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 Function of sleepFunction of sleep
Normal sleep in the pediaNormal sleep in the pediap pp p
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Lessons on funLessons on fun

 Sleep in humans and animSleep in humans and animpp
for neuropsychological fufor neuropsychological fu

 Theories regarding functiTheories regarding functig gg g
Possible role in energy Possible role in energy 
Memory consolidationMemory consolidationMemory consolidation Memory consolidation 

 Learning, memory, cognitLearning, memory, cognit
Maintain body homeostasMaintain body homeostasMaintain body homeostasMaintain body homeostas
 regulate body temperatregulate body temperat
 heart rate;  blood pressheart rate;  blood press
 appetiteappetite

nction of Sleepnction of Sleeppp

mals is necessary for life and mals is necessary for life and yy
unctionunction
ion of sleep:ion of sleep:pp
conservationconservation
and reinforcementand reinforcementand reinforcementand reinforcement
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Sleep ArcSleep Arc
Wake, REM and NonWake, REM and Non--RERE

REM sleep: Dream sleepREM sleep: Dream sleep
h t i d b fh t i d b f characterized by profoucharacterized by profou

NN REM i di id d i tREM i di id d i tNonNon--REM is divided into REM is divided into 
general slowing of cardiacgeneral slowing of cardiac
t l f h i dt l f h i dtolerance of hypoxia and tolerance of hypoxia and 

chitecturechitecture
EM sleep statesEM sleep states
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c and respiratory function, c and respiratory function, 
h bih bihypercarbiahypercarbia
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Sleep DepSleep DepSleep DepSleep Dep

One day deprivation:  EffOne day deprivation:  Eff

 TT th d “Mith d “Mi TwoTwo--three days:  “Microsthree days:  “Micros
wakefulness causing inattwakefulness causing inatt

Vi il ti l i tVi il ti l i tVigilance, spatial orientVigilance, spatial orient
term and working memterm and working mem

 Ten days:  EEG of wakefuTen days:  EEG of wakefu
from that of sleepfrom that of sleepfrom that of sleepfrom that of sleep

privationprivationprivationprivation

fects mood, performancefects mood, performance

l ” i t d i tl ” i t d i tsleeps” intrude into sleeps” intrude into 
tentivenesstentiveness
t ti t t l h tt ti t t l h ttation, motor control, short tation, motor control, short 

morymory

ulness is indistinguishable ulness is indistinguishable 



Sleep DepSleep Depp pp p

Animal Studies:  total sleep Animal Studies:  total sleep pp

Clumped hair, skin lesionClumped hair, skin lesionpp
 Enormous increase in fooEnormous increase in foo
 Severe increase in metaboSevere increase in metabo
Weight loss despite food iWeight loss despite food i
All animals diedAll animals died
Low body temperature wasLow body temperature was

–– all animals became hypoall animals became hypo

privationprivationpp

deprivationdeprivationpp
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 ultimate predictor of death  ultimate predictor of death 
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Sleep DiSleep Dipp
One of the most frequent mOne of the most frequent m
 Sleep disordered breathinSleep disordered breathin Sleep disordered breathinSleep disordered breathin
Circadian rhythm disordCircadian rhythm disord
NarcolepsyNarcolepsyNarcolepsyNarcolepsy
 ParasomniasParasomnias
 SeizureSeizure SeizureSeizure
 InsomniaInsomnia
Presentation changes with aPresentation changes with aPresentation changes with aPresentation changes with a
Excessive daytime somnolenExcessive daytime somnolen

problemsproblemsproblemsproblems

isordersisorders
medical complaintsmedical complaints
ngngngng
ersers

ageageageage
nce or neuropsychological nce or neuropsychological 
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Sleep Disorders AfSleep Disorders Afpp

