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Summary: We report two cases of children with disabling daytime sleepi-
ness associated with suprasellar tumors and hypothalamic obesity.
Multiple sleep latency testing demonstrated features consistent with
severe narcolepsy, with sleep latencies of 0.25 and 0.75 minutes, and
REM latencies of 2.1 and 1.5 minutes, respectively. An additional patient
with hypothalamic damage secondary to a brain tumor, who was thought
to be in a vegetative state, had features of narcolepsy on polysomnogra-

phy. All children responded well to treatment with stimulants. We specu-
late that secondary narcolepsy associated with hypothalamic tumors is
due to damage or loss of hypothalamic hypocretin-containing neurons. In
view of the good response to treatment, we recommend that all children
with excessive daytime sleepiness and hypothalamic damage be evaluat-
ed for narcolepsy.
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INTRODUCTION

NARCOLEPSY IS A NEUROLOGIC DISORDER OF
UNKNOWN ETIOLOGY THAT IS CHARACTERIZED BY
EXCESSIVE DAYTIME SLEEPINESS ASSOCIATED WITH
CATAPLEXY AND OTHER RAPID EYE MOVEMENT
(REM) SLEEP-RELATED PHENOMENA.! Human narcolepsy
is thought to be caused by an interplay of genetic and environ-
mental factors, and shows a tight association with human leuko-
cyte antigen (HLA) DQB1*0602. Recent animal studies have
demonstrated that genetic alterationsin either hypocretin ligands
or hypocretin receptor-2 can cause narcolepsy in mice?2 and
dogs’. In humans, mutations in hypocretin-related genes are
thought to be rare, but functional impairment of the hypocretin
system in human pathology has been demonstrated by observa-
tions of reduced hypocretin ligands in the cerebrospinal fluid4
and brains’ of narcoleptic subjects.

In addition to the idiopathic form of narcolepsy, secondary
narcolepsy has also been diagnosed following central nervous
system (CNS) insults such as head injuries.s A few case reports
have described narcolepsy or cataplexy associated with CNS
lesions, including craniopharyngiomas and hypothalamic sarcoid
granulomas.® As hypocretin-containing neurons are located
exclusively in the hypothalamus, it is possible that traumatic
injury or space-occupying lesions of the hypothalamus can cause
narcolepsy. Several recent case reports have described low cere-
brospinal fluid hypocretin levels in patients with narcolepsy or
hypersomnia related to hypothalamic abnormalities. 112 We
report two children with the onset of secondary narcolepsy in
association with suprasellar tumors and hypothalamic obesity,

Disclosure Statement
Supported by Grant RR-00052, Pediatric Clinical Research Center, The Johns
Hopkins Hospital, Baltimore, MD; and NHLBI grant HL58585.

Submitted for publication June 2001

Accepted for publication February 2002

Address correspondence to: Carole L. Marcus, MBBCh, Division of Pediatric
Pulmonology, Park 316, Johns Hopkins Hospital, 600 N. Wolfe Street,
Baltimore, MD 21287-2533; Tel: (410) 955-2035; Fax: (410) 955-1030;
E-mail: cmarcus@welch.jhu.edu

SLEEP, \ol. 25, No. 4, 2002

and an additional patient with a narcolepsy-like state following
hypothalamic damage, all presenting within one year at our insti-
tution. All children responded well to treatment.

Case #1

The patient was a 16-year-old girl who was referred for eval-
uation of excessive daytime sleepiness. She had been well until
14 years of age, other than conductive hearing loss for which she
wore hearing aids. At 14 years of age, she developed headaches,
and gained 40 kg in weight over four months. She was diagnosed
with a suprasellar germinoma (Figure 1). The tumor was resect-
ed at another ingtitution. Postoperative complications included
hemiparesis, panhypopituitarism, and other hypothalamic prob-
lems such as temperature instability and obesity due to an insa-
tiable appetite. She was referred to our institution for further
care. At initial evaluation two years postoperatively, the patient
had severe somnolence to the degree that she would fall asleep
during conversations and was unable to pursue normal activities.
She went to bed at 20:00 and arose at 06:00. However, shewould
wake up several times a night because of nocturia related to dia-
betesinsipidus. During the daytime, she would continuously nod
off. A trial of methylphenidate 20 mg BID had not resulted in
significant changes in alertness. There was a history of mild,
continuous snoring without labored breathing or apneic pauses.
There was no history of sleep paralysis or hypnagogic hallucina-
tions. Typical cataplectic episodes did not occur. However, the
patient had episodes of weakness in her legs, not associated with
emotions. During one of these episodes she fell and sprained her
ankle. Because of these events, she was confined to awheelchair.
An EMG performed while she was asymptomatic was normal.
Medications included nasal desmopressin, thyroxin, and pred-
nisone. There was no family history of excessive daytime sleepi-
ness.

