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OBJECTIVESOBJECTIVES

•• Discuss the epidemiology of pediatric Discuss the epidemiology of pediatric 

narcolepsynarcolepsy

•• Review the clinical signs and symptoms of Review the clinical signs and symptoms of 

pediatric narcolepsypediatric narcolepsypediatric narcolepsypediatric narcolepsy

•• Describe the pathophysiology of narcolepsyDescribe the pathophysiology of narcolepsy

•• Highlight the diagnostic testing of narcolepsyHighlight the diagnostic testing of narcolepsy

•• Highlight treatments for narcolepsyHighlight treatments for narcolepsy

DISCUSSION WITH TWO EXPERTSDISCUSSION WITH TWO EXPERTS

•• Heather and Heather and 

Lori ThompsonLori Thompson

NORMAL HYPNOGRAMNORMAL HYPNOGRAM CHARACTERISTICS CHARACTERISTICS 
OF REM SLEEPOF REM SLEEP

•• RapidRapid--Eye MovementEye Movement

•• Skeletal muscle atoniaSkeletal muscle atonia

•• Sawtooth EEG patternSawtooth EEG pattern

D iD i•• DreamingDreaming

Principles and Practice of Sleep Medicine, Principles and Practice of Sleep Medicine, 
2015. Chapter 141. Fig 1412015. Chapter 141. Fig 141--2, 1412, 141--5.5.
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NARCOLEPSYNARCOLEPSY--DEFINEDDEFINED

•• Lifelong condition of excessive daytime Lifelong condition of excessive daytime 
sleepinesssleepiness

•• May be accompanied with cataplexyMay be accompanied with cataplexy

•• Loss of muscle tone while awakeLoss of muscle tone while awake

HISTORYHISTORY
•• First described by Gelineau as First described by Gelineau as 

narcolepsienarcolepsie

•• Brief, recurrent attacks of Brief, recurrent attacks of 

sleepinesssleepiness

•• Frequent falls (atasias)Frequent falls (atasias)q ( )q ( )

•• Daniels in 1930’s described the Daniels in 1930’s described the 

clinical constellation that we clinical constellation that we 

identify as narcolepsyidentify as narcolepsy

•• Tetrad of symptomsTetrad of symptoms

Gelineau J. Gaz Hosp (Paris) 1880; 53:626Gelineau J. Gaz Hosp (Paris) 1880; 53:626--88
https://reliawire.com/storyhttps://reliawire.com/story--ofof--narcolepsy/narcolepsy/

INCIDENCEINCIDENCE
•• Daytime Sleepiness occurs in 10Daytime Sleepiness occurs in 10--20% of school20% of school--

aged children and adolescentsaged children and adolescents

•• Adult Incidence in Olmstead County, MinnesotaAdult Incidence in Olmstead County, Minnesota

•• 1.37 per 100,000 persons1.37 per 100,000 persons

•• 1.72 for men and 1.05 for women1.72 for men and 1.05 for women

P l 56 100 000P l 56 100 000•• Prevalence was 56 per 100,000Prevalence was 56 per 100,000

•• Prevalence in Japan: 1 in 600Prevalence in Japan: 1 in 600

•• Prevalence in Israel 1 in Prevalence in Israel 1 in 500,000500,000

•• Childhood Prevalence Estimate: Childhood Prevalence Estimate: 
2020--60 60 per 100,000 in the United Statesper 100,000 in the United States

Silber M et al. Sleep. 2002;25:197Silber M et al. Sleep. 2002;25:197--202202
Honda Y. Narcolepsy, 1998. 2457Honda Y. Narcolepsy, 1998. 2457
Lavie P, et al. Sleep. 1987;10:608Lavie P, et al. Sleep. 1987;10:608--99

EPIDEMIOLOGY CONTINUEDEPIDEMIOLOGY CONTINUED
•• Slight  male predominance (1.8 male:1 female)Slight  male predominance (1.8 male:1 female)

•• Age: Age: 

•• Typically presents in late adolescence, postTypically presents in late adolescence, post--pubertypuberty

•• Median age of onset is 14.7 yearsMedian age of onset is 14.7 years

•• 33% report symptoms starting before the age of 33% report symptoms starting before the age of 
15 years15 years

•• 15% prior to the age of 10 years15% prior to the age of 10 years

•• A lag of 5A lag of 5--15 years between onset of symptoms and 15 years between onset of symptoms and 
diagnosis is commondiagnosis is common

•• 4.6% diagnosed prior to 5 years of 4.6% diagnosed prior to 5 years of ageage

Challamel MJ, et al. Challamel MJ, et al. SleepSleep 1994;17S:161994;17S:16--2020
Han, F., et al.. Han, F., et al.. Annals of NeurologyAnnals of Neurology, 2011; , 2011; 7070(3), 410(3), 410––417. 417. 

EPIDEMIOLOGY CONTINUEDEPIDEMIOLOGY CONTINUED
•• In In China, seasonal variationChina, seasonal variation

•• Highest incidence in April and lowest in Highest incidence in April and lowest in 

NovemberNovember

•• ThreeThree--fold increase in narcolepsy in China fold increase in narcolepsy in China 

ft th H1N1 i fl d i i 2009ft th H1N1 i fl d i i 2009after the H1N1 influenza pandemic in 2009after the H1N1 influenza pandemic in 2009

Challamel MJ, et al. Challamel MJ, et al. SleepSleep 1994;17S:161994;17S:16--2020
Han, F., et al.. Han, F., et al.. Annals of NeurologyAnnals of Neurology, 2011; , 2011; 7070(3), 410(3), 410––417. 417. 