 Some sleep disorders areSome sleep disorders are Some sleep disorders are Some sleep disorders are 
impairmentsimpairments
 Insomnia with ADHD oInsomnia with ADHD o Insomnia with ADHD oInsomnia with ADHD o
Obstructive apnea withObstructive apnea with

ttsymptomssymptoms

 Sleep Disorders Sleep Disorders causecause neuneu
and/or may be and/or may be misdiagnomisdiagno

ffect Daily Functionffect Daily Functionyy

linked to neuropsychologicallinked to neuropsychologicallinked to neuropsychological linked to neuropsychological 

or anxietyor anxietyor anxietyor anxiety
h depression or ADHD h depression or ADHD 

uropsychological symptoms uropsychological symptoms 
sedsed as psychological diseaseas psychological disease



Diagnosing SlDiagnosing Slg gg g

 Sleep history is very impoSleep history is very impo

 Time to bed and wakeTime to bed and wake--schsch
duration of sleep?duration of sleep?pp

 If allowed to sleep late, doIf allowed to sleep late, dopp

leep Disordersleep Disorderspp

ortantortant--

hedule:  What is average hedule:  What is average 

oes patient feel refreshed?oes patient feel refreshed?pp



Diagnosing SlDiagnosing Slg gg g

Does patient fall asleep inDoes patient fall asleep inDoes patient fall asleep inDoes patient fall asleep in

 Effect on daytime functionEffect on daytime function

leep Disordersleep Disorderspp

n unusual places?n unusual places?n unusual places?n unusual places?

n or school performance?n or school performance?



Diagnosing SlDiagnosing Slg gg g

Wh ib d d OTCWh ib d d OTCWhat prescribed and OTCWhat prescribed and OTC
Benadryl increases stagBenadryl increases stag

parasomniasparasomnias
 Stimulants associated wStimulants associated w

sleep initiation problemsleep initiation problem
What medications have reWhat medications have re
Withdrawal of benzo orWithdrawal of benzo or
Withdrawal of stimulanWithdrawal of stimulanWithdrawal of stimulanWithdrawal of stimulan

leep Disordersleep Disorderspp

CC di idi i k ?k ?C C medicationsmedications are taken?are taken?
ge 4 deep sleep and ge 4 deep sleep and 

with frequent awakenings, with frequent awakenings, q g ,q g ,
ms and excessive movementms and excessive movement
ecently been ecently been withdrawn?withdrawn?yy
r narcotic causes insomniar narcotic causes insomnia
nts cause rebound sleepnts cause rebound sleepnts cause rebound sleepnts cause rebound sleep



SleepinesSleepines
 Fatigue: Fatigue: gg
 Subjective feeling of beSubjective feeling of be
Worn downWorn downWorn downWorn down
Lack of energyLack of energy
Associated depressionAssociated depression

 SleepinessSleepiness
 State of increasing sleepState of increasing sleep
 Inability to remain awaInability to remain awa Inability to remain awaInability to remain awa
Fall asleep in unusual pFall asleep in unusual p

Most common diagnosis fMost common diagnosis fMost common diagnosis fMost common diagnosis f
sleepiness:  sleepiness:  Insufficient SlInsufficient Sl

ss versus Fatiguess versus Fatigue
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Sleep DiSleep Dipp

 Sleep disordered breathinSleep disordered breathin Sleep disordered breathinSleep disordered breathin
 ParasomniaParasomnia
Circadian rhythm disordCircadian rhythm disordCircadian rhythm disordCircadian rhythm disord
NarcolepsyNarcolepsy
 InsomniaInsomnia InsomniaInsomnia
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Definition of ObstrDefinition of Obstr

Attempted breathing withAttempted breathing withp gp g
air movement from the mair movement from the m

 Partial obstruction is “hypPartial obstruction is “hypypyp
associated with arousal, oassociated with arousal, o

