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Abstract: Sleep disturbance can occur when sleep centers of the brain, regions that are responsible
for coordinating and generating healthy amounts of sleep, are disrupted by glioma growth or
surgical resection. Several disorders cause disruptions to the average duration, quality, or patterns of
sleep, resulting in sleep disturbance. It is unknown whether specific sleep disorders can be reliably
correlated with glioma growth, but there are sufficient numbers of case reports to suggest that a
connection is possible. In this manuscript, these case reports and retrospective chart reviews are
considered in the context of the current primary literature on sleep disturbance and glioma diagnosis
to identify a new and useful connection which warrants further systematic and scientific examination
in preclinical animal models. Confirmation of the relationship between disruption of the sleep
centers in the brain and glioma location could have significant implications for diagnostics, treatment,
monitoring of metastasis/recurrence, and end-of-life considerations.
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1. Introduction

Sleep has well-documented physical, psychological, and behavioral benefits that can
be diminished when sleep is disrupted [1]. In fact, sleep disturbance is associated with
many neurological disorders including stroke, psychological dysfunction, and traumatic
brain injury (TBI) [2-5]. Current guidelines recommend that adults get between 7 and
9 h of sleep per night, with children and adolescents often needing more, to maintain
optimal physical and mental health [6,7]. While all of the positive benefits of sleep have
yet to be proven, it is generally accepted that sleep is necessary to restore and maintain
physiological homeostasis after waking periods by removing waste through the glymphatic
system, initiating and maintaining macromolecule biosynthesis, maintaining prophylactic
cells, and regulating metabolic functions and energy balance [8,9]. The literature is clear
that a healthy amount of sleep is essential for daily function as well as the prevention and
treatment of chronic health conditions, especially cancer [10]. Patients with cancer have a
higher-than-normal incidence of sleep disturbance; a problem that can continue for up to
9 years after entering remission [11]. Sleep disturbance is especially detrimental to patients
with gliomas, a common brain tumor that, depending on grade and location, carries a high
mortality rate and poor prognosis [12,13]. Disturbance to healthy amounts of sleep in these
patients impacts recovery, quality of life (QoL), and the patient’s support system.

Sleep disturbances in patients with gliomas can be a presenting symptom or a detri-
mental side effect of treatment. The call to address sleep disturbance, caused by tumor
growth, treatment, or comorbid disorders, in patients with cancer has recently become
more prevalent in the neuro-oncology literature [14]. Surveys of patients with primary
brain tumors indicate that sleep disturbance is common, 61.5% of patients, and that their
symptoms were not well-addressed or treated by their doctors [15]. While this indicates
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the magnitude of the problem for patients, it also shows a potentially facile way to track
glioma progression that is currently overlooked.

When looking at the anatomic localization of gliomas and neurologic impairment, one
study conducted by Sadighi et al. found that tumor location changed the severity and type
of neurologic impairments caused by tumor growth [16]. This study showed that, in addi-
tion to other symptoms, specific sleep disturbances might vary by patient, but the variation
was contingent on the tumor’s location [16]. Glioma location is not just a consideration in
anatomical correlation studies, it is also a top consideration when developing a treatment
plan. The potential for surgical resection is affected by accessibility to the tumor and the
regional function of the brain in relation to the tumor location. The highly organized
structure of the brain can be beneficial for these surgical considerations, but it can also
allow for more pointed diagnostic exploration based on presenting symptomatology [17].
The brain regions attributed to the normal functioning of sleep, or sleep centers, can be
affected by tumoral growth directly or by neuroinflammation and edema from growing
gliomas [18]. Sleep centers disrupted by glioma growth could provide clues as to the initial
location of a glioma, as a consideration for surgical resection, or as a potential tool to track
recurrence. The correlation between sleep disturbance and glioma location has been noted
in a number of case reports subsequently discussed in this text, but its merits in treatment
and as a warning symptom of metastasis or recurrence have yet to be explored. Reliable
correlations of sleep disorders with glioma growth in sleep centers have yet to be verified
or studied in preclinical animal models or large-scale clinical audits.

This narrative review will specifically focus on gliomas located in or near brain areas
documented to impact sleep function. Case reports were compiled from multiple sources
using a wide range of search terms in an attempt to identify as many cases as possible where
sleep disturbance can be correlated with glioma growth. While there are numerous sleep
disturbances, the scope of this narrative review is limited to insomnia, hypersomnia, sleep
apnea, narcolepsy, and somnolence as they are the sleep disorders that are most heavily
correlated with glioma. Consideration will be especially given to high-grade gliomas as
they are more aggressive than low-grade gliomas. The higher mortality rate associated
with high-grade gliomas highlights the potential sleep consequences of maximal surgical
resection and treatment as well as shows the importance of maintaining healthy levels of
sleep near the end of life to maintain QoL.

2. Brain Areas Implicated in Sleep Disturbance

Normal sleep arises from a coordination of sleep centers in the brain, such as the
hypothalamus, pineal gland, and the brainstem (Figure 1A) [1]. Sleep induction largely fol-
lows a well-described path. Initially, specific retinal ganglion cells that contain melanopsin
detect a decrease in ambient light [19]. This photosensitive protein within the retinal gan-
glion cells will project to the retinohypothalamic tract, stimulating the suprachiasmatic
nucleus (SCN) [20]. The SCN and subparaventricular zone (SPZ), which share strong
neuronal connections and are responsible for circadian control, keep a 24 h cycle by way of
a transcriptional-translational feedback loop [21]. Inside the SCN neurons there are two
genes, BMAL1 and Clock, which, when transcribed, create Per and Cry proteins. Per and
Cry proteins leave the nucleus and build up to a critical concentration where they then
re-enter the nucleus and inhibit the translation of BMAL and Clock [21,22]. This process
takes 24 h and allows the SCN to keep the body’s cells under tight circadian control. The
SCN also releases norepinephrine which stimulates the release of melatonin from the pineal
gland to induce sleep [23].

In coordination with the hypothalamus and pineal gland, other brain regions also
play significant roles in the initiation, perpetuation, and conclusion of sleeping periods.
For example, the preoptic area of the hypothalamus and thalamus coordinate sleep and
waking states, while further sleep regulation and induction are influenced by melatonin
secreted from the pineal gland [24]. This provides time-of-day information to all cells
and serves as a biomarker of the central biological clock [10]. The hypothalamus and the
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adjacent neuron groups of the basal forebrain regulate sleep duration by producing GABA.
The main function of these GABAergic neurons is to inhibit the firing of cells involved
in wakefulness [25]. Histamine, norepinephrine, serotonin, hypocretin, and glutamate
neurons are inhibited by GABA to promote sleep. GABAergic neurons are more active
during nonrapid eye movement (NREM) sleep as opposed to other neurons that are active
during more wakeful rapid eye movement (REM) sleep. Neurons in the hypothalamus and
basal forebrain increase the rate of GABA discharge during sleep onset and will continue
to release GABA at a high level while sleep continues [25].
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Figure 1. Schematic depiction of brain areas implicated in sleep and common glioma locations.
Midsagittal depiction of the brain identifying common brain areas implicated in sleep (A) and the
locations of gliomas documented in this review (B).

The brainstem, particularly the PONS, also has a major role in sleep [26]. While there
is still some uncertainty surrounding the exact purpose of the PONS, it is known that
there are many neuron types (cholinergic, noradrenergic, glutamatergic, and GABAergic)
in the PONS that are key to generating REM sleep [27]. The brainstem also controls
sleep through projections to the lateral hypothalamus, which contain many hypocretin-
containing neurons [28]. Hypocretin is a neuropeptide that functions to regulate arousal
and wakefulness. These hypocretin-containing neurons will then project to the thalamus,
which has widespread projections throughout the brain [29].

While the importance of sleep to normal homeostasis and cancer pathology is con-
tinuing to be unraveled, exploring sleep centers and correlations to sleep disturbance is
a large field of research. Sleep disturbance can present in many forms when caused by
tumors or strokes located in brain areas necessary for coordinated sleep [30]. For gliomas
specifically, sleep disturbance can be an initial symptom used in diagnosis, a developed
symptom due to metastasis or recurrence, or as a side effect of treatment (surgical, radio,
or chemopharmaceutical) and there are many ways in which tumors can interfere with
sleep [14].

