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Abstract
Introduction: Sleep abnormalities, including narcolepsy and cataplexy, are a common feature of Prader-Willi
syndrome. Long-term treatment with the central nervous system stimulant modafinil has not been reported.
In this case report we present a longitudinal perspective of sleep abnormalities in a nine-year-old Caucasian
girl with Prader-Willi syndrome from age two to age nine, and detail the response to treatment with the central
nervous system stimulant modafinil.
Case presentation: Our patient presented at two years of age with hypersomnia and narcoleptic episodes with
cataplectic features. Initial polysomnograph testing revealed adequate sleep efficiency, but increased sleep
fragmentation especially during rapid eye movement sleep. The narcoleptic episodes continued and a repeat
polysomnograph at age five years confirmed features consistent with narcolepsy. Further sleep studies at six
years, including a multiple sleep latency test, demonstrated signs of excessive daytime sleepiness. Treatment
with modafinil was initiated at age seven years six months due to persistent hypersomnia and narcoleptic
symptoms. Two polysomnograph studies were performed following treatment with modafinil, at age eight
years six months and nine years three months. These studies showed excellent sleep efficiency and improvement of
rapid eye movement sleep parameters, supporting the beneficial effects of long-term modafinil therapy.
Conclusions: Long-term modafinil therapy may ameliorate the sleep disturbances of Prader-Willi syndrome and should
be the focus of future clinical trials.
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Introduction
Prader-Willi syndrome (PWS) is a genetic disorder occurring in 1/10,000 to 25,000 live births. PWS is associated
with infantile hypotonia and failure to thrive, followed by
childhood-onset hyperphagia and progressive obesity,
short stature, hypogonadism, behavioral issues, delayed
cognition and sleep disturbances [1]. Sleep abnormalities are a common symptom of PWS, most often presenting as excessive daytime sleepiness (EDS) [2,3].
Abnormalities in sleep physiology have been reported
including: reduced percentage of rapid eye movement
(REM) sleep and decreased non-rapid eye movement
(NREM) sleep instability, decreased REM sleep latency

or sleep-onset REM (SOREM), ventilatory dysfunction, and
obstructive sleep apnea [4]. Additionally, there have been a
number of studies reporting narcoleptic-like symptoms
such as sleep attacks, cataplexy or a transient loss of muscle
tone, sleep paralysis and hypnagogic hallucinations. Modafinil, a central nervous system (CNS) stimulant of postsynaptic alpha-1 adrenergic receptors, is currently used in the
treatment of narcolepsy and idiopathic hypersomnia, but
has not been well studied in the treatment of sleep abnormalities in PWS [5]. We report a case of a nine-year-old
PWS girl with cataplexy and narcolepsy first noted in
infancy and chronicle the sleep abnormalities over seven
years, and the effect of modafinil on these sleep abnormalities over three years of therapy. This provides a previously
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unreported longitudinal perspective of the impact of modafinil on the quality of life of patients with PWS and EDS.
Further, this report also briefly examines the neurobiologic
basis of disordered sleep in PWS.

