A Practice Pathway for the ldentification, Evaluation, and
Management of Insomnia in Children and Adolescents

With Autism Spectrum Disorders

OBJECTIVE: This report describes the development of a practice path-
way for the identification, evaluation, and management of insomnia in
children and adolescents who have autism spectrum disorders (ASDs).

METHODS: The Sleep Committee of the Autism Treatment Network
(ATN) developed a practice pathway, based on expert consensus, to
capture best practices for an overarching approach to insomnia by
a general pediatrician, primary care provider, or autism medical spe-
cialist, including identification, evaluation, and management. A field
test at 4 ATN sites was used to evaluate the pathway. In addition, a sys-
tematic literature review and grading of evidence provided data
regarding treatments of insomnia in children who have neurodevelop-
mental disabilities.

RESULTS: The literature review revealed that current treatments for
insomnia in children who have ASD show promise for behavioral/
educational interventions and melatonin trials. However, there is
a paucity of evidence, supporting the need for additional research.
Consensus among the ATN sleep medicine committee experts
included: (1) all children who have ASD should be screened for
insomnia; (2) screening should be done for potential contributing
factors, including other medical problems; (3) the need for
therapeutic intervention should be determined; (4) therapeutic
interventions should begin with parent education in the use of
behavioral approaches as a first-line approach; (5) pharmacologic
therapy may be indicated in certain situations; and (6) there should
be follow-up after any intervention to evaluate effectiveness and
tolerance of the therapy. Field testing of the practice pathway by
autism medical specialists allowed for refinement of the practice
pathway.

CONCLUSIONS: The insomnia practice pathway may help health care
providers to identify and manage insomnia symptoms in children and
adolescents who have ASD. It may also provide a framework to evaluate
the impact of contributing factors on insomnia and to test the effec-
tiveness of nonpharmacologic and pharmacologic treatment strategies
for the nighttime symptoms and daytime functioning and quality of life
in ASD. Pediatrics 2012;130:5S106—5124
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Approximately 1 in 110 children fulfills
the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition,
Text Revision, diagnostic criteria for
autism spectrum disorders (ASDs)
as defined by delayed or abnormal
social interaction, language as used in
social communication, and/or restricted
repetitive and stereotyped patterns
of behavior, interests, and activities.!
Children who have ASD are at greater
risk for developing sleep problems than
typically developing children. Research
has documented that the prevalence of
sleep disturbances ranges from 53% to
78% for children who have ASD com-
pared with 26% to 32% for typically de-
veloping children 23

The key components of pediatric in-
somnia are repeated episodes of dif-
ficulty initiating and/or maintaining
sleep, including premature awaken-
ings, leading to insufficient or poor-
quality sleep. These episodes result in
functional impairment for the child or
other family members.4 In typically
developing children, the primary cause
of insomnia is behaviorally based.> In
the ASD population, however, insomnia
is multifactorial. It includes not only
behavioral issues but also medical,
neurologic, and psychiatric comorbid-
ities; it is also an adverse effect of the
medications used to treat symptoms of
autism and these comorbidities.®

Typically developing children who have
insomnia are at increased risk for
neurobehavioral problems such as
impairments in cognition, mood, atten-
tion, and behavior57-% Similar to the
behavioral morbidity associated with
pediatric insomnia that is observed in
the general population, children who
have ASD and sleep problems are prone
to more severe comorbid behavioral
disturbances compared with children
without sleep disturbances.'® In addition,
treating insomnia in children who have
neurodevelopmental disorders may im-
prove problematic daytime behaviors.!!
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Despitethe prevalence of and morbidity
associated with pediatric insomnia,
thereisevidencethat sleep disordersin
children often go undetected and un-
treated.'2-'4 Medical practitioners of-
ten do not ask about sleep concerns or
parents do not seek assistance.’> Many
parents have poor knowledge about
sleep development and sleep prob-
lems.'® This is particularly relevant to
children who have ASD, in that parents
may present to the pediatrician with
concerns regarding aggression, im-
pulsivity, inattention/hyperactivity, or
other behavioral issues that may be
secondary to a sleep disorder. The
contribution of the sleep disorder may
be undetected due to emphasis on
treating the behavioral issue as op-
posed to identifying and treating the
underlying factors. This deemphasis of
underlying factors may be due to the
absence of a standardized approach
for recognition and treatment of in-
somnia in children who have ASD.

Guidelines exist for sleep screening and
intervention in typically developing
children.'”.'8 Guidelines and empirical
support also exist for the effectiveness
of behavioral treatment of bedtime
problems and night wakings in chil-
dren.’8-2' Specific behavioral treat-
ments supported include the following:
unmodified extinction: leaving the
child’s bedroom after putting the child
to bed and not returning until morning
unless the child is ill or at risk for in-
jury; extinction with parent presence:
parent is present in the room with the
child but does not interact with him
or her; graduated extinction: parent
returns to child’s bedroom to attend
to child on request or agitation but
increases the time in between requests
by the child for the parent to return;
preventive parent education: providing
education to parent on sleep habits
and bedtime routine; bedtime fading:
delaying bedtime to promote sleep and
then “fading” or advancing bedtime
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once child is falling asleep easier; and
scheduled awakenings: awakening the
child before a spontaneous awakening.
Extinction and parent education have
strong empirical support whereas the
other interventions are less confidently
supported.”® To our knowledge, how-
ever, there are no published guidelines
related to management of insomnia
in children who have ASD, including
screening and treatment. The evidence
that children who have ASD are at
greater risk for insomnia and its
morbidity suggests that sleep screen-
ing in this population of children is
extremely important. The ideal evalua-
tion of insomnia in children who have
ASD involves a comprehensive sleep
assessment, as outlined in a recent
review.22

To facilitate the evaluation of children
with ASD for insomnia, the Autism Treat-
ment Network (ATN) in association with
the National Initiative for Children’s
Healthcare Quality (NICHQ) worked col-
laboratively to develop the clinical
practice pathway presented in this arti-
cle. The intention of this clinical practice
pathway is to emphasize the need for
screening of sleep problems in ASD and
to provide a framework for decision-
making related to best practices in the
care of children and adolescents with
ASD in primary care settings, when seen
by a general pediatrician, primary care
provider, or autism medical specialist.
The pathway is not intended to serve as
the sole source of guidance in the eval-
uation of insomnia in children who have
ASD or to replace clinical judgment, and
it may not provide the only appropriate
approach to this challenge.

METHODS
Guideline Development

The ATN Sleep Committee consists of
pediatric sleep medicine specialists as
well as developmental pediatricians,
neurologists, and psychiatrists. The
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clinical practice pathway was designed
to assist primary care providers and
others working directly with families
affected by ASD in addressing the chal-
lenge of insomnia with regard to iden-
tification, assessment, and management.

Insomnia was defined as “repeated
difficulty with sleep initiation, duration,
consolidation, or quality that occurs
despite age-appropriate time and op-
portunity for sleep that results in day-
time functional impairment for the
child and/or family.”'8 The responses of
the parents to selected questions on
the Children’s Sleep Habits Question-
naire (CSHQ)2 identified those patients
who have insomnia.

After performing a systemic review of
the literature, expert opinion and con-
sensuswasusedtoformthebasisofthe
practice pathway (Fig 1). The ATN Sleep
Committee’s knowledge of the litera-
ture and applicability to clinical prac-
tice informed best practices, which in
turn created an overarching approach
to insomnia within ATN sites by the
autism medical specialist.

Systematic Review of the Literature

We conducted a systematic literature
review to find evidence regarding
the treatment of insomnia in children

New Patients

Assess:
Q CsSHa

Q Parent or provider concerns
0 Assess for medical contributors (if needed)

diagnosed with ASD (questions and
search terms available on request from
the authors). We searched OVID, CINAHL,
Embase, Database of Abstracts and Re-
view Database of Abstracts of Reviews
and Effects, and the Cochrane Database
of Systematic reviews databases, with
searches limited to primary and sec-
ondary research conducted with
humans, published in the English lan-
guage, involving children aged 0 to 18
years, and published between January
1995 and July 2010. Individual studies
were graded by using an adaptation
of the GRADE system?* by 2 primary
reviewers and then reviewed by content
experts for consensus. Discrepancies
were resolved by a third party.

Pilot Testing of the Pathway

The ATN selected 4 pilot sites (Baylor
University, Houston, Texas; Oregon
Health and Science University, Portland,
Oregon; Kaiser Permanente Northern,
San Jose, California; University of Mis-
souri, Columbia, Missouri) to test the
feasibility of the practice pathway and
provide information regarding needed
modifications. The pilot sites collected
data to document adherence to the
practice pathway and participated in
monthly conference calls to provide

updates, understand variance, and re-
commend changes. Working with the
NICHQ, members of the ATN Sleep
Committee refined and finalized the
practice pathway on the basis of feed-
back fromthe pilot sites. In response to
recommendations from the pilot sites
to increase feasibility, the NICHQ also
developed a 1-page checklist designed
to guide providersthrough the practice
pathway (Fig 2).