Direct destruction by tumor growth is one way tumors can impact brain function
related to sleep. Destruction of sleep centers can lead to lifelong sleep disturbance when
the tumor mass damages neuronal tissue or when the tumor mass is removed [31]. Alterna-
tively, based on similar damage seen in patients with TBI, sleep disturbance can potentially
result from neural damage not directly caused by tumor cell infiltration such as hypoxia,
which can alter pH, and edema, which can cause compression of neural tissue [32-34].
Stroke studies in which irreversible neuronal death caused long-term sleep disturbance
and cytotoxicity, neuronal death caused by gliomas can also lead to long-term, sometimes
irreversible, sleep disturbances [35]. Discovering the underlying cause of sleep disturbance
will aid in determining the appropriate treatment for each patient. For patients with glioma,
removal of the tumor and preservation of speech, motor, and life-sustaining brain areas
takes precedence to the maintenance of sleep centers, leaving patients with limited, often
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ineffective, treatment options for sleep disorders that include medication and sleep hygiene
education [36].

3. Characterization and Treatment of Gliomas

The Centers for Disease Control and Prevention and the National Cancer Institute
created the Central Brain Tumor Registry of the United States (CBTRUS), a professional
research organization dedicated to providing quality statistical and descriptive epidemio-
logical data on primary brain and other central nervous system tumors newly diagnosed in
the United States population. They published their latest report of incidence rates according
to behavior (i.e., malignant and nonmalignant), histopathology, age, sex, race, select brain
molecular markers (BMM), Hispanic heritage, and geographical location in October of 2022.
According to CBTRUS, nonmalignant tumors are over two times more likely to occur (72%
vs. 28%), but the five-year survival rate for malignant brain tumors is only 35.7% [37]. This
value decreases to 6.8% for glioblastomas, a term for all grade IV gliomas.

Gliomas are graded and characterized according to the WHO classification system.
The WHO classification system for brain and CNS tumors assigns a grade to the glioma
from I to IV, with I being the least aggressive (often considered nonmalignant) and IV being
the most aggressive [38]. High-grade gliomas fall into grades III or IV. Importantly, WHO
classification grades are based on the appearance of the tumor cells, a characterization
impossible to achieve with radiographic confirmation alone. Specifically, classification is
based on five histopathology traits: cellular density, nuclear atypia, mitosis, endothelial
proliferation, and necrosis (Supplemental Table S1) [39]. In 2016, the WHO classification
scale for tumors of the central nervous system included brain molecular markers, or
biomarkers, for the first time. These markers have improved in their fidelity from 2018 to
2019 and continue to help clarify glioma grading, which can have a significant impact on
treatment and prognosis.

Although biomarkers are helping, there is no singular definition of glioma: they are
characterized only as arising from glial precursor cells. Such tumors include glioblastoma,
astrocytoma, oligodendroglioma, ependymoma, oligoastrocytoma (mixed glioma), and a
few rare histopathologies with glioblastomas that cumulatively account for slightly over
50% of malignant tumors in the brain [40]. Figure 1B indicates the glioma tumor types
associated with sleep disturbance that were documented in this review. In the United
States, identifying a glioma tumor traditionally begins through imaging, usually via CT or
MRI (Figure 2) [41]. Despite significant advances, imaging alone cannot define if a mass is
a cancerous tumor, and a further diagnostic work-up requires surgical biopsy. Classically,
surgery is performed for increased accessibility to specific areas of the brain, allowing for
pathological evaluation of the mass and simultaneous resection. In more critical areas of
the brain, such as near the brainstem, a stereotactic needle biopsy is taken to identify tumor
morphology before surgical resection is performed [42]. Histopathology of biopsied cells is
necessary for grading the tumor and determining the course of treatment.

Once a glioma has been identified and graded, symptomatic management is the
primary goal as curative options, aside from a successful complete surgical resection, are
generally unavailable (Figure 2). Presenting symptoms of gliomas include headaches,
seizures, nausea, vomiting, change of vision, ambulatory difficulty, weakness, tingling
sensations, and new or worsening sleep disorders [43,44]. Patients most commonly present
with headaches followed by seizures which are hypothesized to be caused by increased
pressure among the microvasculature, resulting in edema [45]. Most symptoms are specific
to the areas of the brain in which the tumor is proliferating [44]. For example, patients with
tumors proliferating in the temporal lobe can be identified by changes in receptive speech
issues and patients presenting with focal or generalized seizures tend to have tumors in
the cerebral cortex [46].
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Figure 2. Current treatment course for glioma tumors in the United States. Flow chart showing
the path of initial identification of glioma through the treatment options based on glioma grade.
Treatment information for flow chart taken from UpToDate [41].

First-line treatment for gliomas is surgical resection, where as much tumor material as
possible is removed (Figure 2) [41]. Tumor location is one of the most important factors
to consider before the resection of a glioma. Consideration of the extent of resection and
the consequences to the function of surrounding or removed brain tissue is of utmost
importance to patients and surgeons. While attempts are made to reduce the risk of
neurological deficits, such as functional sleep and reduction in QoL, maximal resection of
tumor tissue is the ultimate goal to improve prognosis. As such, patients and surgeons often
accept the risks of neurological deficits and a reduction in QoL before surgery is attempted.
Nevertheless, many patients also rate sleep disturbance as a high area of concern during
treatment, despite it often being a low priority for providers [43].

Radiation therapy is another treatment option used when surgery cannot be performed,
or when the tumor is high-grade, and can help to delay recurrence and prolong survival
(Figure 2) [41]. Effective radiation treatment is aimed at the original tumor location with a
small surrounding margin because recurrence usually happens within 2 cm of the original
tumor [47]. Chemotherapy is another choice to treat gliomas and can be used alone or in
conjunction with radiotherapy (Figure 2) [41]. Chemotherapeutics are aimed at slowing or
stopping neoplastic proliferation. Chemotherapeutic treatment must take into account a
patients’ age since adults, whose neural tissues are not growing rapidly, are more protected
from the chemotherapeutic side effects than pediatric patients where damage of actively
growing tissue can lead to more severe side effects (Figure 2) [48]. It is worth noting an
emerging treatment in the form of electric fields, where a battery-powered device provides



J. Clin. Med. 2023, 12, 4058

6 of 14

low-strength electric fields around a tumor. This device needs to be worn for a minimum of
18 h per day and has been shown to increase survival when used alongside chemotherapy
in patients with grade IV gliomas [49].

In patients with high-grade gliomas, and those in which a recurrent tumor is found,
QoL is an important consideration since the median survival is significantly reduced
(15 months for a grade IV glioma) [50]. QoL management becomes gradually more difficult
with disease progression because the development of psychiatric conditions such as de-
pression and anxiety as well as the development of new cognitive impairment can increase
the difficulty of symptom triage and management [51]. Song et al. demonstrated that this
development of cognitive issues can also be tied to systemic inflammation via IFN-y and
IL-2 and not solely tumor location [51]. Development of these comorbid conditions can
cause patients to present with new or worsening sleep disorders requiring new treatment
and QoL management.

4. Correlation of Tumor Location and Sleep Disturbance

Among the top concerns for neurosurgeons confronted with a glioma is tumor loca-
tion [52]. There are several sleep centers in the brain that rely on coordinated communica-
tion to generate, perpetuate, and terminate sleep. Understanding of the neurophysiological
pathways used to generate sleep and the associated brain regions key to these processes is
beneficial when treating patients with glioma. With this understanding, better diagnostic
and prognostic decisions can be made that consider the patient’s QoL, overall survival,
and proper course of treatment. Presenting sleep disturbance symptoms can potentially
be one of the first clues pointing to a glioma location. Sleep apnea, hypersomnia, nar-
colepsy/cataplexy, parasomnia, and insomnia have been linked with tumor location in
several case reports and retrospective chart analyses outlined in Table 1.

Table 1. Cases with brain tumor diagnosis and sleep disturbance.

