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Abstract

Craniopharyngiomas are rare solid or mixed solid and cystic tumors that arise from Rathke’s pouch remnants along the
pituitary-hypothalamic axis, from the sella turcica to the brain third ventricle. Both the tumor and its treatment can lead to
significant neurological and endocrinological complications. Due to the essential role of the hypothalamus in the complex
neurophysiologic process of sleep, tumors involving the hypothalamic area may be responsible for disturbances in sleep—
wake regulation with alterations in the circadian rhythm, sleep fragmentation, and increased daytime sleepiness. We report
two cases of patients with craniopharyngioma, who came to our attention due to the occurrence of episodes characterized
by psychomotor slowing and afinalistic limb movements, temporal and spatial disorientation, psychomotor agitation, and
oneiric stupor like episodes. A comprehensive clinical data collection and a targeted diagnostic work-up led to a diagnosis
of severe sleep disorder characterized by hypersomnia, altered sleep—wake rhythm, and sleep-related breathing disorder. In
addition, the polysomnography revealed peculiar alterations in the sleep structure. The diagnostic work-up lead to an accurate
differential diagnosis between epileptic seizures and episodes expressions of sleep disturbances. These clinical features can
be challenging to diagnose and can lead to misdiagnosis and inappropriate treatment. Diagnosis of sleep disorders is crucial,
considering the impact of sleep on general health, cognition, and neuropsychological functioning. These findings support the
need to incorporate a comprehensive sleep evaluation in childhood brain tumor involving the suprasellar/hypothalamic region.

Keywords Craniopharyngioma - Sleep - Hypothalamic dysfunction - Sleep-related breathing disorders - Hypersomnolence -
Narcolepsy - Pitolisant

Background

Craniopharyngiomas (CPs) are rare brain tumors of the
sellar region that most likely arise from embryonic rem-
nants of the craniopharyngeal duct epithelium, also known
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as Rathke pouch epithelium [1]. CPs develop along the
pituitary-hypothalamic axis, from the sella turcica to the
brain third ventricle. Approximately 50% originate in the
third ventricle floor, within the infundibulum and/or of tuber
cinereum, including the hypothalamus, and spread predomi-
nantly into the cavity of the third ventricle [2]. CPs account
for 0.5-2.5 new cases per 1 million population per year, with
30% and 50% of all cases presenting during childhood and
adolescence [1]. CPs are the most common non-neuroepithe-
lial intracerebral neoplasm in children (< 18 years of age),
counting 5%—11% of intracranial tumors in this age group. In
childhood and adolescents the adamantinomatous histologi-
cal type with cyst formation is the most common [2].

Despite a low-grade histological classification (WHO
grade I), CP may have a malignant clinical course owing to
the hypothalamic-pituitary location and tumor-related and/
or treatment-related injury to these areas.

At the time of diagnosis, primary signs are frequently
nonspecific manifestations of increased intracranial pressure
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(such as nausea and headache), visual impairment (losses
of visual acuity and visual field) (62%—84%), and endocrine
deficits (52%—87%) [2, 3]. Growth impairment have been
recognized in patients before diagnosis, while significant
weight gain suggesting hypothalamic obesity may occur over
time [2].

Treatment for CP may include either radical surgical
excision or subtotal resection followed by focal radiation
therapy. Overall survival reported in pediatric cohorts ranges
from 83% to 96% at 5 years, from 65% to 100% at 10 years,
and 62% at 20 years [2]. Despite high survival rates, quality
of life is commonly impaired in long-term survivors due
mainly to neuroendocrine sequelae caused by the damage
of the hypothalamic-pituitary region [1].

The hypothalamus plays a crucial role in regulating vital
functions, such as the endocrine system and metabolic pro-
cesses and in controlling hunger, thirst, and thermoregula-
tion and its injury can lead to significant endocrinological,
neurological, and neurocognitive impairments (especially
in memory, learning, and school performance areas). Fur-
thermore, the hypothalamus represents a key component
of the sleep—wake regulation system being the suprachias-
matic nucleus identified as the master clock of the circadian
rhythm [4, 5].

