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IMPORTANCE Cerebra pa sy describes tne most common paysica disabi ity 1n ¢ni dnood and
occurs In11n500 1ve birtns  istorica y_tne diagnosis nas been made between age 12 and 24
montns but now can be made before 6 montns’ corrected age

OBJECTIVES o systematica y review best aval ab e evidence for ear y_accurate diagnosis of
cerebra pa sy and to summarize best aval ab e evidence about cerebra pa sy specificeary
Intervention tnatsnou d fo ow eary diagnosis to optimize neurop asticity and function

EVIDENCE REVIEW nis study systematica y searcned tne Iterature about ear y diagnosis of
cerebra pasyinM D N (1956 2016,_ MBAS (1980 2016,_C NA (1983 2016,_and tne
Cocnrane 1brary (1988 2016, and by nand searcning Searcn terms inc uded cerebral palsy _
diagnosis_detection_prediction_identification_predictive validity_accuracy_sensitivity_and
specificity ne study 1nc uded systematic reviews witn or witnout meta ana yses_criteria of
diagnostic accuracy_and evidence based < inica guide ines  Indings are reported according
to tne PR SMA statement_and recommendations are reported according to tne Appraisa of
Guide Ines_Researcnand va uation (AGR y Instrument

FINDINGS Sik systematic reviews and 2 evidence based < inica guide ines met inc usion
criteria A 1nc uded artic es nad nign metnodo ogica Qua ity Assessment of Diagnostic
Accuracy Studies (QUADAS; ratings ninfants_cinica signs and symptoms of cerebra pa sy
emerge and evo ve before age 2 years_tnerefore_a combination of standardized too s snou d
be used to predict risl:1n conjunction witn cinica nistory Before 5 montns’ corrected age_tne
most predictive too s for detecting risl: are term age magnetic resonance imaging (86% 89%
sensitivityy_tne Precnt Qua itative Assessment of Genera Movements (98% sensitivityy_and
tne ammersmitn nfant Neuro ogica kamination (90% sensitivityy After 5 montns’
corrected age_tne most predictive too s for detecting risl: are magnetic resonance imaging
(86% 89% sensitivityy (wnere safe and feasib e;_tne ammersmitn nfant Neuro ogica

xamination (90% sensitivityy_and tne Deve opmenta Assessment of foung €nidren (83%
Cindexy opograpny and severity of cerebra pa sy are more difficu t tgascertain in infancy_
and magnetic resonance iImagingand tne  ammersmitn nfant Neuro ogica kamination may
be ne pfu 1nassisting ¢ 1nica decisions n nign Income countries_2 1n 3jindividua s witn


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.1689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2017.1689&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2017.1689
mailto:inovak@cerebralpalsy.org.au
mailto:inovak@cerebralpalsy.org.au

ccordingtoa200/ report_“Cerebra pa syisagroup of per

manent disorders of tne deve opment of movement and

posture_causing activity imitation_tnat are attributed to
non progressive disturbances tnat occurred 1n tne deve oping fe
ta orinfantbrain “'P>* (erebra pasyisacinica diagnosis based on
acombinationof c1nica and neuro ogica signs Diagnosis typica y
occurs between age 12 and 24 montns 2* ne fo owing 4 motor
types exist but may emerge and cnange during tne first 2 years of
ife- (Tyspasticity (85% 91%;_(2ydyslanesia (4% /%;_inc udingdys
tonia and atnetosis_(3y ataxia (4% 6%;_and (4, nypotonia (2%;_
wnicn is not c assified Ina countries 2 Dyslanesia_atakia_and ny
potoniausua y affecta 4 imbs_wnereas spasticity Is categorized
topograpnica y as (1y uniatera (nemip eglay (38%jy and (2, bi at
era Jncudingdip egia (ower imbs affected moretnanupper imbs,
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cerebra pa sy or “nign risliof cerebra pa sy” canbeaccurate y pre
dicted before age 6 montns’ corrected age
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Recommendations

Strength of Recommendations and Quality of Evidence

1.0 The clinical diagnosis of CP can and should be made as early as possible so that:

« The infant can receive diagnostic-specific early intervention and surveillance to optimize
neuroplasticity and prevent complications

= The parents can receive psychological and financial support (when available)