 Severity often measured uSeverity often measured uyy
 SleepSleep--disordered breathindisordered breathin
Complete or partial airComplete or partial airComplete or partial airComplete or partial air
 Sleep fragmentation: arSleep fragmentation: ar

breathing effortsbreathing effortsbreathing effortsbreathing efforts

ructive Sleep Apneaructive Sleep Apneap pp p

h complete obstruction of h complete obstruction of pp
mouth and nosemouth and nose

popnea” , decreased airflow popnea” , decreased airflow p pp p
or oxygen disturbanceor oxygen disturbance
using the AHIusing the AHIgg
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rflow obstructionsrflow obstructionsrflow obstructionsrflow obstructions
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Childhood SleepChildhood Sleep--DiDi

Sleep Apnea: prevalence of Sleep Apnea: prevalence of 
Habitual snoring seen in 16Habitual snoring seen in 16Habitual snoring seen in 16Habitual snoring seen in 16

Children with sleep apneaChildren with sleep apneaChildren with sleep apneaChildren with sleep apnea
2.62.6--fold more than normafold more than norma

H it l d dH it l d dHospital days, drug useHospital days, drug use

N t t i d bliN t t i d bliNot yet viewed as a publicNot yet viewed as a public

isordered Breathingisordered Breathing

22--4% in children4% in children
%%%%

a utilize health care servicesa utilize health care servicesa utilize health care services a utilize health care services 
al childrenal children

i it t d ti it t d te, visit to emergency dept.e, visit to emergency dept.

h lth blh lth blc health problemc health problem
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Adenoid FaciesAdenoid Facies-- LoLo
a. long and narrow face.a. long and narrow face.
b. narrow nose and nasalb. narrow nose and nasalb. narrow nose and nasal b. narrow nose and nasal 

passagepassage
c. short and flaccid upper lic. short and flaccid upper li
d. contracted upper arch wd. contracted upper arch w

posterior cross biteposterior cross bite
A i l blA i l ble. An expressionless or blane. An expressionless or blan
faceface
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Anatomic ContrAnatomic Contr

 MicrognathiaMicrognathiagg
 MacroglossiaMacroglossia

ributions to OSAributions to OSA
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 Fine Motor skills
 Memory Memory
 Executive function
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ExecutiveExecutive

AttentionAttention
 InhibitionInhibition
 Immediate working memorImmediate working memor
 Behavior regulationBehavior regulation
 Planning/ organizingPlanning/ organizing
Mental flexibilityMental flexibility

e Functione Function
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Effect of Sleep DisruptEffect of Sleep Disrupt
BrBrBrBr

Gains in EF occur duringGains in EF occur during
lobeslobes-- ----EF necessary for EF necessary for yy
performanceperformance

Children are in a state of Children are in a state of 
cognition where alterationcognition where alteration
term neuropsychological cterm neuropsychological c

tion on the Developing tion on the Developing 
ainainainain

g myelination of frontal g myelination of frontal 
social skills and school social skills and school 

rapidly developing rapidly developing p y p gp y p g
ns of sleep may have longns of sleep may have long--
consequencesconsequences



Evidence for CogniEvidence for Cognigg

D Beebe: D Beebe: Executive functioExecutive functio
mild Sleep Disordered Bremild Sleep Disordered Bremild Sleep Disordered Bremild Sleep Disordered Bre

Kennedy 2004: Snoring anKennedy 2004: Snoring anKennedy 2004: Snoring anKennedy 2004: Snoring an
desaturation associated widesaturation associated wi
memory deficitsmemory deficitsmemory deficits memory deficits 

O’Brien 2004:  Snoring wiO’Brien 2004:  Snoring wigg
abnormalities associated wabnormalities associated w
sleep fragmentationsleep fragmentation

itive Impact of SDBitive Impact of SDBpp

on deficitson deficits in children with in children with 
eathingeathingeathingeathing

nd very mild oxygennd very mild oxygennd very mild oxygen nd very mild oxygen 
ith ith IQ, attention and IQ, attention and 

ithout gas exchange ithout gas exchange g gg g
withwith IQ deficitsIQ deficits——role for role for 