Case presentation
This nine-year-old Caucasian girl was born at 41 weeks’
gestation via induced vaginal delivery, and weighed
3260g. She was hypotonic and lethargic at birth with
failure to thrive and was nasogastric tube-fed initially
for one month. At 15 months of age, she was diagnosed
with PWS with a rare imprinting center methylation
mutation. She has physical features characteristic of
PWS including almond-shaped eyes, down-turning
corners of the mouth, small hands and a prominent
metopic suture. Other features of PWS include gross
motor delay, social delay, obsessive-compulsive behavior and rigid thinking. Her family history is notable
for a number of members (including our patient’s
father) who suffer from EDS. None of these individuals, however, report characteristics of narcolepsy
such as cataplexy, hypnagogic hallucinations, or sleep
paralysis.
Our patient was referred to a pediatric pulmonologist
at age two years 10 months for a screening polysomnograph (PSG) sleep study prior to initiation of growth
hormone (GH) therapy. An initial screening overnight
oximetry study was carried out before the PSG due to
concerns that she might not tolerate the monitoring
equipment. The screening oximetry was normal; no
significant desaturations to suggest obstructive sleep
apnea were found. At the follow-up with the sleep
specialist, our patient’s mother reported episodes suggestive of narcolepsy. Dating back to early infancy, episodes were reported of our patient falling forward for a
few seconds at a time with her eyes rolling back in her
head. During these events, she was unresponsive, but
appeared to be conscious. The events occurred three
to four times per week and were provoked by laughter.
The episodes typically occurred after waking from a
nap in the mornings, and resolved spontaneously. She
was not sleepy afterwards. The episodes were determined not to be seizures; no other associated motor
activity, eye deviation or stereotypy consistent with a
description of a seizure was present. Daytime hypersomnia was also noted with sleep duration of greater
than 12 hours per night in addition to a two- to threehour daytime nap.
The initial sleep study revealed adequate sleep efficiency, but disrupted sleep overall (Table 1). Specifically, our patient did not cycle through all stages of
sleep as expected; sleep fragmentation was noted, especially
during the REM phase. Mild sleep-disordered breathing
(SDB) was identified, consisting of four central apneas, one
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obstructive apnea, and three mixed apneas, particularly
within REM sleep. Two obstructive, but no central,
hypopneas were observed. The apnea-hypopnea index
(AHI) was 1.4 events per hour. The average end-tidal
carbon dioxide (EtCO2) measurement was 45mmHg
(maximum of 61mmHg). The average oxygen saturation
(SpO2) was 95 percent (minimum of 78.7 percent).
A repeat overnight PSG was completed at five years
three months of age due to ongoing concerns of EDS
and cataplectic episodes. The goals for treatment were
to optimize school performance and ensure our patient’s safety. At that time, episodes of cataplexy were
still occurring, mainly in the mornings upon awakening. The results of the second PSG study (Table 1) were
abnormal and suggestive of narcolepsy. Spikes were noted
on electroencephalography without any seizure activity and
a shortened REM sleep latency was observed. The overall
degree of SDB was improved compared to the previous
measurement. Abnormal respiratory events were limited to
one obstructive apnea and two obstructive hypopneas with
an AHI of 0.4 events per hour. The average EtCO2 was
46mmHg; the SpO2 was also improved with an average of
95 percent (minimum of 87 percent).
Another follow-up PSG was done at age six years and
10 months. This PSG again showed excellent sleep
efficiency and decreased REM sleep latency (Table 1).
However, worsening sleep disruptions were observed,
with increased spontaneous arousals. SDB or obstructive sleep apnea in REM sleep (an AHI of 4.4 events per
hour) were also worse than previous observations.
Finally, a multiple sleep latency test (MSLT) was performed to objectively quantify the degree of sleepiness
(Table 2). This test consisted of five nap opportunities,
given at two-hour intervals. Her MSLT results showed
the following sleep latencies on five respective naps:
9min 18sec; 1min 44sec; 54sec; 6min 23sec; 3min
55sec. The overall mean sleep latency was 4min 27sec.
Two SOREM periods were also noted.
The results of the above sleep studies combined with
the report of narcoleptic and cataplectic episodes led
to the initiation of treatment at age seven years six
months with a CNS stimulant, modafinil. The initial
dose was 50mg in the mornings and scheduled naps
were presented throughout the day. Two months later,
the dose of modafinil was increased to 100mg daily. With
modafinil treatment, episodes of narcolepsy and cataplexy
were not entirely eliminated, but much improved. A decreased level of EDS and fewer cataplectic episodes were
observed post-therapy and safety was no longer a concern.
Our patient had no history of allergy and no adverse effects
of modafinil were reported.
After a year of modafinil therapy a PSG was completed, at age eight years and six months. This study
demonstrated improvement compared to all previous
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Table 1 Polysomnograph results in a patient with Prader-Willi syndrome and narcoleptic and cataplectic symptoms1
2y 10mo

5y 3mo

6y 10mo

8y 5mo

9y 3mo

Sleep architecture
Total sleep time (min)

420.5

489.5

516.5

520

492

Sleep efficiency (%)

