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Sleep disorders (SDs) represent an important issue in patients with craniopharyngioma

(CP). Nearly 70% of these patients complain of sleep-wake cycle alterations and/or

excessive diurnal somnolence due to sleep-related breathing disorders, such as

obstructive sleep apnea (OSA) and/or central hypersomnia, including secondary

narcolepsy. SDs may severely reduce quality of life, increase disease-related

cardiorespiratory and cardiovascular morbidity, and finally play a major role in increased

long-term mortality reported on patients with CP. A major risk factor for SDs is

represented by the hypothalamic syndrome, which may develop because of direct

hypothalamic damage by the tumor itself and/or complications of the treatments,

neurosurgery and/or radiotherapy, and typically includes permanent neuroendocrine

dysfunctions, morbid obesity, and secondary metabolic disorders. Despite increasing

attention to SDs in the general population, and in particular to OSA as a risk factor for

cardio-metabolic diseases and excessive daytime somnolence, sleep evaluation is still

not routinely proposed to patients with CP. Hence, SDs are often underdiagnosed and

undertreated. The aim of this paper is to update current knowledge of the pathogenesis

and prevalence of SDs in patients with CP and propose practical algorithms for their

evaluation and management in clinical practice. Particular attention is paid to screening

and diagnostic tools for appropriate characterization of SDs, identification of risk factors,

and potential role of hypothalamic sparing surgery in the prevention of morbid obesity

and SDs. Available tools in sleep medicine, including lifestyle interventions, drugs, and

respiratory devices, are discussed, as well as the importance of optimal hormone

replacement and metabolic interventions. Current limits in the diagnosis and treatment

of SDs in patients with CP and possible future avenues for research agenda are

also considered.
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INTRODUCTION

Craniopharyngiomas (CPs) are rare benign parasellar tumors
derived from Rathke’s pouch rests, and are classified into two
subtypes (1). Most are adamantinomatous, typically presenting
as mixed solid/cystic tumors with frequent calcifications, driven
by somatic beta-catenin mutations, whereas papillary CPs are
suprasellar, mostly solid, tumors with frequent BRAF mutations
(2). CPs have a bimodal age distribution, with peaks of incidence
occurring in pediatric (5–14 years, adamantinomatous) and adult
patients (50–74 years, both) (1, 2). Despite benign histology
and high overall survival (>90% in childhood-onset CP), the
standardized mortality rate in patients with CP has been variably
estimated from 2.88 to 9.28, with a 3- to 19-fold increase in
cardiovascular mortality compared to the general population
(3). Prognosis may vary according to tumor characteristics and
treatment, secondary co-morbidities, and childhood vs. adult
onset of the disease (1). Neuroendocrine dysfunctions include
partial or complete hypopituitarism, hyperprolactinemia, and
diabetes insipidus (DI). The most dramatic complication is
the development of a hypothalamic syndrome (HS), which is
typically associated with neuroendocrine disorders and includes
neurocognitive changes (4) morbid hypothalamic obesity (HO)
and related systemic complications (5), a variety of sleep
disorders (SDs) including sleep-related breathing disorders
(SBDs), central hypersomnia and abnormal wake-sleep circadian
rhythms (6, 7), and less commonly abnormalities of thirst and
central temperature or cardiovascular regulation. Hypothalamic
damage may severely impair the quality of life (QoL) of patients
and has an impact on long-term mortality (8). The extension
and localization of hypothalamic injury due to the tumor itself,
neurosurgery, and, in some cases, radiotherapy, contribute to
the timing and severity of HS (5, 9). The optimal treatment for
CP and related complications remains difficult and relies on a
multidisciplinary approach, with increasing attention being paid
in the last decades to the prevention of hypothalamic damage
during surgery (2, 10).

Overall, SDs have received more attention in pediatric than
in adult patients with CP, who include long-term survivors of
childhood-onset CP and patients with an adult-onset disease.
In pediatric cohorts, SDs have been heterogeneously reported
as daytime sleepiness/hypersomnia, sleep disturbances such as
difficulty to fall asleep or waking up during the night, and
variably evaluated by self-assessment—specific questionnaires
(11), items as a part of QoL assessment (12)—and more recently
by means of sleep medicine tools aiming to better define
entities such as SBDs, like obstructive sleep apnea (OSA) (7) or
secondary narcolepsy (13). Within the methodological limits and
heterogeneity of reported studies, the prevalence of SDs and/or
excessive daytime sleepiness (EDS) approaches 70–80% (11, 13),
with an adult prevalence of OSA around 40% (6). A common
observation is the higher prevalence of SDs in the presence
of hypothalamic involvement, with a bi-directional interplay
between obesity and SDs. Indeed, SDs recognize a multifactorial
pathogenesis: (1) a strict relationship with HO; (2) damage
to the hypothalamic nuclei regulating sleep, wakefulness and
circadian rhythm; (3) dysfunction of the pharyngeal/respiratory

muscles; (4) suboptimal endocrine treatment; (5) fatigue, and
psychosocial disorders (14). On the other hand, SDs contribute
to and aggravate metabolic and cardiovascular co-morbidities.
In fact, SDs increase the risk of insulin-resistance, obesity,
and diabetes mellitus (DM) (15), and intermittent hypoxemia
in OSA is an independent risk factor for cardiovascular and
cardiorespiratory mortality (16). SDs may also represent a risk
factor for neurocognitive decline (17) and cancer (18).

Nonetheless, SDs remain largely underdiagnosed in clinical
practice, which may be explained by the complex clinical
management of patients with CP and insufficient awareness or
access to centers for sleep medicine. However, no guidelines
are available for the diagnosis and management of SDs in such
patients. Because increasing attention is currently being given to
sleep health in the general population because of relevant health
and socioeconomic consequences (e.g., reduced performance
at work, driving safety, and social relationship), we wished to
review the current knowledge of SDs in patients with CP and
propose, based on our multidisciplinary experience, practical
algorithms for the screening, diagnosis, and management of such
conditions. Current limits and future therapeutic options will
also be discussed.

CLASSIFICATION AND PATHOGENESIS OF
SLEEP DISORDERS IN PATIENTS WITH CP

Sleep disorders (SDs) are classified according to the third edition
of the International Classification of Sleep Disorders (ICSD-3) of
the American Academy of Sleep Medicine (19), which identifies
seven major categories of disorders: insomnia disorders, SBDs,
central disorders of hypersomnolence, circadian rhythm sleep-
wake disorders (CRSWDs), sleep-related movement disorders,
parasomnias, and other SDs. The most frequently reported SDs
in CP are EDS (11, 20), central hypersomnia and secondary
narcolepsy (13, 14, 21–27), SBDs (7, 24), and CRSWD (28–30),
which require appropriate characterization and understanding of
their underlying causes. Since clinical pictures may be complex
and different elements may co-exist in the same patient, this
may be achieved through a specific expertise in sleep diseases.
Although the real prevalence of SDs before and after CP
surgery/radiotherapy should be clarified, Mandrell et al. (13)
showed that 45% of a large sample of pediatric patients with
CP were affected by hypersomnia due to a medical disorder and
35% by narcolepsy, and that the main predictor of sleepiness was
obesity. In addition, 80% of this cohort complained of EDS at
diagnosis or after neurosurgery. This is in keeping with previous
studies reporting that children and adolescents with CP complain
of somnolence, fatigue, and sleep–wake disruption, which persist
in 65–80% of the cases after treatment (20, 31). Similar data
were reported in unselected adults with CP, with a prevalence of
SDs around 70% (10). Of note, EDS may reduce work/education
performance in 43% of patients with CP (6).

From a physiopathological point of view, sleep can be altered
because of tumor growth toward structures involved in the
control of sleep and wake, direct or indirect/vascular treatment-
related injury to the same structures, or as a consequence of
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HO. Therefore, hypothalamic dysfunction plays an essential role
in the development of SDs. Damage to the suprachiasmatic
nucleus (SCN), the central biological “master clock,” leads to
abnormal circadian rhythms and sleep-wake cycles. The SCN is
on the neural way of control of the nocturnal pineal secretion
of melatonin (32). It is composed of 20.000 neurons and
glia that change their rate of firing in response to variation
in light (33) and modulates several processes, such as sleep
and food intake. Internal rhythm is strictly linked to external
light cycle, and CRSWD develop when misalignment between
light cycle and internal rhythm occurs. Circulating melatonin
is mostly of central origin, and abnormally low nocturnal
melatonin levels have been reported in patients with childhood-
onset CP in association with daytime somnolence (34) and
disrupted circadian rhythm (29). Similar findings were reported
in a population of predominant adult-onset CP in association
with reduced sleep time and efficiency, and a tendency for
increased diurnal sleepiness and impaired physical health (30).
Of note, chronobiotic effects of melatonin go far above sleep
induction and include several systemic effects, leading to
endocrine/metabolic dysfunctions in the presence of melatonin
deficiency (32). Most of the master clock genes involved in
circadian rhythmicity and circadian rhythm integrity are also
tightly linked to metabolism and weight control (35, 36).
Damage to the lateral hypothalamus, ventrolateral preoptic area,
and median preoptic nucleus may impair the secretion of
hypocretins, also called orexins, which are deficient in narcolepsy
type 1 (37). Orexin/hypocretin-secreting neurons have broad
projections to the brain and play an essential role in the
promotion of wakefulness; their loss induce secondary REM
sleep dysregulation, with excessive diurnal somnolence and sleep
attacks by abrupt transitions from NREM to REM sleep leading
to narcolepsy (38). Additional manifestations of narcolepsy (i.e.,
cataplexy, hypnagogic hallucinations, and sleep paralysis), an
expression of fast intrusion of REM sleep or REM atonia,
are less frequent in patients affected by secondary narcolepsy
due to suprasellar tumors (39). Almost 38%, 15%, and 7% of
patients with CP may develop cataplexy, sleep paralysis, and
hallucinations, respectively (39).

Sleep-Related Breathing Disorders
Sleep-related breathing disorders (SBDs) are the most common
SDs among children and adolescents (40, 41), with 1–4% of
unselected children suffering from OSA, and rising up to 13–
60% in obese children (42). SBDs are also highly prevalent in
adults. OSA can be recognized by polysomnography (PSG) or
home sleep apnea test (HSAT), based on the Apnea/Hypopnea
Index (AHI, expressed in events/h). According to the Wisconsin
Sleep Cohort, ∼13% of men and 6% of women have moderate-
to-severe sleep apnea (AHI>15/h), and 14% of men and
5% of women have AHI ≥ 5/h plus symptoms of daytime
sleepiness, both increasing with age and body mass index
(BMI) (43). As a consequence, these estimates have grown
substantially over the last two decades, largely because of
the rising obesity epidemic (43). Adult and pediatric patients
show different presentation, diagnostic criteria, course, and
complications. According to the ICDS-3 (19), pediatric OSA

is characterized by intermittent complete or partial obstruction
(obstructive apnea or hypopnea); prolonged partial upper airway
obstruction; or both prolonged and intermittent obstructions
that disrupt normal ventilation during sleep, normal sleep
patterns, or both (at least one obstructive, mixed apnea, or
hypopnea per hour of sleep). The presence of SBD symptoms
in combination with an AHI of ≥ 1/h has been applied
to define pediatric OSA in most published studies (44). In
adults, the definition is based on AHI ≥ 5/h, and OSA is
characterized by predominant obstructive respiratory events
(obstructive and mixed apneas, hypopneas, or respiratory
effort related arousals). Of note, no specific criteria are
considered for the definition of OSA in the “transitional” age
from childhood to adulthood, which represents a significant
proportion of adolescent/young adult patients with CP. The
clinical presentation of OSA may differ between adult and
pediatric patients. In adults, snoring and breathing irregularity
in sleep may easily suggest the presence of OSA, whereas in
children EDS is less perceived and may manifest as irritability,
impulsivity, and distractibility (45). EDS manifests only in
minority of children with OSA (46, 47). OSA is also more
common in children with neurological impairment due to
hypotonia of pharyngeal muscle or inability to change position
during sleep (48).

