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* Koapio ouykpouon cupdepoviwy
YLO TN OUYKEKPLUEVN OULLALL

Zvpa ininglie




Avantuén...

Aeltoupylknl HeToBOAR Kkatd TN OLApKELX TNG OTolag
QTTOKTWVTOL VEEC LKAVOTNTEC, TTOU Slapopdwvovtol amo
NV oAANAemidpacn TOU VYeVETIKOU UALKOU HE TOUG
TePLBAANOVTIKOUC TOPAYOVTEC Kol €A€yyovtal Kuplwg
aro to GpAoLo Tou eykedAAOU.
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* H ¢ducioroykn avamntuén
nPoUToOETEL pia
OLSLOTAPOLKTN VEUPOYEVEDH
Tou veodAolov tou
geykepaiou
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15 human specific genes

Biological pathways

v" Cell-cycle regulation

v Apoptosis

v' Cell-fate specification,

v" Cytoskeletal structure and
function

v Neuronal migration

v Basement-membrane function

v Endogenous metabolism

Mosaicism
Postzygotic mutations.

Typical Cells Germline Genetic Variant Mosaic Genetic Vartant
NO cefls have g geneatic change. All ceits have 3 genetic change. Some ctls have & ganatic dhange.
Avesatie COMr@ A aen e CumTen Opinn in
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Neocortex expansion in development and
evolution—from genes to progenitor cell biology
Anneline Pinson and Wieland B. Huttner
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Lancet Neurol. 2014 July ; 13(7): 710-726



Neurogenesis
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Neocortex expansion in development and
evolution—from genes to progenitor cell bioclogy
Anneline Pinson and Wieland B. Huttner
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Symmetric / asymmetric divisions

H HEYOAN  TOWWAl  Twv
VEUPWVWV TIou arolkilouv tov
dAOLO ETUTUYXAVETAL KUPLWG ME

Evav LNXOVIOUO XPOVLKNC
Stapopdwong, otov omoio Ta
TIPOSPOULKA KOTTapQ
eudavilouv  pa  Sdtadoxkn
aAlayr) otnv kavotnta ylo TN
dnuoupyia StadopeTikwy

VEUPWVLIKWV UTIOTUTIWV.

QAINOTYMIKO
MNAEIOTPONIZMOZ/

FTONOTYTNIKH
ETEPOIENIA

Apical progenitors

Barkovich AJ, Guerrini R, Kuzniecky Rl, Jackson GD, Dobyns WB. A developmental and
genetic classification for malformations of cortical development: update 2012. Brain

2012; 135: 1348-69



Primary sensory cortex Primary motor cortex
(postcentral gyrus) (precentral gyrus)

Somatic motor
association area

Somatic sensory
(premotor cortex)

association area
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Ve \"
_ ‘ﬂ - Prefrontal

Visual cortex
association
area '
( ‘ : . S =\ e . . 3
/ -\ %%\\ — ' P Broca’s area
v \ ' e & ‘ (production of
/ é‘b.—"r’ T— speech)
7 A
Visual cortex i

Auditory association area

Wernicke's area '
(understand speech) Auditory cortex

FRONTAL LOBE: executive function,
selection and coordination of goal-

directed behavior
EKTEAEZH

TEMPORAL LOBE: sensory
information and derive language,
emotions, and meaningful memories,

semantic and episodic memory.
2YNAIZOHMATA-MNHMH



‘b PHYSICAL
< Gross Motor, Fine Motor

AMnNAenidpaon, Zuvepyaoia

@ S OI IONAL - Autoektipnon,Kowwvikomnoinon
SENSORY Opaon, Adn, Oodpnon, levon,
.n.r Touch, Smell, Hearing, Taste, AlBouoaio cuotnua,
r, Proprioception :

|6LodekTIKOTNTA

COGNITIVE

Problem Solving, Abstract Thinking,
Learming

. @ COMMUNICATION
Expressive, Receptive,
Pragmatic Language P'f\,..YC,C.BRE

TOMEI2Z ANATTY=H2



* Mote WAQpe yua avantuélokn kabuotépnon?

* Otav éva mawdi dev kaTakTd To opOoNUA TNG
avantuéng cuudpwva pe TNV NAKia Tou.