1.1 When the clinical diagnosis is suspected but cannot be made with certainty, the interim clinical
diagnosis of high risk of CP should be given so that:

« The infant can receive diagnostic-specific early intervention and surveillance to optimize
neuroplasticity and prevent complications

» The parents can receive psychological and financial support (when available)

* Ongoing diagnostic monitoring can be provided until a diagnosis is reached

2.0 Early standardized assessments and investigations for early detection of CP should always be
conducted in populations with newborn-detectable risks (ie, infants born preterm, infants with
neonatal encephalopathy, infants with birth defects, and infants admitted to the NICU)

Strong recommendation based on moderate-quality
evidence for infant and parent outcomes

Strong recommendation based on moderate-quality
evidence for infant and parent outcomes

Strong recommendation based on high-quality evidence
of test psychometrics

Early Detection of CP Before 5 mo CA

3.0 Option A: The most accurate method for early detection of CP in infants with newborn-detectable

risks and younger than 5 mo (CA) is to use a combination of a standardized motor assessment and
neuroimaging and history taking about risk factors

Standardized motor assessment
3.1 Test: GMs to identify motor dysfunction (95%-98% predictive of CP), combined with
neuroimaging

Neuroimaging

3.2 Test: MRI (before sedation is required for neuroimaging) to detect abnormal neuroanatomy in
the motor areas of the brain (80%-90% predictive of CP). Note that normal neuroimaging does not
automatically preclude the diagnosis of risk of CP

4.0 Option B: In contexts where the GMs assessment is not available or MRI is not safe or affordable
(eg, in countries of low to middle income), early detection of CP in infants with newborn-detectable
risks and younger than 5 mo (CA) is still possible and should be carried out to enable access to early
intervention

Standardized neurological assessment
4.1 Test: HINE (scores <57 at 3 mo are 96% predictive of CP)

Standardized motor assessment
4.2 Test: TIMP

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

Strong recommendation based on high-quality evidence
of test psychometrics in newborn-detectable risk
populations

Strong recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Strong recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Conditional recommendation based on low-quality
evidence of test psychometrics in at-risk populations

Early Detection of CP After 5 mo CA

Accurate early detection of CP in those with infant-discernible risks and age 5-24 mo can and should still occur as soon as possible, but different diagnostic tools

are required

5.0 Any infant with:

(a) Inability to sit independently by age 9 mo, or

(b) Hand function asymmetry, or

(c) Inability to take weight through the plantar surface (heel and forefoot) of the feet should receive
standardized investigations for CP

6.0 Option A: The most accurate method for early detection of CP in those with infant detectable
risks older than 5 mo (corrected for prematurity) but younger than 2 y is to use a combination of a
standardized neurological assessment, neuroimaging, and a standardized motor assessment with a
history taking about risk factors

Standardized neurological assessment

6.1 Test: HINE (90% predictive of CP). Those with HINE scores >73 (at 6, 9, or 12 mo) should be
considered at high risk of CP. HINE scores <40 (at 6, 9, or 12 mo) almost always indicate CP,
combined with neuroimaging and standardized motor assessments

Neuroimaging

6.2 Test: MRI to detect abnormal neuroanatomy in the motor areas of the brain (sedation may be
required from >6 wk up to age 2 y). Well-defined lesions can be seen early, but subtle white matter
lesions may be difficult to detect owing to rapid growth, myelination, and activity-dependent
plasticity. Repeated MRI scans are recommended at age 2 y for infants with initially normal findings
on MRI (at 12-18 mo) but persistent motor or neurological abnormality, combined with standardized
motor assessments

Standardized motor assessment

6.3 Test: DAYRfor infantp15.15.9(with)-5.9(r)9.7(self-rep5.9()9.7e.9(ag) ] TJ 5.9(activi)-9ntify)-215.9(taking-215.9(assessdel5.9(be)-21(89.9(predictiv)9.7(e)-215.9(0)0(f)-215.9(CP).