SDs, in particular SBDs, may also be linked to HO, which in
turn could be worsened by disrupted sleep patterns. Damage
to the ventromedial hypothalamus and arcuate nucleus, which
regulate hunger, satiety, and energy balance, is considered
as the main determinant of HO (5). Increased energy intake
and hyperphagia are not sufficient to explain HO, which is
also due to imbalance between increased parasympathetic
activity promoting hyperinsulinemia, reduced sympathetic
activity leading to a reduced energy expenditure, and reduced
daily activities because of somnolence, neurological sequelae
such as visual loss, and psychological distress (5). Somnolence
itself contributes to lower energy expenditure and increases
appetite, leading to weight increase (49). Rapid and severe
weight gain, which is typically maximal during the first 12
months following surgery, aggravates psychological distress,
inactivity, and deleterious food intake, sustaining a dramatic
vicious cycle in patients with CP, although BMI tends to stabilize
later on. OSA has been reported in 5–46% of patients with
CP (6, 7, 11, 13, 14, 23, 29, 50), depending on demographic
characteristics (Table 1). Obesity is a well-known risk factor for
OSA in the general population, and no significant difference was
found in the prevalence of OSA between adults with CP (46%)
and matched overweight and obese controls (61%) (6). However,
BMI did not correlate with either the AHI or Epworth Sleepiness
Scale (ESS), and diurnal somnolence was higher in adult patients
with CP than in obese controls (71.5 vs. 17%), confirming that
OSA is only one of several causes of somnolence in these patients,
and that obesity alone does not explain the prevalence of OSA
(6). Compared with adolescent obese controls, obese adolescents
with CP fall asleep quicker (lower sleep onset latency), tend to
sleep longer (trend toward higher total sleep time), and show
more severe oxygen desaturation and present more severe AHI
and central apnea index (7). Since unspecified diagnostic criteria
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TABLE 1 | Sleep-related breathing disorders in patients with craniopharyngioma.

References Patients

(n)

Study design Prevalence Age Diagnostic criteria Diagnostic

tool

Snow et al. (23) 5 C P 2/5 (40%) 11–19 yrs Not reported PSG

Lipton et al. (29) 3 C selected

hypersomnolent patients

3/3 (100%) 15–22 yrs Not reported PSG

O’Gorman et al.

(7)

15 CS C (obese CP vs.

obese controls)

7/13 normal-mild (53.8%)

2/13 moderate (15.3%)

4/13 severe (30.6%)

10–21 yrs Mild OSA AHI 1.5–5/h

Moderate OSA AHI 5–10/h

Severe OSA AHI >10/h

Abnormal CAI >1/h

PSG

Crowley et al. (6) 28 C P (obese CP vs. obese

controls)

11/28 (39.2%) 16–67 yrs AHI ≥ 5/h PSG

Manley et al. (11) 28 R U 3/7 (42%) (2/3 OSA and

CSA)

Pediatric

and Adult

Not reported PSG

Mandrell et al.

(13)

110 CS CO U 5/98 (5.1%) Pediatric

and Adult

AHI ≥ 2/h for pediatric patients

AHI ≥ 5/h for adult patients

PSG

Niel et al. (50) 50 U P 2/10 (20%) 3–20 yrs AHI ≥ 5/h PSG

CS, cross sectional; C, controlled; U, uncontrolled; CO, consecutive; P, prospective; R, retrospective; OSA, obstructive sleep apnea; CSA, central sleep apnea; AHI, apnea hypopnea

index (events/h); CAI, central apnea index.

or adult criteria were applied in many pediatric patients with
CP, the pediatric prevalence of OSA may be underestimated
(11, 23, 29, 50).

Central Hypersomnias
The second main group of SDs in patients with CP is
represented by central hypersomnias, which can be recognized
on PSG. Central hypersomnias are characterized by severe EDS,
despite normal quality and timing of nocturnal sleep. ICSD-3
distinguishes three main subtypes: narcolepsy type 1, narcolepsy
type 2, and idiopathic hypersomnia (19). Secondary narcolepsy
and cataplexy are rare disorders described as a consequence of
lesions of lateral hypothalamus orexinergic neurons (13, 24, 26,
39, 51–54). Narcolepsy is rare and characterized by EDS and REM
sleep dysregulation manifesting as sleep paralysis, cataplexy, and
hypnagogic and hypnopompic hallucinations (19). The diagnosis
is based on clinical symptoms and a mean sleep latency of ≤
8min with two or more sleep onset REM periods (SOREMPs)
on a Multiple Sleep Latency Test (MSLT) or low hypocretin-
1 concentration in the cerebrospinal fluid (CSF) (≤110 pg/ml)
(19). Cataplexy is defined as more than one episode of generally
brief (< 2min), usually sudden bilateral and symmetrical loss
of muscle tone with retained consciousness. The episodes are
induced by strong emotions, usually positive, with almost all
patients reporting some episodes induced by emotions associated
with laughter (19). Narcolepsy is strongly associated with obesity
(24) and other SDs like REM sleep behavior disorders (55),
periodic leg movements during sleep and restless leg sleep
syndrome (56), and OSA (57). Jacola et al. (31) assessed EDS
in a pediatric CP cohort using the Modified Epworth Sleepiness
Scale (M-ESS) andMSLT.M-ESS is a quick screening tool derived
from ESS to identify EDS in children by assessing their likelihood
to fall asleep in different everyday situations (from 0, which is
low probability to fall asleep, to 3, which is high probability
to fall asleep). A cutoff of 10 is indicative for EDS (58). EDS
was identified by M-ESS in 76% of pediatric CP and strictly

related to hypothalamic involvement (31). However, M-ESS may
not be sensitive enough to screen pediatric patients for EDS
(58), so complete sleep evaluation is often recommended (25).
In survivors of childhood brain tumors, hypersomnia/narcolepsy
was diagnosed on a median of 6.1 years from diagnosis and 4.7
years from cranial irradiation, and tumor location and radiation
therapy were potential risk factors (26). Stimulants improved
wakefulness and school performance (26). Table 2 summarizes
central hypersomnias and EDS observed in patients with CP.

Circadian Rhythm Sleep-Wake Disorders
CRSWDs are characterized by alterations of the circadian time-
keeping system or misalignment of the endogenous circadian
rhythm and the external environment (19), associated with sleep-
wake disturbances (EDS or insomnia) and distress (19). ICSD-
3 distinguishes different types of CRSWDs: delayed sleep-wake
phase disorder, advanced sleep-wake phase disorder, irregular
sleep-wake rhythm disorder, non-24-h sleep-wake rhythm
disorder, shift work disorder, jet lag disorder, and circadian
sleep-wake disorder not otherwise specified (19). Patients with
CP show frequent disruption of sleep-wake cycle and circadian
rhythm (20, 27–30), typically caused by involvement of the
hypothalamic SCN and alterations in melatonin transmission
(62, 63). Melatonin can be measured in the peripheral blood
to diagnose clock disruption, but this requires serial blood
samples, and several variables may interfere with correct
result interpretation (33), preventing routine use in clinical
practice. Sleep logs, prolonged sleep-wake cycle monitoring by
actigraphy, and circadian variations of salivary melatonin by
dim-light melatonin onset are useful tools to establish a CRSWD
diagnosis (64). Patients with CP lacking midnight melatonin
peak had impaired sleep quality, increased EDS, and more
general and mental fatigue (30). Obesity and EDS were also
linked to low midnight-morning melatonin concentration (20).
In addition, sleep fragmentation and EDS are frequently reported
in CP with a circadian profile characterized by early morning
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TABLE 2 | Excessive daytime somnolence and secondary narcolepsy in patients with craniopharyngioma.

References Patients (n) SD Study design Prevalence Age Diagnostic criteria Diagnostic

tools

Snow et al. (23) 5 (3 CF) Daytime sleepiness C P 5/5 (100%) 11–15 yrs ESS > 12 ESS, MSLT

Poretti et al. (59) 21 Daytime sleepiness P U 6/21 (28.5%) Pediatric ESS > 10 ESS

Müller et al. (60) 79 Daytime sleepiness C P 28/79 (35.4%) Pediatric and Adult ESS > 10 ESS

van der Klaauw et

al. (61)

27 Daytime sleepiness C P 9/27 (33%) Adult ESS > 10 ESS

Lipton et al. (29) 3 Daytime Sleepiness C (selected

hypersomnolent

patients)

3/42 (7.14%) 17–22 yrs Self-Reported Actigraphy

Crowley et al. (6) 28 Daytime Sleepiness C P (obese CP

vs. obese

controls)

20/28 (71.4%) 16–67 yrs ESS > 10 ESS

Manley et al. (11) 28 Daytime Sleepiness R U 19/28 (67.8%) Pediatric and Adult Self-Reported Self-

Reported

Mandrell et al. (13) 110 Hypersomnia CS CO U 39/86 (45.3%) Pediatric and Adult Tanner Prepubescent

MSL ≤ 15; Tanner

pubescent MSL ≤ 10

PSG; MSLT

Narcolepsy 30/86 (34.8%) Tanner Prepubescent

MSL ≤ 15; Tanner

pubescent MSL ≤ 10

AND ≥ 2 SOREMPs

PSG; MSLT

CS, cross sectional; C, controlled; U, uncontrolled; P, prospective; CO, consecutive; R, retrospective; ESS, Epworth sleepiness scale; PSG, polysomnography; MSLT, multiple sleep

latency test; SOREMPs, sleep onset REM periods.

TABLE 3 | Sleep-wake cycle alterations in patients with craniopharyngioma.

References Patients (n) Study design Prevalence Age Sleep findings Diagnostic tools

Lipton et al.

(29)

Sleep-Wake

cycle alterations

Melatonin

deficiency

3 C (selected

hypersomnolent

patients)

3/3 mild OSA 17–22 yrs (1) Irregular bed time;

(2) Frequent night-time

activity;

(3) Inappropriate daytime

episodes of rest;

(4) Low melatonin level in

patients compared to

controls

Actigraphy and

Melatonin plasma

dosage vs. levels in

Historical controls

Pickering et

al. (30)

Melatonin

deficiency

Increased sleep

Latency

15 C Normal melatonin

profile and no

sleep alterations

(6/14)

Absent mid night

peak of melatonin

and impaired sleep

quality; EDS and

fatigue (6/14)

Phase-shifted

peak and no sleep

alterations (2/14)

18–70 yrs (1) Unchanged sleep onset

(2) Wake up 1 h earlier

(3) Higher global score in

PSQI (impaired sleep quality,

increased sleep latency and

increased daytime

dysfunction)

(4) Lower melatonin

(5) Low midnight melatonin

associated with increased

daytime sleepiness

Sleep Log, PSQI,

ESS, SF-36, MFI

Saliva melatonin

dosage, blood

cortisol dosage

C, controlled; OSA, obstructive sleep apnea; EDS, excessive daytime somnolence; PSQI, Pittsburgh sleep quality index; ESS, Epworth sleepiness scale; SF-36, short form health survey;

MFI, multidimensional fatigue inventory.

awakening, followed by napping during the afternoon (11, 30,
58). Actigraphy may help to recognize different patterns of SDs
and is a reliable tool to estimate total sleep time, sleep latency,
sleep onset latency, sleep efficiency, awakenings, and wakefulness
after sleep onset (65). Different hypothalamic lesions in obese
children with CP may induce shorter (7) or longer sleep onset
latency (30). The main CRSWDs in patients with CP are reported
in Table 3.

DIAGNOSIS OF SLEEP DISORDERS IN
PATIENTS WITH CP

In order to appropriately evaluate patients with CP for SDs,
it is crucial to investigate suggesting symptoms such EDS,
non-restorative sleep, and fatigue. Physicians should obtain
a comprehensive clinical history on sleep behaviors, sleep
hygiene from patients, and bed partners, even in the absence
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FIGURE 1 | Algorithm for the screening and identification of sleep disorders in patients with craniopharyngiomas. ICSD-3, International classification of sleep

disorders version 3; CP, craniopharyngioma; SDs, sleep disorders; OSAS, obstructive sleep apnea syndrome; HSAT, home sleep apnea test; PSG, polysomnography;

MSLT, multiple sleep latency test; CRSWD, circadian rhythm sleep-wake disorders. Endocrinologists and neurosurgeons should be involved in the screening step. The

second step should be performed by a sleep specialist. aDiaries can help to obtain clinical points in a standardized manner. *The use of formal screening

questionnaires for sleep disorders is advisable [i.e., STOP BANG for sleep apnea, Pittsburgh Sleep Questionnaire Index (PSQI) for SDs, Epworth Sleepiness Scale for

EDS, Morningness-Eveningness Questionnaire to identify chronotype]. bSDs should be managed as per overall guidelines. cThe effects of treatments should be

regularly evaluated [adherence to PAP, EDS by ESS score or Maintenance Wakefulness Test (MWT) together with multidisciplinary evaluation of obesity and related

cardiometabolic complications as well as appropriate hormone replacement, where present. In particular, body mass index (BMI) should be noticed at each visit].

of evident sleep complaints. Open questions regarding non-
restorative sleep, history of observed snoring, apneas, obesity,
and EDS should raise the suspicion of comorbid OSA and
lead to further investigations. Special care should be paid to
inattention, hyperactivity, high blood pressure, enuresis, and
failure to thrive that are commonly reported in pediatric OSA
(44). In addition, some questionnaires may help to suspect SBDs,
EDS, and CRSWDs. Although specific guidelines for SDs in CP
and other suprasellar tumors are lacking, the general indications
for diagnostic tests should be applied based on clinical suspicion:
HSAT for SBDs/OSA, PSG for hypersomnia and MSLT for
narcolepsy and other central hypersomnias, and actigraphy for
suspected SDs andmore specifically CRSWDs and insomnia (19).