On physical examination, the patient was markedly obese.
Weight was 153 kg, and body mass index (BM1) 52 kg/m2. She
was extremely somnolent. Although she was able to stay awake
when being directly questioned, she fell asleep as soon as the
conversation was directed to her parent. When awake, she was
oriented and cognitively intact. Examination of the oropharynx
was remarkable for a small amount of tonsillar tissue and mild
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Table 1—Polysomnography and MSLT results

Case 1 Case 2 Case 2 Case 3
Study #1 Study #2

Age (yr) 16 5 - 11

Gender female female - male

Tumor type suprasellar germinoma  craniopharyngioma - hypothalamic
astrocytoma

Cataplexy atypical none - none

POLYSOMNOGRAM

Total recording time (min) 498 554 462 544

Sleep efficiency (%) 92 100 98 81

REM latency (min) 3 3 8 4

Arousal index (N/hr) 5.1 7.7 3.6 7.3

Apnea hypopnea index (N/hr) 1.0 10.7 0.1 4.1

MSLT

Mean sleep latency (min) 0.25 0.75 3.5 0

Range: 0-05 0-3 25-45 0-0

Mean REM latency (min) 2.1 15 1.1 1.1

REM, rapid eye movement sleep; MSLT, multiple sleep latency test.

Figure 1—The MRI for patient #1 is shown. The sagittal, T1-weighted, contrast
enhanced magnetic resonance image demonstrates a large suprasellar mass
(arrow), which on pathology was diagnosed as a germinoma. The tumor dis-
places the mid-brain and upper portion of the pons. Mild obstructive hydro-
cephalus of the lateral ventricles is evident, with posterior and superior displace-
ment of the third ventricle and a normal sized fourth ventricle.

crowding of the oropharynx. A mild left hemiparesis was pre-
sent. The remainder of the examination was normal. Pulmonary
function tests, including tests of respiratory muscle strength,
were normal.

The patient underwent a sleep study and multiple sleep laten-
cy test (MSLT). This showed no evidence of obstructive apnea
(Table 1). Although esophageal pressure was not monitored,
there was no paradoxical breathing and the arousal index was
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normal, making it unlikely that she had the upper-airway resis-
tance syndrome. The MSLT was consistent with severe nar-
colepsy (Table 1). HLA typing was negative for the DR2 and
DQB1*0602 antigens. The patient was seen back in clinic and
started on modafinil 200 mg a day. In addition, it was thought
that the episodes of muscle weakness could be episodes of cata-
plexy that were atypical in that they were not associated with
emotion.1314 She was therefore placed on atrial of nortryptiline.
On treatment, the patient had a dramatic improvement in daytime
sleepiness. On follow-up, she was cheerful and interactive, and
remained alert throughout the clinic visit. The episodes of mus-
cle weakness had resolved, and she was now ambulatory. She
was attending summer camp, and subsequently returned to
school. One year later, she continues to do well.

Case #2

The second patient was a five-year-old child with daytime
sleepiness that began one month prior to diagnosis of a cranio-
pharyngioma. The child started sleeping frequently during the
day (e.g., she would be found asleep in the coat closet at schoal).
She also developed morning headaches with vomiting. She was
diagnosed with the tumor and underwent resection at another
institution. Postoperative problems included hypothalamic obe-
sity (the child would eat anything in sight, such as clothing), pan-
hypopituitarism, type Il diabetes mellitus, recurrent fevers
thought to be central in origin, and hypersomnolence to the point
where she was rarely awake. She was referred to our institution
for further management. At that time, her mother described snor-
ing and obstructive apneas that had not been present pre-opera-
tively. Of note, the snoring occurred as the child’s weight
increased.

