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Abstract

Purpose Several studies describe sleep—wake disturbances in pediatric craniopharyngioma, but none have determined the
prevalence or associated predictors of excessive sleepiness in this group after diagnosis and prior to post-operative observa-
tion or adjuvant radiotherapy. In this study, we report sleep—wake disturbances in children and adolescents with craniophar-
yngioma and associated clinical and treatment variables.

Methods After surgery and prior to radiotherapy or observation, pediatric patients (n=110) with craniopharyngi-
oma > 3 years old completed a baseline sleep clinic evaluation by a pediatric sleep specialist, polysomnography (PSG) and
next-day multiple sleep latency test (MSLT). MSLT was limited to those > 6 years old. Logistic regression models were used
to determine the relationship between patient characteristics and the presence and type of hypersomnia.

Results Amongst patients completing PSG and MSLT, 80% had polygraphic evidence of excessive daytime sleepiness.
Hypersomnia due to medical condition was diagnosed in 45% and narcolepsy in 35%. Overweight or obese patients were
more likely to be diagnosed with hypersomnia (P=0.012) or narcolepsy (P =0.009). Grade 2 hypothalamic involvement
(HI) at diagnosis was associated with the diagnosis of narcolepsy (P = 0.0008).

Conclusions This study describes the prevalence and associated predictors of hypersomnia for patients with craniopharyn-
gioma after surgical resection. HI was predictive of narcolepsy diagnosis, and a higher body mass index z-score was asso-
ciated with hypersomnia due to medical condition and narcolepsy. We recommend that sleep assessment and intervention
begin after surgical resection, especially in overweight or obese patients and those with extensive tumors.
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Introduction
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X . Craniopharyngioma is a low-grade intracranial tumor of the
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sellar/parasellar region of the brain [1]. The invaded region
of the brain may include the hypothalamus, pituitary gland,
and optic nerves. Although rare, 30-50% of craniopharyn-
giomas are diagnosed in children and adolescents [1, 2].
The primary goal of treatment is to preserve function and
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reduce treatment-related complications. Patients treated with
surgery alone or limited surgery and radiotherapy have com-
parable 5- and 10-year progression-free survivals; however,
visual field disruption, endocrine deficiencies, hypotha-
lamic obesity, sleep—wake disturbance, and neurocognitive
impairment remain common regardless of treatment [3, 4].
These impairments secondary to the location and treatment
of craniopharyngioma negatively impact the health-related
quality of life (HRQoL) of children and adolescents.
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Sleep—wake disturbances are common in patients with
craniopharyngioma due to location of the tumor. One mecha-
nism is dysfunction of the hypothalamic circadian pacemaker
within the suprachiasmatic nucleus, which regulates melatonin
secretion and timing of sleep propensity [5]. Damage to the
hypothalamus can also induce central disorders of hypersom-
nolence [6-9], which collectively represent both narcolepsy
and hypersomnia due to a medical disorder when using the
International Classification of Sleep Disorders, 3rd edition
[ICSD-3]. The general term, hypersomnia, is defined as “daily
periods of irrepressible need to sleep or daytime lapses into
sleep” (International Classification of Sleep Disorders [ICSD-
3]). Narcolepsy is characterized by hypersomnia and the pres-
ence of > 2 periods of sleep-onset rapid eye movement (REM)
periods during the multiple sleep latency test (MSLT) with cat-
aplexy (narcolepsy type 1), or without cataplexy (narcolepsy
type 2) [ICSD-3]. Hypersomnia due to a medical disorder is
defined by the ICSD-3 as chronic hypersomnia which occurs
due to an underlying medical or neurological disorder, with
fewer than two sleep-onset REM periods on the MSLT [ICSD-
3]. In both disorders, the hypersomnia and MSLT findings
are not better explained by other causes such as insufficient
sleep, obstructive sleep apnea, a circadian rhythm sleep/wake
disorder, or the effects of medications or substances, or their
withdrawal [ICSD-3].