Patient Patient

Author Year Age Gender Tumor Location Tumor Type Sleep Disturbance
Discolo et al. [53] 2005 71 Male Right frontal lobe Glioblastoma Sleep apnea
T & Multiforme pap
. ) Left cerebellar peduncle, I
Osanai et al. [54] 1994 44 Male medulla Ganglioglioma Sleep apnea
Ioos et al. [55] 2016 4 Female Posterior fossa Meningioma Sleep apnea
Greenough et al. [56] 1999 34 Male Bilateral medulla Medulloblastoma Sleep apnea
Manning and Leiter [57] 2000 18 Female Medulla Ganglioglioma Somnolence,
sleep apnea
Ito et al. [58] 1996 12,6 Male Medulla, pons Glioma Sleep apnea
Kelly et al. [59] 1980 4 weeks Male Left middle fossa Astrocytoma Sleep apnea
. Sleep apnea
Nakajima et al. [60] 2000 49 Female Medulla, pons Astrocytoma (Ondine’s curse)
Marin-Sanabria [61] 2005 52 Female Medulla Glioma Slegp ?pnea
(Ondine’s curse)

Huang et al. [62] 2021 4 Male Medulla, pons Glioma Sleep apnea

Hui et al. [63] 2000 3 Male Posterior fossa Pilocytic astrocytoma Hypersomnia,
sleep apnea

Sudden awakenings,

Valente et al. [64] 1993 24 Male Pons Fibrillary astrocytoma hypersomnia,
sleep apnea

Yen et al. [65] 2022 48 Male Right side thalamus Glioma Hypersomnia

and midbrain
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Table 1. Cont.

Patient

Patient

Author Year Age Gender Tumor Location Tumor Type Sleep Disturbance
Narcolepsy,
Anderson et al. [66] 1977 23 Male Hypothalamus Glioma hypersomnia,
sleep paralysis
. . . . Somnolence,
Liao et al. [67] 2020 44 Male Hippocampal formation Glioma Narcolepsy type 2
. . .. Somnolence,
Laus et al. [68] 2022 3 Male Optic chiasm Ganglioglioma Narcolepsy
Males and Hypothalamus, optic cralzzir:)e(fal? S,r[?r;:)?na
Rosen et al. [69] 2003 5-15 chiasm, brainstem, pineal p1eTyng ! Narcolepsy
Females N medulloblastoma,
gland, pituitary gland
astrocytoma
Butts et al. [70] 2014 53 Male Corpus callosum Glioma Somnolence,
Narcolepsy
Mendez [71] 1992 15 Male Fourtt}: v.entrlcle and Astrocytoma Night terrors
rainstem
Di Gennaro et al. [72] 2004 48 Female Right thalamus Patient refused biopsy Night terrors
Duffau et al. [73] 2006 38 Female Right paralimbic region Oligodendroglioma Eplleptlc.
somnambulism
Reim et al. [74] 2016 29 Female Right basal ganglia Astrocytoma Insomnia
. - Female, .
Fukushima et al. [75] 1998 16,33 Male Medulla Hemangioblastoma Sleep apnea
Prashad. [76] 2013 15 Male Parietal lobe Dysembryqplast1c Sleepwalking
neuroepithelial tumor
Weil et al. [77] 2017 11 Female Sellar and Germinoma Narcolepsy

suprasellar region

4.1. Sleep Apnea

Sleep apnea as a presenting symptom is implicated in a large number of case reports
where gliomas have been identified [53—64]. There are two main types of sleep apnea,
central and obstructive (OSA), with polysomnography testing being required for diagno-
sis [58]. A number of glioma types have a reported association with sleep apnea, with
tumors mainly being located in the PONS and medulla or occasionally the frontal lobe.
Those located in the medulla can in some cases cause a very specific set of symptoms
known as Ondine’s curse, a failure of automatic respiration during the night in which
assisted ventilation or death are the prevailing outcomes [78]. This is commonly reported in
cases of brainstem tumors in children but can be found in adult cases as well. For example,
in a case report by Nakajima et al., a 49 year old woman was found in respiratory arrest
that required resuscitation [60]. MRI revealed a glioma in the lower PONS and medulla
with subsequent testing revealing Ondine’s curse, in which her autonomous respiration
ceased during sleep. Treatment required two months of respiratory support and radiation
therapy for the glioma.

While tumoral disruption of the medulla and PONS are the overwhelming cause of
tumor-associated sleep apnea, tumors in the frontal lobe have also been correlated with
sleep apnea, specifically OSA. In a drastically different mechanism to the brainstem, tumor
growth in the frontal lobe disrupts control of the phrenic and intercostal musculature
nerves, reducing the motor function necessary to take breaths [53]. Tumors in the frontal
lobe and brainstem also result in other serious motor deficits that can obscure the discovery
of sleep apnea as a presenting symptom. In contrast to other sleep disorders that can
potentially mimic or be caused by other consequences of a poor night’s sleep, sleep apnea
is a relatively unique and easily definable disorder. As a result of this, identification of
sleep apnea as a presenting or recurring symptom of glioma is more readily accomplished
by those without expertise in sleep medicine.
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4.2. Hypersomnia

Diurnal drowsiness or hypersomnia is another condition that can be correlated with
gliomas found in the posterior fossa, hypothalamus, and thalamus/midbrain [57,63-67].
Hypersomnia is characterized by excessive daytime sleepiness that can impact academic or
work performance. Hypersomnias are tracked, diagnosed, and classified by their reported
sleep quality, diurnal sleep, and the overall restfulness a patient feels after sleep [79]. Som-
nolence is also another term that falls under the umbrella of hypersomnia and describes a
strong desire to fall asleep or constant state of drowsiness that has been well-characterized
as a side effect of radiation therapy [80]. A specific case report by Anderson and Salmon
details a 23-year-old man who had hypersomnia as a presenting symptom [66]. The hyper-
somnia seen in this patient progressed to narcolepsy, followed by attacks of sleep paralysis.
Exploration of the brain found a glioma in the right-side hypothalamus. No treatment
was given for the glioma, but medications to aid with nocturnal sleep were given with no
success. Diurnal drowsiness and hypersomnias can be difficult to characterize because they
need to be separated from other sleep or mood disorders with extensive testing [81]. Once
it is clear that excessive diurnal sleepiness is negatively impacting everyday living, or that a
sudden/unusual onset of diurnal sleepiness has occurred, the presentation of this symptom
can indicate an underlying condition such as glioma. Treatment of hypersomnia in glioma
patients includes medication or scheduled daily naps to improve daily functioning.

4.3. Narcolepsy

Narcolepsy is another presenting symptom in patients with glioma. This is especially
well researched in pediatric cases and is often associated with concurrent cataplexy. Nar-
colepsy, which can either be type 1 (with cataplexy and low levels of hypocretin) or type 2
(without cataplexy and normal hypocretin), is excessive daytime sleepiness affecting day-
time functioning [82]. Narcolepsy with cataplexy results in sudden loss of muscle tone due
to strong emotions [82]. Case reports show that the onset of narcolepsy can be correlated
with tumoral infiltration in or near the hypothalamus, optic chiasm, sellar and suprasellar
region, and hippocampus [66-69]. Among the top consequences for this type of sleep
disturbance are poor QoL and reduced academic success for children where narcolepsy
impacts their ability to function normally. Rosen et al. described 14 cases of children aged
5 months to 15 years, both males and females, detailing narcolepsy symptoms in many
different types of gliomas located in the optic chiasm, brainstem, pituitary gland, pineal
gland, frontal lobe, and posterior fossa. Treatment of gliomas included gross total resection,
radiation treatment, chemotherapy, and shunt placement depending on the individual
patient. Treatment for narcolepsy symptoms in these patients was heavily focused on
stimulant medications. This retrospective chart review, along with other case reports of
glioma, germinoma, stroke, and TBI discussed in later sections, provide excellent evidence
to suggest that presenting narcolepsy symptoms can be varied but are often localized to
only a few deep brain regions.

Treatment of narcolepsy in glioma patients is based on stimulant medication used
to reduce excessive daytime sleepiness. One case of glioma with concurrent narcolepsy
found that stimulant medication is effective at treating narcolepsy symptoms, but required
a larger than normal dose with symptoms returning when the medication is stopped [70].
A trial of a popular stimulant medication, modafinil, in primary tumor patients found that
symptoms were not improved compared to placebo patients [83]. These results indicate
that the effects from stimulant drugs could potentially be dose-dependent or be impacted
by tumor location and severity; an interesting consideration requiring more research for
clinicians treating glioma patients.

