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Abbreviations

ADHD	 Attention deficit hyperactivity disorder
AHI	 Apnea–hypopnea index
CNSS	 Central nervous system stimulant
CRSWD	 Circadian rhythm sleep–wake disorder
FDA	 Food and Drug Administration
NREM	 Non-rapid eye movement
OSA	 Obstructive sleep apnea
PLMD	 Periodic limb movement disorder
REM	 Rapid eye movement
RLS	 Restless legs syndrome
SM	 Smith–Magenis syndrome
SSRI	 Selective serotonin reuptake inhibitors
SWD	 Sleep–wake disorder

�Introduction

Sleep medicine in pediatrics has been widely involved for 
the assessment of sleep disturbances such as insomnia or 
somnolence, or other more severe sleep–wake disorders 

(SWD) like narcolepsy [1]. However, it should be noticed 
that the Food and Drug Administration (FDA) does not pro-
vide a guide on how physicians should treat (with the most 
fruitful potential medical transcription) those SWDs, which 
are peculiar to children [2–4]. Nevertheless, wide research 
has been done in order to have safe and potential drugs/and 
or therapies for young people under 18 years old, who expe-
rience an SWD [5].

While the prevalence of SWDs in the non-adult popula-
tion is 10–28% [6–8], engendering cognitive, emotional, and 
behavioral issues [9], the comorbidities of SWDs with other 
disorders/diseases provide a wider understanding of how 
pharmacotherapy affects sleep. For instance, prazosin, which 
is approved by the FDA as a treatment for hypertension, has 
shown promising results for ameliorating PTSD symptom-
atology and nightmares, although no particular FDA approval 
for prazosin exists for sleep disturbance in children and ado-
lescents [10]. Another example is the use of melatonin, 
which is a safe treatment for insomnia in children with 
autism, with very few mild side effects, mostly daytime som-
nolence [11].

Moreover, theophylline, which is employed for asthma in 
children, seems to have a protective effect toward apnea and 
arterial oxygen saturation, while it does not have any effect 
on sleep quality [12, 13]. In more complicated respiratory 
diseases, such as cystic fibrosis, children have reported sleep 
disturbances [14]. When it is about lung transplantation, the 
immunosuppressive drugs taken in order to prevent rejection 
by the immune system, lead to insomnia [15]. Further regard-
ing transplantation, lung or heart transplants were correlated 
with sleep apnea [16, 17] and poor quality of sleep [18], 
while hand transplants may create sleep issues, due to the use 
of immunosuppressive drugs [19].

Until now there has been limited literature review at the 
heart of sleep research to garner the drug effect on child or 
adolescent sleep in a more extensive view. Thus, the purpose 
of this study is to discuss this topic in a combined way, not 
only for SWDs, but also how drugs used in common pediat-
rics may affect sleep.

24

N.-T. Economou (*) 
Division of Pulmonology, Department of Clinical Therapeutics, 
National and Kapodistrian University of Athens School of 
Medicine, Alexandra Hospital, Athens, Greece 

“Enypnion” Sleep/Wake-Epilepsy Center, Bioclinic Hospital, 
Athens, Greece 

K. Papoutsis 
“Enypnion” Sleep/Wake-Epilepsy Center, Bioclinic Hospital, 
Athens, Greece 

L. Ferini-Strambi 
Sleep Disorders Center, Department of Neurology, Vita-Salute San 
Raffaele University, Milan, Italy 

G. Trakada 
Division of Pulmonology, Department of Clinical Therapeutics, 
National and Kapodistrian University of Athens School of 
Medicine, Alexandra Hospital, Athens, Greece

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-65574-7_24&domain=pdf
https://doi.org/10.1007/978-3-030-65574-7_24#DOI


308

�Analysis

It is crucial to understand how many hours children should 
sleep during the newborn to adolescent stages, orienting the 
normal range of sleep duration. In a more detailed manner, 
newborns tend to sleep 12–18 hours per day, while infants 
and toddlers sleep 14–15 and 12–14  hours, respectively. 
Sleep hours tend to decrease in preschoolers (11–13), school 
age (10–11), and adolescents (8–9.25) [1]. However, the age 
stages can be interrupted by sleep disturbances, reducing or 
increasing the sleep duration.

�Sleep–Wake Disorders and Their 
Pharmacotherapy: An Ambiguous 
Perspective

The lack of approved view of the FDA toward pharmaco-
therapy in sleep disorders in children is correlated with 
the lack of efficient and limited clinical trials. Nevertheless, 
there is a drug in the pediatric population (aged 7–17), 
which has been approved by the FDA such as sodium oxy-
bate for narcolepsy. However, for other drugs, the FDA 
has saturated this praxis with dysfunction [20]. For this 
reason, stressing the drugs for sleep–wake disorders is 
cardinal to be established by research results (see 
Table 24.1).

�Insomnia

Insomnia is characterized by a sense of sleeplessness with 
symptoms of lethargy or non-restfulness. Nine different 
types of drugs were found for the treatment of insomnia for 
individuals who are under 18 years old. Starting with sleep-
promoting hormone melatonin, which has mostly been 
employed for treatment for children’s insomnia. More spe-
cifically, based on meta-analysis, melatonin decreased the 
sleep onset latency [21]; there are side effects such as som-
nolence and nightmares in children [22]. The range of mela-
tonin doses varies from 0.05 to 5  mg/kg, and it is 
recommended that melatonin should be consumed 1–2 hours 
before bedtime.