Hypersomnia, whether due to narcolepsy or hypersomnia
due to a medical disorder, can negatively impact neurocogni-
tive functioning and school performance in pediatric patients
with craniopharyngioma [2, 6, 10], indicating the need for
early assessment and intervention to improve long-term out-
comes in these patients. Despite the high prevalence of central
disorders of hypersomnolence in children and adolescents with
craniopharyngioma, sleep—wake disturbances and long-term
outcomes in survivors have been reported only in case studies
and small cohorts, with variability in the timing of sleep diag-
nosis after tumor diagnosis. Our earlier study found a mean
time of 6.9 years from tumor diagnosis to sleep referral, indi-
cating a need for earlier sleep intervention [8]. Research to date
has not characterized the prevalence of sleep disturbances after
surgical resection and prior to radiotherapy or observation or
the associated predictors of hypersomnia. Therefore, the aim
of this study is to describe and characterize hypersomnia in
this patient population and the associated patient-, disease-,
and treatment variables. Investigating these variables may help
identify patients at greatest risk for sleep-related disorders
early in treatment.
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Materials and methods
Participants

From August 2011 to May 2016, polysomnography (PSG)
and next-day MSLT were performed in children and adoles-
cents (n=110) diagnosed with craniopharyngioma based on
neuroimaging, intraoperative findings (cyst fluid) or histo-
pathology. For the latter, all cases were confirmed adaman-
tinomatous craniopharyngioma. All patients were seen and
evaluated by a pediatric sleep medicine specialist in a sleep
clinic. The PSG and MSLT was obtained prior to radiother-
apy or observation after treatment with surgery alone. PSG
was completed for those age >3 years and PSG and MSLT
for those age > 6 years.

Study design

This single institution cross-sectional study enrolled all
eligible patients after surgical resection and prior to radia-
tion therapy. This study was approved by the institutional
review board. Consent was obtained from all patients aged
18 years and older or parents of patients less than 18 years.
Assent was obtained from children according to institutional
guidelines. Demographic and clinical characteristics and
questionnaires were collected at the time of testing. Patient
self-reported and parent-proxy reported HRQoL and fatigue
questionnaires were collected.

Clinical variables were defined by the study team for con-
sistency in reporting. The extent of preoperative hypotha-
lamic involvement (HI) in neuroimaging was categorized as
grade O (no HI), grade 1 (anterior HI), or grade 2 (anterior
and posterior HI, including the mammillary bodies) [1, 2].
Surgery was categorized as no surgery, resection, or catheter
placement. Cerebrospinal fluid diversion was categorized
as ventriculoperitoneal shunt or endoscopic third ventricu-
lostomy. Diabetes insipidus was categorized as present or
not, based on prescribed desmopressin. Visual field status
was categorized as intact bilaterally or having unilateral or
bilateral field defect. Visual acuity was classified as hav-
ing unilateral or bilateral reduced vision, with no functional
impairments.

Measures
Polysomnography

Comprehensive, attended nocturnal PSG was performed
at an American Academy of Sleep Medicine (AASM)
accredited sleep center. PSG was initiated within 1 h of
the patient’s usual bedtime. The following physiologic
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parameters were recorded during PSG: electroencepha-
lograms (at least four channels); electro-oculogram (two
channels); submental electromyogram (one channel); elec-
trocardiogram; respiratory effort measured at the chest and
abdomen; air flow measured using oronasal thermisters and
nasal pressure transducers; continuous oximetry; positional
sensors; electromyogram or accelerometry of the anterior
tibialis to assess limb movements; audio recordings to detect
snoring and other obstructive sounds; and videotape record-
ings to document movements and behaviors during sleep.

Sleep—wake scoring was performed by using standard-
ized techniques and AASM scoring criteria [11]. Obstructive
apneas were scored when air-flow registration decreased by
90% to 100% with continued respiratory effort, with at least
two respiratory cycles for patients younger than 18 years and
at least 10 s for patients 18 years of age and older. Hypo-
pneas were scored when air-flow registration was decreased
by at least 30% from baseline, either in association with a
3% drop in oxygen saturation values or in association with
an arousal. Duration criteria used were the same as those to
diagnose obstructive apnea. Arousals were scored by using
the AASM scoring criteria.