4.4. Parasomnias

Parasomnias are a set of sleep disorders that include night terrors, sleepwalking, or
sleep paralysis and sleep-related eating disorders [84]. Various parasomnias have been
reported in patients with gliomas of the brainstem, thalamus, or parietal lobe [66,71-73].
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For example, a case reported by Gennaro et al. described a suspected glioma in the
right thalamus of a 48-year-old woman [72]. She presented with night terrors in which
she would sit up in bed, scream, and was agitated and unresponsive. While the patient
refused biopsy and treatment for the glioma, medication for the night terrors successfully
reduced her episodes. Treatment of parasomnias is unique to the type of disorder but
generally includes medication or behavioral therapy. Medication can be ineffective for
those experiencing parasomnias, so most often therapies are recommended in addition
to medication. Psychotherapy, relaxation therapy, and autogenic training or hypnosis
are recommended to treat parasomnias. These behavioral therapies are effective for the
treatment of parasomnias with comorbid disorders, such as cancer, without impacting
cancer treatments [85]. Behavioral therapy treatment for sleep disorder in glioma patients
is more complicated because the location of the tumor can create cognitive, mood, or other
psychiatric disorders that can complicate the therapy necessary to treat sleep disorders [86].
Parasomnias are unique to each patient in presentation and treatment, but if properly
tracked can be a good indicator of dysfunction when they occur with sudden onset or with
an increase in the number, duration, or severity of episodes.

4.5. Insomnia

Insomnia, common in the general population, has also been noted as a presenting
symptom in patients with gliomas [74,87,88]. However, insomnia is difficult to correlate
with tumor location alone since it is commonly associated with neuropsychiatric disorders
and the general anxieties associated with cancer diagnosis [89]. It is also important to
note that insomnia is often induced by the treatment of glioma and does not have to be
a presenting symptom. One such case report of a 29-year-old female described by Reim
et al. found that radiation therapy of a glioma in the basal ganglia caused severe insomnia
that was not present before treatment [74]. The sleep medication Nitrapasepam did not
improve the patient’s insomnia, but melatonin supplements alone were able to reverse
her symptoms. Insomnia is often a comorbidity seen in patients with cancer due to the
anxiety and fear that accompanies diagnosis and does not necessarily indicate a brain
tumor [90]. The key for understanding insomnia as a symptom of glioma is the onset,
severity, and the number of episodes in correlation with other glioma symptoms. Treatment
of insomnia in glioma patients includes medications, which can be ineffective, or cognitive
behavioral therapy, which has shown promise in clinical trials for improving sleep in
glioma patients [91].

4.6. Other Brain Disorders

Sleep disturbances are also correlated with other primary brain tumors, such as
hemangioblastomas. Case reports have found sleep apnea in cases of hemangioblastomas
located in the medulla and 4th ventricle as well as sleepwalking in dysembryoplastic
neuroepithelial tumors and narcolepsy in a patient with a germinoma (Table 1) [75-77].
Additionally, evaluation of pediatric patients with uncharacterized brain tumors in the
hypothalamic/pituitary brain regions that underwent surgical resection reported severe
hypersomnolence following surgery [92]. This indicates that iatrogenic disruption of the
sleep centers during glioma removal is also an important and often under-considered
consequence of treatment that should potentially be further discussed by surgeons and
patients before intervention.

While there are relatively few care reports of patients with gliomas and sleep dis-
turbance, TBI and stroke patients are known to have sleep disorders as a result of their
injuries. For example, TBI patients where sleep disturbance has developed as a conse-
quence of the injury are well-documented and more completely studied than tumor or
stroke patients [30,32,93-97]. One study looking into sleep disturbances as a potential
marker of brain injury in patients with mild TBI found that there were abnormalities in
the polysomnography results [98]. The patients in this study suffered from OSA and/or
restless leg syndrome, but no data indicating the location of injury were obtained. Patients
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that have had a stroke represent an interesting population to study sleep disturbance in
because certain sleep disorders can be a risk factor for a stroke, or these disorders can result
from the damage caused by the stroke itself [99]. Hypersomnolence secondary to a stroke
has been studied clinically and found to be most closely associated in individuals with
para median thalamic infarctions [100]. Cases of tumor growth, stroke, and TBI provide
additional support for the idea that there is a potentially facile correlation of tumor growth
and sleep disturbance that merits further exploration.

5. Future Considerations

As holistic treatment approaches grow, sleep disturbances associated with glioma
could offer important diagnostic and remission monitoring opportunities. As such, this
is a promising research area. With an increased focus on the patient’s QoL, examination
of the causes and consequences of cancer-associated sleep disturbances is increasing. A
mechanistic understanding of the physical structure of the brain’s sleep centers, as well as
a molecular understanding of the neuronal circuits associated with those regions, may help
guide both surgical and other treatment approaches. Compiling a complete understanding
of the consequences of surgery is incredibly valuable to both the patient and the surgeon
as they decide if the benefits of glioma resection outweigh the risks. Future research on
this topic should include consideration of the impact of both tumor location and tumor
treatment on the sleep centers of the brain. Important questions include how the underlying
glioma growth impacts the type and severity of sleep disturbance, the consequences of
tumoral growth in or near key sleep centers of the brain, and the benefits and costs of
complete surgical resection when tumors are located close to sleep centers.

6. Conclusions

Sleep is considered important for mental and physical health. There are many benefits
to maintaining healthy amounts of sleep including hormonal balance and removal of
toxins and metabolic waste by the glymphatic system [101]. Additionally, sleep has been
shown to increase energy levels and improve cognitive function and memory [7]. These
benefits can be marred by sleep disturbances, which evoke physical, mental, and emotional
anguish. In several cancer types, sleep disturbance is listed as one of the most distressing
and debilitating effects of the cancer itself and treatment [102].

The mechanisms that can cause sleep disturbances in patients with cancer are varied,
including direct disruption to a sleep center, hypoxia induced by tumor growth, or edema
created by the growing tumor mass. The direct implications of this mechanism can alter the
treatment outcome and be used to understand the correlation between glioma location and
sleep disturbance. As shown in Table 1, a number of case reports identify this correlation
and highlight the importance of future animal and clinical studies to verify validity. This
type of data-driven exploration would allow for sleep disorders to be considered more
heavily at initial diagnosis and used as warning signs of recurrent or metastatic glioma.
Furthermore, a strong correlation between tumor location and specific sleep disorders
could have implications for surgical resection, medications, and QoL recommendations
for patients with glioma. Ultimately, sleep is a relatively easy physiological process to
monitor and as such could be one way to continuously monitor high-risk patients for signs
of recurrent or new growth.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm12124058 /s1, Table S1—WHO glioma grading based on
histopathology traits.

Author Contributions: J.E.A., B.D.B.,, M.C., A.C. and A.E.B. all contributed in conceptualizing this
review. J.E.A,, AR, B.B.S, M.C,, A.C,, AEB. and B.D.B. contributed to writing, reviewing, and
approving the final manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/jcm12124058/s1
https://www.mdpi.com/article/10.3390/jcm12124058/s1

J. Clin. Med. 2023, 12, 4058 11 0f 14

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to acknowledge Ron Weed and Biorender.com (accessed
on 27 February 2023) for assistance in creating Figures 1 and 2 and the graphical abstract.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Zisapel, N. Sleep and sleep disturbances: Biological basis and clinical implications. Cell. Mol. Life Sci. 2007, 64, 1174-1186.
[CrossRef] [PubMed]

2. Sullan, M.].; Asken, B.M.; Jaffee, M.S.; DeKosky, S.T.; Bauer, R M. Glymphatic system disruption as a mediator of brain trauma
and chronic traumatic encephalopathy. Neurosci. Biobehav. Rev. 2018, 84, 316-324. [CrossRef] [PubMed]

3.  Hermann, D.M.; Bassetti, C.L. Sleep-related breathing and sleep-wake disturbances in ischemic stroke. Neurology 2009, 73,
1313-1322. [CrossRef] [PubMed]

4. Sutton, E.L. Psychiatric disorders and sleep issues. Med. Clin. 2014, 98, 1123-1143. [CrossRef]

5. Davidson, ].R.; MacLean, A.W.; Brundage, M.D.; Schulze, K. Sleep disturbance in cancer patients. Soc. Sci. Med. 2002, 54,
1309-1321. [CrossRef]

6.  Meltzer, L.]J.; Mindell, J.A. Sleep and sleep disorders in children and adolescents. Psychiatr. Clin. 2006, 29, 1059-1076. [CrossRef]