INCIDENCE IN FAMILIESINCIDENCE IN FAMILIES

•• Most cases are sporadicMost cases are sporadic

•• Risk of narcolepsy with cataplexy in a Risk of narcolepsy with cataplexy in a 

11stst--degree relative=1degree relative=1--2%2%

•• 1010--40 fold increase from the 40 fold increase from the 

general populationgeneral population
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FINANCIAL COSTS OF FINANCIAL COSTS OF 
NARCOLEPSYNARCOLEPSY
•• Compared with controls, narcolepsy subjects Compared with controls, narcolepsy subjects 

had approximately twofold higher annual rates had approximately twofold higher annual rates 

of inpatient admissions (0.15 vs. 0.08)of inpatient admissions (0.15 vs. 0.08)

•• Emergency department (ED) visits w/o Emergency department (ED) visits w/o 

admission (0.34 vs. 0.17)admission (0.34 vs. 0.17)

•• Hospital outpatient (OP) visits (2.8 vs. 1.4)Hospital outpatient (OP) visits (2.8 vs. 1.4)

•• Physician visits (11.1 vs. 5.6; all p < 0.0001Physician visits (11.1 vs. 5.6; all p < 0.0001))

Black, J., Reaven, et al. (2014). Black, J., Reaven, et al. (2014). Sleep MedicineSleep Medicine, , 1515(5), 522(5), 522––529. 529. 

FINANCIAL COSTS OF FINANCIAL COSTS OF 
NARCOLEPSYNARCOLEPSY
•• The The rate of total annual drug transactions was rate of total annual drug transactions was 

doubled in narcolepsy versus controls (26.4 vs. 13.3; doubled in narcolepsy versus controls (26.4 vs. 13.3; 

p < 0.0001)p < 0.0001)

•• 337% higher usage rate of narcolepsy drugs 337% higher usage rate of narcolepsy drugs 

•• 72% higher for non72% higher for non narcolepsy drugsnarcolepsy drugs•• 72% higher for non72% higher for non--narcolepsy drugs, narcolepsy drugs, 

respectively (both p < 0.0001)respectively (both p < 0.0001)

•• Mean yearly costs were significantly higher in Mean yearly costs were significantly higher in 

narcolepsy for medical services ($8346 vs. $4147; narcolepsy for medical services ($8346 vs. $4147; 

p<0.0001) and drugs ($3356 vs. $1114; p < 0.0001). p<0.0001) and drugs ($3356 vs. $1114; p < 0.0001). 

Black, J., Reaven, et al. (2014). Black, J., Reaven, et al. (2014). Sleep MedicineSleep Medicine, , 1515(5), 522(5), 522––529. 529. 

FORMS OF NARCOLEPSYFORMS OF NARCOLEPSY
TYPE I (NARCOLEPSY TYPE I (NARCOLEPSY 
WITH CATAPLEXY)WITH CATAPLEXY)

•• Excessive daytime Excessive daytime 
sleepinesssleepiness

TYPE II (NARCOLEPSY TYPE II (NARCOLEPSY 
WITHOUT CATAPLEXY)WITHOUT CATAPLEXY)

•• Excessive daytime Excessive daytime 
sleepinesssleepinesspp

•• HallucinationsHallucinations

•• Sleep paralysisSleep paralysis

•• Fragmented nighttime Fragmented nighttime 
sleepsleep

•• CataplexyCataplexy

•• Loss of orexinLoss of orexin

pp

•• HallucinationsHallucinations

•• Sleep paralysisSleep paralysis

•• Fragmented nighttime Fragmented nighttime 
sleepsleep

FOUR CENTRAL SYMPTOMS FOUR CENTRAL SYMPTOMS 
OF OF NARCOLEPSYNARCOLEPSY
•• Excessive Daytime SleepinessExcessive Daytime Sleepiness

•• CataplexyCataplexy

•• Hypnagogic and Hypnagogic and hypnopompichypnopompic

hallucinationshallucinations

•• REM SleepREM Sleep

•• Muscle atoniaMuscle atonia

•• DreamingDreaming

•• Muscle atoniaMuscle atonia
•• Sleep paralysisSleep paralysis

EXCESSIVE DAYTIME SLEEPINESSEXCESSIVE DAYTIME SLEEPINESS

•• Most common symptom of narcolepsyMost common symptom of narcolepsy

•• Seen in 100% of pediatric patientsSeen in 100% of pediatric patients

•• Chief complaint in 85% of pediatric patientsChief complaint in 85% of pediatric patients

•• Overwhelming urge to fall asleep that worsens in Overwhelming urge to fall asleep that worsens in g g pg g p

situations with low stimulation, but occurs in situations with low stimulation, but occurs in 

numerous numerous situationssituations

Aran A, et al. Aran A, et al. SLEEP.SLEEP. 2010;33(11):14572010;33(11):1457--14641464

EXCESSIVE DAYTIME SLEEPINESSEXCESSIVE DAYTIME SLEEPINESS

•• Occurs Occurs despite adequate nocturnal sleepdespite adequate nocturnal sleep

•• Patient may have frequent “microsleeps” Patient may have frequent “microsleeps” 

throughout the daythroughout the day

•• May be accompanied by autonomic behaviorsMay be accompanied by autonomic behaviorsy p yy p y

•• Often children labeled as lazyOften children labeled as lazy

Aran A, et al. Aran A, et al. SLEEP.SLEEP. 2010;33(11):14572010;33(11):1457--14641464
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CATAPLEXYCATAPLEXY
•• Second most common Second most common 

symptomsymptom

•• Sudden loss of muscle Sudden loss of muscle 

tone in the facial tone in the facial 

muscles, or thighs, back, muscles, or thighs, back, , g , ,, g , ,

neckneck

•• Typically in response to Typically in response to 

fright, rage, excitement, fright, rage, excitement, 

laughter, or surpriselaughter, or surprise

•• Intrusion of REM muscle Intrusion of REM muscle 

atonia in the wake state.atonia in the wake state. Serra, et al. Movement DisrodersSerra, et al. Movement Disroders.. 20082008

CATAPLEXYCATAPLEXY

•• Caused by the hyperpolarization of the spinal alpha Caused by the hyperpolarization of the spinal alpha 

motor neuronsmotor neurons

•• Results in the inhibition of skeletal muscle toneResults in the inhibition of skeletal muscle tone