RESULTS
Results of the Literature Review

The search identified 1528 articles. Af-
ter removing review articles, com-
mentaries, case studies with fewerthan
10 subjects, studies that included chil-
dren who did not have ASD, non-
intervention trials, and articles that
did not address our target questions,
20 articles remained (Table 1). We
reviewed the literature for studies re-
lated to other aspects of the practice
pathway (eg, screening for insomnia,
identifying comorbidities, importance
of follow-up) in the ASD population
and were unable to identify evidence-
based reports for aspects other than
treatment. A comprehensive review?
and consensus statement2s related
to the pharmacologic management of

Follow-up for Returning Patients

Assess Insomnia resolution:

Q CSHQ

Q Ask family whether insomnia has resolved

Q Family willingness to use the Sleep Toolkit

Treatment:

Q Treat medical contributors and consult or refer if

needed
Q3 Counsel family

Treatment:

0 Assess use of the Sleep Toolkit

Q Consider sleep med and med management

Q Re-introduce Sleep Toolkit
Q Have discussion with parents

0 Discuss healthy sleep habits: consider sleep

medications

Follow-up:
Q Arrange timely follow-up

FIGURE 1

Follow-up/Referral:

Q Arrange further follow-up where needed
Q Refer patients with unresoclved insomnia to specialist

Checklist for carrying out the practice pathway in children who have ASD and insomnia. GSHQ, Children’s Sleep Habits Questionnaire.
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7~ Al children with autism

spectrum disorder present for

'\ evaluation E’

Screen child for insomnia

Yes

Assess for potential
medical contributors
affecting insomnja

3a

Medical Contributors

Present I_
4a

Assess if family
able and willing to
use educational

approach* '_3bj

A4
Initiate Sleep
Education Program

(toolkit) [ 4

SUPPLEME TICLE

No
y
A. Initiate evaluation/treatment for A. Plan for toolkit follow-up to reassess
medical contributors insomnia
and/or or
B. Consultation/referral to B. Consider consultation to sleep
appropriate sub-specialist for specialist if family unwilling or unable
medical contributors to use educational approach
5a sb
o~ Visod Insomnia
N Resolved?

Ilo

A. Consider sleep medication
and/or
B. Consultation/referral to

sleep specialist for insomni]-—
l ] 7

No ——————¥

Arrange timely
follow up

Insomnia

R resolved?

A 4

Return in 1 year for reassessment |
and sleep screening follow up(re- |
enter algorithm at Box 2 at time of 1 f s
year reassessment)

C 2

FIGURE 2
Practice pathway for insomnia in children who have ASD.

*If family reluctant, provider should discuss healthy sleep habits

PEDIATRICS Volume 130, Supplement 2, November 2012 $109

Downloaded from pediatrics.aappublications.org at VVanderbilt Univ on November 13, 2012


http://pediatrics.aappublications.org/

asy yim

uaJp|1yo ul sguyem ysgiu pue

‘90UR1SISAJ BWIIPA( ‘UoIleINp

‘Rejap 19sU0-d99|s anoudwl
Aj3ueoyIugIs 10U S0P UIIBJIDG

S9W09IN0 9SJAPE JO S9IRd

yg1y ‘uoizednp daa|s 1ou Ing

SV YN uaJpiyo ur Rousie
daa|s sanoudwi suopluadsiy

([8—¢ :93ued] ¢y :ueaw Jsod [/—¢
:98ued] /¥ :UBBW ‘Bdd) uollednp daa|g
([G—¢ :08uBd] 9'¢ ‘UBAW 1S0d ‘[/—F
98ued] |'f :UBBW ‘Bdd) SSueM JYSIN
([g—1 :a8ued]
9'| :UBBW 1S0( ‘[¢—| @8ued]
|7 :ueaW ‘add) Aejap 1suo-das|s

([$1—9 :28ued] g :UBdW 1S0d ‘[/1-9
:98ued] B :UBBW ‘Bdd) 90URISISAU
awlIpag :$8409s OHSH

199448 AjJUBdYIUBIS J0U PIP UI18J09S

(%01 SA %gl) uoiediisuod pue
(%) SA %8) Suniem Aynoyjip
(%91 SA %8) SIUUIYJ “(%2S SA %01)
9}139dde aAISSAIXd (%S¢ SA %B62)
SISOUNUD ‘(%/S SA %Z|) 90UB|OUWOS
:(K|9A1308dsSad ‘BUOPIJadSId SNSUBA
0099e|d) 91BJ9POW SE PaJ0dsS
SJUDAD 9SJBAPY “(UIW BZ) OW 9
puokeq Jou Ing (UIW OF ‘ulw /|)
WJ93-3J40ys paseadoul uoijednp
doajs ageuany (G0 =d ‘20" =d)
dnoJg auopldadsid ul UOWWOI

$$9| A191xue pue swa|qoud das|g

(8SIJ4 dutudow ‘gujem
1Y81U uoIlRJINP/BWI} JOSUO
daa|s ‘awnpaq) Adeip das|g
noysem
ou ‘A|snousnedul
U139499s aulodod
8%/NJ ¢ uonusARul

0HS? YM  pue ogaoe|d ym

$3S0p PPIAIP Ul
Aep/8w ¢'¢ J0 WNWIXeW e
0} pajeJy} uayy

Aaugiu Sw g0 38 pajuess
3 Gy= Buisop Jamojs

(340daJ juaded)
9J9A9S/01RIapOW JO P|IW
SE P300S SJUBAS 9SJBAPY

9|BOS JUBWIBAOIN Aep/8w G'g Jo wnwixew

Aaejunjoau] [ewdouqy 03 dn 8w '0 = 84 'y 0102

auoplJadsid Jo 0gaoe|d
UBAIZ (SJapuodsad) ow 9
80| doa|s 1u0dad Juaded

1deoxa ejiwis = 8% 0g >

0} (SJopuodsaduou) Ym g1 K /| 031G page uaJp|iyo L0} :papnjou]

pay19ads jou :papn|ox3 11l 19A9] ‘LY

(eludoyijen) Apnis Jagdel 40
19SQNs Se PalinJoaJ WSIINe yim

A'g 01 ¢ page uadp|iyo /| :papnjou 2v¢00¢ 18 19 [Y9IWOouoy

8% 61> JYSI19m Jo/pue ‘dWOoJpuAs
jueugijew 211dajodnau Jo AJ0ISIY

‘uUOpIJadsId YIIM [eld] snolradd
‘UOINIPUOD [BOIPAW JURIYIUSIS

‘S|J18 40} }nsad 3893 uidodjopeuod

21u01I0YD UBWINY-g aAsod

‘0w g1 > a3e [eJUIIN :papN|oX3 I1'19A3] LY

ASY YNM YJOMIBN
£3ojooewdeydoyohsd olieipad
U0 SHUM YoJeasay Wwod}
1¥G00¢ ‘[B 38 uewy
SUOIIUBAJDIUI
0130]09RW.JRYd

SU0ISN|OU0Y

synsey

uoIsN|ou0y
18 9ALIUY 0} Pas() SeUNsesiy

uoI1RINQ PUB UOIUBAIBIU|

9|dwes apeJn pue Apnig

MBIASY 8dNIBJaYIT O11BWLISAS JO SINsaY | 14Vl

MALOW et al

$110

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

L
—
=
T
[a'sy
<
T
=
|
>
|
—
(a1
(a1
=
(7]

sguiyem 1ydiu paousldadxe ||11s
G ‘SjuswanoJdwi paogusluadxa
SJ9pJOSIp dourUSIUIRW dB9|S
UNM /| 40 9| ‘(Juawuiedu} Sutnp
Y Z—G'0 ‘JuswieaJl a40joq

y G—7) uorneiyul daa|s parodduwi

SJ9pJOSIp |eJuswdolanap
UHM UBJP[IYD Ul STUBeM pue
Kouale| doa|s sanoddwiauipiuo|)

(100" > d) (e} 943 J0 puad sy} Aq

asy SJapJosIp daa|s ul Juswarosdwi

UHM UBJP|IY0 Ul sUIeMIySIu pamoys uoljenjeAs
pue Kouaie| dea|s Suinodduwi paziJewwng |eJolAeyag
Ul 9AI309)49 SI aulzeddely

(00" =d) daays jo

sguiied A}149A3S |99 Y} UO UDS
SEM JuawaAoJddwl Jueayiugis
Aj1eonsie1s “dos|s panosdwi
pamoys ¢ ‘suapuodsaduou

/1 0 "daa|s panoddwi pamoys
SJapuodsad g Jo 9Al4 “(paroddwl
yonw AJaA Jo parouaduil

4onwi O 8409s |99 B 0} uIpJ0doe

ASY Y¥M UsJpjiyd
ul Ayjenb daajs Suiroddwi
Ul 9AI110919 SI suidezeldiyy

(52" =d) ssuniem ygiu Jo

paoUaIIadxXs UBJP|IYD /| JO UBIIXIS

‘JUBWIIRAJ] 8Y] JO RIS YlUMm padedwon

pauyap) papuodsad sjuedioded sulN

WOJpUAs

119 YUM UBJP|IYD Ul SSUBEM

431U Jo Jaqwinu Jo ‘daa|s

awihep ‘Kousie| ‘uoijednp jou

nqg Aoualoyye daals sanoddwl
uoijejuswa|ddns auijuJed-

"= ) doajs awinfep (G1 =4)

fousle| ‘(LG = 4) uoijednp
10U Ing (20" > 4) Aousloyje
doa|s panoadwi Ajpueoyiugis
9UIIUJRDA ‘S|0JJU0D

BWOJPUAS oY Yum padedwo?