7. Sampasa-Kanyinga, H.; Colman, I.; Goldfield, G.S.; Janssen, I.; Wang, J.; Podinic, I.; Tremblay, M.S.; Saunders, T.J.; Sampson,
M.; Chaput, J.-P. Combinations of physical activity, sedentary time, and sleep duration and their associations with depressive
symptoms and other mental health problems in children and adolescents: A systematic review. Int. J. Behav. Nutr. Phys. Act. 2020,
17, 72. [CrossRef]

8.  Hauglund, N.L.; Pavan, C.; Nedergaard, M. Cleaning the sleeping brain—-the potential restorative function of the glymphatic
system. Curr. Opin. Physiol. 2020, 15, 1-6. [CrossRef]

9.  Vyazovskiy, V.V. Sleep, recovery, and metaregulation: Explaining the benefits of sleep. Nat. Sci. Sleep 2015, 7, 171-184. [CrossRef]

10. Blask, D.E. Melatonin, sleep disturbance and cancer risk. Sleep Med. Rev. 2009, 13, 257-264. [CrossRef]

11. Strollo, S.E.; Fallon, E.A.; Gapstur, S.M.; Smith, T.G. Cancer-related problems, sleep quality, and sleep disturbance among
long-term cancer survivors at 9-years post diagnosis. Sleep Med. 2020, 65, 177-185. [CrossRef] [PubMed]

12.  Fox, LK,; Brenner, M.].; Johnson, PJ.; Hunter, D.A.; Mackinnon, S.E. Axonal regeneration and motor neuron survival after
microsurgical nerve reconstruction. Microsurgery 2012, 32, 552-562. [CrossRef] [PubMed]

13. Lin, D.; Wang, M,; Chen, Y.; Gong, J.; Chen, L.; Shi, X,; Lan, F.; Chen, Z.; Xiong, T.; Sun, H. Trends in intracranial glioma incidence
and mortality in the United States, 1975-2018. Front. Oncol. 2021, 11, 748061. [CrossRef] [PubMed]

14. Armstrong, T.S.; Shade, M.Y,; Breton, G.; Gilbert, M.R.; Mahajan, A.; Scheurer, M.E.; Vera, E.; Berger, A.M. Sleep-wake disturbance
in patients with brain tumors. Neuro-Oncology 2017, 19, 323-335. [CrossRef] [PubMed]

15.  Willis, K.D.; Ravyts, S.G.; Lanoye, A.; Loughan, A.R. Sleep disturbance in primary brain tumor: Prevalence, risk factors, and
patient preferences. Support Care Cancer 2022, 30, 741-748. [CrossRef] [PubMed]

16. Sadighi, Z.S.; Curtis, E.; Zabrowksi, J.; Billups, C.; Gajjar, A.; Khan, R.; Qaddoumi, I. Neurologic impairments from pediatric
low-grade glioma by tumor location and timing of diagnosis. Pediatr. Blood Cancer 2018, 65, €27063. [CrossRef]

17. Hansen, A.; Pedersen, C.B.; Minet, L.R; Beier, D.; Jarden, J.O.; Segaard, K. Hemispheric tumor location and the impact on
health-related quality of life, symptomatology, and functional performance outcomes in patients with glioma: An exploratory
cross-sectional study. Disabil. Rehabil. 2021, 43, 1443-1449. [CrossRef]

18. Subramanian, S.; Gholami, A.; Biros, G. Simulation of glioblastoma growth using a 3D multispecies tumor model with mass
effect. J. Math. Biol. 2019, 79, 941-967. [CrossRef]

19. Aranda, M.L.; Schmidt, T.M. Diversity of intrinsically photosensitive retinal ganglion cells: Circuits and functions. Cell. Mol. Life
Sci. 2021, 78, 889-907. [CrossRef]

20. Hattar, S.; Liao, H.-W.; Takao, M.; Berson, D.M.; Yau, K.-W. Melanopsin-containing retinal ganglion cells: Architecture, projections,
and intrinsic photosensitivity. Science 2002, 295, 1065-1070. [CrossRef]

21. Lu, Q.; Kim, J.Y. Mammalian circadian networks mediated by the suprachiasmatic nucleus. FEBS ]. 2022, 289, 6589-6604.
[CrossRef] [PubMed]

22. Hastings, M.; Brancaccio, M.; Maywood, E. Circadian pacemaking in cells and circuits of the suprachiasmatic nucleus. J.
Neuroendocrinol. 2014, 26, 2-10. [CrossRef] [PubMed]

23.  Chen, WW.,; Zhang, X.; Huang, W.J. Pain control by melatonin: Physiological and pharmacological effects. Exp. Ther. Med. 2016,
12,1963-1968. [CrossRef] [PubMed]

24. Mander, B.A.; Winer, ].R.; Walker, M.P. Sleep and human aging. Neuron 2017, 94, 19-36. [CrossRef] [PubMed]

25. Siegel, ]. M. The neurotransmitters of sleep. J. Clin. Psychiatry 2004, 65, 4-7.

26. Brown, R.E.; Basheer, R.; McKenna, J.T.; Strecker, R.E.; McCarley, R.-W. Control of sleep and wakefulness. Physiol. Rev. 2012, 92,

1087-1187. [CrossRef]


Biorender.com
https://doi.org/10.1007/s00018-007-6529-9
https://www.ncbi.nlm.nih.gov/pubmed/17364142
https://doi.org/10.1016/j.neubiorev.2017.08.016
https://www.ncbi.nlm.nih.gov/pubmed/28859995
https://doi.org/10.1212/WNL.0b013e3181bd137c
https://www.ncbi.nlm.nih.gov/pubmed/19841384
https://doi.org/10.1016/j.mcna.2014.06.009
https://doi.org/10.1016/S0277-9536(01)00043-0
https://doi.org/10.1016/j.psc.2006.08.004
https://doi.org/10.1186/s12966-020-00976-x
https://doi.org/10.1016/j.cophys.2019.10.020
https://doi.org/10.2147/NSS.S54036
https://doi.org/10.1016/j.smrv.2008.07.007
https://doi.org/10.1016/j.sleep.2019.10.008
https://www.ncbi.nlm.nih.gov/pubmed/32029206
https://doi.org/10.1002/micr.22036
https://www.ncbi.nlm.nih.gov/pubmed/22806696
https://doi.org/10.3389/fonc.2021.748061
https://www.ncbi.nlm.nih.gov/pubmed/34790574
https://doi.org/10.1093/neuonc/now119
https://www.ncbi.nlm.nih.gov/pubmed/27286798
https://doi.org/10.1007/s00520-021-06476-3
https://www.ncbi.nlm.nih.gov/pubmed/34368887
https://doi.org/10.1002/pbc.27063
https://doi.org/10.1080/09638288.2019.1668486
https://doi.org/10.1007/s00285-019-01383-y
https://doi.org/10.1007/s00018-020-03641-5
https://doi.org/10.1126/science.1069609
https://doi.org/10.1111/febs.16233
https://www.ncbi.nlm.nih.gov/pubmed/34657394
https://doi.org/10.1111/jne.12125
https://www.ncbi.nlm.nih.gov/pubmed/24329967
https://doi.org/10.3892/etm.2016.3565
https://www.ncbi.nlm.nih.gov/pubmed/27698681
https://doi.org/10.1016/j.neuron.2017.02.004
https://www.ncbi.nlm.nih.gov/pubmed/28384471
https://doi.org/10.1152/physrev.00032.2011

J. Clin. Med. 2023, 12, 4058 12 of 14

27.
28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Weber, E,; Dan, Y. Circuit-based interrogation of sleep control. Nature 2016, 538, 51-59. [CrossRef]

Gerashchenko, D.; Shiromani, PJ. Different neuronal phenotypes in the lateral hypothalamus and their role in sleep and
wakefulness. Mol. Neurobiol. 2004, 29, 41-59. [CrossRef]

Murillo-Rodriguez, E.; Arias-Carrion, O.; Zavala-Garcia, A.; Sarro-Ramirez, A.; Huitron-Resendiz, S.; Arankowsky-Sandoval, G.
Basic sleep mechanisms: An integrative review. Cent. Nerv. Syst. Agents Med. Chem. (Former. Curr. Med. Chem.-Cent. Nerv. Syst.
Agents) 2012, 12, 38-54. [CrossRef]

Lowe, A.; Bailey, M.; O’Shaughnessy, T.; Macavei, V. Treatment of sleep disturbance following stroke and traumatic brain injury:
A systematic review of conservative interventions. Disabil. Rehabil. 2022, 44, 2975-2987. [CrossRef]