Moreover, other types of drug can ameliorate insomnia 
symptoms based on research evidence. Antihistaminergic 
drugs such as diphenhydramine (0.5–20  mg/kg) and 
hydroxyzine (1  mg) aim to reduce H1 histamine levels. 
Insomnia tends to be associated with high levels of hista-
mines, because histamines promote arousal in the sleep–
wake cycle during wakefulness. These drugs should be used 
30 minutes before bedtime. Adverse effects such as sedation 
were observed [2].

Furthermore, though alpha-adrenergic receptor agonists 
(clonidine and guanfacine) enhance sleep, their mechanism 
on sleep is still unknown. But clonidine evokes REM sup-
pression, and REM rebounds when clonidine is discontinu-
ous. Recommended doses for clonidine ranged from 0.025 to 
0.1  mg and for the dosing range of guanfacine waves 
0.05–4 mg. These drugs are taken twice per day, namely at 
morning and evening [2, 4, 23].

Also, benzodiazepines hypnotics are prescribed more in 
adults than in children. The soporific effects of clonazepam 
have been used for insomnia treatment in children. It reduces 
arousals, and it is prescribed at doses between 0.25 and 
0.5 mg, at bedtime [4]. Similarly, non-benzodiazepine recep-
tor agonists may alleviate insomnia symptoms. Specifically, 
zolpidem (0.125–0.50  mg/kg at bedtime) is beneficial on 
treating sleep onset insomnia, and rarely for sleep-
maintenance insomnia [24].

Regarding the antidepressants (trazodone, 5-HT2 recep-
tor antagonist, 50 mg at bedtime), and tricyclic antidepres-
sants like imipramine (0.05  mg/kg at bedtime) and 
amitriptyline (0.05 mg/kg at bedtime), though of vast use in 
the adult population for insomnia treatment, children are 
much less recommended, due mostly to the anticholinergic 
side effects [2, 25]. Therefore, a serotonin and melatonin 
precursor, namely L-5-hydroxytryptophan (1–2 mg, at bed-
time), is considered a safer therapeutic choice for insomnia, 
as well as the hypnotic agent, chloral hydrate (25–50 mg/kg 
or 1 g maximum; 15–30 minutes before bedtime) [2].

The most recent drug in research for insomnia in children 
is suvorexant, which is a hypocretin/orexin receptor antago-
nist [26]. Regarding non-adults, a single study from Japan 
was identified, which advocated that suvorexant (20  mg, 
30 minutes before bedtime) reduced insomnia symptoms and 
improved overall sleep quality in adolescents suffering from 
insomnia. A total of 56.7% of the participants continued this 
drug, whereas the therapy was mostly abandoned due to 
unpleasant dreams (e.g., nightmares, which are reported any-
way as known side effects). Nightmares are quite common in 
children/adolescents (their prevalence in adolescents in 
Japan is 35.2%), thus the prescription of this drug should be 
made carefully [26].

�Parasomnia

Parasomnia (involuntary body movements involved during 
sleep) is mainly classified in two categories (according to the 
sleep stage they occur), namely NREM (non-rapid eye 
movement)-related parasomnias and REM-related parasom-
nias. These disorders are commonly treated by benzodiaze-
pines (clonazepam, 0.125–2 mg, at bedtime), antidepressants 
(trazodone 25–50  mg, at bedtime), serotoninergic antide-

N.-T. Economou et al.



309

Table 24.1  Drugs for sleep–wake disorders in pediatric population

Sleep–wake disorders Drug classes Drugs and their doses Timing of medication
Insomnia Melatonin 0.05–5 mg/kg 1–2 hours before bedtime

Antihistaminergics Diphenhydramine (0.5–20 mg/kg) and 
hydroxyzine (1 mg)

30 minutes before bedtime

Alpha-adrenergic receptor 
agonists

Clonidine (0.025–0.1 mg) and guanfacine 
(0.05–4 mg)

Twice daily dosing (morning and evening)

Benzodiazepines 
hypnotics

Clonazepam (0.25–0.5 mg) Bedtime

Nonbenzodiazepine 
receptor agonists

Zolpidem (5 mg or 0.25 mg/kg) Bedtime

Antidepressants Trazodone (50 mg), imipramine (0.05 mg/
kg) and amitriptyline (5–50 mg)

Bedtime

L-5-Hydroxytryptophan 1–2 mg Bedtime
Chloral hydrate 25–50 mg/kg or 1 g maximum 15 to 30 minutes before bedtime
Hypocretin/orexin 
receptor antagonists

Suvorexant (20 mg) 30 minutes before bedtime

Parasomnia Benzodiazepines Clonazepam (0.125–2 mg) Bedtime
Antidepressants Trazodone (25–50 mg), paroxetine (20 mg) 

and imipramine (0.25–0.5 mg)
Bedtime

L-5-Hydroxytryptophan 2 mg/kg Bedtime
Melatonin 3–12 mg 30 minutes before bedtime or at bedtime
Alpha-agonist hypotensive 
agents

Prazosin (1–15 mg) Bedtime

Antipsychotics (for 
nightmare disorder)

Risperidone (no data for children) –

Calcium entry blockers 
(for explode head 
syndrome)

Flunarizine (no data for children) –

Anticholinergics (for sleep 
enuresis)