K¢ 010w g Joy
uoljedn( ‘39|ge} [eJo ‘Jw
|0 0} paoueApe Ajjenpedd

pue Sw o' 9sop [elHul
‘ep Jad awiy | aulpluo|y

JusWIRaJ}

guldnp pue aJojaq (Sguiyem

10 Jagqwinu ‘Aousie| ‘swiipaq
98eJane) 140dad JanIZaden)

(9JoAas AJaA 03 JUaSqR)
¥ 03 0 PaJ09g "gunjem Aluea
pue ‘sguijem jysiu ‘deajse
8ull|ey AYnoy4Ip ‘suapJosip
doajs papn|oul) uoljen|eas p 09 Jo} QIL
pazidewwng [edolreyag Aep Jod /3w | suizeddelN

(P20l ¥ 0Gl
:uoljednp ueauw)
P 892 03 || WoJj pagued
uoljednp juswiead] “(Sw
Gy—G) -9dued) 10910
apIs pue swoldwAs
108Je] JO asuodsad uo
paseq ‘sasop papIAIp ul
Kjrep 8w Gy Jo wnwixew
e 03 dn sjuawaJoul
199 payIpow Y ‘Juswaroadui 8W-G'/ Ul 9pew saseaJoul
pue A11JaA3S a1ed agesop yum Ajrep 3w g2
01 9]B9S [99 Y} Pasn sueioIul) 40 9SOp §ullJels auldezeldiy
(UISUODSIM
UOSIPEIN ‘OU| ‘SOI3BUIOWBH)
J91oWogu3 qoy-ord] 1]
AJeip dasis p-/
9|eos eixedde puey

papnjoul os|e
sem Ayjenb daa|s guissasse
wayl Juawarodwi

fanung uyjeay 9¢-43

Xapu| A}1daAag ow g Joj Aep e aaIM}
swoldwAg swoJpuAs Ny  auiHuJed pinbi 8%/8w 001

SJopJosIp |eJOIARYSQ pUB
doaa|s pue (kesdap maN) Sy yum
K91 0} ¥ page uadp|1yo g1 :papn|ou|

Ayredojeydaous
padJinboe Jo |eyuaduod pauysp
Kjjeoiyded8osou uaJp|iyo :papn|ox3y

eisauryJadAiy

pue ‘SSauUdAISSaUZZe

‘SU9PJOSIP POOW 9J3ADS JO

(K | =) 99udsaJd SNONUIIUOD YHM

(eugojog Jo AJisdaniun) 4SY Yum
£ 0g 03 ¢ page uadp|iyo Gz :papn|ou|

pay10ads 10N :papn|ox]

JoIAeyaq 9AI}1adad uldajalul

pue ‘eluwosul ‘uoissaddap

‘Kyaixue ‘Ayjigedddr ‘Aanfui

-}|9s ‘uo1SSaJg3e Jo swoldwAs

1984e] 01 Paqldosadd sem

auidezeydi\ A}|1GeSIP |BNIO9| 93Ul

PIQ.OoWod pey (g ‘(euelpul)

asy unm K ¢z 01 ¢ page ‘synpe
gunoA pue uaJp|Iyd 9z :papnjou|

pay10ads JON :papnjox3
J918130Y 9WOJPUAS
119y UBI|BJISNY WOJ) PayNIOad
£ 0g 01y pagde sojews) 79
papnjoul dnoJg [0J43U09 ‘|elu} M-8
SNnoiAadd wody paynJdad ‘A |y
03} / page $a|eway | Z J0 pajsIsuod
dnoug |ejuswiuadxa :papnjou|

9v800Z ‘[B 39 SUIN

| |9A9] ‘|0J3U09
0u-1s0d/add

6661 1€ 19 1SS0y
| |9A9] ‘|0J3U09
0u-1s0d/add

w1002 ‘|e 30 Aas0d

Il 1878
‘|041U09-180d /3.4

¢v1002 ‘I& 30 Aemey|3

SUOISN|OU0Y

synsey

uoIsn|au0y

18 BAIIJY 0} POS() SeUNSEa|y uoljeUN( PUB UOIUBAJSIU|

a|dwes

apedy pue Apnis

panuuoy | 379vL

S$111

PEDIATRICS Volume 130, Supplement 2, November 2012

ions.org at Vanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

[SUETEI]
89| o1potuad Jo ‘Aoudle|
doa|s ‘AyjIqeddl 199458
10U $90p INQ QSY YHM UBJPIYI
ul daa|s $$9|19J Sonoudwl
uorieuawalddns uodi |edQ

ASY YHM UaJpjiyd ut 8409s

daa|s |99 uo 10edwi aasod e

aney Aew (9 ujweya

pue °g ujweya guipnjour)
UIWEHAI}NW 9SOP-2}eJapoy

(1/87 6z 03 91) Apueoyiugis
PaseaJoul A9\ PUB UIHJJB) UBSN

(28" =d) 8leag

doa|g Bulun( SJUBWBAOIN

897 01p0lad J0 (88" = d)

Aligepdl (19" = ) UIHIIB) UM

punoj sem uolie|ad ou ‘Kouaie|

daa|s panoddwi pey %Ge

PUB (70" = d ‘%62) Allueoylugis

poroJdwl dog|s $S9[1Sad ‘S80S
9|e9S 99ueqJnIsIp daals ay} Jad

(80" =d) ogaoeld

Yum padedwod paroadwi

9409s [99 AQ paouspIng se
swoldwAs |euisajulodised pue das|g

(U1JJBJSURIY “UIIIJBY

wnJas kg ulweA ‘uiwngle

‘Aunodaw ‘AJW) 9|dwes poolg
UoJl [BUBWAI3 paJapmod
paje|nsdeousoJolw
40 Aep/8w 09
PaAIg0aJ ‘Paleda|0} 10U §|

9|eog daa|g dulng
SJUBWANOIN 897 01pOlJad

MM g J0} Aep uad
8y/uoJi |euaWale Sw 9

w81am Apoq

gl G/|w ¢ Jo axejul Ajiep

|B10] B 10} POO} YUM (|1

ql G/|w | 8sop ||} |II-SS
panuiuo9 :gg 01 0g skeq

[II-SS 03 uoiisued}
|enpeJs :0g 01 G¢ sheq

usJpjiyy
10} 9|BOG 90uRqUNISI] da9|g

(9 unweA

‘proe 910dij— o ‘duiwexopldAd

‘lexoplJdAd ‘@uixopluAd g II-SS 40 asop

ewse|d) ajdwes aulun pue poojg  WnWIxew pjay ¢ 01 Gg sheq

wnwixew
01 A|JeaUI| paseaJoul

‘(UlWeYAINW pJepuels)

540 950p 8/ 7 010 sAeq

199

uolleluawa|ddns

uoJi dunje} Aj3uadund :papnjoxj 1| [9A8] ‘|0J43u09-180d/84d

(03uU0d0])
A1SnoiAadd paunseaw uiid.ay
Ul WSINe yaim pasougeln

K g 03 7 page uaup|iys ¢¢ :papnjou]

g7/00C ' 19 Uewsoq

pay109ds 10U :papnjox3
(BuU0ZIJY) UlWeNAIINW
S,UsJp|Iyd pJepuels ueyy
Jay3jo suswa|ddns ulwepAlNwW
10 9sn snoinaJd ou pue ‘ow

1 19A9] 104

Z snoinaJd ur saideday] Juawiead)

Ul $98UBYD OU YUM QSY Yim
£'8 01 ¢ page usJp|Iyd Gz :papnjoul  ,,¥00g AemojjoH pue swepy
sjuage 0180|019 JaYIQ
[9A3)
‘|0J1U09 38BD

9A1309ds0J19Y

payIoads 10U ;papn|ox3

SUOISN|OU0Y

s1nsay

uoIsN|ou0Y

18 9AILJY 0] PIS() SBUNSBAN uoIleJN( PUB UOIIUBAJIBIU|

a|dweg apedy pue Apnig

panuiuoy | 374Vl

MALOW et al

$112

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

L
—
o
—
o
<<
—
=
L
=
Ll
—
a
a
>
1)