84.9

90.8

92.7

94.4

95.1

6.5

2.2

2.5

0.6

2.1

Sleep stages total sleep time
Stage 1 (%)
Stage 2 (%)

43.4

48.1

57.9

64.7

59.3

Stage 3 and 4 (%)

22.5

25.8

18.6

18

18.5

REM (%)

27.6

23.9

21.0

16.8

20.1

Apnea events
Central apnea index (events per hour)

0.57

0

0.46

2.08

2.32

Obstructive apnea index (events per hour)

0.14

0.12

0

0.12

0

Number of mixed events per hour

0.43

0

0.58

0

0

Hypopnea events (events per hour)

0.29

0.25

0.23

0.34

3.05

Apnea-hypopnea index (events per hour)

1.4

0.4

1.3

2.7

5.6

End-tidal carbon dioxide (ETCO2)
Mean total recorded ETCO2 (mmHg)

44.5

46

42

43

45

Maximum total recorded ETCO2 (mmHg)

60.9

60

51

50

54

Mean total recorded SaO2 (%)

94.1

95

97

94

96

Minimum total recorded SaO2 (%)

78.7

87

88

84

84

Oxygen saturation (SaO2)

Anthropometrics
Height (cm)

84

97

104

110

116

Weight (kg)

11.25

15.2

17.4

20.0

21.4

BMI- z score

0.12

0.66

0.39

0.25

−0.23

1

Modafinil therapy was initiated at age seven years six months; growth hormone therapy was initiated at age eight years eight months. REM, rapid eye
movement; BMI body mass index.

tests, showing excellent sleep efficiency (Table 1).
However, sleep latency remained short at 6 minutes
and 57 seconds. The REM sleep latency was within
normal limits (1 hour) in contrast to previously abnormal results. Disruption of sleep was also observed, with
increased time spent in stage 2 sleep (67.4 percent of

Table 2 Multiple sleep latency test results in a patient
aged six years 10 months with Prader-Willi syndrome
and narcoleptic and cataplectic symptoms
Nap opportunity

Sleep onset latency

Sleep onset REM

1

9 minutes, 18 seconds

Yes

2

1 minute, 44 seconds

No

3

54 seconds

No

4

6 minutes, 23 seconds

No

5

3 minutes, 54 seconds

Yes

Mean sleep latency

4 minutes, 27 seconds

REM, rapid eye movement.

total sleep time; TST) and less time in REM sleep (16.8
percent of TST). Additionally, SDB was demonstrated
(mostly central apneas with an AHI of 2.7 events per
hour). These apneas were particularly prominent in
REM sleep; the REM AHI was 10.8 events per hour
and a lower baseline SpO2 of 93 percent and an EtCO2
in the mid-40s was observed. Finally, there was a
slightly elevated periodic limb movement index of 6.6
events per hour.
At age eight years and eight months, our patient was
started on GH and a PSG test was recommended six
months following GH initiation. The dose of modafinil
was increased to 150mg per day to improve the narcolepsy and cataplectic episodes. This fifth PSG was done
at age nine years and three months. Again, excellent
sleep efficiency was noted. The REM sleep latency was
slightly prolonged again at 1 hour 21 minutes, and the
proportion of REM sleep was less than expected (20.1
percent of TST). Overall, excellent sleep efficiency was
noted in all stages of sleep despite diminished REM
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sleep and a slightly prolonged sleep latency. Moderate
SDB was again demonstrated (mostly central apneas
with an AHI of 5.6 events per hour and a REM AHI of
17.6 events per hour). Periodic limb movements again
occurred, with three events per hour. GH therapy elicited several benefits in our patient, including increased
height and growth rate, increased proportional hand and
foot sizes, a decrease in body fat and an increase in lean
body mass and increased physical performance. Other
potential benefits of the GH therapy were not measured,
such as resting energy expenditure, serum cholesterol
and bone mineral density.
Long-term modafinil therapy resulted in objective
improvement in her PSG results, in conjunction with
clinical improvement in her mood and a decreased frequency of naps. An increased level of alertness and
stamina throughout the day was noted by caregivers.
Without modafinil use, our patient became tired and
irritable by early afternoon. With modafinil therapy,
our patient no longer required naps after school and
was more social, alert, and less irritable. A decrease in the
cataplectic episodes was demonstrated; the remaining episodes were limited to the morning hours prior to modafinil
administration.