Oxybutynin (0.1–0.3 mg/kg) and 
propiverine (0.8–1 mg/kg)

Bedtime

Antidiuretics (for sleep 
enuresis)

Desmopressin (0.1–0.4 mg) 1 to 2 hours before water intake

Hypersomnolence Central nervous system 
stimulants

Dextroamphetamine (5–30 mg) and 
methylphenidate (10–40 mg)

Twice daily dosing (morning and evening)

Wake promoting agents Modafinil (50–400 mg) and armodafinil 
(50–400 mg)

Twice daily dosing (morning and evening)

Cataplexy Antidepressants Imipramine (10–100 mg), clomipramine 
(10–150 mg), fluoxetine (10–30 mg), 
protriptyline (2.5–5 mg) and venlafaxine 
(37.5–75 mg)

Once a day

Immunoglobulin therapy Immunoglobulin G (400 mg-1 g/kg) For 2 (1 g/kg) or 5 (400 mg) days per week
Sodium oxybate 2–8 g Twice daily dosing (bedtime and 2.5 to 

3 hours later)
Circadian rhythm 
sleep–wake disorders

Melatonin 1–3 mg Morning
β1-adrenergic antagonists Acebutolol (10 mg/kg or 200 mg) Morning
Vitamin B12 1.5 mg Once a day

Sleep apnea Antibiotics Azithromycin (12 mg/kg) Days of the month: 1–5, 11–15 and 21–25
Leukotriene receptor 
antagonists

Montelukast (4–5 mg) Once a day

Corticosteroids Fluticasone (50 μg) Once a day
Sleep-related 
movement disorders

Iron supplementation Ferrous sulfate (3–6 mg/kg) Twice daily dosing
Benzodiazepines Clonazepam (0.25–0.50 mg) and 

temazepam (7.5–22.5 mg)
1 to 2 hours before bedtime

Anticonvulsant Gabapentin (100–900 mg) 30 minutes to 1 hour before bedtime
Alpha-2 adrenergic 
agonists

Clonidine (0.05–0.4 mg) 30 minutes before bedtime

Dopamine agonists L-dopa (250–600 mg), pramipexole 
(0.125–0.250) and ropinirole 
(0.125–0.250 mg)

For L-dopa 4 doses (breakfast, lunch, 
afternoon, and evening) and in the evening 
or 2 or 3 hours prior to the start of RLS 
symptoms for pramipexole and ropinirole
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pressants (paroxetine, 20 mg, at bedtime) and tricyclic anti-
depressants (imipramine, 0.25–0.5 mg, at bedtime), although 
solid evidence from randomized controlled trials, etc. is 
missing in pediatric sleep medicine [27–30]. Besides these 
classical treatments, there are anecdotally referred other 
remedies in pediatric sleep medicine; an open pharmacologi-
cal therapy trial was conducted by Bruni et al. [31], where 

L-5-hydroxytryptophan (2 mg/kg at bedtime) showed benefi-
cial effects for the reduction of sleep terrors (a cardinal 
NREM parasomnia); the latter finding was attributed to the 
fact that L-5 hydroxytryptophan tends to ameliorate the 
abnormal serotoninergic system dysfunction, connected with 
parasomnia disorders.

Furthermore, melatonin (3–12 mg at bedtime or 30 min-
utes before bedtime) was used for the treatment of NREM 
parasomnias (sleepwalking and sleep terrors) in a case study 
[32]. In particular, a 12-year-old male with Asperger’s syn-
drome consumed 5 mg melatonin, 30 minutes before bed-
time. During the treatment process, sleepwalking and sleep 
terrors vanished, and there was no recurrence of them for 
over 6 months. Melatonin has also been used in REM para-
somnias (in REM sleep behavior disorder—RBD, which is a 
cardinal REM parasomnia characterized by dream-enactment 
motor behavior); melatonin in RBD seems to repair the nor-
mal REM-related muscle atonia, which is abolished in RBD, 
although this effect is modest and certainly needs more 
investigation [33].

Other drugs used in parasomnias with no sufficient data in 
pediatric sleep medicine, include clonidine, a α2 adrenergic 
agonist (which has been used for sleep paralysis, another 
known REM parasomnia), atypical antipsychotic drugs (e.g., 
risperidone, used for nightmare disorder, a REM parasom-
nia) and calcium entry blockers (flunarizine; tested for 
exploding head syndrome in adult population, which is a rare 
parasomnia) [30]. In a recent study with follow-up findings, 
prazosin (a sympatholytic drug, 1–15 mg at bedtime) reduced 
the severity of nightmares in children with PTSD-associated 
nightmares [34].

In sleep enuresis (another frequent parasomnia in pedi-
atric sleep medicine), drugs such as anticholinergics, 
antidiuretic peptides, and antidepressants are mostly used 
[34]. For example, desmopressin (an antidiuretic drug, 
0.1–0.4 mg 1–2 hours before water intake) can reduce bed-
wetting in 70% of the pediatric population, improving the 
quality of life of children [35]. Beneficial results were 
found with some other drugs: Imipramine, which is a tricy-
clic antidepressant, tends to reinforce the bladder by hold-
ing larger amounts of urine before a urinary urge; moreover, 
anticholinergics agents (oxybutynin, 0.1–0.3  mg/kg at 
bedtime; propiverine, 0.8–1  mg/kg at bedtime) improve 
the function of bladder capacity via increasing threshold 
volume, and by decreasing involuntary detrusor contrac-
tions [36].