Multiple sleep latency test

The MSLT is an objective, in-laboratory assessment of a
patient’s tendency to fall asleep under standardized condi-
tions and was performed after nocturnal PSG in subjects
6 years and older. The MSLT was performed according to
AASM guidelines [12]. Patients were given four or five nap
opportunities at 2-h intervals throughout the day and were
observed and not allowed to sleep between nap opportuni-
ties. If sleep onset occurred during a nap trial, patients were
allowed to sleep for 15 minutes (min) and then awakened
by the technologist. If no sleep occurred after 20 min, the
nap opportunity ended, and sleep latency was recorded as
20 min. The mean sleep latency (MSL) was calculated as
the arithmetic mean of all nap opportunities. The number
of naps and the corresponding sleep stages were recorded.
Criteria for identification of hypersomnia on the MSLT were
according to Tanner staging (prepubescent versus pubes-
cent) and defined as an MSL of < 15 min in prepubescent
children with Tanner stage 1 and of <10 min in pubescent
youth with Tanner stage 2 or greater' [13]. Tanner stag-
ing was documented by study endocrinologist. Criteria for

! The MSLT is considered the “gold standard” for objective charac-
terization of daytime sleepiness, but normative data from typically
developing children and uniformly accepted cut-off values for patho-
logical sleepiness in children are lacking. We chose a cut-off value for
mean sleep latency of < 15 min in prepubescent children and < 10 min
in pubescent youth. This is a deviation from the ICSD-3 recommen-
dation (cut-off value of <8 min), which refers to adults.

narcolepsy included an MSL of < 15 min in prepubescent
children with Tanner stage 1 and of <10 min in pubescent
youth with Tanner stage 2 or higher,? and presence of two
or more sleep-onset REM periods. Subjects who showed
evidence of hypersomnia and fewer than two sleep-onset
REM periods were considered to have hypersomnia due to
a medical condition.

Health-related quality of life and sleep assessment

HRQoL was assessed in children and adolescents by using
the Pediatric Quality of Life Inventory (PedsQL V.4), a
23-item Likert-type scale measuring physical, emotional,
social, and school functions. The instrument has parallel
forms for the patient and parent reports. The instrument for
both patients and parents is internally consistent (Cronbach
alpha coefficients of 0.91 and 0.92, respectively) and clini-
cally valid [14]. The instrument’s scores are transformed to
a 0-100-point scale, with higher scores reflecting a higher
HRQoL. The Pediatric Quality of Life Inventory brain tumor
module is a 24-item Likert-type scale assessing HRQoL in
children and adolescents receiving treatment or are survivors
of pediatric brain tumors. The module contains six scales
and addresses cognitive function, pain and hurt, movement
and balance, procedural anxiety, nausea, and worry. The
instrument is scored by the PedsQL V.4, with higher scores
reflecting a higher HRQoL. The PedsQL brain tumor module
was completed by the parent proxy and by children and ado-
lescents aged > 5 years. The brain tumor module is internally
consistent [15]. The Peds QL multidimensional fatigue scale
evaluates physical, cognitive, and sleep-related fatigue. The
scale was completed by the parent proxy and by children and
adolescents aged > 5 years. The 18-item Likert-type scale
is internally consistent and clinically valid in children with
cancer and chronic illness, with higher scores representing
decreased symptoms of fatigue [14].