Huang, Y,; Jiang, Z.-].; Deng, J.; Qi, Y.-J. Sleep quality of patients with postoperative glioma at home. World J. Clin. Cases 2020,
8, 4735. [CrossRef] [PubMed]

Zeitzer, ] M.; Friedman, L.; O’Hara, R. Insomnia in the context of traumatic brain injury. J. Rehabil. Res. Dev. 2009, 46, 827-836.
[CrossRef] [PubMed]

Rong, Y.; Durden, D.L.; Van Meir, E.G.; Brat, D.J. ‘Pseudopalisadingnecrosis in glioblastoma: A familiar morphologic feature that
links vascular pathology, hypoxia, and angiogenesis. J. Neuropathol. Exp. Neurol. 2006, 65, 529-539. [CrossRef]

Brat, D.J.; Mapstone, T.B. Malignant glioma physiology: Cellular response to hypoxia and its role in tumor progression. Ann.
Intern. Med. 2003, 138, 659-668. [CrossRef] [PubMed]

Cai, H.; Wang, X.-P.; Yang, G.-Y. Sleep disorders in stroke: An update on management. Aging Dis. 2021, 12, 570. [CrossRef]
Hervey-Jumper, S.L.; Berger, M.S. Maximizing safe resection of low-and high-grade glioma. J. Neuro-Oncol. 2016, 130, 269-282.
[CrossRef]

Ostrom, Q.T.; Price, M.; Neff, C.; Cioffi, G.; Waite, K.A.; Kruchko, C.; Barnholtz-Sloan, J.S. CBTRUS Statistical Report: Primary
Brain and Other Central Nervous System Tumors Diagnosed in the United States in 2015-2019. Neuro-Oncology 2022, 24, v1-v95.
[CrossRef]

Weller, M.; Wick, W.; Aldape, K.; Brada, M.; Berger, M.; Pfister, S.M.; Nishikawa, R.; Rosenthal, M.; Wen, P.Y.; Stupp, R. Glioma.
Nat. Rev. Dis. Prim. 2015, 1, 15017. [CrossRef]

Marquet, G.; Dameron, O.; Saikali, S.; Mosser, J.; Burgun, A. Grading glioma tumors using OWL-DL and NCI thesaurus. AMIA
Annu. Symp. Proc. 2007, 2007, 508-512.

Chen, R.; Smith-Cohn, M.; Cohen, A.L.; Colman, H. Glioma subclassifications and their clinical significance. Neurotherapeutics
2017, 14, 284-297. [CrossRef]

Dietrich, J. Clinical presentation, diagnosis, and initial surgical management of high-grade gliomas. In UpToDate; Uptodate:
Waltham, MA, USA, 2022.

McGirt, M.J.; Villavicencio, A.T.; Bulsara, K.R.; Friedman, A.H. MRI-guided stereotactic biopsy in the diagnosis of glioma:
Comparison of biopsy and surgical resection specimen. Surg. Neurol. 2003, 59, 279-283. [CrossRef]

Fox, S.W.; Lyon, D.; Farace, E. Symptom clusters in patients with high-grade glioma. J. Nurs. Scholarsh. 2007, 39, 61-67. [CrossRef]
[PubMed]

Sizoo, E.M.; Braam, L.; Postma, T.J.; Pasman, H.R.W.; Heimans, ].J.; Klein, M.; Reijneveld, J.C.; Taphoorn, M.]. Symptoms and
problems in the end-of-life phase of high-grade glioma patients. Neuro-Oncology 2010, 12, 1162-1166. [CrossRef] [PubMed]
Mesfin, EB.; Al-Dhahir, M.A. Gliomas. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2017.

Haglund, M.M.; Berger, M.S.; Shamseldin, M.; Lettich, E.; Ojemann, G.A. Cortical localization of temporal lobe language sites in
patients with gliomas. Neurosurgery 1994, 34, 567-576; discussion 576.

Wernicke, A.G.; Smith, A W.,; Taube, S.; Mehta, M.P. Glioblastoma: Radiation treatment margins, how small is large enough?
Pract. Radiat. Oncol. 2016, 6, 298-305. [CrossRef] [PubMed]

Diwanji, T.P; Engelman, A.; Snider, ].W.; Mohindra, P. Epidemiology, diagnosis, and optimal management of glioma in adolescents
and young adults. Adolesc. Health Med. Ther. 2017, 8, 99-113. [CrossRef] [PubMed]

Rehman, A.A.; Elmore, K.B.; Mattei, T.A. The effects of alternating electric fields in glioblastoma: Current evidence on therapeutic
mechanisms and clinical outcomes. Neurosurg. Focus 2015, 38, E14. [CrossRef] [PubMed]

Dirven, L.; Aaronson, N.K.; Heimans, J.J.; Taphoorn, M.]. Health-related quality of life in high-grade glioma patients. Chin. J.
Cancer 2014, 33, 40. [CrossRef]

Song, L.; Quan, X.; Su, L.; Wang, K.; Wang, H.; Wu, L.; Chen, C; Li, S.; Xiang, W.; Chen, L. Inflammation and behavioral symptoms
in preoperational glioma patients: Is depression, anxiety, and cognitive impairment related to markers of systemic inflammation?
Brain Behav. 2020, 10, e01771. [CrossRef]

Fyllingen, E.H.; Bg, L.E.; Reinertsen, I.; Jakola, A.S.; Sagberg, L.M.; Berntsen, E.M.; Salvesen, &J.; Solheim, O. Survival of
glioblastoma in relation to tumor location: A statistical tumor atlas of a population-based cohort. Acta Neurochir. 2021, 163,
1895-1905. [CrossRef]

Discolo, C.M.; Akst, L.M.; Schlossberg, L.; Greene, D. Anterior cranial fossa glioblastoma with sleep apnea as the initial
manifestation. Am. J. Otolaryngol. 2005, 26, 327-329. [CrossRef] [PubMed]

Osanai, S.; lida, Y.; Nomura, T.; Takahashi, F,; Tsuji, S.; Fujiuchi, S.; Akiba, Y.; Nakano, H.; Yahara, O.; Kikuchi, K. A case of
unilateral brain-stem tumor and impaired ventilatory response. Jpn. J. Thorac. Dis. 1994, 32, 990-995.

Ioos, C.; Estournet-Mathiaud, B.; Pinard, J.-M.; Cheliout-Héraut, F. Sleep disorders caused by brainstem tumor: Case report. J.
Child Neurol. 2001, 16, 767-770. [CrossRef]


https://doi.org/10.1038/nature19773
https://doi.org/10.1385/MN:29:1:41
https://doi.org/10.2174/187152412800229107
https://doi.org/10.1080/09638288.2020.1856948
https://doi.org/10.12998/wjcc.v8.i20.4735
https://www.ncbi.nlm.nih.gov/pubmed/33195641
https://doi.org/10.1682/JRRD.2008.08.0099
https://www.ncbi.nlm.nih.gov/pubmed/20104406
https://doi.org/10.1097/00005072-200606000-00001
https://doi.org/10.7326/0003-4819-138-8-200304150-00014
https://www.ncbi.nlm.nih.gov/pubmed/12693889
https://doi.org/10.14336/AD.2020.0707
https://doi.org/10.1007/s11060-016-2110-4
https://doi.org/10.1093/neuonc/noac202
https://doi.org/10.1038/nrdp.2015.17
https://doi.org/10.1007/s13311-017-0519-x
https://doi.org/10.1016/S0090-3019(03)00048-X
https://doi.org/10.1111/j.1547-5069.2007.00144.x
https://www.ncbi.nlm.nih.gov/pubmed/17393967
https://doi.org/10.1093/neuonc/nop045
https://www.ncbi.nlm.nih.gov/pubmed/20511193
https://doi.org/10.1016/j.prro.2015.12.002
https://www.ncbi.nlm.nih.gov/pubmed/26952812
https://doi.org/10.2147/AHMT.S53391
https://www.ncbi.nlm.nih.gov/pubmed/28989289
https://doi.org/10.3171/2015.1.FOCUS14742
https://www.ncbi.nlm.nih.gov/pubmed/25727223
https://doi.org/10.5732/cjc.013.10214
https://doi.org/10.1002/brb3.1771
https://doi.org/10.1007/s00701-021-04802-6
https://doi.org/10.1016/j.amjoto.2005.01.014
https://www.ncbi.nlm.nih.gov/pubmed/16137531
https://doi.org/10.1177/088307380101601012