•• Suppression of tendon reflexesSuppression of tendon reflexes

•• Suppression of the monosynaptic HSuppression of the monosynaptic H--reflexreflex

https://www.youtube.com/watch?v=1PuvXpv0yDMhttps://www.youtube.com/watch?v=1PuvXpv0yDM

https://www.youtube.com/watch?v=W9_IChX0Vm0https://www.youtube.com/watch?v=W9_IChX0Vm0

HALLUCINATIONSHALLUCINATIONS

•• Hypnagogic =Sleep onsetHypnagogic =Sleep onset

•• Hypnopompic= At awakening from sleepHypnopompic= At awakening from sleep

•• Hallucinations that are caused by intrusions of REM Hallucinations that are caused by intrusions of REM 
into the Wake stateinto the Wake state

•• Occurs in 50% of pediatric narcolepsy patientsOccurs in 50% of pediatric narcolepsy patients

•• 25% of normal adults have hypnagogic hallucinations25% of normal adults have hypnagogic hallucinations

•• 18% of normal adults have hypnopompic hallucinations18% of normal adults have hypnopompic hallucinations

Aran A, et al. Aran A, et al. SLEEP.SLEEP. 2010;33(11):14572010;33(11):1457--14641464

SLEEP PARALYSIS SLEEP PARALYSIS 

•• Momentary inability to move or speak that occurs Momentary inability to move or speak that occurs 

at sleep onset or offsetat sleep onset or offset

•• May be accompanied by eyeMay be accompanied by eye--fluttering, moaning, fluttering, moaning, 

or autonomic symptomsor autonomic symptoms

•• Ends spontaneously or if touched. Ends spontaneously or if touched. 

•• Occurs in 40Occurs in 40--80% of adults with narcolepsy80% of adults with narcolepsy

•• Occurs in 55% of pediatric narcolepsy patientsOccurs in 55% of pediatric narcolepsy patients

•• Occurs in 3Occurs in 3--5% of the general population5% of the general population

Aran A, et al. Aran A, et al. SLEEP.SLEEP. 2010;33(11):14572010;33(11):1457--14641464

OTHER SYMPTOMS: DISTURBED OTHER SYMPTOMS: DISTURBED 
NOCTURNAL SLEEPNOCTURNAL SLEEP
•• Sleep fragmentation and disruption is very common in Sleep fragmentation and disruption is very common in 

narcolepsynarcolepsy

•• 90% of adults and 92% of pediatric patients90% of adults and 92% of pediatric patients

•• Frequently sleep fragmentation with periodic limb movements Frequently sleep fragmentation with periodic limb movements 

seen on the sleep studyseen on the sleep studysee o t e s eep studysee o t e s eep study

OTHER SYMPTOMS: AUTONOMIC OTHER SYMPTOMS: AUTONOMIC 
BEHAVIORSBEHAVIORS

•• Frequent staring spellsFrequent staring spells

•• Repetitive behaviors are commonRepetitive behaviors are common

•• Often misdiagnosed as seizures or ADHDOften misdiagnosed as seizures or ADHD
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OTHER FEATURESOTHER FEATURES

•• Increased anxiety, depressionIncreased anxiety, depression

•• Impaired academic performanceImpaired academic performance

•• Decreased academic performanceDecreased academic performance

•• Increase in headachesIncrease in headaches

•• Precocious pubertyPrecocious puberty

•• 17% of narcolepsy patients17% of narcolepsy patients

NARCOLEPSY AND OBESITYNARCOLEPSY AND OBESITY
•• Obesity may occur near the onset on narcolepsy Obesity may occur near the onset on narcolepsy ––

cataplexycataplexy

•• Found in 50 to 74% of pediatric patients with narcolepsyFound in 50 to 74% of pediatric patients with narcolepsy

•• Inocente (2013): 50% children with narcolepsy with Inocente (2013): 50% children with narcolepsy with 
ZZ--score score >2.0>2.0

•• May be due to loss of nocturnal leptin riseMay be due to loss of nocturnal leptin rise

•• Leptin is an appetite suppressant hormoneLeptin is an appetite suppressant hormone

•• May be due to decreased basal metabolic rateMay be due to decreased basal metabolic rate

•• Children may gain 20Children may gain 20--40 pounds at onset (Scammell, 40 pounds at onset (Scammell, 
NEJM, 2015)NEJM, 2015)

NARCOLEPSY AND NARCOLEPSY AND OBESITYOBESITY
IN IN ALABAMAALABAMA

•• Retrospective review Retrospective review 

•• 21 patients between 21 patients between 

44--18 years of age18 years of age

•• Mean BMI%: 82 63%Mean BMI%: 82 63%
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Nutritional Status at Diagnosis

•• Mean BMI%: 82.63%Mean BMI%: 82.63%

•• Only 28.6% were at Only 28.6% were at 

normal weight at normal weight at 

diagnosisdiagnosis

Slide courtesy of Valerie Tarn, MS, RD, LDSlide courtesy of Valerie Tarn, MS, RD, LD
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PATHOPHYSIOLOGYPATHOPHYSIOLOGY
•• Association between narcolepsy and Association between narcolepsy and 

histocompatibility leukocyte antigen (HLA) DR2histocompatibility leukocyte antigen (HLA) DR2

•• Stronger association with HLA DQB1*0602 and Stronger association with HLA DQB1*0602 and 
HLA DQA*0102HLA DQA*0102

•• Found in 95Found in 95--100% of patients with narcolepsy 100% of patients with narcolepsy 
and 12and 12--38% of the general population38% of the general population

•• HLA DQB*0102 was linked to shorter REM HLA DQB*0102 was linked to shorter REM 
latency, increased sleep efficiency, and and latency, increased sleep efficiency, and and 
decreased N1 sleepdecreased N1 sleep

HYPOCRETINHYPOCRETIN
•• Discovered in canine Discovered in canine 

narcolepsynarcolepsy

•• HypocretinHypocretin--containing containing 
neurons are found in the neurons are found in the 
dorsolateral hypothalamus dorsolateral hypothalamus 
and have widespreadand have widespreadand have widespread and have widespread 
projectionsprojections