�Central Disorders of Hypersomnolence

This sleep disorder entity includes four main disorders: nar-
colepsy type 1, narcolepsy type 2, idiopathic hypersomnia, 
and Kleine–Levin syndrome. The most common finding in 
these disorders is hypersomnolence (a condition of abnor-
mal prolonged sleep), while in narcolepsy there may be also 
cataplexy, which is the sudden partial or total loss of muscle 
tone triggered by strong emotions and driven by a deficit of 
orexin [37].

For the drug treatment of hypersomnolence, central ner-
vous system stimulants (CNSS) and wake promoting agents 
are first line therapy. In practice, dextroamphetamine (a 
CNSS drug, 5–30 mg, with a twice daily dose regimen) has 
a more efficient effect on the increasing of alertness (four 
times) than methylphenidate (10–40 mg, with a twice daily 
dose regimen), while methylphenidate tends to alleviate 
somnolence in children [38]. CNSS drugs release dopamine 
and norepinephrine via presynaptic terminals or inhibited 
reuptakes. Also, wake promoting agents like Modafinil (50–
400  mg with a twice daily dose regimen) and armodafinil 
(50–400 mg, again with a twice daily dose regimen) enhance 
the cortical arousal and increase histamine levels, as a result 
of which somnolence gets reduced [38]. Modafinil improves 
somnolence as shown by both subjective and objective mea-
surements [39].

Moreover, antidepressants, immunoglobulin therapy and 
sodium oxybate have shown promising results for cataplexy 
[38]. The anticholinergic effects of tricyclic antidepressants 
(imipramine, 10–100 mg; clomipramine, 10–150 mg) mod-
estly decreased cataplexy attacks [40]. Other types of antide-
pressants such as selective serotonin reuptake inhibitors 
(fluoxetine, 10–30 mg) and serotonin-norepinephrine reup-
take inhibitors (venlafaxine, 37.5–75 mg) are also used for 
cataplexy in narcolepsy [41]. Finally, sodium oxybate 
(2–8  g), which is a gamma-aminobutyric acid (GABA) 
receptor agonist, which is the only FDA drug approved for 
pediatric narcolepsy with cataplexy, improves both daytime 
sleepiness and cataplexy [42]. Moreover, sodium oxybate 
may influence other REM phenomena in the context of nar-
colepsy (i.e., sleep paralysis); nevertheless, its mechanism of 
action remains equivocal. Sodium oxybate is administrated 
by twice-daily dosing with the first dose administered at bed-
time and the second dose 2.5–3 hours later [42].

Finally, in a small sample of narcolepsy type 1 patients 
(four patients, two children), Dauvilliers et  al. [43] used 
immunoglobulin G therapy (400 mg-1 g/kg), with a benefi-
cial effect on both daytime sleepiness and cataplexy after a 
7-month follow-up. On the other hand, the immunoglobulin 
G therapy gave beneficial evidence only on severe type nar-
coleptic children. The immunoglobulin G therapy is taken 
for 2 or 5 days per week, with doses of 1 g/kg and 400 mg, 
respectively [43].
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�Circadian Rhythm Sleep–Wake Disorders

Circadian rhythm sleep–wake disorders (CRSWD) are charac-
terized by abnormalities in sleep architecture, affecting the tim-
ing of sleep and waking across the day. Μelatonin (1–3 mg, 
taken in the morning) is the most used therapy for 
CRSWD.  Melatonin has sleep-inducing and chronobiotic 
effects, with a beneficial effect on sleep onset latency reduction 
[44]. In a randomized double-blind placebo-controlled trial in 
pediatric population (3–12 years), Gringras et al. [45] found 
that though melatonin therapy reduced sleep onset latency, 
there was a non-statistically significant result on sleep efficacy; 
the authors stressed the importance of melatonin as a chronobi-
otic mechanism (phase-shift of the sleep–wake rhythm).

Nevertheless, in pediatric sleep medicine several issues 
regarding melatonin , that is, the required dosages, the type of 
melatonin to be used (e.g., immediate release versus extended 
release), its prolonged effect etc., remain to be clarified [44]. 
Melatonin is implicated in CRSWD also indirectly; 
β1-adrenergic antagonists (i.e., acebutolol, 10  mg/kg or 
200 mg, taken in the morning) decreases melatonin produc-
tion during the day via the noradrenaline stimulating path-
way. Thus, acebutolol in children (aged 3–17) with 
Smith–Magenis syndrome (SMs), which is a developmental 
syndrome that includes sleep disturbances, that is, CRSWD 
due to high diurnal levels of melatonin, improved their sleep/
wake profile by reducing naps, fatigue, sleepiness, and conse-
quent attention issues during the day [46]. Ramelteon and 
Tasimelteon have been considered as possible treatments in 
SMs, but no large well-controlled pharmaceutical trials have 
been reported to date [47]. Finally, Vitamin B12 (1.5 mg) has 
been administered in a 15-year-old blind girl suffering from a 
free-running sleep–wake rhythm, with beneficial effects [48].

