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List of Abbreviations

CP	 Cerebral palsy
CSHQ	 Children’s Sleep Habits Questionnaire
DIMS	 Disorders of initiation and maintenance of sleep
EDS	 Excessive daytime sleepiness
EEG	 Electroencephalogram
GMFCS	 Gross Motor Function Classification System
NDDs	 Neurodevelopmental disabilities
OSA	 Obstructive sleep apnea
PSG	 Polysomnography
PSQ	 Pediatric Sleep Questionnaire
QOL	 Quality of life
REM	 Rapid eye movement
SDB	 Sleep-disordered breathing
SDSC	 Sleep Disturbance Scale for Children
SWTD	 Sleep-wake transition disorders
TD	 Typically developing

�Introduction

Cerebral palsy (CP) represents the most frequent cause of 
physical disability in childhood, affecting more than 2 per 
1000 live-born children [1]. It consists of a group of disor-
ders of movement and posture caused by a nonprogressive 
interference, lesion, or abnormality of the immature brain, 
which is often accompanied by impairment of sensation, 
cognition, and communication [2]. In recent years, interest 
has grown in the description and diagnosis of sleep disorders 
in children with CP, with reports that sleep disorders are 
more frequent in CP than in typically developing (TD) chil-
dren [3–19]. The prevalence of sleep disturbances in CP var-
ies from 19% to 63% according to different studies, which 

have involved different types of sleep disorders and ages of 
subjects and seem related to a multifactorial etiology includ-
ing muscle spasms, musculoskeletal pain, decreased ability 
to change body position during the night, visual impairment, 
epilepsy, and side effects of antiepileptic drugs [3–7]. Other 
comorbidities, such as motor and cognitive impairment and 
psychiatric problems, increase the risk of developing abnor-
mal patterns of sleep [6–9]. As the presence of sleep disor-
ders influence the quality of life of all the family [10, 11], 
correct diagnosis and treatment could improve not only the 
well-being of children with CP but also of their caregivers. 
The focus of the present chapter is to provide a critical over-
view of sleep disorders associated with CP with a specific 
focus on the diagnosis and treatment.

�Case Report

Antonio is a 6-year-old boy with cerebral palsy and sleep 
disturbance. Born at 31 weeks’ gestational age, he developed 
periventricular leukomalacia and spastic diplegia with motor 
and cognitive impairment and behavioral issues. He is classi-
fied at a Level 1 on the GMFCS and has a full-scale IQ of 60. 
On the Child Behavior Checklist, he showed mainly exter-
nalizing disorders (aggressive behavior and attention prob-
lems). No epilepsy or clinical seizures have been reported. 
His parents reported significant sleep issues, mainly difficul-
ties in getting to sleep at night, feeling afraid when falling 
asleep, and waking up several times per night. He completed 
the Sleep Disorders Scale for Children (SDSC) , a question-
naire specifically designed to assess sleep disturbances in 
children, with the following results: Total Score 85, Disorders 
of Initiating and Maintaining Sleep 76, Sleep Breathing 
Disorders 79, Disorders of Arousal 70, Sleep-Wake 
Transition Disorders 70, Disorders of Excessive Somnolence 
77, and Sleep Hyperhidrosis 57. He had a normal sleep elec-
troencephalogram (EEG).

Parents were advised to promote a good bedtime routine 
and to provide a dark and quiet environment, reducing 
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activities such as watching television during the lead-in to 
bedtime. After 2 months of specific behavioral intervention 
with parent training, the parents reported an improvement 
in sleep behavior, but the child continued to wake up at 
least two to three times per night; melatonin was started 
with a dosage of 2.5 mg, 20–30 min before bedtime. Parents 
reported a further improvement of quality and quantity of 
sleep, especially in sleep latency and nighttime sleep dura-
tion, with a notable reduction in the nocturnal episodes of 
waking up (down to one to two times per week). After 
3 months the parents completed again the SDSC with the 
following results: Total Score 58, Disorders of Initiating 
and Maintaining Sleep 60, Sleep Breathing Disorders 58, 
Disorders of Arousal 58, Sleep-Wake Transition Disorders 
45, Disorders of Excessive Somnolence 53, and Sleep 
Hyperhidrosis 57. No side effects of melatonin were 
reported.