•• Project to the basal Project to the basal 
forebrain, amygdala, forebrain, amygdala, 
reticular formation, reticular formation, 
pontine nucleus, raphe pontine nucleus, raphe 
nucleus, and dorsal nucleus, and dorsal 
spinal spinal cordcord

http://pharmrev.aspetjournals.org/content/64/3/389http://pharmrev.aspetjournals.org/content/64/3/389

HYPOCRETINHYPOCRETIN
•• HypocretinHypocretin stimulate food stimulate food 

intake, increase basal intake, increase basal 
metabolic rate, and metabolic rate, and 
promote arousalpromote arousal

•• Canine models Canine models 
demonstrate narcolepsy demonstrate narcolepsy 
with a decline in with a decline in 
hypocretin receptor hypocretin receptor 
density.density.

http://pharmrev.aspetjournals.org/content/64/3/389http://pharmrev.aspetjournals.org/content/64/3/389
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PATHOPHYSIOLOGYPATHOPHYSIOLOGY
•• Narcolepsy with cataplexy is linked to a low level Narcolepsy with cataplexy is linked to a low level 

of CSF hypocretinof CSF hypocretin--1 or orexin1 or orexin

•• Neurons in the hypothalamic region that have Neurons in the hypothalamic region that have 

widespread projectionswidespread projections

•• Decrease in the amount of hypocretinDecrease in the amount of hypocretin--1 strongly 1 strongly 

correlates with narcolepsy with cataplexycorrelates with narcolepsy with cataplexy

•• Leads to downregulation of noraderenergic and Leads to downregulation of noraderenergic and 

dopaminergic pathways and upregulation of the dopaminergic pathways and upregulation of the 

REM facilitating pathwaysREM facilitating pathways

TWO HIT HYPOTHESISTWO HIT HYPOTHESIS
•• Genetic susceptibility and Genetic susceptibility and 

stressstress

•• Twin studies with HLA Twin studies with HLA 
DQB*0602DQB*0602

•• One with narcolepsy at 12 One with narcolepsy at 12 
yearsyears 0
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•• One with narcolepsy at 44 One with narcolepsy at 44 
after emotional stress and after emotional stress and 
sleep deprivationsleep deprivation

•• Major life event, systemic Major life event, systemic 
illness, injury or bereavement illness, injury or bereavement 
seen in 82% of narcolepsy seen in 82% of narcolepsy 
patients versus 44% of controls.patients versus 44% of controls.

Orellana C, et al. Sleep. 1994;17 Orellana C, et al. Sleep. 1994;17 
(S1):50(S1):50--53.53.
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Adapted from Kanbayashi T, et al. Adapted from Kanbayashi T, et al. 
J Sleep Res. 2002;11:91J Sleep Res. 2002;11:91--93.93.

ANATOMY OF NARCOLEPSYANATOMY OF NARCOLEPSY
•• Located in the hypothalamusLocated in the hypothalamus

McGinty D, et al. Principles and Practice of Sleep Medicine, 2015. Chapter 7.McGinty D, et al. Principles and Practice of Sleep Medicine, 2015. Chapter 7.

EVALUATIONEVALUATION

•• History and PhysicalHistory and Physical

•• Standardized scales and instrumentsStandardized scales and instruments

•• Diagnostic testingDiagnostic testing

MEDICAL HISTORY MEDICAL HISTORY 

•• Assess for head trauma, neurologic Assess for head trauma, neurologic 

diseasesdiseases

•• Family historyFamily history

•• Behavioral assessmentBehavioral assessment

•• Obtain developmental history Obtain developmental history 

SLEEP HISTORYSLEEP HISTORY
•• Ask about:Ask about:

•• Bedtime ProblemsBedtime Problems

•• Excessive Daytime Excessive Daytime 
SleepinessSleepiness

A k i D iA k i D i•• Awakenings During Awakenings During 
the nightthe night

•• Regularity and Regularity and 
duration of sleep duration of sleep 

•• Snoring Snoring 

Mindell JA, Owens JA. Mindell JA, Owens JA. A Clinical Guide to Pediatric Sleep, Diagnosis and Management A Clinical Guide to Pediatric Sleep, Diagnosis and Management 
of Sleep Problems. of Sleep Problems. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. Philadelphia, PA: Lippincott Williams & Wilkins; 2003. 
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EVALUATION TOOLSEVALUATION TOOLS
•• Sleep DiarySleep Diary

•• Formal Sleepiness ScalesFormal Sleepiness Scales

•• Epworth Modified Sleepiness ScaleEpworth Modified Sleepiness Scale

•• Pediatric Daytime Sleepiness ScalePediatric Daytime Sleepiness Scale

•• Cleveland Adolescent Sleepiness ScaleCleveland Adolescent Sleepiness Scale

Date Day

5‐Dec Mon B

6‐Dec Tues B

7‐Dec Wed B

8‐Dec Thur B

9‐Dec Fri

10‐Dec Sat B

11‐Dec Sun B B

12‐Dec Mon B

13‐Dec Tue B

14‐Dec Wed B

15‐Dec Thu

Sleep Diary Received

Sleep Diary Returned

B= Patient in bed

= Patient is asleep

23001200 1300 1400 1500 1600 1700 1800 1900 2000 2100 22001100MN__ 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000

NPSG/MSLTNPSG/MSLT

•• Diagnostic studies done in sleep labDiagnostic studies done in sleep lab

•• Nocturnal PolySomnoGraphy and the Mean Nocturnal PolySomnoGraphy and the Mean 

Sleep Latency TestSleep Latency Test

•• NPSG rules out other causes of daytimeNPSG rules out other causes of daytime•• NPSG rules out other causes of daytime NPSG rules out other causes of daytime 

sleepinesssleepiness

•• OSAOSA

•• PLMSPLMS

•• Document a good night of sleepDocument a good night of sleep

MEAN SLEEP LATENCY TEST (MSLT)MEAN SLEEP LATENCY TEST (MSLT)

•• Diagnostic gold standard for diagnosis of narcolepsyDiagnostic gold standard for diagnosis of narcolepsy