A clinical algorithm aimed to suspect SDs in patients with
CP and summarize their approach and follow-up according to
current sleep medicine guidelines (19) is proposed in Figure 1.
Based on clinical suspicion, another algorithm is proposed in
Figure 2 to guide the diagnosis and treatment of the most
frequently reported SDs. Examples of OSA, central hypersomnia
and CRSWDobserved in adult patients with CP in our institution
and diagnosed by HSAT, PSG and actigraphy, respectively, are
shown in Figures 3–5. Of note, all these patients had a supra-
and retro-sellar extension at pre-operative magnetic resonance
imaging (MRI). Table 4 provides a glossary and abbreviation list
of sleep terms reported in our study, and Table 5 reports the

current definition and diagnostic criteria of themost relevant SDs
reported in patients with CP.

PREVENTION AND TREATMENT OF SLEEP
DISORDERS IN PATIENTS WITH
CRANIOPHARYNGIOMA

A multidisciplinary approach is crucial to target several factors
involved in the onset and progression of SDs in patients with
CP. The choice of a safe neurosurgical approach is the first step
in the prevention of hypothalamic damage, and optimization
of hormone replacement therapy is necessary in patients with
hypopituitarism and/or DI to correct their potential contribution
to SDs. In the presence of HS, complementary strategies should
be put in place to simultaneously address sleep health (direct
strategies) and HO (indirect strategies). We will, therefore,
analyze risk factors for the development of HS and SDs, and focus
on their prevention and treatment, pointing out the potential
benefits of sleep medicine in such patients.

Neurosurgical Treatment
The optimal treatment of patients with CP is still a matter of
debate due to difficulty in finding effective balance between an
aggressive approach aiming for complete resection to prevent
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FIGURE 2 | Algorithm for the management of sleep disorders in patients with CP. PSG, polysomnography; OSAS, Obstructive Sleep Apnea (OSA) syndrome; HSAT,

home sleep apnea test; AHI, apnea-hypopnea index per hour of sleep; MSLT, multiple sleep latency test; MSL, mean sleep latency; aThe management of OSA should

include weight loss, avoidance of alcoholic intake and smoking, sleep hygiene, and positional therapy. Positive Airway Pressure (PAP) is considered first-line treatment.

Oral appliances may be suggested for mild to moderate OSA and surgery to correct anatomic obstructions (66). bThe treatment of central hypersomnias and

secondary narcolepsy should include cognitive behavioral therapy (CBT) and approved stimulants (i.e., modafinil, pitolisant, solriamfetol, and sodium oxybate) (67).
cSleep hygiene, CBT, and short-term pharmacologic approach should be considered for insomnia and CRSWD (68).

recurrences, and a more conservative approach aiming to
reduce the risk of post-operative complications and long-term
sequelae. The surgical approach itself has also significantly
evolved in the last decades. Controversies about surgical
objectives and techniques are related to the complexity of the
anatomical location and extension of CP, which may arise
anywhere along the craniopharyngeal duct. Nearly 95% have
a suprasellar component, up to 75% are intra-suprasellar and
only a minority are purely intrasellar (<10%) (1). Suprasellar

CPs may occasionally extend to the anterior, middle, or
posterior fossa, rarely they are completely situated within
the 3rd ventricle, and hydrocephalus may be present more
frequently in children than in adults (1). Radical resection has
long been considered as the therapy of choice at any age for
the primary treatment of CP, and several open transcranial
microsurgical (TC) approaches have been developed, offering
uni- or bilateral access to the tumor. TC surgery allows for good
maneuverability but requires some degree of brain retraction
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FIGURE 3 | A 5-min segment from home sleep apnea test (HSAT) in the diagnosis of sleep-related breath disorders in a 51-year old male patient with CP. The patient

was operated on for a huge supra- and retrosellar craniopharyngioma with hydrocephalus and ataxia, achieving complete resection of an adamantinomatous lesion.

He developed post-operative diabetes insipidus and partial hypopituitarism, and had severe weight gain (+50 kg) with snoring and markedly excessive daytime

somnolence (EDS), confirmed by a high ESS score (16/24). HSAT confirmed the presence of severe OSA syndrome (AHI 58.8/h), characterized by several obstructive

apneas. PAP treatment induced the disappearance of EDS (ESS score 7/24). Overall, the patient was very compliant to lifestyle interventions and endocrinological

management, and significant weight loss (−30 kg) was also achieved.

and optic nerve and vascular manipulation, and increased
resection rates have been associated with increased morbidity
and mortality, in particular with neuroendocrine dysfunction
and HO (1–3). Exposure of infra-chiasmatic, retrosellar, and
interpeduncular extension of some midline tumors may also be
limited. Conversely, microsurgical transsphenoidal approaches
provide limited exposure and maneuverability in the suprasellar
space and may cause CSF leak. In the last 15 years, the
development of expanded endoscopic endonasal approaches
(EEAs) in skull base surgery has changed the approach to CP
(69–72). Although initially limited to resection of intrasellar
tumors, with increasing experience and improved technology,
EEAs are being increasingly used for suprasellar CP, and the
incidence of CSF leaks has been reduced by the use of multilayer
reconstruction techniques (69, 70). In experienced hands, EEAs
may now be proposed for the treatment of midline infra-
chiasmatic and suprasellar CP, and, in some cases extended to
CP of the 3rd ventricle (70). A recent consensus statement of
the European Association of Neurosurgical Societies (EANS),
skull base section, recommends surgery in tertiary referral centers
and further supports the role of EEAs as suitable to most adult
CP (71). For anatomical reasons, endonasal surgery has been
considered difficult in the pediatric population, but the place of
EAAs in the treatment of pediatric CPmay progressively increase
with improved technology (73).

Preoperative neuroradiological imaging is essential for the
diagnosis and surgical treatment of CPs, and their characteristics
have been well-described (74). Adamantinomatous CP typically

present as multilobulated mixed solid/cystic intra/suprasellar
masses, with frequent calcifications (90%) on X-ray or
computerized tomography (CT). The solid component is
unevenly hypointense in T2 on MRI and, together with the
peripheral component of the cysts, shows irregular contrast
enhancement. Cystic components are hypointense on T1,
and their intensity in T2 depends on their protein content.
Papillary CPs are suprasellar and devoid of calcifications. Of
note, perilesional edema in FLAIR may hardly be distinguished
from the lesion when it infiltrates the chiasm, hypothalamus,
or mammillary bodies. Identifying the hypothalamus and
mammillary bodies is essential, although controversies remain
about the relative impact of pre-operative hypothalamic
involvement (HI) itself and surgical strategies on long-term post-
operative outcome, including post-operative HO. Sainte-Rose
et al. (75), Van Gompel et al. (76), and Muller et al. (77) have
proposed different neuroradiological classifications of CP to
define the grading of HI. The prognostic value of HI according
to either classification, together with additional characteristics
such as unidentified pituitary stalk, retrochiasmatic extension,
and peri-tumoral edema, has been confirmed in a multifactorial
analysis of risk factors for the development of HS and morbid
HO (78).

Differences in CP management worldwide and across the
last decades have been discussed in details elsewhere (2). As
a general rule, experienced neurosurgeons currently advise
gross total resection where presumably safe, and conservative
approaches with subtotal tumor removal in the presence of risk
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FIGURE 4 | Examples of MSLT in the diagnosis of central hypersomnias in two female patients with CP. Patient 1 (A–D). Pre-operative evaluation of a 44-year-old

woman who presented with spontaneous hypothalamic syndrome with severe weight gain (+30 kg) associated with headache, secondary amenorrhea, asthenia,

insomnia, and diurnal somnolence. Contrast-enhanced T1-weighted magnetic resonance imaging (MRI) revealed a huge solid and cystic suprasellar lesion [(A),

coronal view] with posterior extension [(B), sagittal view]. MSLT showed a 30-s epoch of NREM sleep (N2) (C) with hypnogram confirming severe excessive daytime

somnolence (mean sleep latency 4.2min) without sleep-onset REM in 5 of 5 nap periods (D). A diagnosis of central hypersomnia was made. Patient 2 (E–H).

Post-operative evaluation of a 52-year-old woman affected by complex post-operative sleep disorders accompanied by diabetes insipidus, pan-hypopituitarism,

ongoing severe weight gain (+7 kg before surgery, +30 kg after surgery) and asthenia. Preoperative contrast-enhanced T1-weighted MRI showed a huge solid and

cystic suprasellar lesion [(E), coronal view] with posterior extension [(F), sagittal view]. Excessive daytime somnolence persisted on continuous PAP for documented

post-operative OSA (data not shown), and MSLT was recently proposed. The MSLT showed a 30-s epoch of REM sleep (G), with hypnogram confirming severe

excessive daytime somnolence (mean sleep latency 2.3min) with sleep-onset REM in 2 of 5 nap periods [(H), see blue arrows]. A diagnosis of secondary narcolepsy

was made, and a stimulant oral agent (modafinil) was started. In both patients, complete tumor resection was achieved, and pathological examination revealed

adamantinomatous (patient 1) and papillary (patient 2) craniopharyngiomas. ROC, right oculogram; LOC, left oculogram; M1 and M2 reference electrodes placed on

the mastoid process; Chin, Chin electromyogram.
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FIGURE 5 | Example of circadian sleep-wake alteration evaluation by actigraphy. A 75-year-old female patient came to our observation because of headache and

visual loss in the context of recent and rapidly worsening neurological symptoms consisting of insomnia, excessive daytime somnolence, cognitive impairment,

reduced appetite, and weight loss. No poliurodyspia was present, and basal pituitary function and electrolytes were normal. Contrast-enhanced T1-weighted MRI

revealed a mixed cystic and solid tumor consistent with suprasellar craniopharyngioma (A) with retrosellar extension (B). Sleep-wake patterns are displayed for

individual days on actigraphy (C): vertical black bars and the red line under each day indicate movement, and the absence of black bars indicates supposed sleeping

periods. The blue band designates the sleep period. The actigram shows frequent nighttime activity, severe insomnia, sleep fragmentation, and frequent short diurnal

naps. The patient is currently awaiting surgery.

factors for significant post-operative morbidity. Interestingly,
according to a meta-analysis performed on adult patients with
CP, conservative surgery itself was associated with reduced
risk of post-operative hypopituitarism and DI but did not

significantly prevent weight gain (79). Similar findings arise
from a pediatric meta-data analysis in the United Kingdom
(80), pointing out unresolved issues in the identification of
individual risk factors and personalized surgery. An algorithm
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TABLE 4 | Glossary of sleep terms included in the review.

Term Abbreviation Definitions

Actigraphy A non-invasive technique that measures physical activity levels of a subject by means of a wristwatch-like

motion-sensing device that can be worn for prolonged periods of time. Its use is considered useful to diagnose

CRSWDs, insomnia and other sleep disorders (i.e., OSA, restless legs syndrome)

Apnea-Hypopnea index AHI A diagnostic tool for determining the presence and severity of OSA. It represents the average number of apneas and

hypopneas by hour during sleep

Circadian rhythm sleep

wake disorders

CRSWDs Chronic or recurrent patterns of sleep-wake rhythm disruption primarily caused by an alteration in the endogenous

circadian timing system or misalignment between the endogenous circadian rhythm and the sleep-wake schedule

Cognitive behavioral therapy

of insomnia

CBTi A short, structured, and evidence-based approach to improve symptoms of insomnia, by identifying and replacing

thoughts and behaviors that cause or worsen sleep problems

Epworth sleepiness scale ESS A subjective questionnaire to measure daytime sleepiness in the past month

Home sleep apnea test HSAT An alternative simplified medical test for the diagnosis of OSA in uncomplicated adults presenting with signs and

symptoms that indicate an increased risk of moderate to severe OSA. It does not include electroencephalography,

electrooculogram, and electromyography

Maintenance wakefulness

test

MWT An objective measure of daytime vigilance that is used to quantify changes in the ability to stay awake

Morningness–Eveningness

questionnaire

MEQ A self-assessment tool that can provide details regarding an individual’s subjective timing preferences

Multiple sleep latency test MSLT An objective measure of daytime sleepiness that is used to measure physiological sleep tendency in the absence of

alerting factors among 5 diurnal naps. MSL (mean sleep latency) is the mean of each sleep latency

Obstructive sleep apnea OSA Obstructive sleep apnea (OSA) is a sleep-related breathing disorder that involves a decrease or complete halt in airflow

despite an ongoing effort to breathe

Pittsburgh sleep quality

index

PSQI A self-rated, subjective, questionnaire to evaluate sleep quality, and disturbances over a 1-month time interval

Polysomnography PSG A comprehensive sleep study including electroencephalography, electrooculogram, chin and leg electromyography,

body position, airflow, respiratory movement, oxygen saturation. PSG is considered the “gold standard” of sleep study