Mechanism for CogMechanism for Cog
Associated with SleepAssociated with SleepAssociated with Sleep Associated with Sleep 

 Sleep Deprivation/fragmSleep Deprivation/fragmp p gp p g

Oxygen saturation abnorOxygen saturation abnorygyg

 PrePre--existing brain damagexisting brain damagg gg g

gnitive Dysfunction gnitive Dysfunction 
Disordered BreathingDisordered BreathingDisordered BreathingDisordered Breathing
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Sleep DeprivatioSleep Deprivatiop pp p

 Impairs reaction timeImpairs reaction time
AttentionAttention
 Short term memoryShort term memory
 Spatial orientationSpatial orientationpp
Motor controlMotor control
 Executive functionExecutive function

n/Fragmentationn/Fragmentationgg



Brain Areas VulnBrain Areas Vuln

Acute hypoxemia in adultAcute hypoxemia in adult
hi h f l lhi h f l lhierarchy of neuronal vulhierarchy of neuronal vul
and cerebellumand cerebellum

nerable to Hypoxianerable to Hypoxia

t human brain shows t human brain shows 
l bili Hil bili Hilnerability: Hippocampus lnerability: Hippocampus 
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Apnea andApnea andpp

Some deficits of memory aSome deficits of memory a
been reported to be permbeen reported to be permp pp p
treatment)treatment)

Data limited: some dysfunData limited: some dysfun
childrenchildren——There may be aThere may be ayy
and treatmentand treatment

d the Brain d the Brain 

and vigilance in adults have and vigilance in adults have 
anent (unresponsive to anent (unresponsive to ( p( p

nction is reversible in nction is reversible in 
a benefit to early diagnosis a benefit to early diagnosis y gy g
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A 17 yo snoring male wakA 17 yo snoring male waky gy g
and screams uncontrollaband screams uncontrollab
looks right through them”looks right through them”g gg g
their attempts to wake himtheir attempts to wake him

 The episodes happen at slThe episodes happen at sl

What is your differential What is your differential 

asease

kes every night out of sleep kes every night out of sleep y g py g p
bly.  His parents say “he bly.  His parents say “he 
” and does not respond to ” and does not respond to pp
m.m.

leep onsetleep onset
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Sleep DiSleep Dipp
Most common medical comMost common medical com

 Sleep disordered breathinSleep disordered breathin
 Parasomnias versus SeizuParasomnias versus Seizu Parasomnias versus SeizuParasomnias versus Seizu
Circadian rhythm disordCircadian rhythm disord
NarcolepsyNarcolepsyNarcolepsyNarcolepsy
 InsomniaInsomnia
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ParasoParaso

Disorder of arousalDisorder of arousal
 EEG signs of sleep duringEEG signs of sleep during
 Patients are not sleepy duPatients are not sleepy dupypy
 Examples:Examples:
 Sleep walkSleep walkSleep walkSleep walk
 Sleep talkSleep talk

Ni ht tNi ht tNight terrorsNight terrors

omniasomnias

g apparent wakefulness g apparent wakefulness 
uring the dayuring the dayg yg y



ParasoParaso

 Increased by body heat anIncreased by body heat any yy y
 Increased with fever and Increased with fever and 
 Increased by very hot batIncreased by very hot baty yy y
 Increased by antihistaminIncreased by antihistamin

Decreased by the oppositeDecreased by the opposite
Decreased by Aspirin andDecreased by Aspirin andy py p

omniasomnias

nd high room tempsnd high room tempsg pg p
illnessillness

ths prior to bedths prior to bedpp
nesnes

ee
d NSAID’sd NSAID’s



SeizSeizSeizSeiz
Can present as any sleep dCan present as any sleep dp y pp y p

including sleep walking, nincluding sleep walking, n
apneaapneapp

 Excessive daytime sleepinExcessive daytime sleepiny py p

zurezurezurezure
disorder or parasomnia disorder or parasomnia pp

night terror, obstructive night terror, obstructive 

ness due to sleep disruptionness due to sleep disruptionp pp p
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Sleep DiSleep Dipp
Most common medical comMost common medical com