Growing data in the literature demonstrate the increased
risk of sleep disorders after the onset of tumors involving the
hypothalamic area or after their treatment. Sleep fragmenta-
tion, impaired sleep quality and excessive daytime sleepiness
(EDS) are commonly reported in CP with a pattern of circa-
dian rhythm characterized by early morning awakening, fol-
lowed by an extra period of sleep during the afternoon [5-7].
Cases of secondary narcolepsy have also been reported, par-
ticularly in children (70% of cases of narcolepsy), with CP
being the prevalent type (38%) (8). Moreover, several data
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Fig.1 Imaging findings. a T1-weighted brain MR imaging shows
the result of craniopharyngioma resection surgery in Patient 1 (yel-
low arrow). b—c T1-weighted brain MR imaging shows volumetric

prove that suprasellar cancer survivors are more likely to
have a greater risk for sleep-disordered breathing [9, 10].
Patients undergoing hypothalamic surgery may lose the abil-
ity to downregulate appetite, exhibit abnormal food-seeking
behavior and rapid weight gain, and develop obesity, result-
ing in excessive daytime sleepiness through various mecha-
nisms, such as the increased risk of developing obstructive
sleep apnea and augmented circulating levels of pro-inflam-
matory cytokines which in turn impair sleep [11].

Sleep disturbances assessment plays an essential role in
patient management, considering that sleep disturbances can
negatively impact several biological functions, cognition,
and mood.

Here we describe two cases of patients with CP who
developed paroxysmal manifestations, initially misdiagnosed
as epileptic episodes, expression of a severe sleep disorder.

Case reports
Patient 1
Anamnesis

The first patient is a previously healthy 19-year-old male
diagnosed with CP and hydrocephalus and treated with
extensive tumor resection at the age 18 years (Fig. 1a).
Subsequently, panhypopituitarism (diabetes insipidus,
hypothyroidism, adrenal insufficiency, hypogonadotropic
hypogonadism, GH deficiency), necessitating hormone
replacement therapy, and hyperphagia and obesity (Body
Mass Index, BMI, increased from 25.1 to 41.0 in less than
2 years) occurred. Besides, episodes characterized by psy-
chomotor slowing, sometimes followed by upper limbs

increase in the post-surgical interpeduncular fossa and right paramed-
ian cysts in Patient 2 (yellow arrow)

@ Springer



4364

Journal of Neurology (2021) 268:4362-4369

afinalistic movements, and episodes of sudden muscle tone
loss of the lower limbs appeared and were diagnosed as epi-
leptic seizures in another Neurological Center. However,
antiepileptic treatments with phenobarbital, lacosamide, and
phenytoin were not followed by a clinical improvement and
clinical manifestations worsened over the following months.
At first examination in our center, a marked daytime sleepi-
ness with frequent daytime naps, fragmented night sleep,
hypnagogic hallucinations and sudden loss of muscle tone
while awake were recognized. These lasts occurred in the
absence of any evident trigger, such as laughing. Moreo-
ver, episodes characterized by bimanual automatic gestures
occurring during state of somnolence were reported. In addi-
tion, during the medical evaluation, the patient experienced
an episode characterized by psychomotor slowing, closing
of the eyes, broad movements of the upper limbs, and hardly
understandable speech; he seemed to understand the exam-
iner’s questions but did not answer. The clinical evaluation
revealed a BMI of 41 and a Mallampati score Class 2.

Suspected diagnosis

The presence of symptoms suggestive of sleep disturbances
and the occurrence of events that did not resemble epileptic
seizures but seemed to be due to sudden falls asleep some-
times associated with hallucinatory phenomena, led to a
targeted sleep study.