�Prevalence

There is no consensus on the prevalence of sleep disorders 
in children with CP, due to heterogeneity of the types of 
sleep disorder assessed, methods of assessment, and the 
presence of other comorbidities. Published data using 
screening questionnaires reflecting the overall quality of 
sleep in children with CP [5–7, 12, 19, 20] identified an 
abnormal total sleep score in 19–30%, with at least one 
clinically significant sleep disorder in 40–63% at school 
age, and a lower prevalence in preschool children. In terms 
of specific sleep disorders, disorders of initiation and main-
tenance of sleep (DIMS), sleep-wake transition, excessive 
daytime somnolence (EDS), and arousal, as well as sleep-
disordered breathing (SDB), were all reported with a preva-
lence between 10% and 24%. Difficulties in settling a child 
to sleep might lead to actions that play a role in perpetuat-
ing insomnia, such as rocking or patting [20]. In another 
study [19], the most frequent sleep disorders reported were 
bruxism (32.8%), leg movements (29.5%), nocturnal enure-
sis (24.6%), and sleep-disordered breathing symptoms like 
snoring (36.1%). Furthermore, obstructive sleep apnea 
(OSA) and habitual snoring have also been reported in chil-
dren with CP, potentially reaching a very high incidence 
(>60%) [21]. DIMS is more frequent in children with spas-
tic quadriplegia, dyskinetic CP, or severe visual impairment 
[5]. In terms of severity of motor function as measured by 
the Gross Motor Function Classification System (GMFCS), 
insomnia and sleep-disordered breathing (SDB) were more 
common in children with grades V and IV (severe motor 
impairment), bruxism was more common in GMFSC grade 
III, and nightmares and sleepwalking were more common 
in GMFSC grades I and II (mild motor impairment) [1].

�Etiology

Sleep disorders in children with CP can be related to the pri-
mary motor impairment due to muscle spasms, musculoskel-
etal pain, and decreased ability to change body position 
during the night, but other risk factors can be identified.

Epilepsy is well known to predispose to sleep disorders 
[22, 23]. It is found in approximately 50% of children with 
CP. The interaction between epilepsy and sleep disorders is 
not completely understood. Different studies have confirmed 
that sleep problems were more prevalent in children with 
active epilepsy; conversely, sleep disturbances, especially 
sleep deprivation predispose to an increase in the frequency 
of seizures [22, 23]. These effects vary considerably with the 
type of seizure disorder, including its etiology and comor-
bidities. Direct effects are most likely in severe forms of epi-
lepsy with frequent, difficult to control seizures especially of 
a convulsive type [22]. Nocturnal seizure discharge in tem-
poral/frontal lobe epilepsy can cause parasomnias interfering 
with nighttime sleep structure and causing excessive daytime 
somnolence and worsening sleep apnea [21–23].

Sleep organization in children with CP was character-
ized by abnormal sleep EEG, sometimes with the absence 
of rapid eye movement (REM) sleep, low incidence of 
sleep spindles, or high percentage of wake after sleep onset 
[16]. Antiepileptic drugs can affect sleep quality and day-
time alertness and could modify sleep architecture. 
However, some studies demonstrated that sleep disorders 
could be more associated with persistent seizures than with 
antiepileptic drugs [3–7]. In these studies, seizure-free epi-
leptic children, who were all receiving antiepileptic treat-
ment, reported no increase of excessive daytime 
somnolence. On the other hand, daytime drowsiness was 
much more strongly associated with persistent seizures 
than with antiepileptic drugs, perhaps due to a disruptive 
effect of seizures on sleep physiology or to an expression of 
postictal effects.

The severity and type of motor impairment is also 
strongly associated with specific sleep disorders. Children 
with spastic quadriplegia and with dyskinesia were more 
affected by DIMS, due to pain related to stiffness and con-
tractures or involuntary movements. Motor problems of the 
dyskinetic form of CP could lead to motor restlessness dur-
ing sleep, linked to a dopaminergic dysfunction or to basal 
ganglia lesions that could account for hyperkinesia, hypnic 
jerks, and bruxism [24, 25]. On the other hand, the brain-
stem dysfunction described in children with dyskinetic CP 
may affect the architecture of sleep, potentially in distur-
bances of REM sleep [8].