Data analyses

Baseline patient demographic, clinical, sleep, and HRQoL-
related characteristics were summarized using descriptive
statistics. Logistic regression (using exact methods) or the
Fisher’s exact test was used to determine whether patient
demographic, clinical, sleep, and QoL related characteristics
were associated with a diagnosis of a sleep/wake disturbance
(obstructive sleep apnea [OSA], hypersomnia, or narcolepsy)
at baseline. The odds ratios for associations between sleep
and patient/disease characteristics were calculated with and
without the adjustment for the potential confounding charac-
teristic of preoperative hypothalamic involvement. Statistical

2 Refer Footnote 1.
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analyses were conducted using SAS 9.4 (SAS Institute, Cary,
NC). A two-sided significance level of P <0.05 was used for
all statistical tests.

Results

Of 110 patients in the study, 98 (89%) completed a baseline
PSG and 86 (88%) completed both the PSG and next-day
MSLT. Table 1 describes baseline demographics (age, tan-
ner stage, gender, race and BMI) and disease characteristics
(preoperative HI, number of surgeries and surgical extent,
CSF diversion, diabetes insipidus and visual fields) of
patients who completed a PSG and those who completed a
PSG and next-day MSLT. Table 2 gives the mean or median
PSG and MSLT sleep characteristics and the mean patient
self-reported and parent-proxy HRQoL.

Of the 98 patients completing a baseline PSG, five met
the criteria for borderline to mild OSA (apnea—hypopnea
index >2). Of patients completing the PSG and MSLT,
39 (45%) were diagnosed with hypersomnia due to medi-
cal disorder and 30 (35%) with narcolepsy. The remaining
17 patients (20%) did not have objectively documented
hypersomnia.

We then explored baseline demographic and disease char-
acteristics collected form patients with craniopharyngioma.

We found that the adjusted and unadjusted odds ratios of
sleeping diagnosis with patient and disease characteristics
lead to identical conclusions of significance, regardless of
the inclusion or exclusion of the adjustment for preopera-
tive hypothalamic involvement. Table 3 gives the unadjusted
results of the logistic regression models exploring the rela-
tionship between patient demographic, disease characteris-
tics and hypersomnia at baseline and compared to patients
without sleep or wake disturbance. Between the two groups,
there were no differences in age, tanner stage, gender or race.
Nor were there differences in extent of surgery and number
of surgeries, CSF diversion, diabetes insipidus, visual fields
or acuity, HRQoL or fatigue. The association between cat-
egorized body mass index (BMI) z-score and hypersomnia
due to a medical condition at baseline could not be computed
reliably within the logistic regression model. Therefore, the
Fisher’s exact test was used to test this association. The base-
line categorized BMI z-score was significantly associated
with hypersomnia due to a medical condition at baseline;
a greater proportion of overweight or obese patients were
diagnosed with hypersomnia due to a medical condition
at baseline than were patients who were not overweight or
obese (100% vs. 63%, P=0.012).

Table 4 shows the unadjusted results of logistic regres-
sion models exploring the association between patient demo-
graphic, disease characteristics and narcolepsy at baseline
and compared to patients without sleep or wake disturbance.

@ Springer

Between the two groups, there were no differences in age,
tanner stage, gender or race. Nor were there differences in
extent of surgery and number of surgeries, CSF diversion,
diabetes insipidus, visual fields or acuity, HRQoL or fatigue.
The association between categorized BMI z-score and a
diagnosis of narcolepsy at baseline could not be computed
reliably within the logistic regression model. Therefore, the
Fisher’s exact test was used to test this association. Baseline
categorized BMI z-score was significantly associated with
a diagnosis of narcolepsy at baseline; a greater proportion
of overweight or obese patients were diagnosed with narco-
lepsy than were patients who were not overweight or obese
(100% vs. 56%, P=0.009). Patients with grade 2 HI at diag-
nosis had higher odds of being diagnosed with narcolepsy at
baseline than were patients with grade 0—1 preoperative HI
[OR (95% CI): 6.3 (1.5-30.99), P=0.008].