* 'Hma, Asttoupytkn nAtkia <33% tNG XPOVOAOYLKNG .
nAkiag, 1Q between 55 and 69

*  Métpla, <34-66%, 1Q between 40 and 54.

* JoPBapn, <66%, 1Q less than 40

*  Mepovwpévn otav adopd £va TopE

*  Idaipwkn avartuilakn kabuaotépnon , otav adopd
>2 TOMELG < amo TNV nAwkia twv 5 etwv, 1-3% tou

MAnBucopov |
! " on & Lifelong Learning “"5'.?88?0"& N.'h

. (opn/ETEN KynTOTTE ‘ntal delay: identification and manags

2.  Aoyog/yhwooa

3. Nonon A level

: KoW“’VlKOT"]Ta/“poowT[lKOTﬂTG Ying Ying Choo’, wo, Pratibha Agarwal®, wo, mmed, Choon Hol

> KaBnkepun dpacmpiom Sita Padmini Yelesw

Majnemer and Shevell The Journal of Pediatrics August 1995



AAAa mo@oAoyLka POTUTAL TG AvVAanTUénG:
1. Avamtuélakn dtatapaxn

2. Avarmtuélako otapatnua/maivépopunon

3. Avarmtuélakn avamnnpia ‘

Acev £xeL amodelyOei 0tL Ta ayopla kabuotepouv va
HIAQoOUuV

NoapaAAayég tou pucLoAoyknG avantuéng
1. Bottom shufflers
Alyl\wooa ratdia

AUTLOMOC

Febrile Infection Related Epilepsy Syndrome
(FIRES)
Movipotnta avamtuélakng KabuotEpnong

2
3. Owoyevnc kaBuotEpnon Adyou
4. KaBuotepnuevn evtaén og mpooXoALlko epLBailov



Avantuélakn anokAion

1. Mepovwuévn

2. Idaipwkn

3. Awoeldikn

Eykedalikr mapdAuon MOTOR

AUTIOpOG SOCIAL- PERSONAL

Avartuélakég Slatapaxég Adyou LANGUAGE

Nontikn uotépnon COGNITIVE
Mabnotlakég AuckoAieg LEARNING without mental retardation ie DYSLEXIA

Alatopaxn KWnTkoU CUVTOVLOUOU MOTOR

ADHD SOCIAL-PERSONAL

2. Tourette COMBINATION (DEVELOPMETAL-PSYCOGENIC)

> 2 topeig PUXOKVNTIKAG avantung COMBINATION

Tplowpia 21 COMBINATION

Ennmukn eykeparondBela olwdoug okAripuvong COMBINATION REGRESION

EUBpavoto X DEV. DELAY GLOBAL-ASD

NMDAR autodvoon gykedahitido REGRESION

Nwtiaio puikn atpodia REGRESSION MOTOR

QulooUvdeto oclvdpopo avendpkelag DEV. DELAY GLOBAL ASD

NG eykeDAALKAG KpeaTivng TUTIOU 1



Developmental Delay: \
When and How to Screen § A Q ﬂ

July 1, 2017 * Volume 96, Number 1 www.aafp.org/afp American Family Physician i @ *

Table 1. Prevalence of Childhood
Developmental Delays by Domain

3% €ANafe dnuoola mapepPaon LEXPL TA 3 £TN £w¢ To 2014

Type of delay Prevalence , : : ; ;
12,5% €Aafe dnuooia mapepfaon petalv 9-12 etwv

Cognitive 1% to 1.5%

Learning disability 8% I'Iapdyovreq KLVvSUVOU

Speech and language* 2% to 19%*

Any delay 15% , ,
Appev PUAO,

wote Based on 2007 data of children recewving Xap,r]}\(') KOLV(;)VLK(’)-OLKOVOp,LK(') ET[[T[ESO,

=AY i the United States. 7 ’
SARIES I o e MepLyEVVNTIKOL TTOLPAYOVTEC

XapnAo poppwTtlko enimedo UnNTEPOC.

*—Includes children with speech disarders
Information from references 4 and 5.