On examination, the patient was a somnolent child in a
wheelchair. When awakened, she was interactive and appropri-
ate. For example, she could recite the alphabet. However, when
not being actively stimulated, she immediately lapsed back into
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Figure 2—The MRI for patient #3 is shown. The sagittal, T1-weighted, contrast
enhanced magnetic resonance image demonstrates a large suprasellar mass,
which is a recurrent hypothalamic-optic nerve astrocytoma (arrow). The mass
extends into the sella inferiorly and displaces the floor of the third ventricle. The
superior aspect of the brainstem is displaced posteriorly. Mild obstructive hydro-
cephalus of the lateral ventricles is evident, but relatively decompressed with a
ventriculo-peritoneal shunt (not seen on this image).

sleep. Her weight was 35 kg, and BMI was 29 kg/m2. Tonsils
were enlarged, and the oropharynx appeared crowded.

A deep study showed moderate obstructive sleep apnea by
pediatric standards's (Table 1). The MSLT was consistent with
severe narcolepsy (Table 1). During the MSLT, it was impossi-
ble to keep the child awake between the naps. Because the child
was medically unstable, it was decided to treat the obstructive
apnea with bilevel positive pressure and then re-evaluate her to
determine the extent to which the obstructive apnea was con-
tributing to her daytime sleepiness. Subsequently, she was dis-
charged home. When re-evaluated in the clinic two months | ater,
her endocrine status had stabilized; however, she had been non-
compliant with the positive pressure treatment. A repeat sleep
study without positive pressure, and MSLT, showed resolution of
the obstructive apnea but persistent findings consistent with nar-
colepsy (Table 1). The patient was placed on modafinil. Asthe
pediatric dosage has not been established, she was placed on a
starting dose of 100 mg a day.

Following this evaluation, the patient had numerous hospital -
izations in another city because of recurrent fever and poor dia-
betic control. Therefore, she was not re-evaluated until six
months later, when she was transferred back to our institution for
further inpatient management. She was extremely somnolent and
had not been using the modafinil. At this point, she also had
severe behavioral problems and was angry and combative. She
weighed 53 kg. A third sleep study showed that she had no
obstruction (apneaindex of O/hr). However, she had mild REM-
related desaturation and hypercapnia, which was thought to be
due to either obesity-related restrictive lung disease or a compo-
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nent of central hypoventilation. The patient was unable to coop-
erate with pulmonary function testing or ventilatory response
testing, and did not tolerate bilevel pressure despite behavioral
conditioning. She was therefore treated with supplemental oxy-
gen during sleep. The dosage of stimulant drugs was titrated to
achieve adequate alertness. She required modafinil 200 mg a day
and methylphenidate 20 mg TID. On this regimen, she was alert
and interactive during the day. The patient was transferred back
to her home town and has not returned for further follow-up.

Case #3

The third patient was an 11-year-old boy referred for evalua-
tion of a persistent vegetative state following brain tumor resec-
tion and CNS hemorrhage. The child was initially diagnosed at
one year of age with an astrocytoma involving the optic nerve
and hypothalamus. This was treated with tumor debulking and
chemotherapy. Over the subsequent decade, he underwent two
further debulking procedures, several ventriculoperitoneal shunt
placements and cranial radiotherapy. He developed growth hor-
mone deficiency and precocious puberty secondary to his tumor.
Despite his medical problems, he had a functiona lifestyle. He
was in special education, and was able to ride abicycle. Severa
months prior to his presentation to us, he developed increasing
sleepiness, and would fall asleep while on the toilet or when play-
ing with friends. One day prior to admission, he developed
lethargy, disorientation, and urinary incontinence, and underwent
ashunt revision. He continued to have intermittent lethargy post-
operatively. A repeat MRI was performed. This showed alarge
suprasellar mass (Figure 2). He underwent further tumor debulk-
ing and insertion of a new ventriculoperitoneal shunt. Surgery
was complicated by hemorrhage. Postoperatively, the patient
was nonresponsive and had a Glasgow coma scale of 8. He
developed hypothyroidism and inappropriate antidiuretic hor-
mone secretion. He was transferred to a rehabilitation center,
where he remained in a vegetative state. The child appeared to
be asleep most of the day, but would open his eyes when stimu-
lated. Hedid not speak or obey commands, and was fed by naso-
gastric tube. His mental state did not improve during his two
months in rehabilitation.