Discussion

This study describes the prevalence of excessive daytime
sleepiness after surgical resection and before radiotherapy
in a cohort of pediatric patients with newly diagnosed crani-
opharyngioma, as well as the associated predictors of exces-
sive daytime sleepiness. Children with craniopharyngioma
are known to have sleep—wake regulatory disturbances,
suffer from obesity and associated obstructive sleep apnea,
and have an increased occurrence of secondary hypersom-
nia [9]. Sleep—wake disturbances such as these may result
in decreased psychosocial and academic QoL [6, 10]. We
examined associated patient-, disease-, and treatment vari-
ables to determine whether they might predict patients at
greatest risk of hypersomnia early in treatment, thereby
increasing opportunities for early assessment and interven-
tion and improving their HRQoL. Surprisingly self-reported
HRQoL, symptoms and fatigue were not associated with
sleepiness. While mean scores indicated poorer HRQoL and
higher reported fatigue among those with hypersomnia/nar-
colepsy, there was no significant difference between those
with sleepiness and those with no sleep—wake disturbance.
This may reflect acclimation to excessive sleepiness prior to
craniopharyngioma diagnosis.

Almost 50% of patients with craniopharyngioma met
criteria for hypersomnia due to a medical disorder and
35% for narcolepsy, highlighting that 80% of the sample
experienced excessive daytime sleepiness after diagno-
sis and prior to radiotherapy or observation after sur-
gery alone. Although our study is the first to describe the
prevalence of sleepiness after surgery, findings are con-
sistent with previous studies indicating that children and
adolescents with craniopharyngioma experience fatigue
and sleep—wake disruption, which persists in 65-80% of
patients after treatment [6, 7, 9]. Although narcolepsy and
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Table 1 Demographic and clinical characteristics at baseline
Baseline characteristic Completed a PSG study at base- Completed both the PSG
line (N=98) and MSLT at baseline
(N=86)

Age (years)

2-4 7 (7%) 0 (0%)

5-7 28 (29%) 23 (27%)

8-12 36 (37%) 36 (42%)

>13 27 (28%) 27 (31%)

Mean (SD) 9.9 (4.3) 10.7 (3.9)

Median (range) 9 (3-20) 10 (5-20)
Tanner stage

1 72 (73%) 60 (70%)

2 7 (7%) 7 (8%)

3 7 (7%) 7 (8%)

4 5 (5%) 5 (6%)

5 5 (5%) 5 (6%)

Unknown 2 (2%) 2 (2%)
Gender

Female 51 (52%) 43 (50%)

Male 47 (48%) 43 (50%)
Race

White 64 (65%) 55 (64%)

Black 16 (16%) 15 (17%)

Other 16 (16%) 14 (16%)

Unknown 2 (2%) 2 (2%)
BMI z-score

Mild malnutrition (<—1) 2 (2%) 2 (2%)

Normal (—0.99-1.99) 64 (65%) 58 (67%)

Overweight (2-2.99) 27 (28%) 21 (24%)

Obese (>3) 1 (1%) 1 (1%)

Unknown 4 (4%) 4 (5%)

Mean (SD) 1.4 (1.0) 1.3 (1.0)

Median (range) 1.5 (—2.3-3.1) 1.5(-2.3-3.1)
Preoperative HI

Grade 0 14 (14%) 12 (14%)

Grade 1 27 (28%) 23 (27%)

Grade 2 57 (58%) 51 (59%)
Number of surgeries, Median (range) 1(0-8) 1 (0-8)
Extent of surgery

None 10 (10%) 10 (12%)

Catheter 16 (16%) 13 (15%)

Resection 72 (73%) 63 (73%)
CSF diversion

Not present 65 (66%) 58 (67%)

Present 33 (34%) 28 (33%)
Diabetes insipidus

Not present 45 (46%) 42 (49%)

Present 53 (54%) 44 (51%)
Visual fields

No visual deficits either eye 61 (62%) 52 (60%)

Visual field deficit either eye 7 (7%) 7 (8%)
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Table 1 (continued)