SORT: KEY RECOMMENDATIONS FOR PRACTICE

Evidence
Clinical recommendation rating References
Early intervention services should be used when a developmental delay is identified because they improve B 8-10
cognitive development and academic performance, and decrease engagement in risky behaviors.
The AAP recommends surveillance at all well-child visits, and screening for developmental delay at nine, C 3-5, 13
18, and 30 (or 24) months of age using a standardized developmental screening tool. However, the USPSTF
and AAFP found insufficient evidence to assess the balance of benefits and harms of screening for autism
or speech and language delays in asymptomatic young children. The USPSTF has not addressed broad
developmental screening.
Validated screening tools should be used instead of surveillance alone to assess for developmental delay. C 1318527
A parent-completed tool (e.g., Parents’ Evaluation of Developmental Status; Ages and Stages Questionnaire, 3rd  C 15, 18, 27

ed.) should be used initially instead of a directly administered tool when screening for developmental delay.

AAFP = American Academy of Family Physicians; AAP = American Academy of Pediatrics; USPSTF = U.S. Preventive Services Task Force.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-oriented
evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.

NapépBaon:

*  Wuyonaildaywyikn,

* EpyoBepaneia

*  NAoyoBeparneia

*  Edwkn Stamadaywynon (évtaén os matdikd otabuo, Kévipa ALETLOTNOVIKNAC
AtloAoynong, 2upBouleutikng & Ynootrhpléng-KEAAZY)

*  JUMPBOUAEUTIKN YOVEWV

*  Ymokeipevo voonua

* AIENIZTHMONIKH AZIONOIHZH K ©OEPANEIA



Table 2. Comparison of Parent-Completed Screening Tools for Childhood Developmental Delay

Number Sensitivity Specificity Age range Time to complete;

Tool Validated?  of items (%) (%) assessed time to score*
Ages and Stages Questionnaire,  Yes* 40, including 86*° 85 One to 66 10 to 15 minutes;

3rd ed. 10 parental months* One to three

http://agesandstages.com questions'® inutes® :

il 1. Fine and gross motor

Child Development Review- Yes®' 32 questions; 68 88" 18 monthsto 15 to 20 minutes skills

Parent Questionnaire 99 additional five years™ total®' ’) L

http://childdevrev.com/ items?! 0 anguage

healthcaretools/cdr-parent- 3. Communication

questionnaire .

4. Problem-solving

Infant Development Inventory No'™ 85" 75 to 854731 70to 77543  Upto 18 Five to 10 minutes 5 Adaptive behavior

http://childdevrev.com/ months™' total*’ i . .

specialiststools 6. Personal-social skills
Parents’ Evaluation of Yes'® 10'332 74 to 80%73° 70 to 80%730 Birth to seven  Two minutes total*

Developmental Status years and

http://www.pedstest.com 11 months?*

Ideal test would cover all areas of development,

Be equally applicable to all ages,

Have construct validity, and

Have a lower number of false-negatives and false-positives.

Parents’ Evaluation of Developmental Status (PEDS)
and the Ages and Stages Questionnaire (ASQ)

AN NN



AASQ

Ages & Stagcsi
Questionnaires

Napéppoaon:

Wuyoratdaywylkn,

EpyoBeparmeia

NoyoBeparneia

Eldikn dtamatdaywynon (évtaén oe madiko
oTaBuO, Kevtpa AlETLOTNOVLIKNC AELoAOYNONG,
YupBouAeutikne & Yrnootnptnc-KEAAZY)
JUMUBOUAEUTIKA YOVEWV

Yrnokeipevo voonua-

AIENIZTHMONIKH AZIOAOIHzH K OEPATEIA

s

Sensitivity of 75% and a specificity of 74%,
BpEPn-8 etwv madia

8 epwtnoelg NAI/OXI

2 EPWTINOELC OLVOLKTEC
XapunAou-petplov-vPnAoul piokou
KOTNYOpPLEG

Fine motor; gross motor, 6 items
Language and communication, 6 items
Problem-solving and adaptive behavior,
6 items

And personal and social performance,
6 items



Modified Checklist for Autism in Toddlers (M-CHAT) : SYMBOLS FOR AUTISM:
<2 low risk :

Specificity: 0,83-0,85, sensitivity 0,95-0,99, PPV: 57,7% 3-7 medium risk
8-20 high risk

Instruction: Please fill out the following about how your child usually is. Please try to answer every question. If the behavior is rare (e.g., you've
seen it once or twice), please answer as if the child does not do it.