Brain lesions, especially if affecting cortical and subcor-
tical structures related to the central visual pathway, can 
cause impairment of several aspects of visual function, such 
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as visual fields or acuity. This is described as cortical visual 
impairment and occurs in approximately 20–50% of chil-
dren with CP. It has been reported that concomitant visual 
impairment in children with CP can also affect the timing 
and maintenance of sleep through the lack of light percep-
tion resulting in altered melatonin secretion and potentially 
a free running circadian rhythm [4]. Furthermore, the pres-
ence of behavioral problems in these children could contrib-
ute to sleep wake cycle disorders, as reported in a recent 
study showing a positive correlation between difficult morn-
ing awakening and visual impairment [19].

Behavioral and psychological problems are also known 
to affect the quality of sleep both in children and their fam-
ilies. Several studies reported a high incidence of behav-
ioral problems in children with CP, such as aggression and 
attention problems or withdrawal and somatic complaints, 
and the association between behavior and sleep disorders 
has largely been reported even in children without disabili-
ties [26–28]. Two studies [6, 7] reported a specific associa-
tion between sleep disorders and behavior in children with 
CP both in preschool and elementary school, confirming 
that behavioral problems were often associated with abnor-
mal sleep disorders, especially internalizing disorders such 
as withdrawal and somatic complains. In a large study of 
preschool children with CP, specific sleep disorders such 
as SDB, bruxism, and EDS were associated with psychiat-
ric problems [19]. Another study related sleep problems in 
children with CP to maternal depression, showing that 
mothers who had children with sleep problems were more 
likely to have difficulty sleeping themselves [11]. 
Insomnia, excessive daytime sleepiness, and GMFCS 
score severity were associated with lower quality of life 
(QOL) in children with CP [10]. Sleep disturbances in 
children with CP influence not only their caregivers’ sleep 
but also their siblings’, who show shorter sleep and more 
difficulty falling asleep compared to their peers [29]. In a 
study exploring sleep disturbances in children with CP and 
their siblings using a structured questionnaire, children 
with CP scored significantly higher than their siblings in 
most of the scores, but siblings reported a higher preva-
lence of DIMS than children in the general population. 
Furthermore, a high/abnormal total score in CP was sig-
nificantly associated with reduced sleep duration and 
increased sleep latency in caregivers [30].

Anatomical factors, as glossoptosis, adenotonsillar hyper-
trophy, recurrent aspiration pneumonia, and gastroesopha-
geal reflux, are reported in children with severe CP and could 
contribute to sleep-related breathing disorders, causing sleep 
fragmentation and hypoxemia [3, 5]; habitual snoring and 
sleep apnea have been reported with a high prevalence in 
children with CP [5, 21, 31].

�Diagnosis

Several methods have been proposed to assess sleep distur-
bances in children with CP to investigate developmental 
changes in sleep behaviors and to identify differences 
between TD children and those with CP.

�Polysomnography (PSG)

Polysomnography (PSG) is considered the gold standard 
sleep measurement [32]. According to international guide-
lines [33], electrodes are placed at specific locations on a 
child’s body (scalp, face, neck, chest, and legs), for continu-
ous electrophysiological recordings of brain activation, eye 
movements, skeletal muscle activation, and cardiac function. 
In addition, respiratory monitoring is measured using an oro-
nasal thermal sensor for airflow, esophageal manometry or 
more commonly, respiratory inductance plethysmography 
for respiratory effort, pulse oximetry for oxygen saturation, 
and transcutaneous or end-tidal PCO2 monitoring to measure 
hypoventilation. These electrophysiological data provide a 
range of information about sleep: how long the child takes to 
fall asleep, total sleep time, how well the child slept overall, 
nocturnal awakenings, limb movements during sleep, and 
breathing difficulties [32]. PSG has been used in few studies 
of children with CP especially to assess OSA and to follow 
improvement after specific treatments [34–36]. In children 
with severe CP [9], obstructive apnea, decreased ability to 
change body position, and interictal epileptiform discharges 
are prevalent during sleep, with significantly more respira-
tory disturbances per hour of sleep, fewer changes in body 
position during the night, and interictal epileptiform dis-
charges averaging 23.3% of total arousals.

The limitation of this method in routine clinical practice 
is that it requires placement of electrodes by a specialist and 
usually requires that a child stay overnight in a sleep labora-
tory, a procedure which is costly and inconvenient for some 
families.