Baseline characteristic Completed a PSG study at base- Completed both the PSG
line (N=98) and MSLT at baseline
(N=86)
Visual field deficit both eyes 23 (23%) 23 27%)
Unassessable 7 (7%) 4 (5%)
Visual acuity
No deficits either eye 69 (70%) 58 (67%)
Vision reduced one or both eyes without impaired function 11 (11%) 10 (12%)
Vision reduced one eye/unilateral blindness with impaired function 6 (6%) 6 (7%)
Vision reduced in both eyes (including unilateral blindness) with impaired 10 (10%) 10 (12%)
function
Blind both eyes 1(1%) 1 (1%)
Unassessable 1(1%) 1 (1%)

BMI Body Mass Index, HI hypothalamic involvement, CSF cerebrospinal fluid, PSG polysomnography, MSL multiple sleep latency test

Table 2 Sleep and quality of

. e . Baseline characteristic
life characteristics at baseline

Completed a PSG at baseline Completed both the PSG

and MSLT at baseline

N Mean (SD) or Median N Mean (SD)
[range] or Median
[range]
Polysomnography (PSG)
Sleep efficiency 98 89.9 (7.0) 86 90.5 (6.3)
Sleep latency 98 21.3(32.2) 86 20.7 (33.5)
AHI 97 1.4 (1.9) 86 1.4 (2)
PLM 98 7.7 (11.1) 86 7.6 (10.7)
Multiple sleep latency test (MSLT)
MSOL (min) 86 8.2(5.8) 86 8.2(5.8)
SOREM 86 0.5 [0-4] 86 0.5 [0-4]
Patient-reported quality of life
PedsQL 4.0 total score 80 72.4 (16.0) 75 72.2 (16.3)
PedsQL BTM total score 86 74.5 (14.1) 81 74.7 (14.2)
PedsQL MDFS total score 88 70.5 (19.1) 83 70.4 (19.4)

AHI Apnea—Hypopnea Index, PLM periodic limb movements, MSOL mean sleep onset latency, SOREM
sleep onset REM, BTM brain tumor module, MDFS multidimensional fatigue scale

hypersomnia due to a medical condition are highly preva-
lent in this population, many patients have a delay in sleep
referral [8], indicating a need to establish guidelines for
earlier sleep intervention.

While all patients with craniopharyngioma are at risk for
disorders of hypersomnolence, patients who are overweight
or obese at presentation are at greatest risk. Our study found
that a higher BMI z-score was predictive of both hypersom-
nia due to a medical condition and narcolepsy diagnosis at
baseline, with findings consistent with prior research indi-
cating that hypersomnia severity is higher in obese crani-
opharyngioma patients [16]. Secondary narcolepsy is also a
contributing factor to weight control in already obese crani-
opharyngioma patients [9], with narcolepsy onset associated
with abrupt weight gain [17].