Strong recommendation based on high-quality evidence
of motor norms

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations

Conditional recommendation based on moderate-quality
evidence of test psychometrics in newborn-detectable
risk populations
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ofa infants younger tnan 2 years nave tneir Gross Motor unction
C assification System (GM €Sy rec assified_(2, 1tt e natura nistory
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posturing In response to vo untary movementy Wnerever pos
sib e_differentiate betweenuni atera vsbi atera cerebra pasyeary
because treatments differ >32
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Unilateral Spastic Hemiplegia Bilateral Spastic Diplegia Bilateral Spastic Quadriplegia Dyskinesia Ataxia
GMs3#
« Poor repertoire or cramped * Cramped synchronized « Early onset and long duration e Poor repertoire GMs, * Unknown

synchronized GMs, followed by
absent fidgety movements plus an
asymmetry in segmental
movements (eg, wrist or hand).
Note that some cases of hemiplegic

GMs, followed by absent
fidgety movements

of cramped synchronized GMs,
followed by absent fidgety
movements

followed by absent fidgety
movements with circular
arm movements and
finger spreading

CP may be missed by GMs

MR|35,36

« Focal vascular insults (24%) « Bilateral white matter

» Malformations (13%) injury (3123 myelination of the

« Unilateral hemorrhage (grade IV) ~ PLIC
with porencephaly

« Lesions in the parietal white

matter involving the trigone

« Middle cerebral artery stroke with
asymmetry of myelination of the

PLIC

negatives 22 kperienced ¢ 1nicians aclinow edge tnat_because a
Infants nave an expanding and cnanging vo untary motor reper
toire_determining wnetner tneir current motor dysfunction is per
manentand causing ong termactivity imitations_as per tne inter
nationa definition'1s difficut  a se negatives can oceur for tne
fo owing reasons: (1 tnereisa atency betweentneinitia brain e
sion and tne ater onset of c1nica neuro ogica signs (eg_exagger
ated spasticity or dystonia from vo untary movement?®y_(2y ap
proximate y 10% nave norma neuroimaging.’ (3y na f nave a
seeming y uneventfu pregnancy and birtn3'and (4yone tnird nave
tne midest form (GM €S y>32and may initia yacnievea of tneir
motor mi estones on time_offering fa se reassurance about tneir mo
tor deve opment  a se positives can a so occur because prematu
rity_strolie_and encepna opatny do not a ways resu tin ong term
motor disabi ities 2>3' Austra 1an cerebra pa sy popu ation register
data indicate tnat ess tnan 5% of registrations are fa se positive
diagnoses > namosta of tnese Instances_tne infant was rediag
nosed as navinganotner neuro ogica disabi ity (eg_inte ectua dis
abi ity or autismy_not a norma deve opmenta outcome "

Iignty six percent of parents of a cni d witn cerebra pa sy sus
pect it before tne cinica diagnosisis made 3° Popu ation data indi
cate tnatseelingtoavoid fa se positive resu ts by de aying diagno
sis 1s narmfu to parent and caregiver we being 3° Parents and

caregivers dissatisfied witn a pro onged diagnostic process are more
lie y to experience depression®® and asting anger *° Parents and
caregivers aclinow edge tnat_wni e recelving tne diagnosis is a
ways difficu t_tney prefer to linow ear ier ratner tnan ater so tnat
tney canassistintneirinfant's deve opment 3° ar ydetectionisim
portant for tne wno e fami y unit because 1t ne ps foster acceptance
and eads to Increased confidence In tne infant's medica team °

ar ydetectiona owsimproved accesstoear yinterventionand ef
ficient use of resources

Advancesin reatment- Cerebra Pa sy Specific
ary ntervention mproves Qutcomes

Neuroscience evidence indicates tnat brain deve opmentand refine
ment of tne motor system continue postnata y_driven by motor cor
texactivity *2#3 ar yactive movementandinterventionare essentia
because infants wno do not active y use tneir motor cortex rislé osing
cortica connections and dedicated function #*#3 urtnermore_tnere
Is Increasing evidence tnat tne infant’s motor benavior_via discovery
and interaction witn tne environment_contro s and generates tne
growtnanddeve opmentof musc e_igament_andbone_as we asdriv
Ing ongoing deve opment of tne neuromotor system 44 48
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nerefore_tnecinica diagnosis of cerebra pa sy or nign risl:of ce

rebra pasysnouda waysbefo owedbyareferra fortneinfanttore
celvecerebra pasy specificinterventionand fortne parentsor care
glvers to recelve emotiona support amiyconcernisa vaid reason
totrigger forma diagnosticinvestigations and intervention referras
Cerebra  pasy specific eary Intervention makimizes
neurop asticity*?#® and minimizes de eterious modifications to
musc e and bone growtn and deve opment *# Before commencing
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A &
or nearing_standard ear y nearing accommodations are
recommended °