�Actigraphy

Actigraphy is an increasingly popular method of assessing 
habitual sleep-wake patterns, using a watch-like movement 
sensor to assess activity levels as a proxy for likely sleep and 
wake [32]. It allows data collection over different days for 
sleep measurement within a child’s natural environment; 
therefore, compared to PSG, actigraphy is less costly and 
invasive than PSG.  Actigraphy data provide information 
about the length of a child’s sleep, whether he experienced 
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any awakenings, and how efficient his sleep was overall. 
Actigraphy is not a suitable method for the diagnosis of dis-
orders in which sleep is fragmented: for example, the detec-
tion of limb movement events in children with periodic limb 
movement disorder is not accurate. Furthermore, in children 
with OSA, actigraphy fails to reliably identify breathing 
abnormalities, while PSG is the gold standard for diagnosis 
[32]. Recently it has also been validated to monitor physical 
activity during walking in children with CP and could be 
used in rehabilitation research and clinical practice [37].

�Sleep Electroencephalography (EEG)

EEG has been used to measure sleep activity both in clinical 
and research settings in children with neurodevelopmental 
disabilities (NDDs) [32]. Specific age norms in sleep EEG 
could be useful in identifying NDDs: slow-wave activity 
during sleep increases over the first years of life with a peak 
before puberty, followed by a decline during adolescence, as 
it is generated and maintained by thalamocortical and 
cortico-cortical networks. Children with CP who have 
lesions affecting these networks could be identified by the 
assessment of sleep EEG. The same findings could be identi-
fied for sleep spindles, a characteristic feature of non-rapid 
eye movement (NREM) sleep that is related to the same net-
work activities. In one study, more than 50% of children with 
CP and mental retardation showed the absence of NREM 
sleep and REM sleep, either extremely low incidence of 
sleep spindles or the presence of extreme spindles or an 
abnormally high percentage of wake after sleep onset [16]. 
Using a compressed spectral array during nocturnal sleep, 
researchers also observed periodic changes of delta (slow 
wave) and spindle rhythm powers related to intelligence quo-
tient, with a significant decrease in the developmental quo-
tient in CP patients with neither delta nor spindle rhythm 
powers found during nocturnal sleep [38]. Furthermore, 
among people with athetoid CP [8], there has been reported 
a marked decrease in rapid eye movements during REM 
sleep.

�Questionnaires and Sleep Diaries

Both types of instruments are widely used to ask parents or 
children to reflect on daily or weekly sleep behavior. 
Questionnaires are easy to administer and straightforward to 
score and sometimes report normal values or ranges for com-
parative purposes. Diaries require a daily report of sleep and 
wake times [32]; they are time-consuming to complete, and 
their results can be difficult to interpret, as there are no nor-
mal values or times that exist for comparison. Clinicians fre-
quently opt to use questionnaires instead of PSG and/or 

actigraphy because of their time- and cost-effective nature, 
as well as their relative ease of administration, but these may 
sacrifice accuracy of diagnosis for both SDB and 
DIMS. Several standardized scales are available to identify 
sleep disorders in childhood, but only few have been used in 
children with CP [39–41].

The Pediatric Sleep Questionnaire (PSQ) [39] is mainly 
used to screen for childhood sleep-related breathing disor-
ders; it contains 48 items related to OSA symptoms. 
Subscales include the Sleep-Related Breathing Disorder 
scale, a measure of SDB. Furthermore, it has been used to 
study the association between quality of sleep and QOL in 
41 children with CP and in 91 TD controls age 8–12 years 
[10], reporting risks for sleep disruption and lower QOL in 
children with CP; insomnia was often associated with a low 
psychosocial QOL, whereas excessive daytime sleepiness 
predicted lower physical QOL. On the other hand, no effects 
of sleep variables on QOL were observed among the TD 
group.

The Children’s Sleep Habits Questionnaire (CSHQ) is 
designed for school-age children, and it is one of the most 
common tools used for assessing sleep problems in children 
[40]. It is an up to 45-item, parent-rated questionnaire that 
assesses the frequency of behaviors associated with common 
pediatric sleep difficulties as they have occurred during a 
“typical” recent week. Items cluster into eight subscales that 
relate to common sleep problems in children: Bedtime 
Resistance, Sleep-Onset Delay, Sleep Duration, Sleep 
Anxiety, Night Wakings, Parasomnias, Sleep-Disordered 
Breathing, and Daytime Sleepiness. In addition, all ratings 
are summed to create a total sleep disturbance score, for 
which a score of over 41 identified 80% of a clinical sleep 
disorders sample and is often used as a cutoff for abnormal-
ity. A study comparing CSHQ scores between 40 children 
with CP, aged 4–12 years, and 102 age-matched TD children 
showed that children with CP had higher scores for Sleep 
Anxiety, Night Wakings, Parasomnias, and SDB subscales 
[11].