Discussion
Sleep abnormalities in patients with PWS lead to detrimental effects on daily functioning and learning. Our
report provides a unique longitudinal perspective on
the disordered sleep of a PWS patient, and the effectiveness of long-term modafinil use for the treatment of
EDS in a young girl with PWS over the course of three
years. EDS is a common symptom of PWS, affecting
between 70 and 85 percent of PWS individuals [4].
Caregivers often report increased sleepiness in both
children and adults with PWS; individuals with PWS
also self-report higher levels of EDS compared to other
intellectually disabled groups [6]. EDS is also objectively demonstrated through abnormal MSLT results in
PWS patients. A collection of studies reviewed by
Maas et al. reported severe sleepiness (MSLT score less
than 5 minutes) in 40 to 50 percent of adults with PWS
and moderate to severe sleepiness (MSLT score less
than 10 minutes) in 70 to 100 percent [2,7]. A combination of obesity, craniofacial abnormalities, sleep apnea
and abnormalities of sleep structure are proposed contributing factors related to their daytime hypersomnia
[4]. Sleep difficulties can functionally impair attention
and behavior and overall cognitive status and school
functioning [1]. Our patient was initially noted to nap
for two to three hours each day and sleep for 12 hours
during the night. These sleep periods are relatively long
compared to age-matched peers; the average sleep duration for eight-year-olds is 10.6 ± 0.6h per 24h period

Page 4 of 6

[8]. A MSLT performed at age six revealed severe pathological sleepiness, with a MSLT score of less than 5 minutes. Generally, prepubertal children have mean sleep
latencies greater than 15 minutes [8]. Additionally, the
two SOREMs found on our patient’s MSLT are typical
features of both narcolepsy and PWS [4].
A variety of nighttime sleep architecture disturbances are also reported in PWS. The most commonly
observed dysfunction is a decreased REM sleep latency
and the presence of SOREM periods [9]. Other abnormalities include reduced percentage of REM sleep,
fragmented REM sleep, and decreased NREM sleep instability [4]. Studies specific to pediatric PWS patients
show a tendency for increased stage I sleep and decreased REM latency. The PSG testing over the course
of six years in our patient illustrates many of these findings.
Our patient also had a family history of EDS, which may
contribute to her significant sleep abnormalities.
Modafinil is a psychostimulant prescribed for the
treatment of sleepiness in narcolepsy and other hypersomnia disorders. The mechanism or set of mechanisms
through which modafinil promotes arousal and activity
are incompletely understood; however, it is believed to
activate the catecholamine systems at α and β adrenergic
receptors and dopamine receptors [10]. Treatment with
modafinil in small pilot studies has been shown to improve the sleepiness in patients with PWS [11] and was
clinically beneficial for our patient. The drug, however,
has no reported benefit on control of cataplexy [12].
Our patient began treatment with modafinil at age seven
years six months of age (initially at 50mg daily and then
progressed to 150mg daily). Two PSGs were performed
subsequent to the initiation of this drug and both revealed an improvement in a number of sleep parameters.
The PSG performed at ages eight and nine demonstrated
excellent improved sleep efficiencies of 94 and 95 percent, respectively. Additionally, modafinil therapy in
our patient eliminated SOREM periods and decreased
REM sleep latency. However, a reduction in REM
sleep remained at the final PSG at eight years of age,
indicating that not all aspects of sleep abnormality
were ameliorated with modafinil treatment. It is worth
noting that at the increased modafinil dosage (150mg
daily), a longer period of REM sleep was observed.
Therefore, further optimization of modafinil dosing
might be helpful. A MSLT would have been useful in
objectively assessing the impact of modafinil on our
patient’s hypersomnia after a period of therapy; however, the patient refused further MSLT testing. A
significant improvement in alertness, irritability, and
reduction in naps and cataplectic episodes was noted
by caregivers.
The neurobiologic basis of sleep abnormalities in
PWS are unclear and likely multifactorial. One of the
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proposed causes of EDS in PWS is a combination of
obesity and sleep apnea and its disruptive effect on
the quality of sleep. However, resolution of the above
issues in PWS does not completely eliminate their
sleep abnormalities; our subject was not obese [4].
Therefore additional mechanisms for their EDS may
include hypothalamic dysfunction (specifically hypothalamic control of circadian rhythm and NREM/REM
cycling) [10].
Further understanding of how genes in the PWS
locus are connected to sleep functioning offers insight
into an underlying cause of the sleep abnormalities observed in PWS. For example, one of the genes linked to
the phenotype of PWS is MAGEL2 which is expressed
in the suprachiasmatic nucleus (SCN) [13], the location of the body’s core circadian clock. These findings
in the mouse model of PWS suggest a possible connection between the genetics of the PWS, disrupted circadian rhythm and the observed sleep abnormalities. A
disrupted circadian rhythm associated with PWS might
also manifest as specific clinical metabolic (central
obesity, type 2 diabetes, and cardiovascular disease)
and sleep abnormalities observed in this condition.
Research has also illustrated the contribution that altered circadian rhythm and sleep patterns might result
in disrupted metabolic functioning, including impaired
insulin sensitivity and increased risk of diabetes, obesity and cardiovascular events in the general population
(Figure 1) [14]. Therefore, it is important to treat sleep
issues in patients with PWS not only for improvement
of sleep and energy levels, but also to prevent further metabolic deterioration in this disease. While one open-label