1. Does your child enjoy being swung, bounced on your knee, etc.? Yes D No

2. Does your child take an interest in other children? Yes [ No AMn AET[ i' 5 p oo n

3. Does your child like climbing on things, such as up stairs? Yes D No o 0

4. Does your child enjoy playing peek-a-boo/hide-and-seek? Yes E] No E Kts}\son EVIO)\U’)V

5. Does your child ever pretend, for example, to talk on the phone or take care of dolls, or pretend other things? Yes D No EanO vV i.a. ( M n }\8 KTlKI"] / )\.8 KTlKI"] 8T[lKO vV i.a.
6. Does your child ever use his/her index finger to point, to ask for something? Yes [ no rl o LVV i'6 L

7. Does your child ever use his/her index finger to point, to indicate interest in something? Yes E] No

AloOntnpLokEg SUOKOALEC

8. Can your child play properly with small toys (e.g. cars or bricks) without just mouthing, fiddling, or dropping them? Yes D No

9. Does your child ever bring objects over to you (parent) to show you something? Yes D No I 6 la iIE pa EV6 lad)é pOVTa
10. Does your child look you in the eye for more than a second or two? Yes D No Ko LVWVLKOTTO i.n (0) n
11. Does your child ever seem oversensitive to noise? (e.g., plugging ears) Yes [:] No !

12. Does your child smile in response to your face or your smile? Yes D No ZTE pEOTU T[lEq
13. Does your child imitate you? (e.g., you make a face-will your child imitate it?) Yes [ no
14. Does your child respond to his/her name when you call? Yes D No
15. If you point at a toy across the room, does your child look at it? Yes [:] No
16. Does your child walk? Yes [ No
17. Does your child look at things you are looking at? Yes D No
18. Does your child make unusual finger movements near his/her face? Yes |:| No
19. Does your child try to attract your attention to his/her own activity? Yes [ No
20. Have you ever wondered if your child is deaf? [] Yes No
21. Does your child understand what people say? Yes D No
22. Does your child sometimes stare at nothing or wander with no purpose? Yes [:] No
23. Does your child look at your face to check your reaction when faced with something unfamiliar? Yes D No

TOTAL SCORE:
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From: Motor Delays: Early Identification and Evalue

Pediatrics. 2013;131(6):e2016-e2027. doi:10.1542/peds.2013-1056

TABLE 1 Motor Milestones for Developmental Surveillance at Preventive Care Visas®

Age Gross Motor Milestones Fine Motor Milestones
2 mo Lifts head and chest in prons
4 mo Rolis over prone to supine; supports on elbows  Hands unfisted, plays with fingers in midline; grasps object
and wrists in prong

6 mo Rolls over supine to prone; sits without suppart  Reaches for cubes and transfers; rakes small object wath 4 fingers

8 mo” Pulls to stand, comes to sit from lying; crawis Picks up small object with 3 fingers

1y Walks independently, stands Puts 1 block in a cup, bangs 2 objects together; picks up small object with 2-finger pincer grasp

15 mo Walks backward, runs Scribbies in imitation, dumps small object from bottle, with demonstration

18 mo*  Walks up steps with hand held Dumps small object from bottle spontaneously, tower of 2 cubes; scribbles spontaneously, puts
10 blocks in a cup

2y Rides on toy without pedals; jumps up Builds tower and horizontal train with 3 blocks

25y" Begins to walk up steps alternating fest Imitates horizontal and vertical lines;, builds a train with a chimney with 4 blocks

3y Pedals; climbs on and off furniture Copees a circle drawing draws a person with head and one other body part, builds a bridge
with 3 blocks

dy Climbs stairs without support. skips on 1 foot Draw a person with & parts, ssmple cross, buttons medium-szed buttons

TABLE 2 Key Elements of the Motor History

Key Elaments of Motor History

Example

Delayed acquisition of skill

Involuntary movements or coordination
impairments
Regression of skill

Strength, coordination, and endurance
issues

Is there anything your child is nat doing that you think he

or she should be able to do?