�Sleep-Related Breathing Disorders

�Sleep Apnea
Obstructive sleep apnea (OSA) is one of the most common 
sleep-related breathing disorders in children. The main ther-
apeutic approach in pediatric OSA is based on surgery, 
because adenotonsillar hypertrophy is a common cause of 
OSA. However, a surgical approach may add risks during the 
operation and postsurgery period and proper criteria for this 
kind of surgery for OSA are still lacking today [2].

Drug therapy in OSA and especially in pediatric OSA has 
been scarcely investigated. Montelukast, which is a leukotri-
ene receptor antagonist and a common drug for asthma treat-
ment, and corticosteroids have been mostly used. In a 
randomized control trial with 6 weeks’ corticosteroid treat-
ment (fluticasone, 50 μg), OSA severity was reduced mod-
estly; thus, apnea–hypopnea index (AHI) after steroid 
treatment was decreased from 11/h to 5/h [49]. Similarly, 
AHI reduction (AHI was decreased by >50%) in a sample of 

23 children was achieved using montelukast (4 or 5 mg) in a 
treatment period of 12 weeks [50]. In a systematic literature 
review and meta-analysis, Liming et al. [51] have observed 
that montelukast and corticosteroids provide beneficial out-
comes only for children with mild OSA and for short-term 
management only.

Another drug category that has been tested for OSA in 
pediatric sleep medicine is antibiotics. Don and colleagues 
[52] showed that azithromycin (a common macrolide), when 
given at 12 mg/kg and for the first 5 days of the month (the 
dose was repeated on days 11–15 and 21–25), ameliorated 
OSA when compared with placebo, by reducing adenoid and 
tonsil sizes; actually, azithromycin led to the relief of OSA 
symptoms, but surgery remained still the treatment of choice 
[52]. Azithromycin is also useful for the reduction of ele-
vated levels of C-reactive protein [53], which not only is a 
potential biomarker of OSA, but also increases after adeno-
tonsillectomy [54].

�Sleep-Related Movement Disorders

The most common sleep-related movement disorders in the 
pediatric population are restless legs syndrome (RLS) and 
Periodic Limb Movement Disorder (PLMD). RLS, which is a 
common neurologic sleep disorder (2–4% in children), is 
described as an urge to move the legs, usually accompanied by 
uncomfortable or unpleasant sensations. The symptoms begin 
or worsen during rest or inactivity, are relieved by movement, 
and occur exclusively or predominantly in the evening or night 
[55]. There is a recent update on the pediatric diagnostic crite-
ria [56, 57], while diagnosis of RLS is done on a clinical basis. 
PLMD is characterized by clinical sleep disturbance and by 
repetitive limb jerking during sleep (known as periodic limb 
movements of sleep) that is not better explained by another 
condition, medication use, or substance use [55]. Diagnosis of 
PLMD is done by specific polysomnographic criteria. PLMD 
is closely related to RLS existence, especially in the pediatric 
population, while both diseases are related to iron deficiency 
and have a genetic predisposition [57].

There is no FDA guidance for PLMD and RLS in children. 
Regardless of that, iron supplements mostly and dopamine 
agonists have been used as treatments of choice [58]. Iron 
supplementation in pediatric population (ferrous sulfate 
3–6  mg/kg, dividing in two doses) with RLS and PLMD, 
showed a significant and long-term improvement after 2 years 
[59]. Moreover, iron supplement does not seem to have severe 
adverse effects on children with PLMD [60]. However, 
Reynold [58] has stressed that 27% of children with concomi-
tant autism spectrum disorder and RLS developed gastroin-
testinal symptoms following iron treatment and the range of 
this side effect was 5–60% in treatment processing.

Benzodiazepines like clonazepam have been used in chil-
dren with RLS, even though this was in younger children, 
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aged from 8 months to 2 years old. The recommended dose 
ranges from 0.25 to 0.5 mg, daily, and should be taken 1–2 
hours before bedtime [61]. Also, research has bolstered the 
efficacy of clonazepam on the amelioration of anxiety issues, 
which may be comorbidities to RLS or PLMD; besides clon-
azepam, temazepam (7.5–22.5 mg depending on the age of 
the patient) has been used as well [62, 63].

Alpha-2-delta calcium channel ligands, such as pregaba-
lin and gabapentin, which are mostly used in the treatment of 
RLS in adults, should be used with caution when about pedi-
atric RLS/PLM, although they have already shown a good 
safety profile when used for pediatric epilepsy [64]. 
Gabapentin improves states of RLS or PLMD in children 6 
years old and above. Gabapentin dosage increases along the 
age increase; more specifically, children between 6 and 
12 years should get 100 mg/day, and if the symptoms are not 
alleviated, the regimen should be increased up to a maximum 
of 600 mg/day. For children between 12 and 18 years old, 
dosage ranges between 100 and 900  mg/day. Gabapentin 
should be taken 30 minutes to 1 hour before bedtime [61].

Alpha-2 adrenergic agonists (e.g., clonidine) are also an 
alternative for the treatment of RLS; however, their short-lasting 
action makes these drugs not suitable for sleep maintenance dis-
turbances due to RLS. Side effects like nightmares or vivid 
dreams have been reported in 5% of children taken clonidine. 
Suggested dose is 0.05–0.4 mg, 30 minutes before bedtime [65].

