childhood, 56
in neonates, 51–52, 53f

electromyogram during, 60, 61
energy conservation during, 2–3
in repair of somatic tissue, 1–2
instability of, in arousal disorders, 299
mechanisms generating, 38f
memory processing during, 4
restorative value of, 1–2
theta-delta pattern during, 56, 58f

Smith-Magenis syndrome, insomnia in, 157
Smoking

maternal, colic and, 114
obstructive sleep apnea syndrome and, 243

Snoring, 206t
cognitive changes associated with, 164
growth retardation and, 213
habitual

attention-deficit/hyperactivity disorder and, 163, 
164t

prevalence of, 264, 265t
in obstructive sleep apnea syndrome, 225–226
in upper airway resistance syndrome, 263
primary, 263–266

characteristics of, 197
definition of, 263
diagnosis of, 207t, 264, 266
epidemiology of, 264, 265t
future directions in, 266
natural history of, 264
polysomnography in, 266
treatment of, 266
vs. obstructive sleep apnea syndrome, 211
vs. upper airway resistance syndrome, 263

Social contact, as nonphotic zeitgeber, 94
Sodium oxybate, in narcolepsy, 178t, 179
Somatomedin, levels of, sleep and, 2
Somnambulism, 284–285, 295, 295t

confusional arousals and, 296
genetics of, 298
treatment of, 334

Somniloquy, 295t, 310
Sound machines, in sleep-onset association disorder, 

150
Spastic diplegia, physical activity in children with, 289
Spinal reflexes, during sleep, 80
Starling resistor model, of pharynx, 223, 224f
State of being

determination of, 296–297
mixed (dissociated), in arousal disorders, 297

Stereotypies
basic rest and activity cycle and, 62
nonepileptic, parasomnias with, 282–283, 307–308, 

309f
Steroids. See Corticosteroids.
Stimulants

in attention-deficit/hyperactivity disorder, 141–142
in idiopathic hypersomnia, 186, 187t
in narcolepsy, 178–179, 178t
in post-traumatic hypersomnia, 191
in sleep-onset insomnia, 108t
insomnia from, 20

Stress
insomnia and, 130, 143
sleep problems and, 31

Subcortical arousals, in obstructive sleep apnea syndrome,
201

Subdural hematoma, vs. idiopathic hypersomnia, 185
Substance abuse

hypersomnia from, 21
in case-based analysis of sleep problems, 44, 46t
insomnia from, 20

Sucking artifact, on electroencephalogram, 52, 55f
Sunday night bedtime, in delayed sleep phase syndrome,

105
Suprachiasmatic nucleus

development of, 94
input to, 90, 90f
melatonin secretion and, 92
pacemaker properties of, 86, 94

Sweating, during sleep, 74, 75t
Sympathetic tone, in obstructive sleep apnea syndrome, 214
Syringomyelia, sleep disorders in, 23t

Teeth grinding, 312–314, 313f, 314f
Television viewing, total sleep time and, 128
Temazepam, in sleep-onset insomnia, 332
Temperament

colic and, 117–118, 121–123
insomnia and, 129–130
sleep and, 118–119
sleep duration and, 130

Temperature
body

circadian rhythm of, 86f, 90, 95
in circadian rhythm sleep disorders, 101, 102f, 104–105
regulation of, during sleep, 74–75, 75t

brain, during sleep, 73, 74t
Temporal lobe B-cell lymphoma, narcolepsy and, 175
Thalamus

development of, 49, 270
in sleep-wake cycle, 37
lesions of, sleep abnormalities in, 271