([66'6-896 ‘101
U ¥8'6 '[86'8—95'8 1] U G/'8
‘[P¥'8—G9°L *19] U G0'8) duljeseq
snsJdan Y g/'| Ag paseadoul uoljedn(
([210—-¥070 ‘101
80°0 ‘[¥£°0-020 ‘101
920 {[$50—81°0 191 6£°0)
aul|aseq snsJaA ygiu Jad
120 Ag paseaduoap ydiu uad sguiyem
([21'1-8670 :10]
U90k-[80Cc—8L L 101 U 161
‘[£6'C—82°C 101 U 9°C) dulaseq
SNSJAA Y $G°| paroddwi Aouale|
doaa|g AjoA110adsad sanjea
uluole|aw pue ‘ogeoeld ‘auljeseg

uolednp das|s pue sgumjem

31U Jo Jaquinu Aouale|

do9a|s anoudwi 01 JUBWIIRDJY
9AIJ09}0 UB S| UIUOIR|DN

SJapJosIp das|s 4ay1o
Jo ‘eaude daa|s ‘eluwoseded
ouIng (0" =d) uswiesuy

YlMm panoddwi 91easgns BlUWOSSAQ

(¢ =d) anoadwi jou
pip sgun{em JygIN '0gaoe|d ypm
paJedwo9 Juawiead} uluole[dW

8ulnp (g0 =d) Joguoj
sem awl} doals (30} pue (700" = d)
Jomo| sem Kouaie| dea|s uespy

sguniem ysiu

lou Ing SV Ym usJpjiyo

urawi} daajs |e103 pue Aouale|
doa|s sanoddwi uluole|apy

(3utuayeme
guiudow ‘suiem giu MM 7 J0} PSJaAaJ UBY]L
‘Rouaie| des|s ‘awil deg|s YM | INOYSEM YM § O}
|101) SlJeyo doa|s |pludJed  UIUOIR|dW W G JO 0G3de|d

adleuuoiisenb saiynouyip des|g
noysem ow | e
YlM Jus8e yoea Joj ow
¢ pajse| aseyd juswiead|
"%0G= JO Juswarosdwl
Ue Se pauyap ‘panslyoe
sem daa|s ,poog, |13un
8w (| J09SOP WNWIXew e
0} 8w ¢ Aq sysiu
¢ AJans jJuaded ay3 Aq
paseaJoul Sem 9sop ay|
"JUage Jayl0 8y} 03 JBAO
pass049 Uayl pue ogaoe|d
J0 ‘daa|s pauue|d 8J0jaq

oW @ J0} yuow AJana
P9109]|09 3JaM (94BME BWI}
‘sgunjem ygiu ‘awiy doa|s
‘9WIIPaq ‘UaYe} uluolepw

awy) saluelp deajs Ajleq  uiw oy 030¢ ‘B g uiuoepN A 91 03 ¥ page ‘uadp|yd Og :papniou|

AM §>

J0J SUOIIRIIPaW BAIlePaS Sulxel

Jo/pue uluolepw guisn AjJusddnd
/RIsnoinadd uadp|iyo :papnjoxy

(Wopgury payun) (ow g ise| ay}
J0Joam Jad sawil y unjem ygiu
Jo/pue Kouaie| daa|s y | 1sea| i)
Aynoyyip Suidaals pue wisine yum

K91 03 ¥ page uaup|1yo / jpapnjoul
3WoJpUAs N8y J0 X 3|13Rd4 Se yons

SJ9pJOSIP [pIUBWAO[9AIPOINSU
JBY10 Y}M 8S0U] pPUB ‘SUOIIRIIPaW
o1dodjoyoAsd uo Aj3uadund
950U} ‘Uluole(dw uo Aj3usddnd

J0 A|snoinaud uadp|iyo :papnjox3

suolesipaw oldodioyohsd

10 994} 9JOM pUEB |NJSSIIONS

10U SEeM Jey} Juswageuew
JOIABYSQ BUOSJBPUN PBY UBJP|IY)
‘aw1} das|s |e10} paonpad Jo/pue
‘Bunjem JYSIu 9AISSa0Xa ‘Aouadle|
daa|s paguojodd pue QSy Yum

[8A8] “10Y

129002 ‘S!I|eM pue 3ueisuen

[8A] “10Y

ov | 102 ‘1€ 39 WBLIM

SuoISN|OU0Y synsay

uoisN|ou0y

12 BAIIJY 0 Pas() SeUNSeajy uo13RINQ PUB UOIUBAJISIU|

a|dwes

apeJy pue Apnig

panuiuoy | 379vL

$113

PEDIATRICS Volume 130, Supplement 2, November 2012

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

9WOJpUAs

S.J98Jadsy Ylm uaJp|iyo

ul uoiednp Jo ‘Kousioyys dos|s

‘sgunjem Jydiu jou ing Aousie|

das|s pue A1AI0€ |RUJNIOOU

anoJdwi 03 Juswiead}
9AI109)J0 UB S| UIUOIR|IN

sgunjem

1y81u JouU Ing dwi} Josuo dea|s

pue ‘Aouaie| des|s ‘uollednp

doaa|s anoddwi 03 JuswieaJ]
9AI109}49 UB SI UIUOIB|ON

(CLS =d ‘1L0S F 8v08F 0}
9G'GS ¥ 0¥'/.Lp) uolednp Jo

(199 =d T9¥ + £0'98 03 /GG

F ¢1°68) Aousloy)e das|s ul punoy
aJaM Sagueyd Jueoyludis oN
(8Y0" =d 'ST9 F G821 03CL'9

F ¥1°Gl Wody) Suiem Jo Jaquinu
paseaJoul Inq (200" =d ‘¥9'6

F 812 016072 + 200y Wodl)
fousie| deals pue (170" =d ‘667
F ¥/81 0198 ¥ 69'1g) Aunijoe

Jeudnioou paroddwi utuoleeyy  dea|g Joj 140day-}|ag suaJdp|iy)  UIuoiR[aW JO SW ¢ PaAIadaY

(0¥G°0 8218 19848 ‘0" = )
JUBDYIUBISUI 84M ING L0°0

Aq panoddwi a4am sguiusyeme
pue (08¢ :9zIs 1003

‘110" =d) uiw gy kg panoudw
19su0 daa|s (§'| :92IS 10940
‘01" =d) ulw gz Aq syuedjorJed
g1 40 || ul paaodduwi

Kousie| daa|s ‘(g1 'g :9ZIS 10049
‘480" =d) ulw |g Aq syuedionJed
21 40 g Ul paAoJdwi uoijednp

daa|s ‘0gaoe|d yum padedw o)

Aydedgnoy

aJleuuoiisang
ssauldea|g awiikeq sJayoea]
9|e0g $SouIdas|g BysuljoJeY

1089
Aypi1gowoo
ol43e1yoAsd Jolfew yum
uaJp(iyg Jo suoiedipaw o1dodjoyohsd

Joj 9|edg 9oueqUNIsSIq doa|g Sunje} uaJp|Iyo :papnjox3

(MuIS|oH) ow ¢ 1se| ul swajqodd
doa|s 8J4aAaS pue dWOJPUAS
s.JagJadsy yum pasoudelp

K /1 03 G UBJp|Iyd G| :papnjou]

Swa|qodd Pyl 0} pagaJojaq ulw g
(uogad( ‘pusg

‘sojuodidsay sdijiyd) yoremioy pay19ads J0u :papnjox3

(Inoysem
0U) %M Z 0} PaSUIanad

(SuIyem ygiu jo uayl ‘YM g Joj awiipaq do9|s pa1dodad oym awodpuAs

Jagunu ‘Josuo daajs ‘uorjednp 9400 UlW (g UBAIS X 9|13eJd4 Jo/pue wsiine ypm
‘Rousie| daa|s) Adelp dea|g  uluoledw Jw ¢ J0 00d9e|d K G| 01 g page uadp|lyo g| :papnjou|

(eludoyijen) swajqodd

19797 ‘|043u09-3s0d/34d

05200 ‘(B 30 UauoAeed

11 19A3] 104

32600¢ 1€ 19 ueuefodipm

SUOISN|OU0Y

s1|nsay

uoIsn|ou0y

12 9ALLIY 0} Pas() saJnseapy uolleIN( pue UoIUSAJSIU 9|dweg

apedy pue Apnig

panuiuoy | 379Vl

MALOW et al

S$114

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

L
—
o
—
o
<<
—
=
L
=
Ll
—
a
a
>
1)

pajeJalo}
||oM pue djes sI | "qSy Yim
uaJp|1yo ul ssadis gunuaded
pue JoIAeyaq awiikep