Is there anything your child is daing that you
are concerned abouwt?
Is there anything your child used to be able to do that

he or she can no longer do?

Is there anything other children your childs age can
do that are difficult for your child?

Figure Legend:

Identifying children with motor delays: an algorithm for surveillance and screening.

Date of Download: 11/3/2023

Pedatric Patlent ax

Preventive Care Visit

Ischisa 9, 18-, 30-or "

—8

Schedufe Next Routine

Well Child Visic.

Copyright © 2023 American Academy of Pediatrics. All rights reserved.
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Cuidance for the Clinician in
Rendering Pediatric Care

This Clinical Report was reaffirmed May 2017 and November 2022.
CLINICAL REPORT

Motor Delays: Early Identification and Evaluation

TABLE 3 "Red Flags” in the Evaluation of a Child With Neuromotor Delay

Red Flags: Indications for Prompt Referral Implications

Elevated CK to greater than 3x normal values (boys and girls) Muscle destruction, such as in DMD, Becker muscular dystrophy,
other disorders of muscles

Fasciculations (most often but not exclusively seen in the tongue) Lower motor neuron disorders (spinal muscular atrophy; risk of rapid deterioration
in acute illness)

Facial dysmorphism, organomegaly, signs of heart failure, Glycogen storage diseases (mucopolysaccharidosis, Pompe disease may improve

and early joint contractures with early enzyme therapy)

Abnormalities on brain MRI Neurosurgical consultation if hydrocephalus or another surgical condition is suspected

Respiratory insufficiency with generalized weakness Neuromuscular disorders with high risk of respiratory failure during acute iliness
(consider inpatient evaluation)

Loss of motor milestones Suggestive of neurodegenerative process

Motor delays present during minor acute iliness Mitochondrial myopathies often present during metabolic stress

NoapepPaon: duoloBepameia, epyoBeparmeia, vnokeipevo voonua, AIENIZTHMONIKH AZIOANOTHZH K OEPANEIA



> Handb Clin Neurol. 2020:174:3-20. doi: 10.1016/B978-0-444-64148-9.00001-6.

Developmental coordination disorder

o . 1 . 5 Lo B
Maélle Biotteau ', Jean-Michel Albaret =, Yves Chaix

CEVELOPMENTAL COORDINATION

uuuuuuuu

Effectiveness of Cognitive
Orientation to Occupational
Poerformance intervention in

i

improving motor siclls of childran ¢

with developmental coardination
disorder: A randorized

waitlise-control trial

* Developmental coordination disorder (DCD),
1,8%-8%

* EKTEAEON CUVTOVIOUEVWV KLVNOEWV
* Apyn, adella, avakpPng Kwntikn enidoon
* Mabnolakn duokoAia (performance 1Q)

* MBavwc adopa oe eA\eldelc ) SuoAettoupylec
TOU OTITLKOKLVNTLKOU OUVTOVLOMOU TNG
SLadLKAOTIKNG HABNONG, ECWTEPLKOV KLVNTLKOU
LOVTEAOU KOl TNG EKTEAEOTIKAC AeLToupylag

* Hmpwipun avayvwplon kot apepBaocn, Kupiwg
e epyoBepareia, Kol evnuUEpwon PEATIWVEL TNV
KaOnpepwvn Asttoupyia, TLC oXOAKEC ETILOOOELC
aAAQ KOl TV QLUTOEKTIMNON Tou TtadLlou



Symptoms of ADHD

How a child with this symptom may behave

Inattention

Hyperactivity

Impulsivity

Often has a hard time paying attention, daydreams

Often does not seem to listen

Is easily distracted from work or play

Often does not seem to care about details, makes careless mistakes
Frequently does not follow through on instructions or finish tasks
Is disorganized

Frequently loses a lot of important things

Often forgets things

Frequently avoids doing things that require ongoing mental effort
Is in constant motion, as if “driven by a motor”

Cannot stay seated

Frequently squirms and fidgets

Talks too much

Often runs, jumps, and climbs when this is not permitted

Cannot play quiety

Frequently acts and speaks without thinking

May run into the street without looking for traffic first
Frequently has trouble taking turns