•• Standardized assessment to determine the patient’s Standardized assessment to determine the patient’s 

ability to fall asleepability to fall asleep

•• 5 Nap Opportunities5 Nap Opportunities

P ti t h ld t b t ki ti l t d iP ti t h ld t b t ki ti l t d i•• Patient should not be taking any stimulants during Patient should not be taking any stimulants during 

MSLTMSLT

•• Measures the Time to Sleep OnsetMeasures the Time to Sleep Onset

•• Normal MSLT (adult): 11.6 +Normal MSLT (adult): 11.6 +--5.2min5.2min

•• Narcolepsy: 3.1 +Narcolepsy: 3.1 +--2.9 min2.9 min

•• Assesses the Presence of Sleep Onset REMS (SOREMs)Assesses the Presence of Sleep Onset REMS (SOREMs)

MSLT VARIES WITH TANNER STAGESMSLT VARIES WITH TANNER STAGES

Stage of DevelopmentStage of Development Mean Sleep Latency Mean Sleep Latency 
(min)(min)

Standard Deviation Standard Deviation 
(min)(min)

Tanner Stage ITanner Stage I 18.818.8 1.81.8

Tanner Stage IITanner Stage II 18.318.3 2.12.1

Tanner Stage IIITanner Stage III 16 516 5 2 82 8Tanner Stage IIITanner Stage III 16.516.5 2.82.8

Tanner Stage IVTanner Stage IV 15.515.5 3.33.3

Tanner Stage VTanner Stage V 16.216.2 1.51.5

Older adolescentsOlder adolescents 15.815.8 3.53.5

Carskadon M. 1982Carskadon M. 1982

CSF HYPOCRETINCSF HYPOCRETIN--1/OREXIN LEVEL1/OREXIN LEVEL

•• Lumbar puncture to obtain CSF levels of Lumbar puncture to obtain CSF levels of 

hypocretinhypocretin--11

•• Levels are low in patients with narcolepsy Levels are low in patients with narcolepsy 

with cataplexywith cataplexywith cataplexywith cataplexy

DIFFERENTIAL DIAGNOSISDIFFERENTIAL DIAGNOSIS
• Insufficient sleep syndrome
• Abnormal sleep hygiene
• Circadian rhythm disorders
• Psychiatric disorders
• Conversion disorder
• Drug Abuse
• Nocturnal seizures
• Brain tumors
• Klein-Levin syndrome
• Post-concussion syndrome
• Idiopathic hypersomnolence
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INSUFFICIENT SLEEP SYNDROMEINSUFFICIENT SLEEP SYNDROME

•• Most teenagers Most teenagers 

do not get do not get 

enough sleepenough sleep

•• Median sleepMedian sleepMedian sleep Median sleep 

time: 6.5 to 7 time: 6.5 to 7 

hourshours

https://sleepfoundation.org/sites/default/files/microsite/assets/howhttps://sleepfoundation.org/sites/default/files/microsite/assets/how--muchmuch--sleepsleep--
dodo--wewe--reallyreally--needneed--infographic.pnginfographic.png

THE 24/7 LIFESTYLETHE 24/7 LIFESTYLE
•• 100 adolescents (12100 adolescents (12--18 years old) in Philadelphia 18 years old) in Philadelphia 

studied 2007studied 2007--20082008

•• Median household income $53,000Median household income $53,000

•• 66% had TV in bedroom, 90% had cell phone, 66% had TV in bedroom, 90% had cell phone, 

79% h d MP3 l79% h d MP3 l79% had MP3 player79% had MP3 player

•• Engage in 4 electronic activities after 9:00PMEngage in 4 electronic activities after 9:00PM

•• SleepSleep

•• 79.1% had <8 hours sleep79.1% had <8 hours sleep

•• 33% fell asleep during school33% fell asleep during school

Calamaro C et al. PEDIATRICS 
2009 123(6) 1005 10

ABNORMAL SLEEP HYGIENE ABNORMAL SLEEP HYGIENE 

•• Use of stimulants (caffeine, Use of stimulants (caffeine, 

ADHD medications)ADHD medications)

•• 85% report drinking caffeine85% report drinking caffeine

•• Median intake 144 mg Median intake 144 mg 

(27% less than 100 (27% less than 100 

mg/day)mg/day)

•• Using the bed and bedroom Using the bed and bedroom 

for activities other than sleepfor activities other than sleep

Image from www.time.comImage from www.time.com

POOR SLEEP HABITSPOOR SLEEP HABITS
•• Excessive time in bedExcessive time in bed

•• Daytime nappingDaytime napping

•• Irregular sleepIrregular sleep--wake wake 

exposureexposure

Rogers R. Chest. 2011;140:572Rogers R. Chest. 2011;140:572

•• Exposure to late night Exposure to late night 

blue wavelength blue wavelength light light 

•• LEDLED--screensscreens

•• Phone calls and social Phone calls and social 

media use latemedia use late--night night 

and early morningand early morning

CIRCADIAN RHYTHM DISORDERSCIRCADIAN RHYTHM DISORDERS

http://www.melatoninecheck.nl/background.asphttp://www.melatoninecheck.nl/background.asp

KLEINKLEIN--LEVIN SYNDROMELEVIN SYNDROME

•• Rare disease of Rare disease of hypersomnolencehypersomnolence

•• Occurs in adolescentsOccurs in adolescents

•• Male >FemaleMale >Female

•• 1616--20 hours asleep per day for several days 20 hours asleep per day for several days 

in a row up to 2in a row up to 2--3 months followed by 3 months followed by 

periods of normalityperiods of normality

•• Often with Often with hyperphagiahyperphagia and hypersexual and hypersexual 

behaviorbehavior
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IDIOPATHIC IDIOPATHIC HYPERSOMNOLENCEHYPERSOMNOLENCE

•• Excessive Daytime sleepinessExcessive Daytime sleepiness

•• Have MSLT with mean sleep onset less Have MSLT with mean sleep onset less 

than 8 minutes but fewer than 2 Sleep than 8 minutes but fewer than 2 Sleep 

Onset REMOnset REMOnset REMOnset REM

•• Often short naps are not restorativeOften short naps are not restorative

•• May experience ”Sleep May experience ”Sleep drunkenessdrunkeness””