The Sleep Disturbance Scale for Children (SDSC) [41] 
looks at sleep disorder symptoms over the previous 6 months 
in children between 3 and 16  years [42]; it consists of 26 
items in a Likert-type scale with values 1–5 (higher numeric 
values reflect higher severity of symptoms). The sum of 
scores provides a total sleep score with a possible range from 
26 to 130; a T-score of more than 70 (>95th centile) is 
regarded as abnormal and a score <70 or less as normal. The 
original factor analysis yielded six sleep disturbance factors 
representing the most common areas of sleep disorders in 
childhood and adolescence: (a) DIMS, (b) sleep breathing 
disorders (SBD), (c) disorders of arousal (sleepwalking, 
sleep terrors, nightmares), (d) sleep-wake transition disorders 
(SWTD) (hypnic jerks, rhythmic movement disorders, hyp-
nagogic hallucinations, nocturnal hyperkinesias, bruxism), 
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(e) disorders of excessive somnolence, and (f) sleep 
hyperhidrosis. The SDSC represents the most frequently 
used questionnaire in studies of sleep in children with CP, 
with more than 700 children [5, 7, 11, 13, 20] assessed in 
different studies. Compared with normative data, children 
with CP showed higher total SDSC scores, with specific 
sleep disorders as DIMS, SDB, and SWTD; the sleep 
disorders were closely correlated to motor and cognitive 
impairment, behavioral problems, and epilepsy.

�Treatment

Recent reviews have confirmed the absence of studies on 
sleep intervention specifically for children with CP [3, 15]. 
Most of the published research on intervention has been 
related to other NDDs, with only a few including participants 
with CP [15]. In these studies, it is recommended that the 
treatment for sleep disorders should begin by establishing 
good “sleep hygiene,” through parent-based education and 
behavioral interventions [3, 43, 44]. This should be followed 
by promoting a structured, age-appropriate bedtime routine 
and providing a dark and quiet environment. Potentially 
stimulating activities such as watching television and vigor-
ous play should be avoided during the lead-in to bedtime. 
Maintaining regular bedtime and waking times may 
strengthen and entrain circadian mechanisms to promote 
rapid sleep onset near the desired bedtime.

Behavioral interventions adopted by parents should be 
used in case of disruptive behaviors [43, 44]: extinction (sys-
tematic ignoring), placing children in bed and then ignoring 
(directly or gradually) any inappropriate behaviors, with the 
exception of concerns regarding safety or illness; positive 
routines, creating quiet but enjoyable bedtime routines with 
fading of bedtimes toward children’s time of habitual sleep 
onset; and parent education and anticipatory guidance, edu-
cating parents and caregivers about early childhood sleep 
and the treatable influences that may promote or disrupt it.

�Osteopathy and Massage

These therapies are among of the most used alternative medi-
cine therapies for children with CP. The effects of osteopathy 
on sleep disorders in CP have been evaluated in two studies 
[45, 46]. In the first, the authors assessed 142 children with 
CP, 71 of whom were treated with osteopathy, for 6 months. 
No statistical differences were found for motor function, 
quality of life, pain, or sleep between children who had cra-
nial osteopathic treatment and those who did not [45]. In the 
second study, the authors treated 50 children with CP using 
either osteopathic manipulation or acupuncture [46]; after a 
period of 6  months, 96% of the parents reported an 

improvement, especially in the use of arms or legs, and a 
more restful sleep in both the osteopathic and acupuncture 
groups. In both studies, however, no structured questionnaires 
or other sleep measures as actigraphy or PSG were used.