Because of our recent experience with the other two patients,
nocturnal and daytime polysomnography was performed. A for-
mal MSLT could not be done as the patient could not be kept
awake between naps; however, recordings were performed for 20
minutes every two hours. The nocturnal study showed a few
hypopneas with mild arterial oxygen desaturation (Table 1). The
EEG was abnormal, with generalized slowing and increased
amplitude; thus it was difficult to distinguish the different
nonREM sleep stages. Sleep was fragmented, with 16 short
REM cycles. The daytime study showed frequent REM periods.
HLA typing was negative for the DR2 and DQB1* 0602 antigens.

Due to our past experience, a trial of modafinil was recom-
mended. However, the patient’s primary physician elected not to
do this. The patient was discharged home. It was decided not to
treat his mild sleep-disordered breathing, due to his vegetative
state and complicated home care regimen.

The child was seen in the sleep clinic three weeks following
discharge. At that time, he remained in a vegetative state. He
would open his eyes for amaximum of fifteen minutes at atime.
He was placed on modafinil 200 mg a day. One month later, he
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Table 2—Clinical and MSLT characteristics of children diagnosed
with narcolepsy at out institution

Narcolepsy Brain Tumor
N 13 3
Age at diagnosis (yr) 11 (4) 11 (6)
Range: 5-18 5-16
Cataplexy (N, %) 3 (23) 1 atypical (33)
Sleep Latency (min): 5.3 (3.2) 0.3 (0.4)*
Range: 09-114 0-0.75
# REM-onset naps (out of 4) 441 4+0**
REM latency (min): 4.4 (3.8) 1.6 (0.5)**
Range: 0.1-11.3 1.1-21
*p<0.001
*p<0.05

REM, rapid eye movement sleep
All data displayed as mean (SD) except where otherwise indicated.

returned for follow-up. He had improved dramatically. He was
sleeping for nine hours a night. During the day, he would stay
awake for four hours at atime, and then nap for 45 minutes. He
was able to ambulate with support and feed by mouth. He had
returned to school. Although he talked very little, he was able to
use acomputer. Repeat follow-up two months later showed con-
tinued improvement. On a regimen of modafinil 200 mg a day
and methylphenidate 5 mg BID, the patient was remaining awake
all day except for a one-hour nap.

Retrospective Survey of Pediatric Patients with Suprasellar
Tumors

Following identification of these cases, we reviewed patients
who had suprasellar tumors resected at our institution, in order to
determine the frequency of excessive daytime sleepiness as a
complication of suprasellar tumors. Sixteen pediatric patients
living within the USA had been treated at our institution. A let-
ter was sent to the parents of these patients, followed by a tele-
phone call. Four patients no longer resided at the address of
record, and two families did not respond. Of the ten remaining
patients, nine families stated that the child had no daytime sleepi-
ness. One family from another state thought that their child was
somewhat sleepy, but did not want to return for evaluation. Of
note, only one of these children was morbidly obese. The others
had hypopituitarism but no other evidence of hypothalamic
abnormalities.

Retrospective Review of Pediatric Patients with Narcolepsy

The records of all pediatric patients diagnosed with idiopathic
narcolepsy at our institution since the inception of our database
were reviewed (Table 2). These patients were all in good gener-
al health, presented with a chief complaint of excessive daytime
sleepiness, had normal overnight sleep studies, a reduced sleep
latency as well as > 2 REM-onset naps on MSLT, and no other
cause for their somnolence.r The mean sleep latency and REM
latency on MSLT in these patients was generally higher than in
the children with suprasellar tumors, but some were equally
severe.
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DISCUSSION

We report three pediatric cases with a severe narcolepsy-like
condition associated with suprasellar tumors and hypothalamic
abnormalities. All patients had disabling symptoms that
improved dramatically on stimulants. The incidence of nar-
colepsy associated with hypothalamic lesions in children is not
clear. A retrospective survey of patients at our institution with
suprasellar tumor resections and hypopituitarism but no other
evidence of hypothalamic disorders did not reveal additional
patients with histories of excessive daytime sleepiness.
Nevertheless, the potential for therapeutic benefit warrants con-
sideration of secondary narcolepsy in all children with hyper-
somnolence related to hypothalamic lesions.