Positive airway pressure PAP PAP is the first-choice treatment for OSA involving devices to maintain upper airway patency by increasing the upper

airway pressure

Sleep onset REM periods SOREMPs REM sleep period occurring ≤15min after the onset of sleep on an overnight PSG or MSLT

Stop-BANG questionnaire Stop-BANG An easy to use, concise, effective, and reliable OSA screening tool including Snoring, Tiredness, Observed aPnea, high

BP, BMI, Age, Neck circumference, and male Gender

for risk-adapted hypothalamic-sparing surgery (HSS) was first
proposed by Sainte-Rose and Puget in pediatric CP, limiting
the indications for extensive surgical resection (ESR) to CP
presenting with no HI or with hypothalamic compression
without invasion (75). In their experience, patients receiving risk-
adapted HSS had similar relapse and progression rates, with a
significant benefit in weight gain, when compared with their
historical cohort of patients with CP treated by ESR (morbid
obesity 28 vs. 54% and normal post-operative BMI at last follow-
up 38 vs. 17%, respectively) (81). Although validation of this
single-center observation in a prospective multicenter setting is
still missing, additional studies have been conducted to evaluate
the outcome of HSS in patients with CP. In a recent retrospective
analysis of the German multicenter KRANIOPHARYNGIOMA
2007 cohort, neither pre-operative HI nor anterior hypothalamic
surgical injury, but posterior hypothalamic surgical injury was
significantly associated with increased risk of obesity and lower
QoL (82). Hence, the authors proposed that HSS should
particularly point to a “posterior HSS.” However, the potential
benefits of less aggressive surgical approaches to CP on SDs have
deserved less attention than HO. Compared to TC surgery, EEA
was recently reported to be associated with lower incidence of
DI, but post-operative weight gain was not significantly lower

and still depended on tumor volume and pre-operative BMI
(83). SDs were not addressed in a large series of CP managed
by HSS (81, 82). However, encouraging results were reported
about potential improvement of sleep-wake cycle and body
core temperature in a small series of CP of the 3rd ventricle
managed by EEA (84). The recent consensus statement on the
surgical treatment of adult CP by EANS skull base section
suggests to systematically evaluate pre-operative hypothalamic
function (regulation of weight, body temperature, and sleep-wake
cycles) and encourages further attention to their post-operative
evolution in the future (71).

A drawback of conservative approaches to CP is their potential
to recur, and multiple recurrences are a serious concern after
incomplete tumor resection, especially in children. The best
results in terms of progression-free survival after conservative
surgery have been reported in association with post-operative
radiotherapy and are similar to those obtained by gross total
resection. However, side effects of irradiation are delayed and
may include hypothalamic complications (9). Among modern
techniques, proton therapy may take an increasing place in
the treatment of residual or recurrent CP because of the
dosimetric characteristics of protons and limited off-target
toxicity (2, 85).
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TABLE 5 | Classification and definition of sleep disorders of interest in patients with craniopharyngioma (19).

Term (abbreviation) Definition Diagnostic criteria (ICSD-3)

Central disorders of

hypersomnolence

A group of disorders in which the primary

complaint is daytime sleepiness not caused by

disturbed nocturnal sleep or misaligned

circadian rhythms. Other sleep disorders may

be present, but they must be adequately

treated before a diagnosis in this category can

be established. This group includes (a)

Narcolepsy type 1 (b) Narcolepsy type 2 (c)

Idiopathic hypersomnia (d) Kleine-Levin

syndrome (e) Hypersomnia due to a medical

disorder (f) Hypersomnia due to a medication

or substance (g) Hypersomnia associated with

a psychiatric disorder (h) Insufficient sleep

syndrome

Narcolepsy type 1

Criteria A and B must be met

A. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep occurring for at least 3 months B. The presence of

one or both of the following:

1. Cataplexy (defined as more than one episode of generally brief (<2min), usually bilaterally symmetrical, sudden loss of muscle tone with

retained consciousness) and a mean sleep latency of ≤8min and two or more sleep-onset REM periods (SOREMPs) on an MSLT performed

according to standard techniques. A SOREMP (within 15min of sleep onset) on the preceding nocturnal polysomnogram may replace one of

the SOREMPs on the MSLT

2. CSF hypocretin-1 concentration, measured by immunoreactivity, is either ≤110 pg/mLor <1/3 of mean values obtained in normal subjects

with the same standardized assay

Narcolepsy type 2

Criteria A and E must be met

A. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep occurring for at least 3 months.

B. A mean sleep latency of≤8min and two or more sleep-onset REM periods (SOREMPs) are found on a MSLT performed according to standard

techniques. A SOREMP (within 15min of sleep onset) on the preceding nocturnal polysomnogram may replace one of the SOREMPs on the

MSLT

C. Cataplexy is absent

D. Either CSF hypocretin-1 concentration has not been measured or CSF hypocretin-1 concentration measured by immunoreactivity is either

>110 pg/mL or >1/3 of mean values obtained in normal subjects with the same standardized assay

E. The hypersomnolence and/or MSLT findings are not explained more clearly by other causes such as insufficient sleep, obstructive sleep

apnea, delayed sleep phase disorder or the effect of medication or substances or their withdrawal

Hypersomnia due to medical disorders Criteria A–D must be met

A. The patient has daily periods of irrepressible need to sleep or daytime lapses into sleep occurring for at least 3 months

B. The daytime sleepiness occurs as a consequence of a significant underlying medical or neurological condition

C. If an MSLT is performed, the mean sleep latency is ≤ 8min, and fewer than two sleep onset REM periods (SOREMPs) are observed

D. The symptoms are not better explained by another untreated sleep disorder, a mental disorder, or the effects of medications or drugs. (a) If

criteria for narcolepsy are fulfilled, a diagnosis of narcolepsy type 1 or type 2 due to a medical condition should be used rather than

hypersomnia due to a medical condition; (b) In patients with severe neurological or medical disorders in whom it is not possible or desirable to

perform sleep studies, the diagnosis can be made by clinical criteria

Circadian rhythm

sleep wake disorders

(CRSWDs)

Chronic or recurrent patterns of sleep-wake

rhythm disruption primarily caused by an

alteration in the endogenous circadian timing

system or misalignment between the

endogenous circadian rhythm and the

sleep-wake schedule. This group includes 1.

Delayed sleep–wake phase disorder; 2.

Advanced sleep–wake phase disorder; 3.

Irregular sleep–wake rhythm disorder; 4.

Non-24 h sleep-wake rhythm disorder; 5. Shift

work disorder; 6. Jet lag disorder; 7. Circadian

sleep–wake disorder not otherwise specified

General criteria for circadian rhythm sleep–wake disorder Criteria A–C must be met

A. A chronic or recurrent pattern of sleep–wake rhythm disruption due primarily to alteration of the endogenous circadian timing system or

misalignment between the endogenous circadian rhythm and the sleep–wake schedule desired or required by an individual’s physical environment

or social/work schedules

B. The circadian rhythm disruption leads to insomnia symptoms, excessive sleepiness or both

C. The sleep and wake disturbances cause clinically significant distress or impairment in mental, physical, social, occupational, educational, or

other important areas of functioning

Insomnia A persistent difficulty with sleep initiation,

duration, consolidation, or quality that occurs

despite adequate opportunity and

circumstances for sleep, and results in some

form of daytime impairment

Chronic Insomnia

Criteria A–F must be met

A. The patient reports, or the patient’s parent or caregiver observes, one or more of the following:

1. Difficulty initiating sleep

(Continued)
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TABLE 5 | Continued

Term (abbreviation) Definition Diagnostic criteria (ICSD-3)

2. Difficulty maintaining sleep

3. Waking up earlier than desired

4. Resistance to going to bed on appropriate schedule

5. Difficulty sleeping without parent or caregiver intervention

B. The patient reports, or the patient’s parent or caregiver observes, one or more of the following related to the nighttime sleep

difficulty:

1. Fatigue/malaise

2. Attention, concentration or memory impairment

3. Impaired social, family, occupational, or academic performance

4. Mood disturbance/irritability

5. Daytime sleepiness

6. Behavioral problems (e.g., hyperactivity, impulsivity, aggression)

7. Reduced motivation/energy/initiative

8. Proneness for errors/accidents

9. Concerns about or dissatisfaction with sleep

C. The reported sleep/wake complaints cannot be explained purely by inadequate opportunity (i.e., enough time is allotted for

sleep) or inadequate circumstances (i.e., the environment is safe, dark, quiet, and comfortable) for sleep

D. The sleep disturbance and associated daytime symptoms occur at least three times per week E. The sleep disturbance and

associated daytime symptoms have been present for at least 3 months

F. The sleep/wake difficulty is not explained more clearly by another sleep disorder

Sleep-Related

breathing disorders

(SDBs)

A range of conditions characterized by

abnormal breathing during sleep; in many

cases this is associated with narrowing or

obstruction of the upper airway (pharynx). The

disordered breathing ranges from intermittent,

partial obstruction of the airway without sleep

disturbance (snoring) to frequent apneas

associated with repetitive hypoxaemia and

arousals leading to sleep disruption and

daytime sleepiness. This group includes

obstructive sleep apnea (OSA) syndrome,

central sleep apnea disorders, sleep-related

hypoventilation disorders and sleep-related

hypoxaemia disorders. OSA is a sleep disorder

involving cessation or significant decrease in

airflow in the presence of breathing effort

OSA (ADULT)

(A and B) or C satisfy the criteria

A. The presence of one or more of the following:

The patient complains of sleepiness, non-restorative sleep, fatigue or insomnia symptoms

The patient wakes with breath holding, gasping or choking

The bed partner or other observer reports habitual snoring, breathing interruptions or both during the patient’s sleep

The patient has been diagnosed with hypertension, a mood disorder, cognitive dysfunction, coronary artery disease, stroke, congestive heart

failure, atrial fibrillation, or type 2 diabetes mellitus

B. Polysomnography (PSG) or HSAT (Home Sleep Apnea Test) demonstrates:

Five or more predominantly obstructive respiratory events [obstructive and mixed apneas, hypopneas or respiratory effort-related arousals

(RERAs)] per hour of sleep during a PSG or per hour of monitoring (HSAT)

or

C. PSG or HSAT demonstrates:

Fifteen or more predominantly obstructive respiratory events (apneas, hypopnoeas, or RERAs) per hour of sleep during a PSG or per hour of

monitoring (HSAT)

OSA (PEDIATRIC)

Criteria A and B must be met

The presence of one or more of the following:

1. Snoring

2. Labored, paradoxical, or obstructed breathing during the child’s sleep

3. Sleepiness, hyperactivity, behavioral problems, or learning problems

PSG demonstrates one or more of the following:

1. One or more obstructive apneas, mixed apneas, or hypopneas, per hour of sleep

2. A pattern of obstructive hypoventilation, defined as at least 25% of total sleep time with hypercapnia (PaCO2 > 50mm Hg) in association

with one or more of the following: (a) Snoring, (b) Flattening of the inspiratory nasal pressure waveform, (c) Paradoxical thoracoabdominal

motion

ICSD-3: International Classification of Sleep Disorders - Third Edition (19).
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Endocrine-Metabolic Treatments and
Lifestyle Interventions
Although lifestyle and endocrinological/metabolic interventions
are not resolutive in patients with HS, they still play a
fundamental role in the control of homeostasis, optimization
of SD treatment, and prevention of long-term cardio-
metabolic/vascular complications. The essential role of
short-term post-operative management of endocrine deficiencies
and sodium/water imbalance is beyond the scope of this
article. It should be remembered, however, that excessive
post-operative fluctuations in serum osmolarity due to DI,
SIADH, and/or salt wasting syndrome should be avoided, as
excessively rapid corrections of hyponatremia may lead to
irreversible neurological damage (86, 87). Patients should be
clearly informed on the potential risks, clinical manifestations
and timing of neuroendocrine alterations and HS following
surgery, and the need for long-term endocrinological follow-up.
Guidelines on the treatment of single or multiple pituitary
deficiencies are currently available (88), and we will focus on
the benefits and potential risks of hormone replacement therapy
on SDs.

Hormone Replacement Therapy
The relationship between hormone replacement and sleep health
is complex and bidirectional. Optimal hormone replacement
therapy may have a beneficial effect on muscle function,
including upper airway dilator muscles, body composition,
and metabolism, as well as fatigue and mood. Conversely,
overtreatment maybe deleterious for sleep, and worsens OSA
or sleep-wake cycle and circadian rhythm. Even in the
presence of undamaged hypothalamic-pituitary connections,
sleep fragmentation and reduction in slow wave sleep impair
circadian pituitary hormone regulation, in particular ACTH and
GH (89). Therefore, fine-tuning of hormone replacement is
needed to optimize metabolic, cardiovascular, and sleep issues in
patients with CP.