Cannot wait for things

Often calls out answers before the question is complete
Frequently interrupts others

DSM-V CRITERIA

Inattention: Six or more symptoms of inattention for children up to age 16
years, or five or more for adolescents age 17 years and olderand adults;
symptoms of inattention have been present for at least 6 months, and they
are inappropriate for developmental level:

Hyperactivity and Impulsivity: Six or more symptoms of hyperactivity-
impulsivity for children up to age 16 years, or five or more for adolescents
age 17 years and older and adults; symptoms of hyperactivity-impulsivity
have been presentforat least 6 monthsto an extent thatis disruptive and
inappropriate forthe person’s developmental level:

Several inattentive or hyperactive-impulsive symptoms were present before age 12 years.
*Several symptoms are present in two or more settings.

*There is clear evidence that the symptoms interfere with, or reduce the quality of, social,
school, or work functioning.

*The symptoms are not better explained by another mental disorder (such as a mood
disorder, anxiety disorder, dissociative disorder, or a personality disorder). The symptoms
do not happen only during the course of schizophrenia or another psychotic disorder

*Yuyo0epomeia, E1d1k1) Alanaidaywynon, KEAAZY, ZupBouleuTiKr yovéwv



[loLoL mapAyoVTEG
Enn pEdZO UV Tr] V * Awttohoyia

* Mepovwpévn ) odatplkn avamtuélakn

T[p OVV(L)OT] I-ll-a-q . ;Zil;:;iznx?euorépnonc

-/ * HAwia Eva napéupac
(1V(1T['EU§L(1KF](; o e apuBon
kaBuotépnonc?



Attiodovyia...

Box 1. Common aetiologies of developmental delay:**

Prenatal
* Genetic disorders: Down syndrome, fragile X syndrome,
chromosomal microdeletion or duplication
« Cerebral dysgenesis: microcephaly, absent corpus callosum,
hydrocephalus, neuronal migration disorder
* Vascular: occlusion, haemorrhage
] « Drugs: cytotoxic, anti-epileptic
zrn VEVV r] or] cee « Toxins: alcohol, smoking
« Early maternal infections: rubella, cytomegalovirus,
toxoplasmosis
« Late maternal infection: varicella, malaria, HIV

Alatopaxeg Tou evdoyevouc petafoAlopoul
* NeupoyeveTikd clvdpoua

NeupopuLKA voorpata Perinatal
« Prematurity, intrauterine growth retardation, intraventricular

haemorrhage, periventricular leucomalacia

* Perinatal asphyxia: hypoxic-ischaemic encephalopathy

« Metabolic: symptomatic hypoglycaemia, bilirubin-induced
neurological dysfunction

AOULKEC EYKEDAALKEC AVWHOALEC



OLKOYEVELOKO

LOTOPLKO

ztn VéVV n O'n sse Noonheia loTOpLKO KUNONG K

noAunpepn o€ MEN TOKETOU
(>7np)