One previous study evaluated the sleep patterns of children
with a history of craniopharyngiomas.’®6 Two of ten children
reportedly had decreased sleep latencies on MSLT. However,
details of the MSLT, including the presence or absence of REM
sleep, were not provided. Itisnot known if any of these children
were obese. Two previous case reports each described narcolep-
sy in a patient with craniopharyngioma and obesity.”8 In addi-
tion, Aldrich and Naylor? described two patients with hypothala-
mic lesions (one due to sarcoidosis and one of unknown etiolo-
gy) and obesity who developed narcolepsy.

Narcolepsy has recently been shown to be due to a deficiency
in hypocretin. In familial cases of canine narcolepsy, the defi-
ciency in the hypocretin system is genetic in nature.3 Humans
with idiopathic narcolepsy have a decreased number of hypocre-
tin-producing neurons on autopsy, which is thought to be sec-
ondary to a degenerative process.S Although there is no direct
evidence, we hypothesize that our patients had damage to their
hypocretin-containing neurons due to their tumor or as aresult of
surgery, resulting in secondary narcolepsy. Itisof interest to note
that the patientsin our series, and those reported in the literature,
al had obesity related to their hypothalamic lesions. This may
also be related to hypocretin deficiency. Hypocretin plays arole
in feeding and metabolic control. Body weight has been found to
be increased in both transgenic mice and narcoleptic humans
with low hypocretin levels.24

Tumors in the suprasellar region of the brain are relatively
common in childhood. The most common type is a cranio-
pharyngioma, which is estimated to account for 9% of intracra-
nial tumors in children.t” Suprasellar tumors are often benign,
but are associated with a high morbidity due to encroachment on
such vital areas as the pituitary, optic chiasm and hypothalamus.
Common complications, due either to the tumor itself or as a
result of surgical resection, include visual field defects, panhy-
popituitarism and obesity secondary to an insatiable appetite. |If
these patients develop excessive daytime sleepiness, it is often
presumed to be due to their endocrine and metabolic abnormali-
ties, or to obesity-related obstructive sleep apnea, rather than nar-
colepsy.

Two of our patients had evidence of mild to moderate sleep-
disordered breathing on polysomnography. However, we do not
think that this explained their hypersomnolence. Most children
with obstructive apnea, unlike adults, do not have frequent
arousal's during sleep!® and do not manifest daytime sleepiness.t®
Furthermore, in case #2, hypersomnolence persisted despite res-
olution of obstructive sleep apnea. In thischild, it isunclear why
the obstructive apnea resolved. However, it may have been due
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to the improvement in her endocrine and metabolic status. In
case #3, the daytime sleepiness improved with modafinil
although the sleep-disordered breathing had not been treated. It
is unlikely that the narcolepsy condition in these patients was
incidental to the tumors. Although narcolepsy occursin the pedi-
atric population, it israre.2>22 |n all of our patients, symptoms of
hypersomnolence occurred in close association with the devel op-
ment of symptoms related to the tumor, or the resection of the
tumor. Furthermore, HLA typing was negative for the DR2 and
DQB1*0602 antigens in the two patients tested.

One of our patients had cataplexy that was atypical in that it
was not associated with emotion. The episodes resolved with
nortryptiline. Atypical continuous cataplexy has been reported in
association with a hypothalamic/brainstem tumor,23 and isolated
cataplexy in a child with a pontine tumor.24 Cataplexy occurs
less commonly in children than adults, and may not be present
during the initial years of the disease.21.2324 For example, in one
large series of 51 children with narcolepsy and cataplexy, exces-
sive daytime sleepiness preceded the onset of cataplexy in 80%
of children.2t Thus, it is possible that the other children in this
series will develop cataplexy in the future. In our retrospective
review of pediatric narcolepsy patients at our institution, 23%
were noted to have cataplexy (Table 2).

In conclusion, we report three cases of secondary narcolepsy
in children with hypothalamic lesions and evidence of
widespread hypothalamic damage. A review of the literature and
a retrospective survey of other cases of suprasellar tumors sug-
gest that narcolepsy is more likely to occur in patients with gen-
eralized hypothalamic damage (in particular, those with severe
obesity) than patients with isolated suprasellar lesions. We spec-
ulate that this could be due to damage of hypocretin-containing
neurons. Despite the severity of their condition, the children
responded well to conventional treatment of narcolepsy, with an
improvement in their quality of life. We therefore recommend
that all children with hypothalamic lesions and daytime sleepi-
ness be evaluated with polysomnography and multiple sleep
latency testing.
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