Sleep evaluation and differential diagnosis

The diagnostic work-up included actigraphy recording for
12 days, which demonstrated irregular bedtimes, frequent
night-time activity, and inappropriate daytime rest epi-
sodes (Fig. 2). The subjective sleepiness assessment using
the Epworth Sleepiness Scale (ESS) [12] fit with subjec-
tive hypersomnolence (ESS total score =19, values > 10
are suggestive of excessive daytime sleepiness). Long-term
polysomnography (PSG) lasting 24 h confirmed hypersom-
nia (13.9 h of total sleep over 24 h), frequent daytime sleep
episodes, ranging from a few seconds to several minutes
(maximum 100 min) with two sleep-onset REM periods
(SOREMPs), and prolonged episodes of reduced alertness
corresponding to clear-cut sleep onset in the NREM sleep
N1 stage (Fig. 3), in the absence of any interictal and ictal
epileptic abnormalities. Many of these manifestations were
marked in the seizure diary by the mother as corresponding
to those reported in the medical history. Therefore, clinical
and neurophysiological data allowed to exclude a diagnosis
of epilepsy.

Moreover, PSG analysis revealed a severe sleep-related
breathing disorder with multiple obstructive apneas, central
apneas and hypopneas (Apnea Hypopnea Index -AHI- 50/h;
central AHI 40/h, obstructive AHI 10/h) generally associated
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with desaturation (Oxygen Desaturation Index -ODI- 55/h)
mostly occurring during REM sleep. The average SpO2 was
95.6%, time spent with SpO2 <90% equal to 23.8 min, mini-
mum oxygen saturation value 80%.

Transcutaneous capnography showed a median PCO2 of
42.2 mmHg, time spent with PCO2 > 50 mmHg O min, thus
excluding nocturnal hypoventilation.

Treatment and follow-up

A non-invasive overnight ventilatory support (NIV) with
Bi-level Positive Airway Pressure (BiPAP) was initiated and
a gradual decrease in antiepileptic therapies (first phenobar-
bital, then phenytoin and lacosamide) was started. At the
same time, hormonal replacement therapy was optimized
by starting subcutaneous growth hormone and transdermal
testosterone therapy, and by switching from twice-daily cor-
tisone acetate to three times daily hydrocortisone.

The patient was reevaluated 4 months later, having ascer-
tained regular daily application of NIV during the previous
2 weeks. The treatment with antiepileptic drugs (AEDs) was
gradually reduced but still ongoing. He was assessed by per-
forming polysomnography and subsequent Multiple Sleep
Latency Test (MSLT). The polysomnography performed
with ventilatory support revealed an improvement in the
sleep-related breathing disorder with AHI index reduction
(10/h) and a more prominent representation of the NREM
sleep N3 phase. Despite the improvement in nighttime sleep,
during MSLT, he fell asleep during all tests with an average
sleep latency of 4 min and 50 s. One SOREMP occurred.
Given the clinical and polysomnographic improvement,
the indication for NIV support and the decrease in antie-
pileptic drugs were renewed. The persistence of the mild
sleep-related breathing disorder and the treatment with
AEDs could affect the accurate achievement of sleep inves-
tigations. Therefore, a re-evaluation of the patient after the
AED discontinuation and the regular NIV employment was
mandatory.

During the following months, AEDs were entirely
stopped, and NIV was employed routinely. The discon-
tinuation of the AEDs did not lead to a worsening of
the paroxysmal episodes. However, subjective daytime
sleepiness, albeit subjectively reduced, persisted despite
therapeutic adjustments (ESS total score =16). The PSG
performed with ventilatory support revealed a marked
improvement in the sleep-related breathing disorder with
rare hypopneas, and no apneas (AHI 1.3/h), average SpO2
97%, ODI 2.7/h. Moreover, the nocturnal PSG showed the
occurrence of 1 SOREMP and a lack of the physiologic
gradual increase in REM episodes duration throughout
the night (Fig. 4). In the Multiple Sleep Latency Test
(MSLT), the patient fell asleep during all the five tests
with an average sleep latency of 6 min and 10 s and 3
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Fig.2 Actigraphy recording: a Black bars symbolize movement
detected by wrist actigraphy; absence of black bars indicates sup-
posed sleeping periods. Horizontal lines represent consecutive 24-h
periods with clock hours indicated on the x-axis. The blue band des-
ignates the nocturnal sleep period. Arrows indicate examples of inap-