Finally, the most widely used drugs for adult RLS/PLM, 
dopamine agonists and L-Dopa, are certainly less indicated 
for pediatric RLS/PLM due to considerable side effects (i.e., 
sleepiness, hallucinations, nausea, obsessive and/or compul-
sive symptomatology). Dopamine agonists (pramipexole and 
ropinirole) have provided essential efficacy against moderate-
to-severe RLS or PLMD. However, in adults, these drugs are 
associated with potential side effects of augmentation. 
Pramipexole and ropinirole should be consumed in the eve-
ning or 2 or 3 hours prior to RLS symptomatology onset and 
their doses range from 0.125 to 0.250 daily, according to 
RLS or PLMD severity [61]. L-dopa (250–600 mg, in 4 doses 
(breakfast, lunch, afternoon, and evening)) has been used 
successfully in a double-blind study for the reduction of RLS 
and PLMD symptomatology [66].

�What Pediatric Somnologists Should Take 
into Consideration When Drugs Used 
in Common Pediatric Practice Impact Sleep

Several medical therapies have adverse effects on sleep [67, 
68]. Thus, we provide some examples of drugs that affect in 
pediatric population. Common pediatric drugs are mentioned 
in the World Health Organization (WHO) 2017 List 
(Table 24.2) [69].

Table 24.2  Medical specialties and the impact of drugs on sleep

Medical 
specialties Drug categories or vaccines Sleep side effects
Internal 
medicine

Corticosteroid drugs Somnolence, insomnia, longer sleep, daytime naps and less awakening
Beta-blocker drugs Insomnia, nightmares, and restless sleep
Immunosuppressive drugs Insomnia, snoring, somnolence, restless legs syndrome and periodic 

limb movement disorder
Phosphodiesterase-5 inhibitor Insomnia
Methylxanthine drugs Improved sleep apnea
First-generation antihistamines Drowsiness
Anesthetics Midazolam: bed-wetting, night terrors and prolonged sleep

Meperidine and hydroxyzine: prolonged sleep
Ketamine: reduced REM sleep

Neurology 
and psychiatry

Antiepileptic drugs Increased sleep tendency, somnolence, and insomnia
Stimulants for attention deficit/hyperactivity disorder Decreased sleep time, quality and efficiency, increased sleep tendency
Antidepressants Selective serotonin reuptake inhibitors: increased levels of arousals, 

REM density and stage 1 sleep.
Tricyclics: increased stage 2 sleep, sleep architecture disruptions, 
decreased slow wave sleep, REM sleep suppression and sleep 
fragmentation

Antipsychotic Risperidone: somnolence and insomnia
Haloperidol: improved total sleep time

Non-benzodiazepine hypnotic Zolpidem: increased the number of awakenings, sleep slow wave and 
rapid eye movement

Vaccines Human papilloma virus vaccine Insomnia and other unspecific sleep disturbances
ASO-3 adjuvanted swine flu vaccine Narcolepsy
Diphtheria-tetanus-pertussis vaccine, H influenza 
type b vaccine, pneumococcal conjugate vaccine, 
inactivated poliovirus vaccine, and hepatitis B 
vaccine

Increased sleep durations

N.-T. Economou et al.



313

�Internal Medicine

Dexamethasone, a common drug for allergies, immunologi-
cal diseases, or tumors, affects sleep by modifying the level 
of alertness. Garbutt et al. [70] reported that 40% of children 
receiving dexamethasone for croup, complained about sleep 
disturbances. Rosen et al. [71] reported that children receiv-
ing dexamethasone for leukemia slept longer than usual dur-
ing the first 5 days of therapy, with more daytime naps and 
less awakenings. Furthermore, in a recent review regarding 
steroids in pediatric population, 4.3% of children receiving 
corticosteroids reported sleep disturbances [72]. Other 
immunosuppressive drugs, like tacrolimus, cellcept, and 
prednisone have also sleep side effects such as insomnia, 
snoring, somnolence, RLS, and PLMD [73–75].

Beta-blockers have been widely used in children for the 
management of arrhythmias, hypertension, and benign 
tumors. Bernabeu-Wittel et al. [76] reported that among chil-
dren receiving beta-blockers and more specifically proprano-
lol, insomnia, and nightmares were the most common side 
effects. In a recent systematic review 3.7% of 1175 children 
with infant hemangioma treated with propranolol suffered 
from nightmares, with consequences on memory and learn-
ing [77]. De Graaf et al. [78] also reported that restless sleep 
appeared in 29% of children with hemangioma undergoing 
beta-blocker therapy. Moreover, 24% of pediatric population 
reported insomnia after treatment with phosphodiesterase-5 
inhibitor, sildenafil, for pulmonary hypertension. However, 
in this study, it was not clear if insomnia was a clear side 
effect of sildenafil or consequence of the combination ther-
apy of sildenafil with bosentan or ambrisentan (endothelin 
receptor antagonists) [79].

Methylxanthine or theophylline for asthma therapy, 
decreased apnea and oxyhemoglobin desaturation during 
sleep probably because of its bronchodilator effect, reduc-
tion of airways inflammation and normalization of pulmo-
nary arterial pressure [12, 13, 80]. On the contrary, 
antihistamines, for the treatment of allergic rhinitis, wheez-
ing, and other pulmonary diseases or infections, were not 
associated with improvement of apnea in infants when 
compared with placebo. Moreover, drowsiness was 
observed in children with allergic rhinitis treated with first-
generation antihistamines due to their prominent CNS 
action [81].