•• Prolonged confusion with awakeningsProlonged confusion with awakenings

ICSDICSD--3 NARCOLEPSY TYPE I3 NARCOLEPSY TYPE I

•• Periods of irrepressible need to sleep or daytime Periods of irrepressible need to sleep or daytime 

lapses into sleep occurring for at least 3 monthslapses into sleep occurring for at least 3 months

•• Presence of one or both of the following:Presence of one or both of the following:

•• Cataplexy and <8minutes and two SOREMP on Cataplexy and <8minutes and two SOREMP on 

MSLT (A SOREM within 15 minutes on the NPSG MSLT (A SOREM within 15 minutes on the NPSG 

may count for one)may count for one)

•• CSF HypocretinCSF Hypocretin--1 concentration, measured by 1 concentration, measured by 

immunoreactivityimmunoreactivity, is either <110pg/, is either <110pg/mLmL or 1/3 of or 1/3 of 

mean vales in normal subjects within the mean vales in normal subjects within the 

standardized assessmentstandardized assessment

ICSDICSD--3 NARCOLEPSY TYPE 23 NARCOLEPSY TYPE 2

•• Periods of irrepressible need to sleep or daytime Periods of irrepressible need to sleep or daytime 
lapses into sleep occurring for at least 3 monthslapses into sleep occurring for at least 3 months

•• Absence of cataplexyAbsence of cataplexy

•• Presence of one or both of the following:Presence of one or both of the following:

•• Cataplexy and <8minutes and two SOREMP onCataplexy and <8minutes and two SOREMP on•• Cataplexy and <8minutes and two SOREMP on Cataplexy and <8minutes and two SOREMP on 
MSLT (A SOREM within 15 minutes on the NPSG MSLT (A SOREM within 15 minutes on the NPSG 
may count for one)may count for one)

•• CSF HypocretinCSF Hypocretin--1 concentration, measured by 1 concentration, measured by 
immunoreactivityimmunoreactivity, is either <110pg/, is either <110pg/mLmL or 1/3 of or 1/3 of 
mean vales in normal subjects within the mean vales in normal subjects within the 
standardized assessmentstandardized assessment

TREATMENT/MANAGEMENTTREATMENT/MANAGEMENT

•• Creation of an Creation of an IndividualizedIndividualized

Treatment Treatment PlanPlan

•• EducationEducation

•• Healthy Sleep HabitsHealthy Sleep Habits

•• Behavioral changesBehavioral changes

•• MedicationsMedications

EDUCATIONEDUCATION

•• Discuss the diagnosis and disease with Discuss the diagnosis and disease with 

patient, friends, and family memberspatient, friends, and family members

•• Include other impacted individualsInclude other impacted individuals

•• Coaches, teachersCoaches, teachers

•• Notify school officialsNotify school officials

•• 504 Accommodation Plans or IEP504 Accommodation Plans or IEP

HEALTHY SLEEP HABITSHEALTHY SLEEP HABITS

•• Maintain good sleep scheduleMaintain good sleep schedule

•• Keep a set wake timeKeep a set wake time

•• Short, 15Short, 15--minute naps are helpfulminute naps are helpful

•• May lessen sleep pressure and daytime May lessen sleep pressure and daytime 

sleepinesssleepiness

•• Use the bed for sleep onlyUse the bed for sleep only

•• Limit screen time prior to bedtimeLimit screen time prior to bedtime
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BEHAVIORAL CHANGESBEHAVIORAL CHANGES

•• Limit caffeine and alcohol useLimit caffeine and alcohol use

•• Incorporate exercise in the daily routineIncorporate exercise in the daily routine

•• Enhances alertness and may Enhances alertness and may 

counteract weight gaincounteract weight gain

•• Stop nicotine useStop nicotine use

DANGEROUS ACTIVITIES DANGEROUS ACTIVITIES 

•• Certain Activities of Daily Life are more Certain Activities of Daily Life are more 

dangerous with narcolepsydangerous with narcolepsy

•• CookingCooking

•• SwimmingSwimming

•• DrivingDriving

DRIVINGDRIVING
•• French study of patients with narcolepsyFrench study of patients with narcolepsy

•• Was modulated by subjective sleepiness level (Epworth Was modulated by subjective sleepiness level (Epworth 
scale and naps). scale and naps). 

•• The risk of car accidents of patients treated for at least 5 The risk of car accidents of patients treated for at least 5 
years was not different to healthy subjects (OR = 1.23 years was not different to healthy subjects (OR = 1.23 
95%CI = [0.5695%CI = [0.56--2.69]).2.69]). Odds Ratio of Crashes95%CI  [0.5695%CI  [0.56 2.69]). 2.69]). 

Adapted from Pizza, F., Adapted from Pizza, F., 
et al. (2015). et al. (2015). PloSPloS OneOne, , 
1010(6), e0129386. (6), e0129386. 
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•• Narcoleptics reported :Narcoleptics reported :

•• falling asleep while driving (66% vs. 6.2%), falling asleep while driving (66% vs. 6.2%), 

•• Cataplexy while driving (29% vs. 0%), Cataplexy while driving (29% vs. 0%), 

•• Sleep paralysis while driving (11.5% vs. 0%), Sleep paralysis while driving (11.5% vs. 0%), 

DRIVINGDRIVING

•• frequent near accidents (67% vs. 0%), frequent near accidents (67% vs. 0%), 

•• motor vehicle accidents (37% vs. 5.3%), motor vehicle accidents (37% vs. 5.3%), 

•• Increased insurance rates (16% vs. 1%) Increased insurance rates (16% vs. 1%) 

•• suspended driver's license (6.1% vs. suspended driver's license (6.1% vs. 3.93.9

Broughton R,  et al. Broughton R,  et al. Can J Can J NeurolNeurol SciSci 1981 ;8:2991981 ;8:299--304 304 

•• Aldrich Aldrich reported a 1.5reported a 1.5-- to 4.0to 4.0--fold increase in fold increase in 

auto accidents associated with demonstrated auto accidents associated with demonstrated 

hypersomniahypersomnia

•• The proportion of patients with narcolepsy The proportion of patients with narcolepsy 