SOREMPs occurred. These data allowed a final diagnosis
of secondary narcolepsy, and treatment with pitolisant,
a histamine 3 receptor inverse agonist, was started. The
therapy provided a clinical improvement with reduced day-
time sleepiness (ESS total score =9 after 3 months from
the beginning of the treatment).

propriate presumed daytime sleep (red) or nocturnal arousal (blue). b
Different graphic representation of the same record. As in the previ-
ous figure, black bars symbolize movement detected by wrist actigra-
phy, and the absence of black bars indicates supposed sleeping peri-
ods; the light blue line shows the night hours

Patient 2
Anamnesis

The second patient is a boy treated with surgery and radio-
therapy for multicystic adamantinomatous CP at the age of
4 years, followed by panhypopituitarism, treated with hydro-
cortisone, levothyroxine, growth hormone, DDAVP; obesity
with hyperphagia (BMI > + 3SDS since age 5 years, BMI
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41 at the last evaluation), and low vision. Over the years, he
underwent further surgical treatment to reduce the residual
cystic components by placement of several intracystic cath-
eters connected to Ommaya reservoirs allowing liquid aspi-
ration of growing cysts.

At the age of 12 years, during the lockdown period for
COVID-19 emergency, he developed episodes character-
ized by myoclonic jerks, a dreamlike state, temporal and
spatial disorientation, and psychomotor agitation. Surmising
paroxysmal epileptic episodes, the patient was hospitalized.
Patient was referred to Pediatric Neurology for evaluation,
and anamnestic data collection revealed a severe loss of
environmental and social stimulation during the COVID-
19 lockdown period with sleep—wake rhythm dysregulation,
fragmented nighttime sleep, marked daytime sleepiness and
severe impairment of alertness. Oneiric stupor-like episodes
were observed during hospitalization. During these events,
the patient performed simple automatic gestures mimicking
daily-life activity such as manipulating non-existent objects.
When questioned, he appeared confused.

Suspected diagnosis

The anamnestic data collection and the observation of the
patient's clinical features do not seem to sustain the diagno-
sis of epilepsy. On the other hand, the severe dysregulation
of the sleep—wake rhythm, the marked daytime sleepiness,
and the impaired alertness suggested a severe dysfunction
of sleep regulation. Therefore, a targeted diagnostic work-up
was initiated.

Sleep evaluation and differential diagnosis

The diagnostic work-up involved a long-term Video-EEG
monitoring including polygraphic measurements, which
recorded a severe alteration of the sleep—wake cyclic organi-
zation and the sleep structure. The occurrence of short sleep
cycles, reduced representation of N2 and N3 NREM sleep
phases, frequent episodes of undetermined state of vigilance,
and the concurrence of elements typical of different sleep
stages (i.e., spindles in a wake-like state and REM sleep, and
rapid eye movements quickly followed by N2 NREM sleep)
were registered.

From the respiratory point of view, polysomnography
revealed a severe breathing disorder with both central and
obstructive apneas with desaturations (AHI 19/h, obstruc-
tive apneas 2.1/h, central apneas 4.3/h, mixed apneas 0.2/h,
hypopneas 12.6/h, ODI 20.5/h, mean oxygen saturation
value 94.1%, minimum oxygen saturation value 77%).

We observed episodes characterized by jerks of the
trunk and lower limbs and repeated movements of the pel-
vis occurring in the transition from wake to sleep, with no
associated epileptic discharges.

Moreover, frequent nocturnal arousals and parasomnia
episodes, accompanied by hypersynchronous delta waves
during NREM sleep, could occur both spontaneously or in
association with apneas or hypopneas. During some events,
the patient sat on the bed in a state of confusion.

Brain MRI showed volumetric increase in the post-
surgical interpeduncular fossa and right paramedian cysts
(Fig. 1b, ¢).