�Surgery and Anesthesia

Drugs used in anesthesia may change sleep structure in the 
postoperative period. Ritwik et  al. investigated the side 
effects of the combination of meperidine and hydroxyzine 
versus midazolam in dental care. They observed that, in the 
first 8 to 24 hours, all children in the combined drug group 

had experienced prolonged sleep compared with the children 
in the midazolam group (66.7%) [82]. Furthermore, regard-
ing midazolam, McGraw and Kendrick noticed that in the 
first postoperative week, children who got midazolam expe-
rienced bed-wetting and night terrors [83].

In randomized crossover studies in a pediatric intensive 
care unit, in children under zolpidem (a non-benzodiaze-
pine hypnotic) or haloperidol (a typical first-generation 
antipsychotic agent) (due to severe burns), Zolpidem 
tended to increase the number of awakenings, whereas hal-
operidol did not have any significant effect on awakenings. 
There was a significant improvement with haloperidol in 
terms of total sleep time, which increased by 23% com-
pared with the control group. Zolpidem on the other hand, 
increased slow wave sleep and REM sleep. In the same 
study population, administration of ketamine was related 
with low percentages of REM sleep, while there was no 
impact on slow wave sleep, frequency of awakenings, total 
sleep time and on percentages of stages 1 and 2 [84]. 
Similarly, in another postoperative study, sevoflurane, and 
halothane (another two common anesthetics) did not affect 
sleep at all [85].

�Neurology and Psychiatry

Children with epilepsy under treatment have complaints 
about sleep disturbances. In 1992, Palm et al. [86] assessed 
sleepiness in pre-adolescents under antiepileptic drugs (val-
proate and carbamazepine) while and after drug withdrawal. 
It was shown that children who were receiving treatment 
experienced more sleep tendency and sleepiness than when 
off treatment. In another study, parents of epileptic children 
under antiepileptic drugs reported several sleep disorders 
such as sleep apnea, parasomnia, and daytime somnolence; 
the latter symptom, though very common in this study 
(75.8% of the children suffered from daytime sleepiness), 
seemed to be attributed to sleep apnea and to parasomnia 
rather than to antiepileptic drugs [87]. To be mentioned that 
potential side effects of antiepileptic drugs on sleep (i.e., 
insomnia, restless legs syndrome, parasomnia) have been 
mostly studied in adults, while data on children are quite 
scarce [88].

It is important to mention the effect of stimulants drugs 
on children with attention deficit hyperactivity disorder 
(ADHD), which are among the drugs of choice for this dis-
order; it has been shown by employing objective 
measurements, that stimulants decrease the sleep quality in 
these children [89]. Stimulants tend to increase alertness by 
reducing total sleep time, sleep efficiency in children with 
ADHD [90]. On the other hand, there has been data in favor 
of possible amelioration of sleep issues (e.g., insomnia or 
bedtime resistance) of children with ADHD following ther-
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apy with stimulants [91]. Given the debatable data regarding 
the effect of stimulants on sleep of children with ADHD, 
Kidwell and her colleagues [92] conducted a meta-analysis; 
thus, it was shown that stimulants increased sleep latency 
and consequently decreased total sleep time and sleep effi-
ciency, suggesting a negative effect on sleep in children with 
ADHD.

Antidepressants when used for depression seem to dis-
turb both sleep quality and quantity in children and ado-
lescents with major depression. Fluoxetine, which is a 
quite common SSRI drug, increases the number of arous-
als, stage 1 sleep, and REM density [93]. Tricyclic antide-
pressants such as imipramine cause sleep architecture 
disruptions and sleep fragmentation, decreased slow 
wave sleep, REM sleep suppression, and increased stage 2 
sleep [94].

Antipsychotic drugs such as risperidone, commonly used 
in case of autism, may have adverse events such as somno-
lence. Kent et al. reported that daytime somnolence in autis-
tic children following antipsychotic therapy with risperidone, 
was dose-related; the prevalence of somnolence was lower 
(3%) in children with low-dose risperidone, while it was 
quite high (55%) when about high dose [95]. In another 
study on children with developmental disorders under ris-
peridone, somnolence was mostly prevalent (72.5%), but 
insomnia occurred as well (15.4%) [96].

�Vaccines

Vaccination for human papilloma virus (HPV) was associ-
ated with insomnia in 3 out of 18 girls after the first dose; 
insomnia was alleviated after the second and third dose 
[97]. However, another study revealed a prevalence of 
47.2% of any sleep complaint among girls vaccinated for 
HPV [98]. Increased risk of narcolepsy (4.7 to 14 times) 
was observed following vaccination with a monovalent 
2009 H1N1 influenza vaccine, which was used in several 
European countries during the H1N1 influenza pandemic 
[99]. In China, a threefold increased risk of narcolepsy was 
observed during postepidemic H1N1 vaccination in 5.6% 
of the population [100]. It seems that Pandemrix may trig-
ger the gene HLA DQB0602, which generates disturbance 
of the orexin system, and the vaccinated children were pos-
itive for this gene [99].

Finally, Franck and colleagues [101] used prophylactic 
acetaminophen in infants after several vaccinations 
(diphtheria-tetanus-pertussis vaccine, H influenza type b 
vaccine, pneumococcal conjugate vaccine, inactivated polio-
virus vaccine, and hepatitis B vaccine) and observed shorter 
sleep duration in this population when comparing with non-
receiving acetaminophen infants.