Diabetes Insipidus
Diabetes insipidus (DI) may be transient or life-long and
requires desmopressin replacement therapy according to
current guidelines (87, 88). Uncontrolled DI is characterized
by polyurodipsia (>50 mL/kg of body weight/24 h) with
nycturia and deleterious consequences on sleep quality,
increasing daytime sleepiness and fatigue (88, 90). Conversely,
overtreatment results in hyponatremia and related neurological
complications (86). A minority of CP patients with hypothalamic
injury present an impaired sense of thirst, which should be
promptly recognized by systematic evaluation of water balance.
Adipsia complicates clinical management, reduces QoL (91, 92),
and exposes patients to the risk of severe and potentially fatal
dehydration (92). Patients and their families should be informed
on such risks and the potential recovery of DI to optimize
desmopressin treatment.

Glucocorticoid Replacement Therapy
Patients affected by either primary or secondary glucocorticoid
deficiency complain of fatigue and impaired QoL with reduced
daytime activities (93). Despite the risk of acute adrenal

insufficiency being lower in patients with corticotroph deficiency
because of a typically preserved mineral corticoid function,
it may also occur and requires appropriate education of
patients and their families. Because any available replacement
therapy is unable to reproduce the physiological rhythm
of cortisol secretion, patients are frequently exposed to
supraphysiological evening levels of cortisol, which may impact
on sleep quality, sleep latency, and daytime functioning (93,
94). It may be, therefore, be useful to prefer modified-release
hydrocortisone to a standard replacement therapy with twice or
trice daily oral hydrocortisone. Modified-release hydrocortisone
replacement therapy best approaches physiological cortisol
secretion and may have a favorable impact on body weight
control, metabolism, immune function, and QoL (95). The single
morning administration of modified-release hydrocortisone may
also improve patient compliance in the setting of multiple
treatments for hormone replacement and/or associated co-
morbidities. We, therefore, suggest, where available, to consider
modified-released hydrocortisone in the long-term treatment of
patients with complex CP, including those with SDs.

Thyroid Hormone Replacement Therapy
Thyroid function and sleep also have a bidirectional relationship,
influencing each other through the circadian clock (96).
Hypothyroidism results in poor sleep quality and architecture
(96), and may trigger or worsen preexisting OSA (97). This
may occur as a consequence of impaired neural response to
hypoxemia and hypercapnia, increased airway resistance due
to mucoprotein deposition, increase in BMI, and changes
in upper airway muscle activity (96). Conversely, over-
replacement may favor insomnia, increase oxygen consumption,
and impact on muscle and cardiovascular function as observed
in hyperthyroidism (98). Therefore, optimizing thyroxine
replacement therapymay contribute to improve sleep quality and
architecture in patients with CP.

Testosterone Replacement Therapy
Because testosterone replacement therapy has pleiotropic
benefits in hypogonadal men, including improvement in
fatigue, lean mass, and hemoglobin concentration, it should be
considered in hypogonadal male patients with CP according to
current guidelines (88). The association between testosterone
replacement and OSA is controversial and has not been
specifically addressed in patients with CP, but the Endocrine
Society recommends against testosterone replacement in patients
with severe untreated OSA (99). In a large retrospective study,
an elevated risk of OSA among testosterone users compared
with controls was observed (100). Potential mechanisms
include the impact of androgens on muscle contraction and
neuromuscular control of upper airway muscles; increase in
oxygen consumption leading to hypoxia, and changes in neural
response to hypoxemia and hypercapnia (100). Thus, clinicians
should be careful in prescribing testosterone replacement
to patients CP and untreated OSA, and reevaluation during
ventilation treatment may be useful. Of note, obesity in itself is
frequently accompanied by functional hypogonadism. Because
the cardiovascular risks and benefits of testosterone replacement
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are also debated (101), a multidisciplinary evaluation is advisable
in patients with complex CP.

Recombinant Human Growth Hormone Replacement

Therapy
Growth hormone (GH) deficiency is generally the first to occur
and the last to be replaced in patients with CP. The diagnosis
of severe GH deficiency depends on patient age (childhood,
transition, adult) andmay be influenced by BMI and the presence
and/or replacement of other pituitary deficits (88, 102). GH
replacement has a beneficial effect on growth, body composition,
and neurophysiological outcome (103), and does not influence
the risk of CP relapse (104). Despite GH replacement being
suspected to worsen OSA in adults, this remains controversial
(105). In adults affected by the Prader Willi syndrome (PWS), a
genetic disorder sharing with CP many features of hypothalamic
dysfunction, including severe obesity and SDs, GH replacement
was found to be safe and did not significantly impair sleep
parameters in patients without SDs (106). However, consensus
guidelines on PWS recommend to perform PSG before GH
replacement and possibly to repeat the test within 3–6 months
of treatment, with an ear, nose, and throat evaluation in the
presence of OSA (107). Indeed, upper airway obstruction may
occur because of GH/IGF1 effects on lymphoid tissue stimulation
(107) and sodium/water retention with fibroblast stimulation,
leading to soft tissue swelling (106); worsening of OSA in
an adolescent patient during GH replacement resolved after
tonsillectomy and adenoidectomy (108). GH replacement in
adults may be limited by compliance issues and contraindications
such as hyperglycemia, and overtreatment should be avoided as
it may induce headache and long-term complications as reported
in pathological GH/IGF1 excess, including cardiovascular and
cardiorespiratory/OSA and neoplastic diseases (88).

Lifestyle and Metabolic Interventions
Personalized hypocaloric diet and daily physical activity should
always be recommended to target energy expenditure and
hyperinsulinemia, and counteract weight gain. Both should be
started before surgery in the presence of preexisting obesity or HS
and in the early post-operative period if hypothalamic injury is
suspected. Several drugs have been proposed to patients affected
by HO (1, 5, 109), and an individualized stepwise treatment
algorithm has been recently proposed according to predominant
clinical complications of HS (5).

The first-line pharmacological treatment of obesity is usually
metformin, which increases insulin sensitivity. Metformin was
found in a non-diabetic rat model to improve central sleep apnea
(110) and some beneficial effects on sleep quality, efficiency,
and duration have also been reported in patients with type 2
DM (111, 112). The underlying mechanisms remain unclear.
However, as hypoxia increases the risk of lactic acidosis, a rare
but severe side effect of metformin, hypoxic patients with CP
should be recognized in order to adapt the daily dose of the drug,
with prompt discontinuation in the presence of acute respiratory
or systemic conditions. Antidiabetic drugs such as glucagon-
like 1 (GLP-1) agonists and sodium-glucose contrasporter-
2 (SGLT2) inhibitors may be considered to optimize weight

loss and metabolic control. The GLP-1 receptor is expressed
in several areas of the central nervous system, in particular
the hypothalamic arcuate nucleus, where it directly stimulates
POMC/CART neurons while indirectly inhibiting NPY/AGRP
neurons, thereby increasing satiety and reducing hunger (113).
Central effects, therefore, complete the peripheral action of GLP-
1 agonists. Among them, exenatide and liraglutide have been
used with some benefits in patients with CP (1, 5). Liraglutide
3mg was studied in non-diabetic obese patients suffering from
moderate or severe OSA, in the absence of positive airway
pressure (PAP) therapy, and a significant reduction in weight
and AHI was observed after 32 weeks of treatment, with a
trend toward improved oxygen saturation, sleep architecture,
and sleep/health-related QoL outcomes (114). Among SGLT2
inhibitors, empagliflozin has beneficial effects on cardiovascular
and renal outcomes in type 2 diabetic patients and may reduce
the risk of new-onset OSA (115), possibly mediated by weight
loss and the diuretic/natriuretic action of the drug (115). It
may, therefore, be attractive in diabetic patients with CP unless
fluid and electrolytic imbalance is present, although experience
is still lacking. An interesting perspective in patients with CP
is the use of oxytocin, an hypothalamic peptide involved in
the reduction of food intake and energy balance, with potential
beneficial effects on body composition, and it is currently
investigated as an intranasal drug for the treatment of obesity,
including patients with PWS (116). Patients with CP and anterior
hypothalamic damage may present with abnormal dynamic
oxytocin secretion (117), and reduced oxytocin release has been
associated with reduced emotion and social cognition (118). A
preliminary experience with oxytocin treatment in patients with
childhood-onset CP provided encouraging results in terms of
neuropsychological and weight characteristics (119).

According to a recent systematic review of the American
Academy Sleep Medicine, bariatric surgery may be proposed
in obese patients with OSA to reduce important cardiovascular
risk factors, like high BMI, DM, and hypertension, with a
positive impact on sleep parameters, including AHI, snoring,
and sleepiness (120). There is still limited experience with
bariatric surgery in patients with CP. In a review of 21 cases
who underwent bariatric surgery, maximal mean weight loss
was achieved by Roux-en-Y gastric by-pass (RYGB), with an
ongoing weight loss at 12 months (mean 33.7 kg), contrasting
with a tendency to regain weight at 12 months after sleeve
gastrectomy (121). A subsequent review of available studies
further supported RYGB as a preferable option in patients with
CP based on superior outcomes, which appear to be similar to
unselected obese patients (109). Because only a small series is
available and long-term follow-up is still lacking, bariatric surgery
is currently limited to selected, mostly adult, patients with CP,
and no recommendations are available concerning optimal age,
timing, and general health conditions for surgery.

The Role of Central Stimulants
Central stimulants may simultaneously target HO and
SDs. Stimulating drugs include dextroamphetamine,
methylphenidate, mazindol, and caffeine/ephedrine, which
may ameliorate the consequences of hypothalamic damage
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on body weight and on sleep-wake cycle through inhibition
of the reuptake of dopamine, norepinephrine, and serotonin,
and increased release of these monoamines. A recent review
evaluated their effects on body weight in few studies/case
reports published and reported high percentages of weight
reduction or stabilization in patients with CP: 88.2% for
dextroamphetamine, and 100% for methylphenidate, mazindol,
and caffeine/ephedrine (5). However, few data have been
reported on SDs. Dextroamphetamine at low dose (5mg twice
daily) with a median therapy of 13 months was found to improve
weight control (stabilization or weight loss) and/or daytime
somnolence in 12 patients with childhood-onset CP (22). All
the patients affected by daytime somnolence (8/12) improved
during treatment, including 2 patients without beneficial effect
on weight. Only one patient reported insomnia as adverse event,
which was resolved by omission of the evening dose (22).

Sleep Medicine Strategies
EDS has a multifactorial basis in patients with CP and SBDs,
central hypersomnias, and non-adherence with drug therapy (6)
may play a critical role in inducing somnolence. In addition, for
patients with CP and EDS, clinicians should confirm effective
sleep hygiene and acceptable sleep opportunity. The American
Academy of Sleep Medicine suggests a psychoeducational
approach aiming to highlight habits that may adversely affect
sleep and vigilance, and ameliorate approaches (so called “sleep
hygiene rules”) to avoid sleep fragmentation and EDS (122).

Few data are available regarding the approach of SBDs in
patients with CP. Crowley et al. (6) reported benefit from PAP
in 6 out 13 (46%) patients with CP and OSA. We found only a
further small case series or single case report on PAP in patients
with CP lacking data regarding efficacy and adherence (7, 123).

Stimulants have been used for fatigue and sleepiness in several
neurological disorders. Although fatigue and EDS are common
problems in patients with CP, there are few data regarding
their treatment (6). Modafinil potentiates brain dopaminergic
signals via dopamine transporter inhibition by acting at the same
binding site of cocaine (124). A small case series demonstrated
a positive effect of modafinil on EDS in patients with CP and
secondary narcolepsy or OSA with residual sleepiness under PAP
or not compliant with PAP use (6, 53). Besides modafinil, two
other stimulants have been approved for narcolepsy and OSA
with residual sleepiness: pitolisant and solriamfetol. Pitolisant is
a first-in-class drug acting on histamine H3 receptors (H3Rs) as
an antagonist/inverse agonist (125). Very recently, Cordani et
al. (123) described a 19-year-old patient with CP and secondary
narcolepsy responsive to pitolisant. Lastly, solriamfetol is a new
dual dopamine and norepinephrine reuptake inhibitor approved
for EDS in narcolepsy andOSA (126), with no clinical data on CP.

Some reports demonstrated fragmented sleep-wake cycles,
EDS, and reduced melatonin levels in obese patients with CP
(20, 29, 34). In a narrow sample, melatonin intake in 10 adults
after CP therapy as children improved EDS and the amount of
physical activity (60). On the contrary, other studies failed to
demonstratemelatonin efficacy, particularly in patients whomeet
criteria for narcolepsy or hypersomnia (20). Lastly, Pickering

et al. (30) described normal melatonin secretion in 40% of CP
survivors, where its supplementation may be not effective.