Therefore, these investigations confirmed that the
patient's complex clinical features were expression of the
alteration of the sleep—wake rhythm, and the destruction of
the wake-NREM sleep-REM sleep boundaries requiring a
multifactorial therapeutic plan.

Treatment and follow-up

Education on environmental stimulation and proper sleep
hygiene was provided. Moreover, an initial pharmacologi-
cal approach with slow-release melatonin improved night-
time sleep but marked daytime sleepiness persisted. Then,
the patient underwent surgical treatment of cyst fenestra-
tion with sleep—wake rhythm and behavioral improvement.
Finally, a non-invasive overnight ventilatory support with bi-
level pressure support ventilation was initiated, with a very
poor adherence. In the following months, he presented a new
worsening of symptoms, and the MRI showed a further volu-
metric increase in cysts. A few months later the patient died
due to complications of acute pancreatitis and pneumonia.

Discussion

Knowledge about the long-term outcome of tumors involv-
ing the hypothalamic area and treatment in pediatric patients
has increased in recent years. Hypothalamic dysfunction in
children with CP is identified in 35% of patients at diagnosis
and in up to 65%-80% of patients after treatment [13]. Long-
term complications decrease the quality of life of many long-
time survivors [14].

Although growing literature data prove an association
between hypothalamic tumors and sleep disturbances, the
etiology of sleep disorders is not yet fully understood, and
several factors appear to be involved. This report describes
two patients with CP who developed “paroxysmal episodes”
initially misdiagnosed and subsequently defined as the
expression of a severe sleep disorder.

Patient 1 exhibited events characterized by psychomo-
tor slowing with afinalistic movements of the upper limbs
initially defined as epileptic seizures. Careful collection of
anamnestic data and targeted diagnostic work-up revealed
a sleep disorder with hypersomnolence, fragmented noc-
turnal sleep, hypnagogic hallucinations, sudden loss of
muscle tone and a severe sleep-related breathing disorder.
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The second patient showed an even more severe phe-
notype characterized by myoclonic jerks, temporal and
spatial disorientation, psychomotor agitation, and oneiric
stupor like episodes. A comprehensive clinical data col-
lection allowed to diagnose an altered sleep—wake rhythm,
fragmented sleep, reduced alertness, and presumed hal-
lucinatory events. Interestingly, during polysomnogra-
phy recordings, we documented peculiar findings, such
as the destruction of the wake-NREM sleep-REM sleep
boundaries and the simultaneous occurrence of elements
of different sleep phases. In literature, the asynchronous
occurrence of the various components of the different
states has been named status dissociatus [15], a condition
representing a negative prognostic sign, in which elements
of one state of being (wake, NREM sleep, and REM sleep)
pathologically intrude into another. Extreme dissociation
situations that determine the complete loss of any con-
ventionally defined state of being and the circadian pat-
tern determine a condition known as Agrypnia Excitata,
a syndrome characterized by loss of sleep and permanent
motor and autonomic hyperactivation, related to three dif-
ferent clinical conditions, fatal familial insomnia, Morvan
syndrome, and delirium tremens [16].

As for our patients, several conditions may have contrib-
uted to the clinical and electrophysiological findings.

Sleep/wake cycles are hypothesized to result from a bal-
ance between both circadian and homeostatic influences,
with the hypothalamus playing an essential role in regulat-
ing the circadian rhythm. Interestingly, current models of
sleep regulation suggest that the hypothalamus by hypocretin
production plays an essential role in stabilizing wakefulness
or sleep after one of these states has been reached through
a flip-flop switch [4]. Therefore, hypothalamic injury can
cause disturbances in sleep regulation [13]. Literature data
reported increased daytime sleepiness in one-third of chil-
dren with CP, with 40% prevalence in the severely obese
children [13]. Irregular bedtimes, frequent nighttime activ-
ity, and inappropriate daytime episodes of rest in CP survi-
vors have been recognized by performing actigraphy [17].
A similar irregular pattern was observed by the actigraphy
study in Patient 1.