DRIVINGDRIVING

p p p p yp p p p y

reporting sleepreporting sleep--related auto accidents was related auto accidents was 

greater than four times that of controlsgreater than four times that of controls

Broughton R,  et al. Broughton R,  et al. Can J Can J NeurolNeurol SciSci 1981 ;8:2991981 ;8:299--304 304 

MEDICATIONSMEDICATIONS

•• Address therapy to sleepiness or to Address therapy to sleepiness or to 

cataplexy symptomscataplexy symptoms

•• None of the pharmaceuticals that I cam None of the pharmaceuticals that I cam 

b t t t lk b t h FDAb t t t lk b t h FDA llabout to talk about have an FDAabout to talk about have an FDA--approval approval 

for the treatment of narcolepsy in childrenfor the treatment of narcolepsy in children

•• Recommendations are based on scientific Recommendations are based on scientific 

evidence where available and on evidence where available and on 

consensus when no data is available.consensus when no data is available.



4/24/2018

11

MEDICATIONS FOR SLEEPINESSMEDICATIONS FOR SLEEPINESS

•• Treatment is stimulants (Treatment is stimulants (sympathomimeticsympathomimetic

amines)amines)

•• Cause increased release and inhibition of Cause increased release and inhibition of 

dopamine reuptakedopamine reuptakedopamine reuptakedopamine reuptake

•• NorepinephrineNorepinephrine effects are also effects are also 

important for the important for the amphetaminesamphetamines

MEDICATIONS FOR SLEEPINESSMEDICATIONS FOR SLEEPINESS

•• MedicationsMedications::

•• MethyphenidateMethyphenidate 5 mg PO BID5 mg PO BID--TIDTID

•• DexroamphetamineDexroamphetamine 2.52.5--5 mg 5 mg popo QDQD--BIDBID

•• Mixed amphetamine salts 5Mixed amphetamine salts 5--10 mg 10 mg popo BIDBIDpp gg pp

•• OROSOROS--methylphenidate 18methylphenidate 18--54 mg QAM54 mg QAM

•• ExtendedExtended--release release amphentamineamphentamine salts salts 

55--30 30 mg PO QDmg PO QD

•• LisdexamfetamineLisdexamfetamine dimesylatedimesylate

2020--70mg 70mg popo QAMQAM

SIDE EFFECTS OF STIMULANTSSIDE EFFECTS OF STIMULANTS

•• Loss of appetiteLoss of appetite

•• NervousnessNervousness

•• TicsTics

•• HeadacheHeadache•• HeadacheHeadache

•• InsomniaInsomnia

•• ArrythmiasArrythmias

•• Development of tolerance, dependence Development of tolerance, dependence 
and addictionand addiction

MODAFINILMODAFINIL//ARMODAFINILARMODAFINIL

•• Dose: 50Dose: 50--200 mg PO QAM/150200 mg PO QAM/150--250 250 popo QAMQAM

•• Unknown mechanism of actionUnknown mechanism of action

•• At least partially inhibits the active transport At least partially inhibits the active transport 

of dopamine and dopamine reuptakeof dopamine and dopamine reuptakeof dopamine and dopamine reuptakeof dopamine and dopamine reuptake

•• First line therapy for adults with EDS from First line therapy for adults with EDS from 

narcolepsynarcolepsy

•• Less side effects that other stimulants, but Less side effects that other stimulants, but 

slightly less slightly less efficaciousefficacious

MODAFINILMODAFINIL//ARMODAFINILARMODAFINIL

•• Low Low risk of abuse and addictionrisk of abuse and addiction

•• Side effects: disturbed sleep, nausea, Side effects: disturbed sleep, nausea, 

diarrhea, decreased appetite, headaches, diarrhea, decreased appetite, headaches, 

anxiety and depression, Stevensanxiety and depression, Stevens--Johnson Johnson y p ,y p ,

syndromesyndrome

•• Results in decreased efficacy of hormonal Results in decreased efficacy of hormonal 

based birth controlbased birth control

TREATING CATAPLEXYTREATING CATAPLEXY
•• Cataplexy is Cataplexy is 

mediated by mediated by 

cholinergic cholinergic 

pathways in the pathways in the 

brainstembrainstembrainstembrainstem

•• Treatment: Treatment: 

Medications with Medications with 

antianti--cholinergic cholinergic 

propertiesproperties

•• SSRIs are usefulSSRIs are useful McGinty D, et al. Principles and Practice 
of Sleep MedicineMedicine, 2015. Chapter 7.
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MEDICATIONS FOR CATAPLEXYMEDICATIONS FOR CATAPLEXY

•• SSRI:SSRI:

•• Venlafaxine37.5Venlafaxine37.5--50mg PO QD50mg PO QD

•• Flupxetine10Flupxetine10--30 mg 30 mg popo QAMQAM

•• SertralineSertraline 2525--100 mg 100 mg popo QD25QD25--100mg 100mg popo QD div QD div 

twice per daytwice per daytwice per daytwice per day

•• Side effects: Weight loss, headaches, dizziness, Side effects: Weight loss, headaches, dizziness, 

insomniainsomnia

•• ClomimipramineClomimipramine 2525--100 mg 100 mg popo QD divided twice per dayQD divided twice per day

•• Side effects: Weight gain, constipation, Side effects: Weight gain, constipation, xerostomiaxerostomia, , 

nervousnessnervousness

GAMMA GAMMA HYDROXYBUTYRATEHYDROXYBUTYRATE

•• Approved by the FDA for treatment of EDS and Approved by the FDA for treatment of EDS and 

cataplexy in patients >16 yearscataplexy in patients >16 years

•• GammaGamma--aminobutyricaminobutyric acid B (GABAacid B (GABA--B) receptor B) receptor 

agonistagonist

•• Increases Slow Wave (N3) sleepIncreases Slow Wave (N3) sleep

•• Short half life: 40Short half life: 40--60 minutes60 minutes

•• Dosing: Children 60 mg/kg up to 3Dosing: Children 60 mg/kg up to 3--6g per night in 2 6g per night in 2 

divided dosesdivided doses

•• Adolescents: 4.5Adolescents: 4.5--9 g per night in 2 divided doses9 g per night in 2 divided doses