J. Clin. Med. 2023, 12, 4058 13 of 14

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Greenough, G.; Sateia, M.; Fadul, C.E. Obstructive sleep apnea syndrome in a patient with medulloblastoma. Neuro-Oncology
1999, 1, 289-291. [CrossRef] [PubMed]

Manning, H.L.; Leiter, J.C. Respiratory control and respiratory sensation in a patient with a ganglioglioma within the dorsocaudal
brain stem. Am. J. Respir. Crit. Care Med. 2000, 161, 2100-2106. [CrossRef] [PubMed]

Ito, K.; Murofushi, T.; Mizuno, M.; Semba, T. Pediatric brain stem gliomas with the predominant symptom of sleep apnea. Int. J.
Pediatr. Otorhinolaryngol. 1996, 37, 53—64. [CrossRef] [PubMed]

Kelly, D.H.; Krishnamoorthy, K.S.; Shannon, D.C. Astrocytoma in an infant with prolonged apnea. Pediatrics 1980, 66, 429-431.
[CrossRef]

Nakajima, M.; Katsura, K.-I.; Hashimoto, Y.; Terasaki, T.; Uchino, M. A case of Ondine curse associated with a medullary tumor.
Rinsho Shinkeigaku Clin. Neurol. 2000, 40, 811-815.

Marin-Sanabria, E.A.; Kobayashi, N.; Miyake, S.; Kohmura, E. Snoring associated with Ondine’s curse in a patient with brainstem
glioma. J. Clin. Neurosci. 2006, 13, 370-373. [CrossRef]

Huang, S.-W.; Lee, P-L.; Fan, P-C.; Kuo, M.-E,; Chen, C.-A; Chiu, S.-N.; Lin, M.-T,; Lu, C.-W,; Wang, ].-K.; Wu, M.-H. Diffuse
midline glioma presenting with central sleep apnea and pulmonary hypertension in a 4-year-old patient: A case report. J. Clin.
Sleep Med. 2021, 17, 325-328. [CrossRef]

Hui, S.; Wing, Y.; Poon, W.; Chan, Y.; Buckley, T. Alveolar hypoventilation syndrome in brainstem glioma with improvement after
surgical resection. Chest 2000, 118, 266-268. [CrossRef] [PubMed]

Valente, S.; De Rosa, M.; Culla, G.; Corbo, G.M.; Ciappi, G. An uncommon case of brainstem tumor with selective involvement of
the respiratory centers. Chest 1993, 103, 1909-1910. [CrossRef] [PubMed]

Yen, K.; Yaworski, A.; Bussiere, M.; Ba, F. Pearls & Oy-sters: A Case Report of Holmes Tremor Due to Nigrostriatal Dopamine
Disruption That Responded to Dopamine Replacement Therapy. Neurology 2022, 99, 480-483.

Anderson, M.; Salmon, M. Symptomatic cataplexy. J. Neurol. Neurosurg. Psychiatry 1977, 40, 186-191. [CrossRef]

Liao, Y.; He, Y,; Yang, Y,; Li, X.;; Huang, F. Case report: Narcolepsy type 2 due to temporal lobe glioma. Medicine 2020, 99, e21002.
[CrossRef] [PubMed]

Laus, B.; Caroleo, A.M.; Colafati, G.S.; Carai, A.; Moavero, R.; Ferilli, M.A.N.; Valeriani, M.; Mastronuzzi, A.; Cacchione, A.
Secondary Narcolepsy as Worsening Sign in a Pediatric Case of Optic Pathway Glioma. Children 2022, 9, 1455. [CrossRef]
[PubMed]

Rosen, G.M.; Bendel, A E.; Neglia, ].P.; Moertel, C.L.; Mahowald, M. Sleep in children with neoplasms of the central nervous
system: Case review of 14 children. Pediatrics 2003, 112, e46—e54. [CrossRef]

Butts, A.; Johnson, D.; Brown, P.; Cerhan, ]J. QL-07TREATMENT of Fatigue in a Patient with Corpus-Callosum Glioma and
Atypical Sleep Disorder. Neuro-Oncology 2014, 16, v179. [CrossRef]

Mendez, M. Pavor nocturnus from a brainstem glioma. J. Neurol. Neurosurg. Psychiatry 1992, 55, 860. [CrossRef]

Di Gennaro, G.; Autret, A.; Mascia, A.; Onorati, P; Sebastiano, F.; Quarato, P.P. Night terrors associated with thalamic lesion. Clin.
Neurophysiol. 2004, 115, 2489-2492. [CrossRef]

Duffau, H.; Kujas, M.; Taillandier, L. Episodic nocturnal wandering in a patient with epilepsy due to a right temporoinsular
low-grade glioma: Relief following resection: Case report. J. Neurosurg. 2006, 104, 436-439. [CrossRef] [PubMed]

Reim, A.; Strobl, D.; Saletu-Zyhlarz, G.; Preusser, M.; Schmook, M.; Dieckmann, K. Successful treatment of insomnia with
melatonin in a patient with malignant glioma after radiotherapy-involving the pineal gland. Rem. Open Access 2016, 1, 1017.
[CrossRef]

Fukushima, T.; Sakamoto, S.; Iwaasa, M.; Hayashi, S.; Yamamoto, M.; Utsunomiya, H.; Tomonaga, M. Intramedullary Heman-
gioblastoma of the Medulla Oblongata—Two Case Reports and Review of the Literature. Neurol. Med.-Chir. 1998, 38, 489—-498.
[CrossRef]

Prashad, P.S.; Marcus, C.L.; Brown, L.W,; Dlugos, D.J.; Feygin, T.; Harding, B.N.; Heuer, G.G.; Mason, T.B.A. Brain tumor
presenting as somnambulism in an adolescent. Pediatr. Neurol. 2013, 49, 209-212. [CrossRef] [PubMed]

Weil, A.G.; Muir, K.; Hukin, J.; Desautels, A.; Martel, V.; Perreault, S. Narcolepsy and hypothalamic region tumors: Presentation
and evolution. Pediatr. Neurol. 2018, 84, 27-31. [CrossRef]

Mendoza, M.; Latorre, ].G. Pearls & Oy-sters: Reversible Ondine’s curse in a case of lateral medullary infarction. Neurology 2013,
80, e13—el6.

Dauvilliers, Y.; Buguet, A. Hypersomnia. Dialogues Clin. Neurosci. 2005, 7, 347-356. [CrossRef]

Powell, C.; Guerrero, D.; Sardell, S.; Cumins, S.; Wharram, B.; Traish, D.; Gonsalves, A.; Ashley, S.; Brada, M. Somnolence
syndrome in patients receiving radical radiotherapy for primary brain tumours: A prospective study. Radiother. Oncol. 2011, 100,
131-136. [CrossRef]

Trotti, L.M. Idiopathic hypersomnia. Sleep Med. Clin. 2017, 12, 331-344. [CrossRef]

Kornum, B.R.; Knudsen, S.; Ollila, H.M.; Pizza, F.; Jennum, PJ.; Dauvilliers, Y.; Overeem, S. Narcolepsy. Nat. Rev. Dis. Prim. 2017,
3,16100. [CrossRef]