10 s10adse sanoddwi pue
‘fousie| das|s Jo JuawIeaJ}

9110343 UB SI UIUOIR[BIN

asv
ULIM UBJPJIYD Ul 90UR1SISAU

aWIIpaq pue ‘sguem Jygiu
J0 Jaquinu ‘Aouaie| ‘uoliednp
daa|s anoddwi 03 Juswieadl

913049 UB SI UIUOIR[BIN

19su0 doa|s Jale awll 9)em Jo awl}
daa|s [e303 J0u INq (1000 > d

‘ulw g'|.g 03 g'gy) Aouaie| das|s

Ul U99S adam wEmEm>oLnE_
Jueaylugis Ajjeoisiels

‘(@seyd uoljewiooe yum

paJeduwiog) JuswieaJd} UILOIRBW YIM

(100" >d

‘¥ SA ¥ SA ©9) g pue | sJdeak
Ul $8409S (HSD Ul Juswanoddwi
JUBdYIUBIS PamOYs

OW $Z Panuijuod oym asoy]
(100" > d) %19 ul Auuengaudi
awWipaqg pue ‘(100" > d) %<9
ul dwiIpaq le aouasaJd |ejuaded
(100" > d) %SG Ul 8uides|soo
(100" > ) ulw Ol 03 0L Wou)
£q 19SU0 da9|S JOYR BWI} B EME
(100" > d) U 9 Aq uoizeunp ul
SjusWwoAoddwl PaMoys Saldelp
daa|§ (10" > d) panoddul

0S|e 8Ulyleadq paJapdosip
-da9|$ *(100" > ¢) panoudwi
Ai3ueoyiudis adom ssauidas|s
awiikep pue ‘sguiyem

11U ‘A191xue ‘9ouelsIsad
‘uojednp ‘fouale| guipedad
sanjeAa OHSY (100 > d ‘S¥ SA
G9) paroudwil AjJueoyiugis adom

oW g 0} dUI|aSE] WOJ) SanjeA OHS)

aW1Ipaq 840}aq Moam Jad SIYSIiu ¢= uo ulW gg=
uiw og pinbi| jdaul :aseyd 10 Aejap 19suo0-daa|s pue gSy Yum
UOIJRWI|29. %99M-0M] K § 0} ¢ Page uadp|lyd ¥ :papnjoul
K y< pagde
uaJp(iyo ul 8w g 03 dn
pue A y>> page usJp|1yo ul
W ¢ JO WNwWIXew 03} asop
95EaJ0Ul p|N0d ueIIsAyd
JBIU BY3 BUIINp UIW G| <
J0J 940ME UBJP[IYD SI Y4
8L Z A3 03 PASIAPE UBJP|IYD

0HS9 “Aydeuginoy 261 10Z ‘|2 10 MOjepy

A|snoiAaud ow g 4o} suoljesIpaw

guiye} Jo/pue ‘suoilpuod

8UI3SIX909 ‘J0IND MO|aq

84008 SYYD UNM Ing sisougelp
WisiiNe Yim uaJpliyo :papnjoxg

(40 Sw g pue

44 SW |) BwIpaq 8.048q

uiw Oy 03 0¢ UIUOJe|oW
98B3[04-Pa|[0JIU0d W ¢

(sdeu Aep ‘uoijeanp
pue sguiyem ygiu ‘uoizednp

‘uiIl 8s1J ‘oWl paq) AJeip des|g || 18A8] ‘|043u09-180d/8ud

(Kiey)

(Moom Jad $aWI} 9<< WV G 840J3Q

Sunjem pue ‘sguijem ygiu yaam

Jad sawil o< ‘Aousie| des|s uiw

fpnis Gy<<) JapJosIp daals yum g'ez>

(Rjoaioadsad ‘gL =u 94098 §YY) pue WSIiNe yim

OHS9 pue Gz = u) OW-y7 01-9 A9'019Z Page UADIYY Gz :PapNaul 159007 ‘B 10 mouueln

SU0ISN|OU0Y

synsey

uoIsSN[ou0y

18 BAIIJY O} POs() SeUNses|y UoIRINQ PUB UOIUBAIBIY| a|dweg apeJy pue Apnig

panuuoy | 379vL

$115

PEDIATRICS Volume 130, Supplement 2, November 2012

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

Wwisiine ypm usupiiyo

ul ssau1das|s awikep

J0 ‘8UlyIeaUq PaJapJosIp

dos|s ‘seiuwoseded ‘Suiem

guiudow Kjues ‘sguryem

ydiulouingA1aixue daa|s pue

‘uorjednp ‘Aousie| ‘douelsISad

awpaq seroudwl sjuaded
Y}IM UOIJUBAJBIUI |RUOIIRONPT

ASY Yim uaJdpjiyo

ul swa|qodd das|s

90NPaJ 0} Juswiesd}
9AI09)J9 ‘9JBS B S| UIUOIR|IIN

(960" = d) ssauldaas

awifep pue ‘(5z9 = d)
guiyieadq padapdosip-dea|s

(109" =d) eluwoseJed (808" = d)
s3uiyem ysiu jou Ing (220 =d)
f191xue doa|s pue ‘(200" = d)
uoIeINp ‘(400" = o) Aouaie|

‘(L00" = d) 80UBISISa 8WIIPaq
J0J $8400S ()HSD parodduwi

POMOYS UOIJUSAIBIUI [BUOIIEONDT

(sIseunus
pasesJoul Jo/pue ssauidasls
SUIUIOW) $1081J 8SJaADE pey

UBJP|1Yo 98uy] "JusWiead]

Joye doa|s 9SJOM palJ0dad
%] PUB ‘UJadu09 Jofew e
paulewad swa|qodd daa|s %¢|
J0J ‘SUJBIU0D pey |[11S

1nq daa|s panoddwi pey %09
UJaduo09 e Jaguo| ou swa|qoud

doals Ylm %Gz ‘uoneniul Jauy

$109}J9 9SJIAPE U310
0U ‘plIY9 | Ul $]001S 9S007
'sguipuy Auojedoge| ur agueyd
ON ISd 8y} uo 8|easqns p|iyy
1INou4Ia 8y} pue ‘aAis|ndwod

(998S9UUTY)
pus Jaye ow | dn-mojjo} SUJ9OU0D d99|S YyIM QSY
‘S)99M 9AIINOJSUOD O SISOUSeIP [BOIUID YUM A Q| 03 ¢
OHSD ¢ JOj SUOISSaS UY-Z 93JY| e PBSE UBJP|IYDJ0 S3I|IWEL 0T :PIPN|OU]| 1¢600¢ ‘B 30 paay
SUOIJUBAJDIUI
|euOI1eINpa/|BJOIABYDY
8w 9 0}
9S0P 9SBAJOUI YM  JoYe
9su0dsad ou 41 :uaJp(iyo ||y
MM Z Joye
8w ¢ 01 9sop paseadoul
‘asuodsad ou J| awil
pag a4ojaq uiw g 01 0 Japdosip Jejodiq jo
Adeip des|g uluolelaw Sw gL ‘A9=pagy  SISOUSRIP B YIIM UBJP|IYd 1papn|ox]

Il 1878
‘|0J1U09 ON-1s0d/8ud

sw e
03 dn ym g AJane 8w | Aq
paseaJoul ‘asuodsad ou

(Suo1eoIpaW

40 9sN ‘Sy 40 AyJanas

‘SUOI}IPU09 O1u3eIydAsd Jayio

‘auaI3Ay dea|s Suipnjour)
$910U 01UI|D JO M3IABJ JdBY)

(99ss9uUUd]) JapJosip das|s
31 M Z JaYY 'paq auojeq UIUOIR|aW 8X e} 01 PAPUBILLOIA
ulw g 03 Og Uluole|BW Ajsnoinaud wisiine yym pasougelp
3w |-G, A 9> pagdy A g| 03¢ page uadp|iyo /0| :papnjoul 028007 |€ 39 UdsJapuy
(pa1e|eoss Jou
sem asop ayl ‘Aydedgiioe
Ag oom Jad sygiu
G= UO Ulw 0g ulyum

pue padAj0aJals §gY
‘aA13084e pue ‘AyAioedadAy
/H10U9P-UOIJUBTIE ‘UMBIPYLM
0 $9]B2SQNS 1999 ‘uoizeUnp
daa|s pue Aejap 19su0-das|s
0 $91e9SANS (HSH Ul pajou
0S|e 9Jom Sjuawanoddwi
Jueayiugis Ajueayiugis

9|eog
$109)43 9IS angey “(unoejoud
pue ‘{1 ‘HS4 ‘@U0.a1S01s8]
‘U950J189 ‘0811400
‘u1d0J10913409 ‘U0IOUNY [BUB
pue Jaal| uipnjoul ajyoJd
oljogelaw ‘9go) ssulpuy

fuojedoqe] 'Isd ‘say 1999

doa|se 8ul|jey se pauyap
‘PaJUN90 dsu0dsad
AJ030ByS11ES B J1) 9SU0dS
uo paseq Sw g 01 Sw