@ Springer

In addition to patients who are overweight and obese,
newly diagnosed patients with imaging showing grade 2 HI
before surgery should be screened for disorders of hyper-
somnolence, more specifically narcolepsy. This finding is
consistent with studies describing higher grade of hypotha-
lamic tumor involvement and clinically significant daytime
sleepiness and narcolepsy [6-8, 18]. Additionally, research
shows that higher grade HI predicts worse performance on
measures of attention, processing speed, memory, execu-
tive function, and adaptive skills [2, 19]. More recently,
Fournier-Goodnight et al. [4] evaluated neurocognitive func-
tion in pediatric craniopharyngioma patients after surgery
and prior to radiotherapy. Poorer performance was predicted
by higher-grade presurgical HI, and patients showed weaker
neurocognitive performance than did the normative group.
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'(I?ble 3‘.Predict0rs ofa . Baseline characteristic No sleep/wake dis- Hypersomnia (N=39)  OR (95% CI) P
lagnosis of hy.persornma .due to turbance (N=17)
medical condition at baseline
Age (years)
5-7 3 (19%) 13 (81%) Reference
8-12 9 (41%) 13 (59%) 0.34 (0.05-1.80) 0.272
>13 5 (28%) 13 (72%) 0.61 (0.08-3.92) 0.835
Tanner stage
<3 12 (27%) 33 (73%) Reference
>3 3 (33%) 6 (67%) 0.73 (0.13-5.23) 0.966
Gender
Male 9 (38%) 15 (63%) Reference
Female 8 (25%) 24 (75%) 1.78 (0.49-6.66) 0.475
Race
Non-white 6 (35%) 11 (65%) Reference
White 11 (29%) 27 (71%) 1.33 (0.32-5.22) 0.865
Categorized BMI z-score®
Not overweight or obese 15 (37%) 26 (63%) NE 0.012*
Overweight or obese 0 (0%) 12 (100%)
Preoperative HI
Grade O or 1 12 (44%) 15 (56%) Reference
Grade 2 5(17%) 24 (83%) 3.74 (0.98-16.47)  0.054
Extent of surgery®
None 3 (60%) 2 (40%) NE 0.158
Catheter 4 (40%) 6 (60%)
Resection 10 (24%) 31 (76%)
Number of surgeries
Median (range) 1(0-8),n=17 1(0-4),n=39 0.99 (0.62-1.70) 0.991
CSF diversion
Not present 14 (38%) 23 (62%) Reference
Present 3 (16%) 16 (84%) 3.18 (0.72-20.09)  0.159
Diabetes insipidus
Not present 12 (43%) 16 (57%) Reference
Present 5 (18%) 23 (82%) 3.37 (0.89-14.76)  0.080
Visual fields
No deficits 11 (29%) 27 (711%) Reference
Deficits 6 (35%) 11 (65%) 0.75 (0.19-3.12) 0.865
Visual acuity
No deficits 13 31%) 29 (69%) Reference
Deficits 4 (29%) 10 (71%) 1.12 (0.26-5.81) 1.000
PedsQL 4.0 total score
Mean (SD) 79.0 (13.3),n=13  71.7(17.4),n=36 0.97 (0.93-1.01) 0.170
PedsQL BTM total score
Mean (SD) 78.8 (11.3),n=14  74.0 (14.4),n=39 0.97 (0.92-1.02) 0.261
PedsQL MDFS total score
Mean (SD) 76.9 (14.7),n=14  68.5 (18.2),n=39 0.97 (0.94-1.01) 0.131

The total sample size may not sum to 56 patients for specific variables due to missing data. Higher scores
for the PedsQL reflect better HRQOL or lower problems with symptoms

BMI Body Mass Index, HI hypothalamic involvement, CSF cerebrospinal fluid, BTM brain tumor module,
MDFS multidimensional fatigue scale, OR odds ratio, CI confidence interval, SD standard deviation, NE

not estimated

*Statistically significant, P <0.05

#Unable to reliably compute odds ratio and confidence interval using logistic regression; given the unreli-
able results from the logistic regression model, the Fisher’s exact test was used to test the association
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Table 4 Predictors of a
diagnosis of narcolepsy at
baseline

@ Springer

Baseline characteristic No sleep/wake dis-  Narcolepsy (N=30)  OR (95% CI) P
turbance (N=17)

Age (years)