 Sleep disordered breathinSleep disordered breathin
 Parasomnias versus SeizuParasomnias versus Seizu Parasomnias versus SeizuParasomnias versus Seizu
Circadian rhythm disordCircadian rhythm disord
NarcolepsyNarcolepsyNarcolepsyNarcolepsy
 InsomniaInsomnia

isordersisorders
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Sleep DiSleep Dipp
Most common medical comMost common medical com
 Sleep disordered breathinSleep disordered breathin Sleep disordered breathinSleep disordered breathin
 ParasomniasParasomnias
Circadian rhythm disordCircadian rhythm disordCircadian rhythm disordCircadian rhythm disord
NarcolepsyNarcolepsy
 SeizureSeizure SeizureSeizure
 InsomniaInsomnia

isordersisorders
mplaintmplaint
ngngngng
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NarcoNarcoNarcoNarco
 Incidence:  1:2000  (As coIncidence:  1:2000  (As co((

Genetic basis: Link to HLGenetic basis: Link to HL

 Full blown symptoms donFull blown symptoms dony py p
adolescence  adolescence  

Complaints of excessive dComplaints of excessive d
childhoodchildhood

olepsyolepsyolepsyolepsy
ommon as cystic fibrosis)ommon as cystic fibrosis)y )y )

LA Dw2 on chromosome 6LA Dw2 on chromosome 6

n’t develop until n’t develop until pp

daytime somnolence start in daytime somnolence start in 



Symptoms oSymptoms oSymptoms oSymptoms o

 Excessive daytime somnolExcessive daytime somnol
 Sleep onset in unusual cirSleep onset in unusual cirpp
 Severe sleepiness leads to Severe sleepiness leads to 

blurry vision, diplopia, anblurry vision, diplopia, any p py p p
without awarenesswithout awareness

Unstable sleepUnstable sleep--wake cyclewake cyclepp yy
sleepsleep

f Narcolepsyf Narcolepsyf Narcolepsyf Narcolepsy

lence:  100%.    lence:  100%.    
rcumstances.  rcumstances.  

inattention, poor memory, inattention, poor memory, 
nd automatic behaviors nd automatic behaviors 

e and circadian rhythm of e and circadian rhythm of yy



Symptoms oSymptoms oSymptoms oSymptoms o
Onset of REM related phenOnset of REM related phenpp

periods or at sleep onsetperiods or at sleep onset

 Short sleep latencyShort sleep latency--less thless th
Cataplexy:  Abrupt loss oCataplexy:  Abrupt loss op y pp y p

following a strong emotionfollowing a strong emotion
Hypnogogic hallucinationHypnogogic hallucinationyp g gyp g g
 Sleep onset paralysisSleep onset paralysis

f Narcolepsyf Narcolepsyf Narcolepsyf Narcolepsy
nomenon during waking nomenon during waking g gg g

han 5 minuteshan 5 minutes
of skeletal muscle tone of skeletal muscle tone 
nal stimulusnal stimulus
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PathophysiologPathophysiologp y gp y g

Deficiency of neuropeptidDeficiency of neuropeptidDeficiency of neuropeptidDeficiency of neuropeptid
hypothalamushypothalamus

Hypocretin promotes wakHypocretin promotes wak
sleep during the daysleep during the daysleep during the daysleep during the day

 Influences sleep/wake cycInfluences sleep/wake cycInfluences sleep/wake cycInfluences sleep/wake cyc
in narcolepsyin narcolepsy