Evidence of both melatonin deficiency and irregular
circadian function in CP survivors has been reported by
Lipton et al., suggesting a profound dysfunction of the cir-
cadian pacemaker of which melatonin rhythm serves as a
marker [17]. These authors hypothesized that the complete
loss of the circadian melatonin rhythm might indicate a dis-
ruption of daytime circadian arousal mechanisms, leaving
homeostatic sleep drive unopposed and thus contributing
to sleep disruption in these patients. Interestingly, literature
data indicate that treatment with melatonin in CP patients
with severe daytime sleepiness results in improved daytime
sleepiness [18], as confirmed in Patient 2.

@ Springer

Notably, Patient 1 was diagnosed with secondary narco-
lepsy, and treatment with pitolisant has been started. Cases
of secondary narcolepsy in patients with tumors involving
the hypothalamic area have been reported in the literature
[8]. Interestingly, a low cerebrospinal fluid (CSF) level
of hypocretin-1, the wake-promoting neuropeptide typi-
cally reduced in patients with narcolepsy type 1, has been
detected in a CP patient with symptomatic narcolepsy (sleep
latency <2 min and 3 SOREMPs at the MSLT; no cata-
plexy). This suggests the possibility that surgical removal
of hypothalamic tumor could result in defective production
of orexin and consequently induce daytime somnolence
[19]. However, in a further study involving five patients who
underwent surgical removal of a space-occupying lesion in
the hypothalamic/pituitary region, normal CSF hypocretin
values were found, thus indicating other factors causing
hypersomnia [20]. Interestingly, treatment with wake-pro-
moting agents has shown beneficial effects in CP-related
hypersomnolence [10, 21].

Patients with tumors involving the hypothalamic area
have an increased incidence of sleep-disordered breathing,
both obstructive and central sleep apneas, responsible for
excessive daytime sleepiness and reduced alertness [9, 10].
Moreover, apneas and hypopneas can trigger parasomnias,
as in the case of Patient 2. Various factors are responsible for
the increased incidence of sleep-disordered breathing. First,
patients undergoing hypothalamic surgery may develop obe-
sity [22], as both our patients, resulting in an increased risk
of sleep-disordered breathing. However, O’ Gorman and col-
leagues who conducted a cross-sectional study of obese CP
and obese controls showed that sleep-disordered breathing
(including both central and obstructive sleep apneas) was
increased in CP patients than in BMI-matched controls [23],
underlying the direct role of the hypothalamus in the regu-
lation of respiratory activity [24]. Interestingly, O’ Gorman
et al. also showed that CP-related respiratory dysfunction is
not compensated by hormone replacement therapies, as also
observed in our two cases.

In conclusion, on the basis of current knowledge, tumors
affecting the hypothalamic area may be responsible for the
onset of sleep disorders through various mechanisms. The
diagnosis of sleep disorders is crucial, considering that
sleep has an essential role on general health, cardiovascular
and metabolic well-being, and immune system functioning
[25, 26]. Moreover, sleep disturbances are associated with
decreased cognitive abilities, increased anxiety and depres-
sion, and decreased perceived well-being [27].

The cases detailed in our report highlight that the clini-
cal manifestation of these dysfunctions can be difficult to
diagnose and can lead to misdiagnosis and inappropriate
treatment that can harm the patient’s health and the qual-
ity of life of patients and their families. Furthermore, the
diagnosis can be challenging because these patients do
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not clinically report sleepiness even when it is objectively
present [7]. These findings support the need to incorporate
comprehensive sleep assessment in survivors from child-
hood brain tumors involving the suprasellar/hypothalamic
region. Furthermore, the occurrence of paroxysmal episodes
of uncertain origin requires differential diagnosis between
epileptic seizures and events that may be manifestations of
sleep disturbances. The accurate anamnestic data collection
pointing to examine the clinical features of the episodes and
a long-monitoring of sleep—wake activity (long-term Video-
EEG, PSG, actigraphy) is crucial.
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