The literature on the use of massage specifically for chil-
dren with CP is sparse and controversial: some studies sup-
ported the benefit of massage therapy for spasticity and also 
improved muscle tone, range of motion, and cognition [47], 
while others failed to find any benefit [48]. In a recent study, 
100 families of children with CP responded to a survey docu-
menting that 80% of their children with CP had received 
massage at least once. Of these families, 86% reported that 
massage helped to relax their children’s muscles, 71% that it 
improved quality of life, 30% that it decreased their child’s 
pain, and 23% that it improved sleep [49]. An improvement 
in sleep behavior was reported in another study enlisting 70 
parents in a parent-training program for massage in children 
with CP, with improvements in eating and mobility also 
claimed [50]. However, neither study used a control group, 
which limits more definitive conclusions.

�Surgery Treatment

Children with CP are commonly affected by OSA, due to 
anatomical factors that lead to airway obstruction [3–5, 17, 
21]. Different surgical techniques, such as adenotonsillec-
tomy, soft-tissue reduction combined to skeletal expansion 
of the mandible, uvulopalatopharyngoplasty, and tongue-
base suspension, have led to significant improvement of 
OSA in children with CP, with reduced apnea/hypopnea 
indices and improved oxygen saturation [17, 35, 51, 52]. 
However, in the case of severe airway obstruction, especially 
at older ages, children with CP could require tracheostomy 
[53].

�Treatment for Spasticity

Baclofen and botulinum toxin are medications frequently 
used for spasticity in children with CP.  Over the last few 
years, some studies have also explored a possible role of 
these treatments in improving sleep behavior. Intrathecal 
baclofen delivered by implanted pumps has been demon-
strated to reduce the frequency of night wakings and sleep 
apnea and to improve sleep in general in children with spas-
tic CP within 6–9 months after treatment, probably due to the 
resulting reduced muscle spasms and improvement of pain 
and mobility [18, 54, 55]. Rare and generally temporary side 
effects, such as constipation, excess lethargy, urine retention, 
pressure sore, and deteriorating swallow, were reported.

The effect of botulinum toxin injections on sleep has been 
studied in 26 children with non-ambulatory quadriplegic CP 
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who had significant spasticity and pain at the hip level [56]. 
These subjects received botulinum toxin injections at the 
adductor magnus, medial hamstrings, and iliopsoas muscles. 
All the children reported significant improvement at the 
Pediatric Pain Profile after 3 months of the treatment; fur-
thermore, families reported an improved sleep pattern of the 
child, especially in terms of the reduction of the frequency of 
night wakings and need for turning because of sleep discom-
fort. No significant side effect was reported after treatment.

�Melatonin and Other Drugs

Drug treatment of sleep disorders in children has received 
remarkably little scientific study, and there is a lack of well-
designed controlled studies, despite widespread use in this 
age group [43]. Melatonin (N-acetyl-5-methoxytryptamine), 
a tryptophan-derived molecule, is a chronobiotic drug essen-
tial for the regulation of the sleep-wake cycle. During the 
day, human synthesis of melatonin is limited. When it 
becomes dark, norepinephrine liberated by the beta-
adrenergic receptors in pinealocytes improves its secretion 
[3, 43]. It has been proposed that melatonin may have signifi-
cant therapeutic effects in circadian rhythm sleep-wake dis-
orders such as jet lag disorder and sleep-wake cycle 
disturbances in blind people and shift workers. There are 
various studies of melatonin usage in pediatric sleep distur-
bances, most of them confirming its role in improving sleep 
quality, reducing sleep-onset latency, and increasing total 
sleep time [3, 57–63], but none has included exclusively CP 
patients. Some studies have reported results on the use of 
melatonin in NDDs, including CP [58–63]. Wasdell et  al. 
[58] used a starting 5 mg dose of melatonin in 51 children 
affected by different NDDs, with a gradually increased incre-
ment of the dose until the therapy showed optimal beneficial 
effects. Sleep characteristics were measured by wrist acti-
graphs and caregiver completed diaries. The children showed 
an improvement in both total nighttime sleep and sleep 
latency of approximately 30 min. Significant improvement 
in children’s sleep was also observed in clinician and parent 
ratings.