Figure 1 Sleep disturbances and metabolic functioning.

Page 5 of 6

study of modafinil treatment has been carried out in PWS
patients, duration of treatment was relatively short (1.7 to
14.7 months), no placebo was employed and a small number of subjects were included (n = 9) [11]. The long-term
benefit of modafinil for EDS and SDB associated with PWS
should be further explored in larger, controlled studies that
also address metabolic outcomes.

Conclusions
There are a number of published case reports of
pediatric patients with Prader-Willi syndrome, cataplexy and narcolepsy. This report provides novel information regarding the long-term improvement of
both sleep parameters and narcolepsy/cataplexy postmodafinil therapy. In our patient, EDS impaired nighttime sleep and narcoleptic/cataplectic episodes resulted
in significant decrease in overall quality of life. Treatment
with modafinil significantly improved these symptoms
and improved the quality of life of our patient over the
course of several years. Given the high incidence of SDB
and sleep disturbances in PWS, it is imperative to routinely screen for sleep and breathing problems during
clinic visits and work in conjunction with a pediatric
sleep specialist to manage these complex patients.
Consent
Written informed consent was obtained from the patient’s next-of-kin for publication of this case report
and any accompanying images. A copy of the written
consent is available for review by the Editor-in Chief of
this journal.

Weselake et al. Journal of Medical Case Reports 2014, 8:127
http://www.jmedicalcasereports.com/content/8/1/127

Abbreviations
AHI: apnea-hypopnea index; EDS: excessive daytime sleepiness; EtCO2: endtidal carbon dioxide; GH: growth hormone; MSLT: multiple sleep latency test;
NREM: non-rapid eye movement; PSG: polysomnography; PWS: Prader-Willi
syndrome; REM: rapid eye movement; SDB: sleep-disordered breathing;
SOREM: sleep-onset REM; SpO2: average oxygen saturation; TST: total sleep time.
Competing interests
The authors declare that they have no competing interests.

Page 6 of 6

13. Kozlov SV, Bogenpohl JW, Howell MP, Wevrick R, Panda S, Hogenesch JB,
Muglia LJ, Van Gelder RN, Herzog ED, Stewart CL: The imprinted
gene Magel2 regulates normal circadian output. Nat Genet 2007,
39:1266–1272.
14. Huang W, Ramsey KM, Marcheva B, Bass J: Circadian rhythms, sleep,
and metabolism. J Clin Invest 2011, 121:2133–2141.
doi:10.1186/1752-1947-8-127
Cite this article as: Weselake et al.: Prader-Willi syndrome, excessive
daytime sleepiness, and narcoleptic symptoms: a case report. Journal of
Medical Case Reports 2014 8:127.