5-7 3 (30%) 7 (70%) Reference

8-12 9 (39%) 14 (61%) 0.67 (0.09-4.02) 0.927

>13 5 (36%) 9 (64%) 0.78 (0.09-5.82) 1.000
Tanner stage

<3 12 (35%) 22 (65%) Reference

>3 3 (27%) 8 (73%) 1.44 (0.27-10.02)  0.920
Gender

Male 9 (32%) 19 (68%) Reference

Female 8 (42%) 11 (58%) 0.66 (0.17-2.59) 0.695
Race

Non-white 6 (33%) 12 (67%) Reference

White 11 39%) 17 (61%) 0.78 (0.18-3.11) 0.929
Categorized BMI z-score®

Not overweight or obese 15 (44%) 19 (56%) NE 0.009*

Overweight or obese 0 (0%) 10 (100%)
Preoperative HI

Grade O or 1 12 (60%) 8 (40%) Reference

Grade 2 5 (19%) 22 (81%) 6.30 (1.50-30.99)  0.008*
Extent of surgery

None 3 (38%) 5(63%) Reference

Catheter 4 (57%) 3 (43%) 0.48 (0.04-5.28) 0.810

Resection 10 31%) 22 (69%) 1.31 (0.17-8.40) 1.000
Number of surgeries

Median (range) 1(0-8),n=17 1(0—4),n=30 1.07 (0.69-1.75) 0.897
CSF diversion

Not present 14 (40%) 21 (60%) Reference

Present 3 (25%) 9 (75%) 1.97 (0.40-13.31)  0.568
Diabetes insipidus

Not present 12 (46%) 14 (54%) Reference

Present 5 (24%) 16 (76%) 2.68 (0.67-12.30)  0.199
Visual fields

No deficits 11 (44%) 14 (56%) Reference

Deficits 6 (32%) 13 (68%) 1.68 (0.42-7.29) 0.602
Visual acuity

No deficits 13 (45%) 16 (55%) Reference

Deficits 4 (24%) 13 (76%) 2.59 (0.60-13.58)  0.258
PedsQL 4.0 total score

Mean (SD) 79.0 (13.3),n=13  69.6 (15.8), n=26 0.96 (0.90-1.00) 0.071
PedsQL BTM total score

Mean (SD) 78.8 (11.3),n=14  73.5(15.3),n=28 0.97 (0.92-1.02) 0.259
PedsQL MDFS total score

Mean (SD) 76.9 (14.7),n=14  69.9 (22.5), n=30 0.98 (0.94-1.01) 0.304

The total sample size may not sum to 47 patients for specific variables due to missing data. Higher scores
for the PedsQL reflect better HRQOL or lower problems with symptoms

BMI Body Mass Index, HI hypothalamic involvement, CSF cerebrospinal fluid, BTM brain tumor module,
MDFS multidimensional fatigue scale, OR odds ratio, CI confidence interval, SD standard deviation, NE

not estimated

*Statistically significant, P <0.05

#Unable to reliably compute odds ratio and confidence interval using logistic regression; given the unreli-
able results from the logistic regression model, the Fisher’s exact test was used to test the association
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Limitations of our study include the use of cross-sec-
tional data and small sample size across sleep diagnosis.
We plan to perform follow-up studies to examine the tra-
jectory of hypersomnia and other sleep—wake disturbances
in this population over multiple timepoints. Additionally,
Subjective measurements may not be sensitive in identify-
ing patients at risk for sleepiness. We have reported that
the modified Epworth Sleepiness Scale (M-ESS) was not a
valid measure in the pediatric craniopharyngioma patient
population. Our sample demonstrated poor sensitivity,
missing 35% of those with significant objective sleepiness
even when the cut score for detection of significant sleepi-
ness was reduced from the established cut score of 10 to 6
[20]. Therefore, subjective sleep measured by the M-ESS
was removed as a potential predictor in this study. Finally,
the validity of mean sleep latency measurements on the
MSLT can be influenced by a variety of factors and care
must be taken in the interpretation of results. For example,
children who are anxious in the sleep laboratory environ-
ment or in pain are more likely to be “hyperalert” and thus,
findings might not be representative of the child’s usual
degree of sleepiness.

Conclusions

Sleep disorders are commonly described among patients
with craniopharyngioma. This study demonstrates the
early onset of significant sleepiness due to a medical disor-
der after surgical resection and prior to adjuvant radiother-
apy or observation. Therefore, clinicians should consider
early diagnosis and intervention for hypersomnolence
based on predictors of obesity and hypothalamic grade,
as well as clinical history. Interventions should include
education on hypersomnia/narcolepsy, good sleep hygiene
practices, and consideration of wake-promoting medica-
tions as early as possible in the child’s course. The patient
and parent should be given suggestions for managing
sleepiness during the school day, with instructions for the
child’s educators and recommended academic accommo-
dations potentially improving social interaction, academic
performance, and HRQoL.
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