In a randomized, double-blind, placebo-controlled 
6-week trial of melatonin versus placebo in 20 children with 
NDDs, 90% fell asleep more quickly when receiving melato-
nin than placebo with a significant reduction of sleep latency 
[59]. In a third study, melatonin was used in 49 children aged 
1–13 years affected by CP, epilepsy, and other NDDs; chil-
dren under 5 years of age were started on 2.5 mg, and those 
≥5 years started on 5 mg; this was increased by 2.5 mg at 
intervals of 3 days up to a maximum dose of 7.5 mg (<2 years) 
or 10 mg. Parents completed sleep diaries before and after 
treatment, and the majority showed significant improvement 
in total sleep time and in nighttime sleep duration and sleep 

latency [60]. A recent clinical trial confirmed the efficacy of 
melatonin in the treatment of sleep disorders in 275 children 
with NDDs, with doses ranging from 0.5 to 12  mg for a 
period of 12 weeks, again reducing sleep latency and increas-
ing total sleep time [61].

As melatonin is a generally safe treatment with few adverse 
side effects reported, it could therefore be considered a first 
line of treatment of sleep disorders in children with CP, espe-
cially involving sleep onset [63]. As it has been reported that 
in a limited number of cases of severe neurologically disabled 
children melatonin can potentially increase seizure activity 
[62], there has been some discussion on whether its use should 
be limited in children with CP with comorbid active epilepsy 
[15]. Across disorders, additional research including larger 
groups of children with specific disabilities/syndromes is 
needed to draw disability-specific conclusions [63].

Gabapentin is an antiepileptic medication whose mecha-
nism of action has not fully been described but may involve 
interactions with voltage-gated calcium channels and modu-
lation of GABA biosynthesis. It has been used for the treat-
ment of partial seizures, neuropathic pain, and restless legs 
syndrome. In adults with primary insomnia, gabapentin 
improves sleep quality, increasing slow-wave sleep and sleep 
efficiency [64]. Recently it has been used in treating refrac-
tory insomnia in 23 children with a mean age of 7 years and 
a diagnosis of NDDs in 87% (including one child with CP); 
gabapentin was started at an average dose of 5 mg/kg, with a 
maximal dose of 15 mg/kg at bedtime; at follow-up the 78% 
of the children showed a sleep improvement, with adverse 
effects in 6 children [65].

�Conclusions

Sleep disorders are common in children with cerebral palsy. 
Its characteristic and comorbid features, such as motor 
impairment, pain, cognitive impairment, behavioral prob-
lems, or epilepsy, are all important risk factors for the devel-
opment of sleep disorders. The use of questionnaires, 
primarily the SDSC to date, is widely reported to identify 
sleep disturbance, even if a more structured in-depth inter-
view or objective assessment, using PSG or actigraphy, pro-
vides better information on sleep disorders and allows a 
more accurate diagnosis.

No sleep interventions specifically designed to improve 
the sleep of children with CP are reported in the literature. 
Instead, strategies to improve sleep depend mainly on clini-
cal experience and include sleep hygiene and/or specific 
drugs such as melatonin, a commonly prescribed drug for 
disturbed sleep in children with neurological dysfunction. 
An effective treatment has the potential to improve not only 
the well-being of the child but the well-being of a whole 
family [3–5, 15, 29, 30].
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�Future Directions

Randomized placebo-controlled trials should be proposed to 
establish efficacy, safety, and pharmacokinetics data of mela-
tonin in children with CP to test the hypothesis that oral mela-
tonin has an impact on sleep behavior in this population [66].

Further clues may also come from the correlation with 
brain imaging and with the pattern of brain lesions underly-
ing CP; only a few studies have examined how specific brain 
damage or hypoxic events that are common causes of CP can 
affect sleep architecture [6, 8], such as how a dopaminergic 
dysfunction or a lesion of the basal ganglia, typical of the 
dyskinetic form of CP, could lead to motor restlessness dur-
ing sleep that could account for hyperkinesia, hypnic jerks, 
rhythmic movement disorders, and bruxism [24, 25]. 
Research into this neglected field is needed in order to imple-
ment appropriate and efficient interventions which will allow 
children with CP and their families to get back to sleep.

Practice Points for Sleep Disorders in Children with CP

•	 Prevalence: 19–63% according to different studies
•	 Etiology: Primary motor impairment, visual impairment, 

epilepsy and antiepileptic drugs, severity of motor impair-
ment, and psychiatric problems

•	 Diagnosis: Questionnaires (SDSC) in routine clinical 
practice to screen for sleep disorders; PSG as needed; and 
actigraphy in research studies

•	 Treatment: Parent-based education about sleep and 
behavioral interventions, melatonin (0.5–5 mg)
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