¢ 01 3W | WOoJ) pale|eass
Sem 9so( ‘spoldad

¥M-¢ U0 paseq |090304d

9s0p dulle|eass [euoirdg

guiutedy uoizeonpa das|s
PaAI99aJ sjuaJed pue ‘passadppe
9J9M $3I3IPIQUOWOD [BIPaW
‘JUBWIeaJ] UluOle|aW 8J0jog
‘suorieolpaw o1dodjoyohsd guryel
Jo Asda|1da ypm uadp|iyo :papn|ox3

|| [8A87 ‘|0J3U09-180d/add

SUOISN|OU0Y synsay

uoIsSnjou0y
18 ALY 01 PIS() S8UNSBa

uoleINQ PUB UOIUBAJIBUY

a|dwes apedy pue Apnig

panunuoy | 314Vl

MALOW et al

$116

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

L
—
o
—
o
<<
—
=
L
=
Ll
—
a
a
>
1)

anss| ue

da9|s paJdapIsuo9 []11s %06 g daa|s
panoudwi pajdodad sjuaded 4O %00

pagueyoun pue a|gelJeA SEM UoIjeINQ

(%01) 01 J0 / 0} panoudwl uiem JygiN

(%09) 01 J0 9 Ul panoudwil fousie| deals

JuswWaAoJddwl
[enuelsqns %¢ 9y pue
‘JuawaAoddwi 91eJapow
%692 ‘98UBYD OU %C 61
‘UOI1RJO0IJB]OP 9IRUBPOW %/ )
:0W g YIm padedwod auljaseg
JuswWaAoJddwI
[erjuelsgns %¢" Ly pue
‘JuawaAoJdwi 91eJapow
%8'Sg 98UBYD OU %/g
‘UOI1RJO01JBIOP 91BUBPOW %8 Y
‘U0I1RJO01JBIBP |BIIURISONS %9'|

:0W ¢ yIm pauedwod auljaseq

sjuawanoddwi

|enuelsgns %90y pue
‘JUaWaA0JdWI 91BJBPOW %/ BT
‘@8UBYD 0U %G7 ‘Suolneyaq dag|s
10 UO0I1RJ01I913P 91BJBPOW %3

qesip |euswdojanap
Y1IM UBJP[IYD Ul UoIeJnp lou
1ng sguijem ygiu pue Aouale|
doa|s paroudwi syusded

Y}IM UOIJUBAJDIUI |BUOIIRONPT

sunjem
guiudow AjJea ul Juswsroudul
pa1d0dad %¢¢ ‘duides|soo

SY3IU JOMa) patdodad sjuaded 4O %]/

0 =d

UIW L'vg F 208 SA 86 FS1T)
19suo daa|s Jaye Suryem
jouing (620" =d ‘9LC F 9G¥
SA UIW 0'0¢ I 7'29) Aouaie|

daa|s panoadwi pamoys Aydesdijoy

:UOIUBAJBIUI YUM paJedwoo auljaseg

passadppe

os|e sem 3uidaa|so)

UOISS9S M3IADJ G UOISSAS
sanbiuyoay

UOIoUIIXd ' UOISSAS
$91893ed3s JJoddns
Jaulded pue suo1onJisul

9AI11094J0 ¢ UOISSAg
uoljejuasaddad
|ENSIA PUB JUAWBDJ0JUIDU
Y}IM UOIJUBAJBIUI
pajeads 'saouanbasuod
pue sjuapadajue

‘f40ay3 8uludes) ;g uoISSaS

gu1les |eog :| uoIssag

(owin
ayem guludow ‘guidas|soo ow g| pue ¢ 1e dn-moj|04
‘Suryem 19suo das|s ‘s||eo auoyda|oy Ayeom
‘o s3yd1| doineyaq) Adeiq doa|S UM MM / JBAO SUOISSOS dAI4
SUJBIUOD
desls [enpiApul
$S9Jppe ¢ U0ISSag
gunem
guiudow Kjuea pue
gunem ygiu sziwiuiw
0} $91801RJ]1S g UOISSAg

sguijem
31U ‘uoniednp “fousie]

0HSD

pue 4S|4 uo paseqaulnod
awinpaq e pue slgey
oW} JyBiu pue swnfep

Aydeudioy paysi|ge1ss | uolssag

uolleaIpaw duiyel 8q 03 jou

8J9M ‘QSY Yum pasougelp

11 Jo/pue Asdajida yum
pasougelp JI papn|oxa :papn|ox3

(eljeJisny)

Aynoyjip daa|s paaigadad

YUM (9 =U) QSY 40 (L =U)

WOJpUAs X 9[18edq Jaypa

ynm A ¢ pade (saljiwey ¢|
$S0J0B) UBJP|IYD ¢| :papnjou|

[eEETH

PaJapJOSIp 03 91N(1J3U09 AeW 1Ry}

SUOI}IPUOY |BDIPAW/I1S0|0dN3aU

pue ‘Asdajoodeu ‘eaude

daa|s se yons sdapdosip daa|s
Adewiad yum usJp|iyo :papn|ox3

|I| [8A3] ‘salJas asen

2¢G00C ‘18 39 dojsIam

|9A3]
‘|0J3u09 0u-}s0d/a4d

SUOISN|OU0Y synsey

uoisn|ouog

12 9ALIJY 01 Pas() SaUNSeapy uoIRINQ PUB UOIUBAJISYUY|

a|dwes

apeJy pue Apnig

panuiuoy | 374vL

$117

PEDIATRICS Volume 130, Supplement 2, November 2012

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

‘98eSSey [euoriped] 1.yl ‘WL ‘oddng wnJjoadg ‘SS ‘uoileddaju| AUosuas ‘IS ‘91eaS J0IABYag dAIN10daY ‘SEY XOpU| SS8UIS [BIUBJRd ‘|Sd ‘DWN|OA JB[NISNAJI0D UBBW AJJN ‘QUOWJOY SUIZIUIIN| ‘HT ‘BUOWJOY Sulle|nwiis
-9011|0} "HS4 ‘0se|od 158} ‘Y4 ‘SHUeH dod|§ J0 AuojudAul Ajiued ‘HSI4 ‘©SeBjad Paj|04Iu0d Yo ‘|eAtdlul 80USPYUOD |) ‘UoIsSaudu] [BGOID [BD1UND ‘9) ISI403YD JOIABYSY PIIYY TG UNOD |80 POO|q 939|dW0D ‘9gY ‘8]eds Buliey WSINY pooyp|iyg ‘Syy9

8uIpead UBY} 8J0W (SY UHM
UaJp|Iyd Ul pag Jo Ino 8uIpes
pue JolAeyaq ulle|nWIls-}|as
‘BUIAJD ‘SSBUSSD|ISAU/SUISSN)
$9SB3J09P Pag 840j8q 93eSSep

sgunjem

1Y31U pue ‘uoizednp ‘}SU0

da9|s 109)48 0] JUBWIEAU]
91309448 UB J0ou SI AdeJdy] BWOJY

IS pJepuess
YlM padedwod ueyiadow jou
NG QSY YNM usup|iyo ul dagys
S9A0JdWI BWIIPAQ 8J0Jaq ‘1|

(do1ABYaq dwi-Aep

Joj so13sijels papiroad

Ajuo ‘papiroud jou sdaquinu
|en3oe) paq Jo o guiped
pue JolAeyaq Julie|nwils-|as
‘Buifu ‘ssaussa|lsad/guissny
0} pJedad yum dnodg Adedayy

98BSSRUW 3] 40} SBUI[99P JBIRaUD

(68" >d ‘091 ‘91 =4p

‘66°0 = 4) Adedayiewode

Aq pa31oaje 10U sem

uoijednp dea|s (1g =4 ‘9 = 4p
‘6102 = Nkv Kdedayiewoue

NOYHM pue ylim Jajip

jou pip sguniem Y3IN (0g" =d
Gy ‘SI'Y =P *LTL = 4) dwi}18suo
-das|s ueoyludis Ajjeonsiels

9]eJdisuowsap 1ou pip sjuedioilded  uo jeis Ag papJodad Adelp daa|g

(68" =4 ‘Ajan130adsad ¢'9

SA /') Juedylugis Ajjeonsiiels
10U aJom sdnoJdg agessew pue
|043U02 8Y1 4O $8J09S JOIARYS(Q
do9|s-1s0d pue -add usamiaq
90URJAHIP 8YL (100 > d ‘T8 SA
6'¢1) Joineyaq daa|s panodduwi
IS PJEPUBIS (100" >d ¢G

SA G| |) S8J00S d99|S parosdwi o3essei

payioads Jou :papn|ox3 Al19A3] ‘1Y

(paq aWIIPaq aJ04eq Sulpead

9Y1 13| PI1Y9 Sewil Jo Jequinu 10 Ulw G| Jo (3sidedayy

pue ‘JolAeysq guile|nwils Aq pauledy) sjuaded

-}|9s ‘BUIAJD ‘SSBUSSa|ISAd Aq Adeday a8essew
‘8uIssny) salJelp dag|S  UIW-G| PAAIBAJ ‘OW | 404