SIDE EFFECTS OF SODIUM SIDE EFFECTS OF SODIUM OXYBATEOXYBATE

•• Nausea, vomitingNausea, vomiting

•• Weight lossWeight loss

•• TremorTremor

•• ConstipationConstipation•• ConstipationConstipation

•• AnxietyAnxiety

•• Suicidal ideationSuicidal ideation

•• High salt load and can be respiratory depressantHigh salt load and can be respiratory depressant

•• Significant potential for abuseSignificant potential for abuse

PSYCHOLOGICAL AND OTHER PSYCHOLOGICAL AND OTHER 
IMPACTIMPACT
•• https://www.youtube.com/watch?v=VA6FeiGgLF0https://www.youtube.com/watch?v=VA6FeiGgLF0

PSYCHOLOGICAL IMPACTPSYCHOLOGICAL IMPACT

•• 33% felt others did not understand or 33% felt others did not understand or 

were intolerant of diseasewere intolerant of disease

•• Sleep attacks in conversation lead to Sleep attacks in conversation lead to 

alienationalienationalienationalienation

•• 50% report decreased grades due to 50% report decreased grades due to 

narcolepsynarcolepsy

•• 30% report embarrassment of symptoms 30% report embarrassment of symptoms 

in classroomin classroom
BeuchartBeuchart , et al. 2005., et al. 2005.

STRUGGLES DUE TO NARCOLEPSYSTRUGGLES DUE TO NARCOLEPSY

•• Mental fogginess that makes it hard to Mental fogginess that makes it hard to 

concentrateconcentrate

•• Memory issues and automatic behavior that can Memory issues and automatic behavior that can 

lead to feelings of uncertainty about dailylead to feelings of uncertainty about dailylead to feelings of uncertainty about daily lead to feelings of uncertainty about daily 

events and selfevents and self--doubtdoubt

•• Sleepiness that causes unintentional napping at Sleepiness that causes unintentional napping at 

school or work, which can be embarrassing and school or work, which can be embarrassing and 

problematicproblematic

Harvard Sleep Health, 2018Harvard Sleep Health, 2018
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STRUGGLES DUE TO NARCOLEPSYSTRUGGLES DUE TO NARCOLEPSY

•• Narcolepsy Narcolepsy can also impact social interactions. can also impact social interactions. 

People living with narcolepsy may:People living with narcolepsy may:

•• Strain to stay awake during social activities such Strain to stay awake during social activities such 

as watching a movie with friendsas watching a movie with friends

B f d kiB f d ki•• Be confused or grumpy upon wakingBe confused or grumpy upon waking

•• Need to take naps at inconvenient timesNeed to take naps at inconvenient times

•• Have hallucinations during conversationsHave hallucinations during conversations

•• Experience cataplexy at awkward times, such as Experience cataplexy at awkward times, such as 

when laughing with friends at a partywhen laughing with friends at a party

Harvard Sleep Health, 2018Harvard Sleep Health, 2018

SCHOOL ISSUESSCHOOL ISSUES
• Individualized Educational Plans

• Plan or program developed 
to ensure a child with a 
disability identified under the 
law and attending an 
l t f delementary of secondary 

educational institution 
receives specialized 
instruction and related 
services

• Individuals with Disabilities 
Education Act

SCHOOL ISSUESSCHOOL ISSUES
• 504 Plan 

• Plan or program developed to 
ensure a child with a disability 
identified under the law and 
attending an elementary of 
secondary educational institutionsecondary educational institution 
receives accommodations 
that will ensure their 
academic success and access 
to the learning environment

• Broader definition of disability: 
limit one or more basic life 
activity

IEP IEP VSVS 504 PLAN504 PLAN
IEP 504 Plan

Description Blueprint for special ed
experience at school

Blueprint for access to learning 
at school

What it 
does

Provides individualized 
special education and 
services to meet unique 
needs of child

Provides services and changes 
to learning environment to meet 
needs of child as adequately 
other students

Eligibility One of 13 disabilities in IDEA 
that affect the educational 
performance

Any disability that interferes with 
ability to learn in a general 
educational classroom

Review Annual Varies by state

Funding No charge to student. States 
receive funding for eligible 
students

No charge to student. States do 
NOT receive extra funding for 
eligible students. Can lose 
federal funding if non-compliant

CONTENTCONTENT
IEPIEP
•• Sets learning goals and Sets learning goals and 

describes servicesdescribes services

•• Written documentWritten document

•• Specifies current performanceSpecifies current performance

504 PLAN504 PLAN
•• Does not have to be Does not have to be 

writtenwritten

•• Specific Specific 

accommodations, accommodations, 

supports or servicessupports or services
•• Annual education goalsAnnual education goals

•• Services to receiveServices to receive

•• AccomodationsAccomodations to environmentto environment

•• Modifications to Modifications to curriculmcurriculm

•• Standardized test participationStandardized test participation

supports, or servicessupports, or services

•• Names of who will Names of who will 

provide servicesprovide services

RESOURCESRESOURCES
•• Narcolepsy NetworkNarcolepsy Network-- www.narcolepsynetwork.orgwww.narcolepsynetwork.org

•• Wake Up Wake Up NarcolpesyNarcolpesy-- www.wakeupnarcolepsy.orgwww.wakeupnarcolepsy.org

•• Pediatric Pulmonary Center Sleep Education Web Pediatric Pulmonary Center Sleep Education Web 

ModulesModules

•• http://ppc.mchtraining.net/ppchttp://ppc.mchtraining.net/ppc--sleepsleep

•• Clinical Guide to Pediatric Sleep: Diagnosis and Clinical Guide to Pediatric Sleep: Diagnosis and 

Management of Sleep ProblemsManagement of Sleep Problems

•• Jodi A Mindell and Judith A. OwensJodi A Mindell and Judith A. Owens