However, given the probable effects on EDS of sleep habits,
PAP, melatonin, and stimulants in comorbid SDs of CP survivors,
future studies will be necessary to evaluate their potential role in
managing EDS and sleep complaints in patients with CP.

CONCLUSION

Sleep disorders represent an important issue in patients with
CP. Almost 70% of complaints of SDs and/or EDS are due to
SBDs, central hypersomnias, and CRSWDs. SDs may affect QoL
and increase respiratory and cardiovascular morbidity and long-
term mortality. The main factor involved in SDs is HS due to
direct hypothalamic tumor-related damage and/or complications
of treatment. Despite the growing data regarding SDs and CP,
sleep evaluation is still not routinely proposed, so SDs are often
overlooked and undertreated in these patients. Although SDs
are strongly related to the presence of HO and neuroendocrine
dysfunction, which require dedicated long-life endocrinological
management, there is an overwhelming body of evidence that
supports the need of sleep management in patients with CP.
Adequate sleep quality is crucial throughout the entire lifespan,
and patients with CP may impair their QoL because of SDs
and EDS. Nevertheless, despite this widely accepted clinical
association, large clinical studies to improve clinical practice are
lacking, and future studies are urgently needed. We, therefore,
suggest to obtain clinical evaluation of sleep habits and SDs in
clinical practice from CP survivors and their bed partners, and
recommend an adequate diagnostic and therapeutic approach
when SDs (SBDs, central hypersomnia, and CRSWDs) are
suspected. Finally, considering the positive impact on EDS of
sleep hygiene, ventilation,melatonin, and stimulants in comorbid
SDs, future studies should be performed to clarify their potential
role in managing EDS and sleep alterations in patients with CP.
The management of patients suffering from HO and SDs should
bemultidisciplinary, and the development of new drugs for either
condition may hopefully lead to bidirectional positive effects.

AUTHOR CONTRIBUTIONS

AR and M-LJ-R conceived, designed the study, revised, and
edited the final version of the manuscript. AR, TF, SC, and
M-LJ-R wrote the manuscript with contributions by MD, CC,
and GV. GP contributed with data and references search,
organization, and illustrations. MC and TF contributed with
technical assistance to sleep explorations in illustrating cases.
DC and VE critically reviewed the manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

This work was funded by Neuromed IRCCS, Current Research,
by the Italian Ministry of Health.

Frontiers in Neurology | www.frontiersin.org 16 February 2022 | Volume 12 | Article 817257



Romigi et al. Sleep Disorders in Craniopharyngioma

REFERENCES

1. Müller HL. Craniopharyngioma. Endocr Rev. (2014) 35:513–543.
doi: 10.1210/er.2013-1115

2. Müller HL, Merchant TE, Warmuth-Metz M, Martinez-Barbera J-
P, Puget S. Craniopharyngioma. Nat Rev Dis Primers. (2019) 5:75.
doi: 10.1038/s41572-019-0125-9

3. Erfurth EM, Holmer H, Fjalldal SB. Mortality and morbidity
in adult craniopharyngioma. Pituitary. (2013) 16:46–55.
doi: 10.1007/s11102-012-0428-2

4. Waber DP, Pomeroy SL, Chiverton AM, Kieran MW, Scott
RM, Goumnerova LC, et al. Everyday cognitive function after
craniopharyngioma in childhood. Pediatr Neurol. (2006) 34:13–9.
doi: 10.1016/j.pediatrneurol.2005.06.002

5. van Iersel L, Brokke KE, Adan RAH, Bulthuis LCM, van den Akker
ELT, van Santen HM. Pathophysiology and individualized treatment
of hypothalamic obesity following craniopharyngioma and other
suprasellar tumors: a systematic review. Endocr Rev. (2019) 40:193–235.
doi: 10.1210/er.2018-00017

6. Crowley RK, Woods C, Fleming M, Rogers B, Behan LA, O’Sullivan EP,
et al. Somnolence in adult craniopharyngioma patients is a common,
heterogeneous condition that is potentially treatable. Clin Endocrinol. (2011)
74:750–5. doi: 10.1111/j.1365-2265.2011.03993.x

7. O’Gorman CS, Simoneau-Roy J, Pencharz P, MacFarlane J, MacLusky I,
Narang I, et al. Sleep-disordered breathing is increased in obese adolescents
with craniopharyngioma compared with obese controls. J Clin Endocrinol

Metab. (2010) 95:2211–8. doi: 10.1210/jc.2009-2003
8. Sterkenburg AS, Hoffmann A, Gebhardt U, Warmuth-Metz M,

Daubenbüchel AMM, Müller HL. Survival, hypothalamic obesity,
and neuropsychological/psychosocial status after childhood-onset
craniopharyngioma: newly reported long-term outcomes. Neuro Oncol.

(2015) 17:1029–38. doi: 10.1093/neuonc/nov044
9. Erfurth E-M. Diagnosis, background, and treatment of hypothalamic

damage in craniopharyngioma. Neuroendocrinology. (2020) 110:767–79.
doi: 10.1159/000509616

10. Thompson CJ, Costello RW, Crowley RK. Management of hypothalamic
disease in patients with craniopharyngioma. Clin Endocrinol. (2019) 90:506–
16. doi: 10.1111/cen.13929

11. Manley PE, McKendrick K, McGillicudy M, Chi SN, Kieran MW, Cohen
LE, et al. Sleep dysfunction in long term survivors of craniopharyngioma.
J Neurooncol. (2012) 108:543–9. doi: 10.1007/s11060-012-0859-7

12. Müller HL. Childhood craniopharyngioma – current strategies in laboratory
diagnostics and endocrine treatment/kraniopharyngeon im kindes- und
jugendalter – laboratoriumsdiagnostik und hormonelle therapie. Lab Med.

(2003) 27:377–85. doi: 10.1515/LabMed.2003.052
13. Mandrell BN, LaRosa K, Hancock D, Caples M, Sykes A, Lu Z, et al.

Predictors of narcolepsy and hypersomnia due to medical disorder
in pediatric craniopharyngioma. J Neurooncol. (2020) 148:307–16.
doi: 10.1007/s11060-020-03519-3

14. Mandrell BN, Wise M, Schoumacher RA, Pritchard M, West N, Ness KK, et
al. Excessive daytime sleepiness and sleep-disordered breathing disturbances
in survivors of childhood central nervous system tumors. Pediatr Blood

Cancer. (2012) 58:746–51. doi: 10.1002/pbc.23311
15. Depner CM, Stothard ER, Wright KP. Metabolic consequences

of sleep and circadian disorders. Curr Diab Rep. (2014) 14:507.
doi: 10.1007/s11892-014-0507-z

16. Lee C-H, Sethi R, Li R, Ho H-H, Hein T, Jim M-H, et
al. Obstructive sleep apnea and cardiovascular events after
percutaneous coronary intervention. Circulation. (2016) 133:2008–17.
doi: 10.1161/CIRCULATIONAHA.115.019392

17. Torelli F, Moscufo N, Garreffa G, Placidi F, Romigi A, Zannino
S, et al. Cognitive profile and brain morphological changes
in obstructive sleep apnea. Neuroimage. (2011) 54:787–93.
doi: 10.1016/j.neuroimage.2010.09.065

18. Gozal D, Almendros I, Phipps AI, Campos-Rodriguez F, Martínez-García
MA, Farré R. Sleep apnoea adverse effects on cancer: true, false, or too many
confounders? Int J Mol Sci. (2020) 21:8779. doi: 10.3390/ijms21228779

19. American Academy of Sleep Medicine. The International Classification of

SleepDisorders - Third Edition (ICSD-3). 3rd ed. Darien, IL: American
Academy of Sleep Medicine (2014).

20. Müller HL. Increased daytime sleepiness in patients with childhood
craniopharyngioma and hypothalamic tumor involvement: review of
the literature and perspectives. Int J Endocrinol. (2010) 2010:519607.
doi: 10.1155/2010/519607

21. Tachibana N, Taniike M, Okinaga T, Ripley B, Mignot E, Nishino S.
Hypersomnolence and increased REM sleep with low cerebrospinal fluid
hypocretin level in a patient after removal of craniopharyngioma. Sleep Med.

(2005) 6:567–69. doi: 10.1016/j.sleep.2005.04.002
22. Ismail D, O’Connell MA, Zacharin MR. Dexamphetamine use

for management of obesity and hypersomnolence following
hypothalamic injury. J Pediatr Endocrinol Metab. (2006) 19:129–34.
doi: 10.1515/JPEM.2006.19.2.129

23. Snow A, Gozal E, Malhotra A, Tiosano D, Perlman R, Vega C, et al. Severe
hypersomnolence after pituitary/hypothalamic surgery in adolescents:
clinical characteristics and potential mechanisms. Pediatrics. (2002) 110:e74.
doi: 10.1542/peds.110.6.e74

24. Müller HL, Müller-Stöver S, Gebhardt U, Kolb R, Sörensen N, Handwerker
G. Secondary narcolepsy may be a causative factor of increased daytime
sleepiness in obese childhood craniopharyngioma patients. J Pediatr

Endocrinol Metab. (2006) 19 (Suppl. 1):423–9. doi: 10.1055/s-2006-954715
25. van Schaik J, Pillen S, van Litsenburg RRL, Vandenbussche NLE, de Bont

JM, Schouten-van Meeteren AYN, et al. The importance of specialized
sleep investigations in children with a suprasellar tumor. Pituitary. (2020)
23:613–21. doi: 10.1007/s11102-020-01065-9

26. Khan RB, Merchant TE, Sadighi ZS, Bello MS, Lu Z, Sykes A, et al.
Prevalence, risk factors, and response to treatment for hypersomnia of
central origin in survivors of childhood brain tumors. J Neurooncol. (2018)
136:379–384. doi: 10.1007/s11060-017-2662-y

27. Armstrong TS, Shade MY, Breton G, Gilbert MR, Mahajan A, Scheurer ME,
et al. Sleep-wake disturbance in patients with brain tumors. Neuro Oncol.

(2017) 19:323–35. doi: 10.1093/neuonc/now119
28. Cohen RA, Albers HE. Disruption of human circadian and cognitive

regulation following a discrete hypothalamic lesion: a case study. Neurology.
(1991) 41:726–9. doi: 10.1212/WNL.41.5.726

29. Lipton J, Megerian JT, Kothare SV, Cho YJ, Shanahan T, Chart
H, et al. Melatonin deficiency and disrupted circadian rhythms in
pediatric survivors of craniopharyngioma. Neurology. (2009) 73:323–5.
doi: 10.1212/WNL.0b013e3181af78a5

30. Pickering L, Jennum P, Gammeltoft S, Poulsgaard L, Feldt-Rasmussen U,
Klose M. Sleep-wake and melatonin pattern in craniopharyngioma patients.
Eur J Endocrinol. (2014) 170:873–84. doi: 10.1530/EJE-13-1025

31. Jacola LM, Conklin HM, Scoggins MA, Ashford JM, Merchant TE, Mandrell
BN, et al. Investigating the role of hypothalamic tumor involvement in sleep
and cognitive outcomes among children treated for craniopharyngioma. J
Pediatr Psychol. (2016) 41:610–22. doi: 10.1093/jpepsy/jsw026

32. Amaral FG do, Cipolla-Neto J. A brief review about melatonin,
a pineal hormone. Arch Endocrinol Metab. (2018) 62:472–9.
doi: 10.20945/2359-3997000000066

33. Allada R, Bass J. Circadian mechanisms in medicine. N Engl J Med. (2021)
384:550–61. doi: 10.1056/NEJMra1802337

34. Müller HL, Handwerker G, Wollny B, Faldum A, Sörensen N.
Melatonin secretion and increased daytime sleepiness in childhood
craniopharyngioma patients. J Clin Endocrinol Metab. (2002) 87:3993–6.
doi: 10.1210/jcem.87.8.8751

35. Laermans J, Depoortere I. Chronobesity: role of the circadian system in the
obesity epidemic. Obes Rev. (2016) 17:108–25. doi: 10.1111/obr.12351

36. Ray S, Reddy AB. Cross-talk between circadian clocks, sleep-wake cycles, and
metabolic networks: dispelling the darkness. Bioessays. (2016) 38:394–405.
doi: 10.1002/bies.201500056

37. Nishino S, Ripley B, Overeem S, Lammers GJ, Mignot E. Hypocretin
(orexin) deficiency in human narcolepsy. Lancet. (2000) 355:39–40.
doi: 10.1016/S0140-6736(99)05582-8

38. Mieda M. The roles of orexins in sleep/wake regulation. Neurosci Res. (2017)
118:56–65. doi: 10.1016/j.neures.2017.03.015

Frontiers in Neurology | www.frontiersin.org 17 February 2022 | Volume 12 | Article 817257



Romigi et al. Sleep Disorders in Craniopharyngioma

39. Weil AG,Muir K, Hukin J, Desautels A,Martel V, Perreault S. Narcolepsy and
hypothalamic region tumors: presentation and evolution. Pediatr Neurol.