(BPIIO|4) WSIINe YpM

U8JP|1Y2 JOJ [00YOS W0} PaNJIa
£'9 03 ¢ page uadp|iyo 0g :papn|ou|
pay1oads auou papn(ox3

¢[00 |& 19 BUO|RIS]
|| |9A3| SBI1JDBS BSe)

pag aJojaq

SJ4noy g~ 89| pue 100} J0
98BSSEW BIA P g JOAO (|10 (Wopgury pajun) Wsine yum
paas adeJg ul |10 JapuUaAR| UaJp|1yo J0} |00YdS |eluapisad e
%¢) Adedayy ewode wody QSY Yim pasougelp

J0 suoljeyisiuiwpe dadyl A gl 03| page uadp|iyd gl :;papnjou
(so8essew ¢]) Juawiead}
10 908 939|/dW09 03 8|geUN 9SOy}
pue 1] J0} SUOIeIIpUIRJIU0D

UHm 980y} :papnjox3

(SBunjem ‘uoijednp ‘}9Suo
das|s) SpunoJ [BAJBIUI UIW-0S

M g d0J
IS PUB NLL UIW-09 OM|

[an8] “10Y

(pueytey])

(NLL + IS) [eIUBWIJBdXD B4aM

WM g 0¢ pue (]S) dnodg [0Jju09 03ul Ind

JOJ|S PUB 1] UlW-0g9 OM] 9JOM (¢ ‘WSIINe Ylm pasougelp

fuelp deg|g 4o | pdepuels ulw-09 oMl A Q| 0} ¢ page usup|iyo 09 :papn|ou] ¢800¢ ‘[e 3 [oneuld
aUIDIPaW BAIJeUJDY R

pue Adejuswa|dwo)

Su0ISN|OU0Y

s1|nsay

uoIsn|ou0Y

18 9ALLIY 0} Pas() saJnseapy uoIlRIN( PUB UOIIUSAJSIU 9|dweg apeJy pue Apnig

panuiuoy | 374Vl

MALOW et al

$118

ions.org at VVanderbilt Univ on November 13, 2012

Downloaded from pediatrics.aappubli


http://pediatrics.aappublications.org/

SUPPLEMENT ARTICLE

insomnia in children (not specific to
ASD) were identified.

The results of the systematic literature
review demonstrate that treatment
trials are limited in the ASD population.
There are 3 categories of treatment:
pharmacologic/biologic treatments,
behavioral/educational interventions,
and complementary and alternative

Respondent
Parent
Parent
Parent
Parent
Parent
Parent
Adolescent
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posttreatment. Both studies used mul-
ticomponent treatments, although they
varied with respect to the specific
components of treatment. However,
they were representative of treatments
commonly used in clinical practice as
well as supported as effective in the
general pediatric population. Both
studies used extinction and positive
reinforcement as treatments. Both
studies provided parent training, as
follows: (1) identifying a treatment
goal/treatment target for therapy; (2)
discussion of how the sleep problem is
maintained by conditioning/learning;
and (3) emphasis on establishing a de-
velopmentally appropriate bedtime
and a consistent bedtime routine. Other
treatment components addressed in a

single study included sleep hygiene in-
structions, use of effective instructions/
directions to shape appropriate sleep
behavior, and use of the bedtime pass
protocol.28 The studies did not address
relative efficacy of these individual treat-
ment components.

Complementary and alternative medi-
cine therapies addressed in the litera-
ture review include massage therapy
and aromatherapy.33-35 The systematic
review found no evidence to support
these therapies for insomnia in chil-
dren who have ASD. Neither of the
graded studies examining the efficacy
of massage therapy or aromatherapy
for insomnia in children who have ASD
led to statistically significant improve-
ments in sleep posttreatment.35-3

TABLE 3 Questionnaire to Help Identify Underlying Medical Conditions

Gastroi

@

1. Does your child have a history of reflux?
e [fyes, when did it resolve?

2. Are there any ongoing symptoms?
e Ifyes, listall:

3. Does your child have constipation?
e [fyes, is it controlled?
®  What medication(s) is used for control?

4. Does your child have abdominal pain?
5. Does it occur at night?
® How often does this occur?

oo og g Og
oo og g Oz

Seizures and Other Nighttime Events

@

1. Does your child have scizures?

T

e [fyes, does your child have seizures that happen

iple times a night?

2. Does your child have unusual events (behaviors or movements) during the night?
® Ifyes, is the event similar every time (suggests seizure)?

Sleep Disordered Breathing

@

1. Does your child snore/breathe loudly?

2. Does your child gasp for breath or stop breathing?
(if no, child may still have sleep disordered breathing)

3. Does your child have allergies/nasal congestion?

Asthma/Sinusitis

@

‘ 1. Does your child cough at night?

Pain/Itching/Discomfort

4

1. Does your child see a dentist regularly?

Could your child have any tooth pain?

Does your child have eczema?

Bl bad

If your child has eczema, is it currently well controlled?
e What medication is used for controlling the eczema:
® When is the eczema medication used (i.e. daily, as needed):

00003 Ox0 O Oxo0ogs
OOOOz0z0O 0O Ozo0oOz

Do you think that the eczema causes your child to be itchy or have pain?

Could your child be hungry at night?

XNV

Is your child overly sensitive to light, sounds, or textures of clothing?

QOO
QOO

e Ifyes, explain:

Can you think of anything that may be causing your child pain?

Nutrition

4

1. Does your child cat at least 1-2 ounces of meat per day?

e How ofien:

2. Ifnot, does your child take a multivitamin with iron?

3. Does your child have restless sleep?

4. Does your child have leg pains/”growing pains?”

Physical Exam

@

1. Does child have large tonsils?

Is child hypotonic?

Does child have nasal congestion or signs of allergic rhinitis?

Dental issues

‘Wheezing

Q|

Significant eczema

DOD0O0000Ox 00 OO
o 2
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Results of the Guideline
Development

Based onthe feasibility testing, a number
of observations resulted in the devel-
opment of resources to assist clinicians
inthe application of the practice pathway.
After reviewing the literature and con-
ducting pilot testing, the ATN Sleep
Committee developed and refined the
insomnia practice pathway and made the
following consensus recommendations:

A. General pediatricians, family care
providers, and autism medical spe-
cialists should screen all children
who have ASD for insomnia.

This screening is best done by asking
a short series of questions targeting
insomnia, such as those from the
CSHQ, and asking if the parent consid-
ers these a problem. These questions
are: (1) child falls asleep within 20
minutes after going to bed; (2) child
falls asleep in parent’s or sibling’s bed;
(3) child sleeps too little; and (4) child
awakens once during the night. These
questions were selected on the basis
of review of the CSHQ and expert con-
sensus. The ATN database was also
reviewed (n = 4887), and we found
that 81% of parents who reported
that their child awakening more than
once during the night was a problem
also answered affirmatively to the
question “Does your child awaken once
during the night?” Therefore, to limit
the questions asked, we did not in-
clude “Does your child awaken more
than once during the night?” Asking
specific questions is essential because
parents may not volunteer concerns
about insomnia given their concerns
with behavioral issues (although these
issues may be secondary to the in-
somnia). Identifying significant insom-
nia is paramount given its impact on
daytime functioning, not only for the
child with ASD but also the family. Table
2 lists available questionnaires.

B. The evaluation of insomnia should
include attention to medical
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contributors that can affect sleep
(including neurologic conditions and
other sleep disorders that contrib-
ute to insomnia).

These contributors should be ad-
dressed because their treatment may
improve insomnia. Within the ATN, we
have developed a list of questions for
medical contributors, including gas-
trointestinal disorders, epilepsy, pain,
nutritional issues, and other under-
lying sleep disorders responsible for
insomnia, including sleep-disodered
breathing and restless legs symptoms
(Table 3) that pediatricians can in-
corporate within their review of sys-
tems. Psychiatric conditions, such as
anxiety, depression, and bipolar disor-
der, should be considered because
these may contribute to insomnia. Fi-
nally, because many medications con-
tribute to insomnia, a careful review of
medications should be performed.

C. Educational/behavioral interventions
are the first line of treatment, after
excluding medical contributors. How-
ever, if an educational (behavioral)
approach does not seem feasible,
or the intensity of symptoms has
reached a crisis point, the use of phar-
macologic treatment is considered.