�Discussion

The aim of this chapter was to investigate the effect of drugs 
on pediatric sleep medicine. Disturbed, “not normal”, sleep 
in children is associated with developmental and cognitive 
deficits and reduced learning or social skills and is a matter 
of special attention. However, this assessment is complicated 
as guidelines and official approvals regarding pharmacother-
apy lack, mainly because of the absence of randomized, con-
trolled trials. In addition, sleep disorders’ symptoms in 
children vary from adults’ and/or between different ages and 
special training in pediatric sleep medicine is still overall 
insufficient. Finally, several pediatric drugs in “daytime”, 
clinic practice affect sleep.

For the treatment of insomnia in children, several drugs 
such as melatonin, antihistaminic drugs, a-agonists, benzodi-
azepines and nonbenzodiazepine receptor agonists, antide-
pressants, L-5-hydroxytryptophan, hypocretin/orexin 
receptor antagonists, and chloral hydrate have been pro-
posed, in addition to behavioral therapies and sleep hygiene 
[2, 28]. However, the limited amount of available data in the 
literature and the lack of specific guidelines lead to caution 
in the selection of drug therapy and suggest that non-
pharmacological treatments should be engaged first [2–4].

For parasomnias, again non-pharmacological assessments 
(i.e., avoiding parasomnia triggering factors, or adopting 
safety measures) are mostly suggested; if conservative mea-
sures are not adequate and drugs should be given, slow wave 
sleep suppressants such as benzodiazepines or tricyclic anti-
depressants, given for a short period and followed by slow 
tapering, are the most appropriate [2].

Regarding excessive daytime sleepiness (EDS) and hyper-
somnolence of central origin, there is only one drug with FDA 
approval; sodium oxybate is the only drug, which has received 
indication for the treatment of both EDS and cataplexy in the 
context of narcolepsy type 1 (narcolepsy with cataplexy) [50]. 
Besides that, several other drugs – not FDA approved – are 
used for the treatment of either hypersomnolence or cataplexy; 
thus, stimulants and wake-promoting agents have been used 
for the treatment of EDS, in hypersomnolence of central ori-
gin (i.e., amphetamines and modafinil), whereas norepineph-
rine reuptake inhibitors, histamine H3 receptor antagonists, 
could be an alternative therapy, while tricyclic antidepressants, 
SSRIs, and SNRIs have also been used for cataplexy treatment 
[42]. Finally, sleep hygiene rules, frequent and prescheduled 
naps against EDS, and education about the triggers and the 
nature of the episodes of cataplexy are extremely useful in the 
therapeutic approach.

Concerning pediatric RLS/PLM, again no FDA indica-
tions exist. For mild cases non-pharmacologic measures 
(sleep hygiene, physical exercise, and trigger control) are 
mostly indicated, while drugs are proposed only for chronic, 
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moderate to severe cases [61]. For children with iron defi-
ciency and RLS or PLMD, oral iron supplementation is sug-
gested [59, 60]. Limited data exist about benzodiazepines as 
an alternative therapy, whereas dopaminergic agents or 
alpha-2-delta calcium channel ligands should be used with 
caution in pediatric populations [61].

Surgery is the therapy of choice for OSAS in children, 
whereas nasal continuous positive airway pressure can be an 
alternative therapy for children not eligible for surgery or in 
case of residual disease. Nocturnal supplemental oxygen 
therapy can be suggested only as a temporary until definitive 
therapy [102]. For mild OSA when surgery (adenotonsillec-
tomy) in not indicated or mild postoperative residual OSA, 
intranasal corticosteroids, leukotriene modifiers, and their 
combination could be a treatment of choice [51]. The mini-
mum duration of therapy for sustained benefit is not known. 
Antibiotics may not fully provide persistent relief of apneas 
or prevent surgical therapy [52].

Also, several common pediatric medical therapies can 
affect independently sleep quality or quantity. Children receiv-
ing corticosteroids or other immunosuppressive drugs com-
plain about sleep disturbances, such as insomnia, snoring, 
somnolence, RLS, and PLMD. Beta-blockers and especially 
propranolol and phosphodiesterase-5 inhibitor, sildenafil, can 
cause insomnia and nightmares. Methylxanthine or theophyl-
line reduce apneas and oxyhemoglobin desaturation during 
sleep. On the contrary, treatment with first-generation antihis-
tamines is associated with drowsiness in children. As far as the 
drugs used in common neurological/neurodevelopmental/psy-
chiatric disorders (i.e., epilepsy, autism, ADHD, depression) is 
concerned, the overall impression is that the indicated drugs 
for these diseases may alter sleep/wake cycle by disturbing 
sleep’s quantity and quality and by producing and/or increas-
ing daytime sleepiness. Finally, vaccination is sometimes 
implicated in sleep disorders in children, with increased risk of 
narcolepsy reported during postepidemic H1N1 vaccination.

In summary, though pediatric sleep medicine is an impor-
tant part of sleep medicine and of pediatrics as well, robust 
evidence and guidelines regarding its pharmacologic treat-
ment are still lacking. Furthermore, several drugs used in 
common pediatric practice may affect sleep (its quality and 
quantity) and wakefulness as well. Therefore, more attention 
(i.e., more studies, more evidence and/or guidelines) should 
be paid in order to improve sleep and consequently overall 
well-being of the children.
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