Theophylline, in apnea of prematurity, 277
Thermistors, oronasal airflow measurement with, in

obstructive sleep apnea syndrome, 202
Theta activity

during early and middle childhood, 56
hypersynchronous, 56, 57f
in infants, 53

Theta-delta pattern, 56, 58f
in parasomnias, 307, 308f, 309f
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Third ventricle, 270
Thoracoabdominal asynchrony, in obstructive sleep apnea

syndrome, 202
Thyroid-stimulating hormone (TSH), during sleep, 

75t, 76
Toilet training, rigid, sleep-related enuresis and, 319
Tongue reduction surgery, 241
Tonic electrophysiologic activity, during sleep, 62
Tonsillar hypertrophy. See Adenotonsillar hypertrophy.
Tonsillectomy. See also Adenotonsillectomy.

in obstructive sleep apnea syndrome, 235–238, 237t
subtotal/partial (intracapsular), 255

Tonsillitis, acute, 251
Tourette’s syndrome, insomnia in, 157
Toxins, sleep-producing, 7
Trace-alternant pattern, of quiet sleep, 51, 52f
Tracheostomy, 259–260

in obstructive sleep apnea syndrome, 243
Traumatic life events

hypersomnia after, 189–191
psychogenic insomnia after, 189, 190
sleep problems and, 31

Trazodone, 331
Triazolam, sleep and, 329, 330
Tricyclic antidepressants

in arousal disorders, 302
in confusional arousals, 333
in sleep-related enuresis, 323, 335
sleep and, 330

Trimipramine, 330
Tumors

central nervous system, hypersomnia in, 195
middle fossa, non–24-hour sleep-wake disorder and, 154

Turbinate reduction, 259

Ultradian cycle
developmental changes in, 44
in arousal disorders, 293, 294f, 297
in body movements during sleep, 62
in case-based analysis of sleep problems, 43–44, 46t

Unlearning theory of sleep, 7
Upper airway resistance, high, 278–280, 279f
Upper airway resistance syndrome

adenotonsillectomy in, 253–254, 257–258
characteristics of, 197, 198f
definition of, 263
diagnosis of, 207t, 252, 266
symptoms of, 263–264
vs. idiopathic hypersomnia, 185
vs. narcolepsy, 177
vs. primary snoring, 263

Urinalysis, in sleep-related enuresis, 320
Urinary incontinence. See Enuresis.
Urinary tract

anatomic abnormalities of, enuresis in, 319
infection of, enuresis and, 319

Urine culture, in sleep-related enuresis, 320
Uvulopalatopharyngoplasty, 259

in obstructive sleep apnea syndrome, 240

Vagal tone, heart rate variability and, 64
Valproic acid, 331
Vasoconstriction, during sleep, 78
Vasomotor activity

during sleep, 75, 75t
peripheral, during sleep, 77t, 78

Velopharyngeal insufficiency, after adenotonsillectomy, 
257

Venlafaxine, 331
Ventilation

bilevel, vs. nasal CPAP, 239
positive pressure. See Continuous positive airway

pressure (CPAP).
Ventricular glioma, narcolepsy and, 175
Vertex waves, on electroencephalogram, 55
Vestibular dysfunction, in dyslexia, 4–5
Vestibular-oculomotor split, in dyslexia, 5
Video monitoring

in obstructive sleep apnea syndrome, 200
in parasomnias, 282, 306
in polysomnography, 65
in rhythmic movement disorders, 307–308

Vitamin B12, in non–24-hour sleep-wake disorder, 
154

Wakefulness
as state of being, 296–297
circadian rhythm of, 95
colic and, 117
maintenance of, in idiopathic hypersomnia, 183–184
mechanisms generating, 36f

WASO (wake after sleep onset), 68
Weakness, muscle, vs. idiopathic hypersomnia, 186
Weight loss, in obstructive sleep apnea syndrome, 

241–242
White noise, in sleep-onset association disorder, 150
Williams syndrome, insomnia in, 157

Zaleplon
in anxiety disorders, 335–336
in insomnia, 336
in sleep-onset insomnia, 332
sleep and, 329

Zeitgebers, 101
bright light as, 88f, 91
nonphotic, in development of circadian rhythm, 94
weak, 91

Ziprasidone, 331
in insomnia, 336

Zolpidem
in insomnia, 336
sleep and, 329–330
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