Educational/behavioral approaches to
the treatment of insomnia are advo-
cated as a first-line treatment in typi-
cally developing children.2! In children
who have ASD, educational/behavioral
approaches are also recommended,
especially because these children may
not be capable of expressing adverse
effects caused by the medications. The
core behavioral deficits associated
with ASD may impede the establish-
ment of sound bedtime behaviors and
routines. These include: (1) difficulty
with emotional regulation (eg, ability to
calm self); (2) difficulty transitioning
from preferred or stimulating activi-
ties to sleep; and (3) deficits in com-
munication skills affecting a child’s
understanding of the expectations of

PEDIATRICS Volume 130, Supplement 2, November 2012

parents related to going to bed and fall-
ing asleep. Gonversely, given preferences
for sameness and routine, children who
have ASD may adapt well to establish-
ment of bedtime routines, especially if
visual schedules are implemented.

The ATN has developed an educational
toolkit for parents that consists of
pamphlets to promote good sleep
habits; a survey to assess for habits
that may interfere with sleep; sample
bedtime routines, including a visual
supports library, tip sheets for imple-
menting the bedtime routine, and
managing night wakings; and a sleep
diary. The toolkit is being tested for
feasibility in an ongoing research pro-
ject funded by the Health Resources
and Services Administration of parent
sleep education at 4 ATN sites and is
also being used in clinical practice
throughout the network. As with other
educational/behavioral approaches,
the success of this toolkit depends on
appropriate implementation by par-
ents, with the guidance provided by
practitioners an essential element for
many families. Families can often be
encouraged to implement educational/
behavioral strategies when presented
with these tools, especially if they re-
ceive hands-on instruction in the tools
and are provided with an explanation of
why a behavioral approach is recom-
mended. However, some families may
be in a state of crisis or may not be
willing or able to use the behavioral
tools. These families may be challenged
by difficult daytime behaviors in their
child or by financial concerns. These
children might require pharmacologic
treatment. In addition, practitioners may
not be able to provide sufficient in-
struction in the tools for a family to be
successful with their implementation.
Therefore, there is the option in the
practice pathway (Fig 2, Box 5b) of
medication or consultation to a sleep
specialist if the family is unwilling or
unableto use an educational approach,

SUPPLEMENT ARTICLE

depending on the comfort level of the
pediatrician.

Behavioral Treatments for Insomnia

The behavioral treatments most com-
monly used to treat insomnia in chil-
dren who have ASD include behavioral
modification strategies such as extinc-
tion (eg, withdrawal of reinforcement
for inappropriate bedtime behaviors)
and positive reinforcement of adaptive
sleep behavior. Sleep hygiene instruc-
tions (eg, appropriate sleep schedules
and routines) often accompany behav-
ioral modification protocols. Behavioral
interventions are effective in the treat-
ment of insomnia in typically developing
children.2" However, the evidence base
for effectiveness of such interventions in
children who have ASD is limited. The
data from the literature review provide
preliminary support for the use of be-
havioral modification to treat insomnia
in children who have ASD. These data
were the basis for the development of an
educational toolkit used to guide behav-
ioral management of insomnia in the
insomnia practice pathway.

Alternative Treatments for Insomnia

The most common alternative therapy
with a presence in the literature is mas-
sage therapy.%3% However, the results do
not demonstrate consistent, statistically
significant improvements in sleep.

Pharmacologic Treatments for
Insomnia

Although medications and supplements
are often used to treat insomnia experi-
enced by children and adolescents who
have ASD, the evidence base for phar-
macologic treatment is limited. At this
time, there are no medications approved
by the US Food and Drug Administration
for pediatric insomnia. The most evi-
dence exists for the use of melatonin.

D. Clinicians should assure timely
follow-up to monitor progress and
resolution of insomnia.

§121
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Assuring adequate follow-up is crucial
when treating children who have ASD
and significant insomnia. Follow-up
should occur within 2 weeks to 1
month after beginning treatment. The
provider and family should expect to
see some benefits and improvements
within 4 weeks. Follow-up may be con-
ducted by telephone or in person.
Timely follow-up allows for fine-tuning
of treatment interventions, support of
parents, and provision of referrals if
needed. In addition to shortterm
follow-up (eg, 1-2 months), at long-
term follow-up (eg, 1-year visit) the
steps from the beginning of the prac-
tice pathway should be repeated.

As outlined in the practice pathway,
treatment of insomnia can be initiated
by the general pediatrician, primary
care provider, or autism medical spe-
cialist. Many children will improve with
these initial interventions. Consultation
with a sleep specialist is indicated if
insomnia is not improving with these
initial interventions or when the in-
somnia is particularly severe, causing
significant daytime impairment or
placing the child at risk for harm while
awake during the night. For those
children who have ASD and are taking
multiple medications for sleep when
initially assessed by the health care
provider, consultation with a sleep
specialist may be indicated, depending
on the comfort level of the provider.
Other indications for consultation with
a pediatric sleep specialist may include
when underlying sleep disorders are
responsible for the sleeplessness
symptoms (including sleep apnea,
restless legs syndrome, periodic limb
movements of sleep, and unusual night-
time behaviors [parasomnias] such as
sleepwalking or sleep terrors).

Results of the Field Testing

Results of the pilot phase indicated
challenges in implementing the practice
pathway due to a number of conflicts,

§122 MALOW et al

including: (1) competing demands onthe
pediatric provider in a busy clinical
practice; (2) knowledge level of the pe-
diatric provider; and (3) when consul-
tation to the sleep specialist occurs,
ensuring communication back to the
pediatric provider.

In response to these barriers, we de-
veloped the following resources: (1)
a short set of screening questions for
insomnia as well as a checklist for
medical conditions contributing to in-
somnia (Table 3); and (2) a sleep edu-
cation toolkit, available in hard copy as
well as on the internal ATN Web site
(www.autismspeaks.org/atn) that will
facilitate parent teaching.

Additional issues were identified re-
lated to provider comfort level in the
following areas: (1) assessing for
medical or sleep contributors them-
selves rather than referring to a spe-
cialist, which led us to modify the
practice pathway to allow for both
options; (2) providing education to
families in use of the toolkit, which af-
fected the length at which follow-up
occurred (eg, a second visit with
a nurse educator might be needed for
toolkit implementation if the provider
was too busy to educate families at the
time of the initial clinic visit); and (3)
treating insomnia with medications on
their own versus referring to a sleep
specialist. When a child was referred to
the sleep specialist, ensuring that the
sleep specialist communicated back
to the provider regarding recommen-
dations was also an issue related to
applying the practice pathway in our
field testing, particularly as related to
follow-up care.

We modified the flow of the practice
pathway in response to feedback dur-
ing the field testing. Initially, the prac-
tice pathway prioritized evaluation
and treatment of medical contributors
before  implementing  educational
measures, such as the toolkit. However,
based on the feedback of clinicians, the

evaluation/treatment of medical con-
tributors and the implementation of
educational measures became a paral-
lel process as opposed to a sequential
“first—then” approach.

DISCUSSION

We report here on the development of
a practice pathway for the evaluation
and management of insomnia in chil-
dren who have ASD. There are several
key points of this practice pathway.
First, general pediatricians, primary
care providers, and autism medical
specialists should screen all children
who have ASD for insomnia because
parents may not volunteer sleep con-
cerns despite these concerns being
contributors to medical comorbidities
and behavioral issues. Second, the
evaluation of insomnia should in-
clude attention to medical contributors
that can affect sleep, including other
medical problems that encompass
gastrointestinal disorders, epilepsy,
psychiatric comorbidities, medications,
and sleep disorders including sleep-
disordered breathing, restless legs
syndrome (unpleasant sensations inthe
legs associated with an urge to move),
periodic limb movements of sleep
(rhythmic leg kicks during sleep), and
parasomnias (undesirable move-
ments or behaviors during sleep,
such as sleepwalking, sleep terrors, or
confusional arousals). In parallel with
this screening, the need for therapeu-
tic intervention should be determined.
We also determined that educational/
behavioral interventions are the first
line of treatment, after excluding
medical contributors. If an educa-
tional (behavioral) approach does not
seem feasible, or the intensity of
symptoms has reached a crisis point,
the use of pharmacologic treat-
ment is considered. Finally, clinicians
should assure timely follow-up to
monitor progress and resolution of
insomnia.
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This practice pathway expands the lit-
erature that currently exists for typi-
cally developing children related to
screening and management.57-9 The
rationale for developing a practice
pathway that uniquely addresses this
population is because children who
have ASD, and their families, have
unique needs. For example, medical,
neurologic, and psychiatric comorbid-
ities are common in children who have
ASD, as is the use of medications that
influence sleep. In addition, parents of
children who have ASD, struggling with
the stressors related to their child’s
disability and the often accompanying
behavioral challenges, may not volun-
teer sleep to be of concern. In turn,
pediatric providers may not ask about
sleep due to competing medical and
behavioral issues. Furthermore, sleep
problems are more common in chil-
dren who have ASD than in children
of typical development?23 and their
treatment may impact favorably on
daytime behavior and family function-
ing. Given these factors, we do recog-
nize that children who have other
disorders of neurodevelopment could
also benefit from this practice pathway,
as they share common features with
children who have ASD, including
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comorbid conditions, parental stres-
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