~g4e.p 50l gehe oiae eiof.,
adye .a ea
Parenta education in benavior management is recommended An
examp e Is tne Positive Parenting Program ( rip e Py ®
Parent cnidattacnmentinterventionsarea sone pfu <anga
roo Motner Care®” and music tnerapy®® are examp es
Ina y_parentorcaregiver menta nea tninterventions are
suggested Onesucn intervention is Acceptance and Commitment

nerapy (AC ,®®

69_/0

|
Discussion

P I
nfants witn cerebra pa sy require an ear y diagnosis because mo
torand cognitive gains are greater from diagnostic specificearyin
tervention
Anintenimdiagnosis of nign risliof cerebra pa sy snou d be used
If a diagnosis of cerebra pa sy cannot yet be used witn certainty
Cinica signs emerge and evo ve before age 2 years
acombination of standardized too s snou d be used to predict risl:
Before 5 montns' correctedage_MR _GMs_ortne N are most
predictive of risl: for cerebra pa sy
After 5 montns’ corrected age_MR andtne
dictive of risl: for cerebra pa sy
n countries of ow to midd e Income wnere MR Is not aval
abe_tne N 1srecommended
opograpny and severity of cerebra pa sy are important to es
tab isn for c1nica purposes Magnetic resonance imaging and tne
N provide guidance
a se positives occur ess tnan 5% of tne time witn standard
1ized too s
a se negatives resu ting In ate diagnoses and ate Interven
tion are detrimenta to parents_caregivers_and infants

N are mostpre

ur'..a' APJ-
nis review artic e nas some Imitations Irst_our Iterature
searcn revea ed tnat a most a  studies focus on identifying cere

nerefore_

ra pa sy Ininfants witn newborn discernib e rislis (eg_prematu
rity and encepna opatnyy because tnese infants are more often in
newborn fo ow up Itt e nas been pub i1sned about ear y diagno
sis Intne 50% of a cerebra pa sy cases tnat are discernib e ater
In infancy after a seeming y uneventfu pregnancy and birtn
because tnese samp es are difficu t to assemb e Advances in
genetics and understanding of congenita anoma ies may provide
more < ues about now to iIdentify tnese cnidren ear ler Second_
no study to date nas Investigated tne combined predictive power
of 3 or more of tne Individua too s identified In tnis review artic e
and represents a gap In tne I1terature nird_we nave not
reviewed or discussed tne Iterature about evidence based test
Ing for otner cni dnood disabi ities on tne differentia diagnosis
ISt ourtn_we nave not provided a systematic description of tne
ear y Intervention evidence More information on assessment
too s and eary Intervention Is contained 1n a re ated but separate
cinica guide Ine tnat 1s being deve oped from systematic review
data

|
Conc usions

Cerebra pa sy or nign risl of cerebra pa sy can be diagnosed
accurate y and ear y using < Inica reasoning and a combination of
standardized too s 1gn qua 1ty evidence indicates tnat_for
Infants witn newborn detectab e rislis before 5 montns’ corrected
age_tne GMs assessment p us neonata MR Is more tnan 95%
accurate and 1s tnus recommended  or infants witn infant
detectab e rislis after 5 montns’ corrected age_tne N p us neo
nata MR 1s more tnan 90% accurate and Is tnerefore recom
mended ne accuracy of tnese diagnostic metnods in infants
witn ater infancy discernib e rislis for cerebra pa sy Is not yet
linown_but tney are conditiona y recommended Accurate eary
diagnosis Is possib e even wnen assessments of GMs are not aval
ab e or MR s not safe or affordab e (eg_in countries of ow to
midd e Incomey by usingtne N _wnicn detects cerebra pa sy
witn more tnan 90% accuracy and provides objective informa
tion about severity ary detection of nign risl: of cerebra pasy_
fo owed by cerebra pa sy specific ear y intervention_is recom
mended and snou d be tne standard of care to optimize infant
neurop asticity_prevent comp Ications_and ennance parent and
caregiver we being
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