 Influences appetite:  obesInfluences appetite:  obes

gy of Narcolepsygy of Narcolepsygy p ygy p y

de Hypocretin inde Hypocretin inde Hypocretin in de Hypocretin in 

kefulness and inhibits REM kefulness and inhibits REM 

cle timing which is irregularcle timing which is irregularcle timing which is irregular cle timing which is irregular 

ee



Diagnosis ofDiagnosis ofgg

 Symptom tetradSymptom tetrad

Aided by HLA typingAided by HLA typing

CSF examination for hypoCSF examination for hypo

Multiple sleep latency testMultiple sleep latency test
 Series of napsSeries of naps Series of napsSeries of naps
Examines sleep tendencExamines sleep tendenc

E i REM t dE i REM t dExamines REM tendenExamines REM tenden

f Narcolepsyf Narcolepsyp yp y

ocretinocretin

tt

cycy
ncyncy



Excessive DaytiExcessive DaytiExcessive DaytiExcessive Dayti
 ParasomniasParasomnias
Circadian rhythm disordCircadian rhythm disord
 Sleep disordered breathinSleep disordered breathin
NarcolepsyNarcolepsy
 SeizureSeizure
 InsomniaInsomnia

ime Somnolenceime Somnolenceime Somnolenceime Somnolence

ersers
ngng





InsomInsom

Associated with psychiatrAssociated with psychiatrp yp y
problems, anxiety, stress, problems, anxiety, stress, 

 Treatment is lengthy but Treatment is lengthy but g yg y
behavioral therapy, and rbehavioral therapy, and r

 Sleep restrictionSleep restrictionpp
 Special circumstances: AuSpecial circumstances: Au
 Sleep comfortsSleep comfortsSleep comfortsSleep comforts
 Safe environment to moSafe environment to mo

di tidi timedicationmedication

mniamnia

ric illness, medical ric illness, medical 
medicationmedication
best involves cognitive best involves cognitive gg

relaxationrelaxation

utism, PDD, ADHDutism, PDD, ADHD

oveove



Guidelines for GoGuidelines for GoGuidelines for GoGuidelines for Go
 Schedule REGULAR bedSchedule REGULAR bed

INCLUDING WEEKENDINCLUDING WEEKEND
Hot bath few hours beforeHot bath few hours before

the day promotes reboundthe day promotes rebound
AVOID PROLONGED DAVOID PROLONGED D
Avoid excessive temperatuAvoid excessive temperatu

hour ½ life)hour ½ life)
Avoid nighttime light expAvoid nighttime light exp

ood Sleep Hygieneood Sleep Hygieneood Sleep Hygieneood Sleep Hygiene
dtime and wakedtime and wake--upup--pp
DS DS 
e bed and Exercise during e bed and Exercise during gg
d body cooling d body cooling 

DAYTIME NAPS DAYTIME NAPS 
ure, ETOH, and caffeine (8 ure, ETOH, and caffeine (8 

osureosure



Who Deserves a PediaWho Deserves a Pedia
Clinical suspicion Clinical suspicion or or major major 

disordered breathingdisordered breathingdisordered breathing disordered breathing 
Children with disturbed sleChildren with disturbed sle
 Excessive sleepiness not resExcessive sleepiness not respp
Children with unusual daytChildren with unusual dayt

hallucinationshallucinations
Children with unusual presChildren with unusual pres

movement disordersmovement disorders
 Sl i i httiSl i i htti Sleepiness or nighttime oxySleepiness or nighttime oxy

with other medical disorderwith other medical disorder
 InsomniaInsomnia InsomniaInsomnia

atric Sleep Evaluation?atric Sleep Evaluation?pp
risk factors for sleep risk factors for sleep 

eepeep
sponsive to therapysponsive to therapyp pyp py
time drop attacks with time drop attacks with 

sentation of parasomnias or sentation of parasomnias or 

b liti i t db liti i t dygen abnormalities associated ygen abnormalities associated 
rsrs