Authors’ contributions
All authors have made substantive intellectual contributions to this paper.
All authors have contributed to the concept and design of the case
report. RC, MBW and AMH have diagnosed and/or treated the patient.
SVW, JLF, DR and AMH drafted the manuscript, and all authors have
critically revised the manuscript for important intellectual content.
All authors read and approved the final manuscript.
Acknowledgments
We thank Dr. Michael Freemark for helpful comments and suggestions.
Funded by the Canadian Institutes of Health Research (CIHR), Foundation for
Prader-Willi Research (FPWR), the Alberta Diabetes Institute and Women &
Children’s Health Research Institute, University of Alberta (to AMH).
Author details
1
Department of Medicine, University of Manitoba, 727 McDermot Avenue,
Winnipeg, MB R3E 3P5, Canada. 2Department of Pediatrics, University of
Alberta, 1C4.09 Walter C. Mackenzie Centre, 8440-112 Street NW, Edmonton,
AB T6G 2R7, Canada. 3Department of Kinesiology, California State University,
800 North State College Boulevard, Fullerton, CA 92831, USA.
Received: 28 August 2013 Accepted: 24 February 2014
Published: 17 April 2014
References
1. Chu CE, Cooke A, Stephenson JB, Tolmie JL, Clarke B, Parry-Jones WL,
Connor JM, Donaldson MD: Diagnosis in Prader-Willi syndrome.
Arch Dis Child 1994, 71:441–442.
2. Maas AP, Didden R, Bouts L, Smits MG, Curfs LM: Scatter plot analysis
of excessive daytime sleepiness and severe disruptive behavior in
adults with Prader-Willi syndrome: a pilot study. Res Dev Disabil 2009,
30:529–537.
3. Maas AP, Sinnema M, Didden R, Maaskant MA, Smits MG, Schrander-Stumpel CT,
Curfs LM: Sleep disturbances and behavioural problems in adults with
Prader-Willi syndrome. J Intellect Disabil Res 2010, 54:906–917.
4. Camfferman D, McEvoy RD, O’Donoghue F, Lushington K: Prader Willi
syndrome and excessive daytime sleepiness. Sleep Med Rev 2008,
12:65–75.
5. US Modafinil in Narcolepsy Multicenter Study Group: Randomized trial of
modafinil as a treatment for the excessive daytime somnolence of
narcolepsy. Neurology 2000, 54:1166–1175.
6. Cotton S, Richdale A: Brief report: parental descriptions of sleep problems
in children with autism, Down syndrome, and Prader-Willi syndrome.
Res Dev Disabil 2006, 27:151–161.
7. Hertz G, Cataletto M, Feinsilver SH, Angulo M: Sleep and breathing patterns
in patients with Prader-Willi syndrome (PWS): effects of age and gender.
Sleep 1993, 16:366–371.
8. American Academy of Sleep Medicine: International classification of sleep
disorders, revised: diagnostic and coding manual. Chicago, IL: American
Academy of Sleep Medicine; 2001.
9. Minzenberg MJ, Carter CS: Modafinil: a review of neurochemical actions
and effects on cognition. Neuropsychopharmacology 2008, 33:1477–1502.
10. Vela-Bueno A, Kales A, Soldatos CR, Dobladez-Blanco B, Campos-Castello J,
Espino-Hurtado P, Olivan-Palacios J: Sleep in the Prader-Willi syndrome.
Clinical and polygraphic findings. Arch Neurol 1984, 41:294–296.
11. De Cock VC, Diene G, Molinas C, Masson VD, Kieffer I, Mimoun E, Tiberge M,
Tauber M: Efficacy of modafinil on excessive daytime sleepiness in
Prader-Willi syndrome. Am J Med Genet A 2011, 155A:1552–1557.
12. Golicki D, Bala MM, Niewada M, Wierzbicka A: Modafinil for narcolepsy:
systematic review and meta-analysis. Med Sci Monit 2010, 16:RA177–RA186.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