(2018) 84:27–31. doi: 10.1016/j.pediatrneurol.2017.12.016
40. Woods CE, Usher KJ, Jersmann H, Maguire GP. Sleep disordered breathing

and polysomnography in Australia: trends in provision from 2005 to 2012
and the impact of home-based diagnosis. J Clin Sleep Med. (2014) 10:767–72.
doi: 10.5664/jcsm.3868

41. Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea.
Proc Am Thorac Soc. (2008) 5:242–52. doi: 10.1513/pats.200708-135MG

42. Morrissey B, Taveras E, Allender S, Strugnell C. Sleep and obesity among
children: a systematic review of multiple sleep dimensions. Pediatr Obes.

(2020) 15:e12619. doi: 10.1111/ijpo.12619
43. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased

prevalence of sleep-disordered breathing in adults. Am J Epidemiol. (2013)
177:1006–14. doi: 10.1093/aje/kws342

44. Joosten KF, Larramona H, Miano S, Van Waardenburg D, Kaditis AG,
Vandenbussche N, et al. How do we recognize the child with OSAS? Pediatr
Pulmonol. (2017) 52:260–71. doi: 10.1002/ppul.23639

45. Capdevila OS, Kheirandish-Gozal L, Dayyat E, Gozal D. Pediatric obstructive
sleep apnea: complications, management, and long-term outcomes. Proc Am
Thorac Soc. (2008) 5:274–82. doi: 10.1513/pats.200708-138MG

46. Katz ES, D’Ambrosio CM. Pediatric obstructive sleep apnea syndrome. Clin
Chest Med. (2010) 31:221–34. doi: 10.1016/j.ccm.2010.02.002

47. Carroll JL, McColley SA, Marcus CL, Curtis S, Loughlin GM. Inability of
clinical history to distinguish primary snoring from obstructive sleep apnea
syndrome in children. Chest. (1995) 108:610–8. doi: 10.1378/chest.108.3.610

48. Szuhay G, Rotenberg J. Sleep apnea in pediatric neurological conditions.
Curr Neurol Neurosci Rep. (2009) 9:145–52. doi: 10.1007/s11910-009-0023-8

49. Greer SM, Goldstein AN, Walker MP. The impact of sleep deprivation
on food desire in the human brain. Nat Commun. (2013) 4:2259.
doi: 10.1038/ncomms3259

50. Niel K, LaRosa KN, Klages KL, Merchant TE, Wise MS, Witcraft SM,
et al. Actigraphy versus polysomnography to measure sleep in youth
treated for craniopharyngioma. Behav Sleep Med. (2020) 18:589–97.
doi: 10.1080/15402002.2019.1635133

51. Aldrich MS, Naylor MW. Narcolepsy associated with lesions of the
diencephalon. Neurology. (1989) 39:1505–8. doi: 10.1212/WNL.39.11.1505

52. Sakuta K, Nakamura M, Komada Y, Yamada S, Kawana F, Kanbayashi T,
et al. Possible mechanism of secondary narcolepsy with a long sleep time
following surgery for craniopharyngioma. Intern Med. (2012) 51:413–7.
doi: 10.2169/internalmedicine.51.6101

53. Marcus CL, Trescher WH, Halbower AC, Lutz J. Secondary
narcolepsy in children with brain tumors. Sleep. (2002) 25:435–9.
doi: 10.1093/sleep/25.4.427

54. Krahn LE, Boeve BF, Oliver L, SilberMH.Hypocretin (orexin) andmelatonin
values in a narcoleptic-like sleep disorder after pinealectomy. Sleep Med.

(2002) 3:521–3. doi: 10.1016/S1389-9457(02)00068-0
55. Dauvilliers Y, Jennum P, Plazzi G. Rapid eye movement sleep behavior

disorder and rapid eye movement sleep without atonia in narcolepsy. Sleep
Med. (2013) 14:775–81. doi: 10.1016/j.sleep.2012.10.006

56. Ferri R, Zucconi M, Manconi M, Bruni O, Ferini-Strambi L, Vandi S, et al.
Different periodicity and time structure of leg movements during sleep in
narcolepsy/cataplexy and restless legs syndrome. Sleep. (2006) 29:1587–94.
doi: 10.1093/sleep/29.12.1587

57. Sansa G, Iranzo A, Santamaria J. Obstructive sleep apnea in narcolepsy. Sleep
Med. (2010) 11:93–5. doi: 10.1016/j.sleep.2009.02.009

58. Crabtree VM, Klages KL, Sykes A, Wise MS, Lu Z, Indelicato D, et
al. Sensitivity and specificity of the modified epworth sleepiness scale in
children with craniopharyngioma. J Clin Sleep Med. (2019) 15:1487–93.
doi: 10.5664/jcsm.7982

59. Poretti A, Grotzer MA, Ribi K, Schönle E, Boltshauser E. Outcome
of craniopharyngioma in children: long-term complications
and quality of life. Dev Med Child Neurol. (2004) 46:220–9.
doi: 10.1111/j.1469-8749.2004.tb00476.x

60. Müller HL, Handwerker G, Gebhardt U, Faldum A, Emser A, Kolb R, et al.
Melatonin treatment in obese patients with childhood craniopharyngioma
and increased daytime sleepiness. Cancer Causes Control. (2006) 17:583–9.
doi: 10.1007/s10552-005-9012-7

61. van der Klaauw AA, Biermasz NR, Pereira AM, van Kralingen KW,
Dekkers OM, Rabe KF, et al. Patients cured from craniopharyngioma
or nonfunctioning pituitary macroadenoma (NFMA) suffer similarly
from increased daytime somnolence despite normal sleep patterns
compared to healthy controls. Clin Endocrinol. (2008) 69:769–74.
doi: 10.1111/j.1365-2265.2008.03284.x

62. Joustra SD, Thijs RD, van den Berg R, van Dijk M, Pereira AM, Lammers
GJ, et al. Alterations in diurnal rhythmicity in patients treated for
nonfunctioning pituitary macroadenoma: a controlled study and literature
review. Eur J Endocrinol. (2014) 171:217–28. doi: 10.1530/EJE-14-0172

63. Aulinas A. Physiology of the pineal gland melatonin. In: Feingold KR,
Anawalt B, Boyce A, Chrousos G, Dungan K, Grossman A, Hershman JM,
Kaltsas G, Koch C, Kopp P, et al., editors. Endotext. South Dartmouth, MA:
MDText.com, Inc.

64. Rahman SA, Kayumov L, Tchmoutina EA, Shapiro CM. Clinical efficacy
of dim light melatonin onset testing in diagnosing delayed sleep phase
syndrome. Sleep Med. (2009) 10:549–55. doi: 10.1016/j.sleep.2008.03.020

65. Smith MT, McCrae CS, Cheung J, Martin JL, Harrod CG, Heald JL, et al.
Use of actigraphy for the evaluation of sleep disorders and circadian rhythm
sleep-wake disorders: an American academy of sleep medicine systematic
review, meta-analysis, and GRADE assessment. J Clin Sleep Med. (2018)
14:1209–30. doi: 10.5664/jcsm.7228

66. Patil SP, Ayappa IA, Caples SM, Kimoff RJ, Patel SR, Harrod CG. Treatment
of adult obstructive sleep apnea with positive airway pressure: an American
academy of sleep medicine clinical practice guideline. J Clin Sleep Med.

(2019) 15:335–43. doi: 10.5664/jcsm.7640
67. Maski K, Trotti LM, Kotagal S, Auger RR, Rowley JA, Hashmi SD, et al.

Treatment of central disorders of hypersomnolence: an American academy
of sleep medicine clinical practice guideline. J Clin Sleep Med. (2021)
17:1881–93. doi: 10.5664/jcsm.9328

68. Sateia MJ, Buysse DJ, Krystal AD, Neubauer DN, Heald JL. Clinical practice
guideline for the pharmacologic treatment of chronic insomnia in adults: an
American academy of sleep medicine clinical practice guideline. J Clin Sleep

Med. (2017) 13:307–49. doi: 10.5664/jcsm.6470
69. Cavallo LM, Frank G, Cappabianca P, Solari D, Mazzatenta D, Villa

A, et al. The endoscopic endonasal approach for the management of
craniopharyngiomas: a series of 103 patients. J Neurosurg. (2014) 121:100–
13. doi: 10.3171/2014.3.JNS131521

70. Almeida JP, Kalyvas A, Mohan N, Oswari S, Takami H, Velasquez C, et
al. Current results of surgical treatment of craniopharyngiomas: the impact
of endoscopic endonasal approaches. World Neurosurg. (2020) 142:582–92.
doi: 10.1016/j.wneu.2020.05.174

71. Cossu G, Jouanneau E, Cavallo LM, Elbabaa SK, Giammattei L,
Starnoni D, et al. Surgical management of craniopharyngiomas in
adult patients: a systematic review and consensus statement on behalf
of the EANS skull base section. Acta Neurochir. (2020) 162:1159–77.
doi: 10.1007/s00701-020-04265-1

72. Gardner PA, Prevedello DM, Kassam AB, Snyderman CH, Carrau RL, Mintz
AH. The evolution of the endonasal approach for craniopharyngiomas. J
Neurosurg. (2008) 108:1043–7. doi: 10.3171/JNS/2008/108/5/1043

73. Javadpour M, Amoo M, Crimmins D, Caird J, Daly P, Pears J, et
al. Endoscopic extended transsphenoidal surgery for newly diagnosed
paediatric craniopharyngiomas. Childs Nerv Syst. (2021) 37:1547–61.
doi: 10.1007/s00381-021-05108-9

74. Kirsch CFE. Imaging of sella and parasellar region.Neuroimaging Clin N Am.

(2021) 31:541–52. doi: 10.1016/j.nic.2021.05.010
75. Sainte-Rose C, Puget S, Wray A, Zerah M, Grill J, Brauner R, et al.

Craniopharyngioma: the pendulum of surgical management. Childs Nerv
Syst. (2005) 21:691–5. doi: 10.1007/s00381-005-1209-2

76. Van Gompel JJ, Nippoldt TB, Higgins DM, Meyer FB. Magnetic resonance
imaging-graded hypothalamic compression in surgically treated adult
craniopharyngiomas determining postoperative obesity. Neurosurg Focus.

(2010) 28:E3. doi: 10.3171/2010.1.FOCUS09303
77. Müller HL, Gebhardt U, Teske C, Faldum A, Zwiener I, Warmuth-

Metz M, et al. Post-operative hypothalamic lesions and obesity in
childhood craniopharyngioma: results of the multinational prospective trial
KRANIOPHARYNGEOM 2000 after 3-year follow-up. Eur J Endocrinol.

(2011) 165:17–24. doi: 10.1530/EJE-11-0158

Frontiers in Neurology | www.frontiersin.org 18 February 2022 | Volume 12 | Article 817257



Romigi et al. Sleep Disorders in Craniopharyngioma

78. Mortini P, Gagliardi F, Bailo M, Spina A, Parlangeli A, Falini
A, et al. Magnetic resonance imaging as predictor of functional
outcome in craniopharyngiomas. Endocrine. (2016) 51:148–62.
doi: 10.1007/s12020-015-0683-x

79. Akinduro OO, Izzo A, Lu VM, Ricciardi L, Trifiletti D, Peterson JL, et al.
Endocrine and visual outcomes following gross total resection and subtotal
resection of adult craniopharyngioma: systematic review and meta-analysis.
World Neurosurg. (2019) 127:e656–68. doi: 10.1016/j.wneu.2019.03.239

80. Tan TSE, Patel L, Gopal-Kothandapani JS, Ehtisham S, Ikazoboh
EC, Hayward R, et al. The neuroendocrine sequelae of paediatric
craniopharyngioma: a 40-year meta-data analysis of 185 cases from three UK
centres. Eur J Endocrinol. (2017) 176:359–69. doi: 10.1530/EJE-16-0812

81. Elowe-Gruau E, Beltrand J, Brauner R, Pinto G, Samara-Boustani D,
Thalassinos C, et al. Childhood craniopharyngioma: hypothalamus-sparing
surgery decreases the risk of obesity. J Clin Endocrinol Metab. (2013)
98:2376–82. doi: 10.1210/jc.2012-3928

82. Bogusz A, Boekhoff S, Warmuth-Metz M, Calaminus G, Eveslage M,
Müller HL. Posterior hypothalamus-sparing surgery improves outcome
after childhood craniopharyngioma. Endocr Connect. (2019) 8:481–92.
doi: 10.1530/EC-19-0074

83. Gallotti AL, Barzaghi LR, Albano L, Medone M, Gagliardi F, Losa M, et al.
Comparison between extended transsphenoidal and transcranial surgery for
craniopharyngioma: focus on hypothalamic function and obesity. Pituitary.
(2021). doi: 10.1007/s11102-021-01171-2. [Epub ahead of print].