Boele, EW.; Douw, L.; de Groot, M.; van Thuijl, H.E,; Cleijne, W.; Heimans, J.J.; Taphoorn, M.].B.; Reijneveld, J.C.; Klein, M. The
effect of modafinil on fatigue, cognitive functioning, and mood in primary brain tumor patients: A multicenter randomized
controlled trial. Neuro-Oncology 2013, 15, 1420-1428. [CrossRef]


https://doi.org/10.1215/15228517-1-4-289
https://www.ncbi.nlm.nih.gov/pubmed/11550321
https://doi.org/10.1164/ajrccm.161.6.9904087
https://www.ncbi.nlm.nih.gov/pubmed/10852794
https://doi.org/10.1016/0165-5876(96)01375-4
https://www.ncbi.nlm.nih.gov/pubmed/8884407
https://doi.org/10.1542/peds.66.3.429
https://doi.org/10.1016/j.jocn.2005.03.038
https://doi.org/10.5664/jcsm.8854
https://doi.org/10.1378/chest.118.1.266
https://www.ncbi.nlm.nih.gov/pubmed/10893395
https://doi.org/10.1378/chest.103.6.1909
https://www.ncbi.nlm.nih.gov/pubmed/8404131
https://doi.org/10.1136/jnnp.40.2.186
https://doi.org/10.1097/MD.0000000000021002
https://www.ncbi.nlm.nih.gov/pubmed/32664104
https://doi.org/10.3390/children9101455
https://www.ncbi.nlm.nih.gov/pubmed/36291391
https://doi.org/10.1542/peds.112.1.e46
https://doi.org/10.1093/neuonc/nou269.7
https://doi.org/10.1136/jnnp.55.9.860
https://doi.org/10.1016/j.clinph.2004.05.029
https://doi.org/10.3171/jns.2006.104.3.436
https://www.ncbi.nlm.nih.gov/pubmed/16572659
https://doi.org/10.23937/2378-3656/1410112
https://doi.org/10.2176/nmc.38.489
https://doi.org/10.1016/j.pediatrneurol.2013.04.022
https://www.ncbi.nlm.nih.gov/pubmed/23835274
https://doi.org/10.1016/j.pediatrneurol.2017.12.016
https://doi.org/10.31887/DCNS.2005.7.4/ydauvilliers
https://doi.org/10.1016/j.radonc.2011.06.028
https://doi.org/10.1016/j.jsmc.2017.03.009
https://doi.org/10.1038/nrdp.2016.100
https://doi.org/10.1093/neuonc/not102

J. Clin. Med. 2023, 12, 4058 14 of 14

84.

85.

86.

87.

88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Bjorvatn, B.; Grenli, J.; Pallesen, S. Prevalence of different parasomnias in the general population. Sleep Med. 2010, 11, 1031-1034.
[CrossRef] [PubMed]

Galbiati, A.; Rinaldi, F; Giora, E.; Ferini-Strambi, L.; Marelli, S. Behavioural and Cognitive-Behavioural Treatments of Parasomnias.
Behav. Neurol. 2015, 2015, 786928. [CrossRef] [PubMed]

Boele, EW.; Rooney, A.G.; Grant, R.; Klein, M. Psychiatric symptoms in glioma patients: From diagnosis to management.
Neuropsychiatr. Dis. Treat. 2015, 11, 1413-1420. [CrossRef] [PubMed]

Mainio, A.; Hakko, H.; Niemeld, A.; Koivukangas, J.; Rédsanen, P. Insomnia among brain tumor patients: A population-based
prospective study of tumor patients in northern Finland. J. Psychosoc. Oncol. 2013, 31, 507-516. [CrossRef] [PubMed]

Robertson, M.E.; McSherry, E; Herndon, J.E.; Peters, K.B. Insomnia and its associations in patients with recurrent glial neoplasms.
Springerplus 2016, 5, 823. [CrossRef]

Savard, J.; Morin, C.M. Insomnia in the context of cancer: A review of a neglected problem. J. Clin. Oncol. 2001, 19, 895-908.
[CrossRef]

O’Donnell, J.F. Insomnia in cancer patients. Clin. Cornerstone 2004, 6, S6-514. [CrossRef]

Loughan, A. Cognitive Behavioral Therapy for Insomnia in Patients with Glioma. Ph.D. Thesis, Virginia Commonwealth
University, Richmond, VA, USA, 30 November 2020.

Snow, A.; Gozal, E.; Malhotra, A.; Tiosano, D.; Perlman, R.; Vega, C.; Shahar, E.; Gozal, D.; Hochberg, Z.E.; Pillar, G. Severe
hypersomnolence after pituitary/hypothalamic surgery in adolescents: Clinical characteristics and potential mechanisms.
Pediatrics 2002, 110, e74. [CrossRef]

Aoun, R.; Rawal, H.; Attarian, H.; Sahni, A. Impact of traumatic brain injury on sleep: An overview. Nat. Sci. Sleep 2019, 11,
131-140. [CrossRef]

Piantino, J.; Lim, M.M.; Newgard, C.D.; Iliff, ]. Linking traumatic brain injury, sleep disruption and post-traumatic headache: A
potential role for glymphatic pathway dysfunction. Curr. Pain Headache Rep. 2019, 23, 62. [CrossRef] [PubMed]

Luther, M.; Poppert Cordts, K.M.; Williams, C.N. Sleep disturbances after pediatric traumatic brain injury: A systematic review of
prevalence, risk factors, and association with recovery. Sleep 2020, 43, zsaa083. [CrossRef] [PubMed]

Sullivan, K.A.; Edmed, S.L.; Allan, A.C.; Karlsson, L.J.; Smith, S.S. Characterizing self-reported sleep disturbance after mild
traumatic brain injury. J. Neurotrauma 2015, 32, 474-486. [CrossRef] [PubMed]

Mathias, J.; Alvaro, P. Prevalence of sleep disturbances, disorders, and problems following traumatic brain injury: A meta-analysis.
Sleep Med. 2012, 13, 898-905. [CrossRef] [PubMed]

Rao, V.; Bergey, A.; Hill, H.; Efron, D.; McCann, U. Sleep disturbance after mild traumatic brain injury: Indicator of injury? J.
Neuropsychiatry Clin. Neurosci. 2011, 23, 201-205. [CrossRef] [PubMed]

Gottlieb, E.; Egorova, N.; Khlif, M.S.; Khan, W.; Werden, E.; Pase, M.P.; Howard, M.; Brodtmann, A. Regional neurodegeneration
correlates with sleep-wake dysfunction after stroke. Sleep 2020, 43, zsaa054. [CrossRef]

Bollu, P.; Pandey, A.; Pesala, S.; Nalleballe, K. Sleepiness after stroke: Case report and review of literature on hypersomnia as a
result of stroke. Madyr. |. Neurosci. 2017, 1, 4—6. [CrossRef]

Tauman, R. Metabolic and hormonal regulation during sleep. In Sleep Disordered Breathing in Children: A Comprehensive Clinical
Guide to Evaluation and Treatment; Humana Press: Totowa, NJ, USA, 2012; pp. 121-132.

Fox, R.S.; Ancoli-Israel, S.; Roesch, S.C.; Merz, E.L.; Mills, S.D.; Wells, K.J.; Sadler, G.R.; Malcarne, V.L. Sleep disturbance and
cancer-related fatigue symptom cluster in breast cancer patients undergoing chemotherapy. Support. Care Cancer 2020, 28, 845-855.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.sleep.2010.07.011
https://www.ncbi.nlm.nih.gov/pubmed/21093361
https://doi.org/10.1155/2015/786928
https://www.ncbi.nlm.nih.gov/pubmed/26101458
https://doi.org/10.2147/NDT.S65874
https://www.ncbi.nlm.nih.gov/pubmed/26089669
https://doi.org/10.1080/07347332.2013.822048
https://www.ncbi.nlm.nih.gov/pubmed/24010529
https://doi.org/10.1186/s40064-016-2578-6
https://doi.org/10.1200/JCO.2001.19.3.895
https://doi.org/10.1016/S1098-3597(05)80002-X
https://doi.org/10.1542/peds.110.6.e74
https://doi.org/10.2147/NSS.S182158
https://doi.org/10.1007/s11916-019-0799-4
https://www.ncbi.nlm.nih.gov/pubmed/31359173
https://doi.org/10.1093/sleep/zsaa083
https://www.ncbi.nlm.nih.gov/pubmed/32328648
https://doi.org/10.1089/neu.2013.3284
https://www.ncbi.nlm.nih.gov/pubmed/25275933
https://doi.org/10.1016/j.sleep.2012.04.006
https://www.ncbi.nlm.nih.gov/pubmed/22705246
https://doi.org/10.1176/jnp.23.2.jnp201
https://www.ncbi.nlm.nih.gov/pubmed/21677251
https://doi.org/10.1093/sleep/zsaa054
https://doi.org/10.18689/mjns-1000102
https://doi.org/10.1007/s00520-019-04834-w

	Introduction 
	Brain Areas Implicated in Sleep Disturbance 
	Characterization and Treatment of Gliomas 
	Correlation of Tumor Location and Sleep Disturbance 
	Sleep Apnea 
	Hypersomnia 
	Narcolepsy 
	Parasomnias 
	Insomnia 
	Other Brain Disorders 

	Future Considerations 
	Conclusions 
	References