84. Zoli M, Sambati L, Milanese L, Foschi M, Faustini-Fustini M, Marucci G, et
al. Postoperative outcome of body core temperature rhythm and sleep-wake
cycle in third ventricle craniopharyngiomas.Neurosurg Focus. (2016) 41:E12.
doi: 10.3171/2016.9.FOCUS16317

85. Albano L, Losa M, Flickinger J, Mortini P, Minniti G. Radiotherapy
of parasellar tumours. Neuroendocrinology. (2020) 110:848–58.
doi: 10.1159/000506902

86. Sbardella E, Isidori AM, Arnaldi G, Arosio M, Barone C, Benso A, et
al. Approach to hyponatremia according to the clinical setting: consensus
statement from the Italian society of endocrinology (SIE), Italian society of
nephrology (SIN), and Italian association of medical oncology (AIOM). J
Endocrinol Invest. (2018) 41:3–19. doi: 10.1007/s40618-017-0776-x

87. Baldeweg SE, Ball S, Brooke A, Gleeson HK, Levy MJ, Prentice M, Wass J,
Society for Endocrinology Clinical Committee. Society for endocrinology
clinical guidance: Inpatient management of cranial diabetes insipidus.
Endocr Connect. (2018) 7:G8–11. doi: 10.1530/EC-18-0154

88. Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salvatori R, et
al. Hormonal replacement in hypopituitarism in adults: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab. (2016) 101:3888–921.
doi: 10.1210/jc.2016-2118

89. Galerneau L-M, Borel A-L, Chabre O, Sapene M, Stach B, Girey-Rannaud J,
et al. The somatotropic axis in the sleep apnea-obesity comorbid duo. Front
Endocrinol. (2020) 11:376. doi: 10.3389/fendo.2020.00376

90. Asplund R. Nocturia in relation to sleep, health, and medical
treatment in the elderly. BJU Int. (2005) 96 (Suppl. 1):15–21.
doi: 10.1111/j.1464-410X.2005.05653.x

91. Smith D, Finucane F, Phillips J, Baylis PH, Finucane J, Tormey
W, et al. Abnormal regulation of thirst and vasopressin secretion
following surgery for craniopharyngioma. Clin Endocrinol. (2004) 61:273–9.
doi: 10.1111/j.1365-2265.2004.02086.x

92. Crowley RK, Sherlock M, Agha A, Smith D, Thompson CJ. Clinical insights
into adipsic diabetes insipidus: a large case series. Clin Endocrinol. (2007)
66:475–82. doi: 10.1111/j.1365-2265.2007.02754.x

93. Joustra SD, Kruijssen E, Verstegen MJT, Pereira AM, Biermasz NR.
Determinants of altered sleep-wake rhythmicity in patients treated for
nonfunctioning pituitary macroadenomas. J Clin Endocrinol Metab. (2014)
99:4497–505. doi: 10.1210/jc.2014-2602

94. Henry M, Wolf PSA, Ross IL, Thomas KGF. Poor quality of life, depressed
mood, and memory impairment may be mediated by sleep disruption
in patients with Addison’s disease. Physiol Behav. (2015) 151:379–85.
doi: 10.1016/j.physbeh.2015.08.011

95. Isidori AM, Venneri MA, Graziadio C, Simeoli C, Fiore D, Hasenmajer
V, et al. Effect of once-daily, modified-release hydrocortisone versus
standard glucocorticoid therapy on metabolism and innate immunity

in patients with adrenal insufficiency (DREAM): a single-blind,
randomised controlled trial. Lancet Diabetes Endocrinol. (2018) 6:173–85.
doi: 10.1016/S2213-8587(17)30398-4

96. Shekhar S, Hall JE, Klubo-Gwiezdzinska J. The hypothalamic pituitary
thyroid axis and sleep. Curr Opin Endocr Metab Res. (2021) 17:8–14.
doi: 10.1016/j.coemr.2020.10.002

97. Zhang M, Zhang W, Tan J, Zhao M, Zhang Q, Lei P. Role of hypothyroidism
in obstructive sleep apnea: a meta-analysis. Curr Med Res Opin. (2016)
32:1059–64. doi: 10.1185/03007995.2016.1157461

98. Green ME, Bernet V, Cheung J. Thyroid dysfunction and sleep disorders.
Front Endocrinol. (2021) 12:725829. doi: 10.3389/fendo.2021.725829

99. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, Matsumoto AM,
et al. Testosterone therapy in men with hypogonadism: an endocrine society
clinical practice guideline. J Clin Endocrinol Metab. (2018) 103:1715–44.
doi: 10.1210/jc.2018-00229

100. Cole AP, Hanske J, Jiang W, Kwon NK, Lipsitz SR, Kathrins M, et al.
Impact of testosterone replacement therapy on thromboembolism, heart
disease and obstructive sleep apnoea in men. BJU Int. (2018) 121:811–8.
doi: 10.1111/bju.14149

101. Cittadini A, Isidori AM, Salzano A. Testosterone therapy and cardiovascular
diseases. Cardiovasc Res. (2021) cvab241. doi: 10.1093/cvr/cvab241

102. Collett-Solberg PF, Ambler G, Backeljauw PF, Bidlingmaier M, Biller BMK,
Boguszewski MCS, et al. Diagnosis, genetics, and therapy of short stature in
children: a growth hormone research society international perspective.Horm
Res Paediatr. (2019) 92:1–14. doi: 10.1159/000502231

103. Ranke MB. Short and long-term effects of growth hormone in children
and adolescents with GH deficiency. Front Endocrinol. (2021) 12:720419.
doi: 10.3389/fendo.2021.720419

104. Boekhoff S, Bogusz A, Sterkenburg AS, Eveslage M, Müller HL. Long-
term effects of growth hormone replacement therapy in childhood-onset
craniopharyngioma: results of the German craniopharyngioma registry
(HIT-Endo). Eur J Endocrinol. (2018) 179:331–41. doi: 10.1530/EJE-18-0505

105. Peker Y, Svensson J, Hedner J, Grote L, Johannsson G. Sleep apnoea and
quality of life in growth hormone (GH)-deficient adults before and after
6 months of GH replacement therapy. Clin Endocrinol. (2006) 65:98–105.
doi: 10.1111/j.1365-2265.2006.02555.x

106. Shukur HH, Hussain-Alkhateeb L, Farholt S, Nørregaard O, Jørgensen AP,
Hoybye C. Effects of growth hormone treatment on sleep-related parameters
in adults with prader-willi syndrome. J Clin Endocrinol Metab. (2021)
106:e3634–43. doi: 10.1210/clinem/dgab300

107. Deal CL, Tony M, Höybye C, Allen DB, Tauber M, Christiansen JS, et
al. GrowthHormone Research Society workshop summary: consensus
guidelines for recombinant human growth hormone therapy in
Prader-Willi syndrome. J Clin Endocrinol Metab. (2013) 98:E1072–87.
doi: 10.1210/jc.2012-3888

108. Morkous SS. A pediatric patient with idiopathic short stature who developed
obstructive sleep apnea after starting growth hormone replacement therapy.
J Mol Genet Med. (2017) 11:307. doi: 10.4172/1747-0862.1000307

109. Ni W, Shi X. Interventions for the treatment of craniopharyngioma-
related hypothalamic obesity: a systematic review. World Neurosurg. (2018)
118:e59–71. doi: 10.1016/j.wneu.2018.06.121

110. Ramadan W, Dewasmes G, Petitjean M, Wiernsperger N, Delanaud S,
Geloen A, et al. Sleep apnea is induced by a high-fat diet and reversed
and prevented by metformin in non-obese rats. Obesity. (2007) 15:1409–18.
doi: 10.1038/oby.2007.169

111. Kajbaf F, Fendri S, Basille-Fantinato A, Diouf M, Rose D, Jounieaux V, et al.
The relationship between metformin therapy and sleep quantity and quality
in patients with type 2 diabetes referred for potential sleep disorders. Diabet
Med. (2014) 31:577–80. doi: 10.1111/dme.12362

112. Lin D, Rein L, Tarima S, Woodson BT, Meurer JR. The relationship between
metformin and obstructive sleep apnea. J Sleep Med Disord. (2015) 2:1027.

113. Scott LJ. Liraglutide: a review of its use in the management of obesity. Drugs.
(2015) 75:899–910. doi: 10.1007/s40265-015-0408-8

114. Blackman A, Foster GD, Zammit G, Rosenberg R, Aronne L, Wadden
T, et al. Effect of liraglutide 3.0mg in individuals with obesity and
moderate or severe obstructive sleep apnea: the SCALE sleep apnea
randomized clinical trial. Int J Obes. (2016) 40:1310–9. doi: 10.1038/ijo.
2016.52

Frontiers in Neurology | www.frontiersin.org 19 February 2022 | Volume 12 | Article 817257



Romigi et al. Sleep Disorders in Craniopharyngioma

115. Neeland IJ, Eliasson B, Kasai T, Marx N, Zinman B, Inzucchi SE, et al. The
impact of empagliflozin on obstructive sleep apnea and cardiovascular and
renal outcomes: an exploratory analysis of the EMPA-REGOUTCOME trial.
Diabetes Care. (2020) 43:3007–15. doi: 10.2337/dc20-1096

116. McCormack SE, Blevins JE, Lawson EA. Metabolic effects of oxytocin.
Endocr Rev. (2020) 41:121–45. doi: 10.1210/endrev/bnz012

117. Daubenbüchel AMM, Hoffmann A, Eveslage M, Özyurt J,
Lohle K, Reichel J, Thiel CM, et al. Oxytocin in survivors of
childhood-onset craniopharyngioma. Endocrine. (2016) 54:524–31.
doi: 10.1007/s12020-016-1084-5

118. Brandi M-L, Gebert D, Kopczak A, Auer MK, Schilbach L. Oxytocin
release deficit and social cognition in craniopharyngioma patients. J

Neuroendocrinol. (2020) 32:e12842. doi: 10.1111/jne.12842
119. Hoffmann A, Özyurt J, Lohle K, Reichel J, Thiel CM, Müller HL. First

experiences with neuropsychological effects of oxytocin administration
in childhood-onset craniopharyngioma. Endocrine. (2017) 56:175–85.
doi: 10.1007/s12020-017-1257-x

120. Kent D, Stanley J, Aurora RN, Levine CG, Gottlieb DJ, Spann MD,
et al. Referral of adults with obstructive sleep apnea for surgical
consultation: an American academy of sleep medicine systematic review,
meta-analysis, and GRADE assessment. J Clin Sleep Med. (2021) 17:2507–31.
doi: 10.5664/jcsm.9594

121. Bretault M, Boillot A, Muzard L, Poitou C, Oppert J-M, Barsamian
C, et al. Clinical review: bariatric surgery following treatment
for craniopharyngioma: a systematic review and individual-level
data meta-analysis. J Clin Endocrinol Metab. (2013) 98:2239–46.
doi: 10.1210/jc.2012-4184

122. Edinger JD, Arnedt JT, Bertisch SM, Carney CE, Harrington JJ, Lichstein KL,
et al. Behavioral and psychological treatments for chronic insomnia disorder
in adults: an American academy of sleep medicine clinical practice guideline.
J Clin Sleep Med. (2021) 17:255–62. doi: 10.5664/jcsm.8986

123. Cordani R, VenerusoM, Napoli F, Milanaccio C, Verrico A, Consales A, et al.
Sleep disturbances in craniopharyngioma: a challenging diagnosis. J Neurol.
(2021) 268:4362–9. doi: 10.1007/s00415-021-10794-1

124. Federici M, Latagliata EC, Rizzo FR, Ledonne A, Gu HH, Romigi A,
et al. Electrophysiological and amperometric evidence that modafinil
blocks the dopamine uptake transporter to induce behavioral activation.
Neuroscience. (2013) 252:118–24. doi: 10.1016/j.neuroscience.2013.
07.071

125. Romigi A, Vitrani G, Lo Giudice T, Centonze D, Franco V. Profile
of pitolisant in the management of narcolepsy: design, development,
and place in therapy. Drug Des Devel Ther. (2018) 12:2665–75.
doi: 10.2147/DDDT.S101145

126. Abad VC. Profile of solriamfetol in the management of
excessive daytime sleepiness associated with narcolepsy or
obstructive sleep apnea: focus on patient selection and
perspectives. Nat Sci Sleep. (2021) 13:75–91. doi: 10.2147/NSS.S24
5020

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Romigi, Feola, Cappellano, De Angelis, Pio, Caccamo, Testa,

Vitrani, Centonze, Colonnese, Esposito and Jaffrain-Rea. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Neurology | www.frontiersin.org 20 February 2022 | Volume 12 | Article 817257