AEPUATLKES MpoyevvnTLKOG
EKONAWOELG €Aeyx0G

JUYYEVEIG

ovwpalieg Neoyvikoi Zraopot

Avcpopdika

. Yrotovia
XOPOKTNPLOTIKG

Muikn aduvaplia

JITLOTIKEG SUOKOALEG

KwnTikég
SlatapayEg

Eninedo cuveibnong




Yrtotovia




Aitia Kevtpikig YTroToviag Aitial MepIpepIKAC

YTroTtoviag
1. Npowpdtnta , , 1. Alotapayeg Tou poabilou KvNTikou VEUpWva
2. Yrio&aukn/loxaupukn Eykeparonabela N (oL MUTKD A Cb
3. EvBokpavia Alpoppayia wtata ,ULKn podLa
EvbokotAlakr atpoppayia ﬂO)\LOLJ.UE)\LTL5OL
YnookAnp(dla alpoppayia NEUpOVEVﬁC Ap@povptmwon
YrapaxvoeLdng alpoppayia . ;L
4. MetaPohikéc Alatapayéc 2. Aatapaxeg tng Nevupkng'lvag
YroyAukatpio Juyyevnc YrnopueAlvwtikn NevpomaBela
YroBupoeidlopog Xpovia OAeypovwdng AnopueAvwtikr) Nevpomnabela
Alatapaxég acBeotiov kat payvnolou , , )
VrepyohepuBplvauiia 3. Noonuata Neupopuikng Metadoong
Yrepoppwviatpio Napodikry MuaoBevela Gravis
E"5°VE‘;\ELC5L9‘T°‘P°‘X‘§CT°U Owoyevr) MuaacBevikd ZUvEpopa
ETAPOALOUOU , ’
hetapohion AUVOEUOTABELEC Bpedikn AAavtiaon
Opyavikég ofuoupleg Yrieppoyvnolotpia
AchrapOfxéc TOU KUKAOU 4. MuUikQ NOOT'] HaTa,
T oupLa ’ ’
Yrrlépoguofmwéq Yuyyeveic Muomndbeleg
SLOTOPOXES 2uyyevnc Muikn Avotpodia
5-Xpw“°°w$”<éq avwHaES Juyyevig Muotovikr) Avotpodia
plowieg , ,
Totowyiio 21 METGBO)\LII(EC MuormnaBeLec
EMelppata Noooc¢ Pompe
6. levetikd Noorpota Avendpkela o&eldaong tou Kutoxpwpatog C
Y. Prader Willi
2. Lowe
2. Zellweger

7. EykedpaAikég Alapaptieg



Meta tn yevvnon... EKSNAWOELC...

Postnatal
* Infections: meningitis, encephalitis
« Metabolic: hypernatraemia, hyponatraemia, hypoglycaemia,

dehydration 1. Alatopoaxec avénong
« Anoxia: suffocation, near-drowning, seizure 2. Alatapayeg oitiong
* Trauma: head injury, either accidental or non-accidental 3. AmOkAlon amo TNV AVOEVOUEVN XPOVLKN 1 TIOLOTLKN
* Vascular: stroke KOTAKTNON TWV OVATTTUELOKWY OPOCHUWV
Others AlaTapaX€C KWVNTLKOTNTOC
« Social: severe understimulation, maltreatment, Atatapaxéc Adyou

malnutrition (deficiency of iron, folate and vitamin D)
« Maternal mental health disorder

Alatapaxeg oupumnepldopac
Alatopaxeg vonong

* Unknown , , ,
4. JuvuTapén MOAUCUOTNUATLKWY EKONAWCEWV

Alatapaxec Tou evboyevoug PeTafoAlopoU
Neupoyevetikd cuvdpopa

Nevpopvika vooruata

ErtAnTmtikég eykepalomaBelec
Autodvooec eykedpalomabeLeg

AOUKEC EYKEDAALKES VW HLAALEC

2. Tourette

ADHD

ASD

v
v
v
v
v
v
v
v
v



Current evidence-based recommendations
: 2 on investigating children with global
Tl’ T[pOGd)EpEL n 6 Lavvwcn ese OPHNACES developmental delay
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Information for Healthcare Professionals (-\
s EpiCARE
Glut1 Deficiency * OEPATEVUTLKEC ETUAOVEC
syndrome * MNopakohoUBNGCN YVWOTWV ENMUTAOKWV
Also known as: GlutiDS, G1D, De Vivo Disease ,
* [lpoyvwon
* YrtootnpLEn KoL EVNUEPWON TWV
B OLKOYEVELWV OLTLO-ELOLKN
_ o * OLKOYEVELOKO TIPOYPOLULLATIOHO
Patients & T @ eoicane ) ) ) )
caregiver A piCA e AlaKOTN nsps'ta;\p'w kKootoBopou kai/n
Syndrome ‘ NMapeUBaATIKOU EAEYXOU
|eOﬂetS Alzo known as: Glut1DS, G1D, De Vivo Diseass p HB vx

o*"*, European

Patient
Advocacy
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Current evidence-based recommendations
on investigating children with global

OPEN ACCESS
developmental delay

Renuka Mithyantha,' Rachel Kneen,”* Emma McCann,* Melissa Gladstone'

Table 1 Table demonstrating recommendations for first-line investigations for global developmental delay from four guidelines and our proposed

recommendations
UK current USA Irish Australian
Tests category McDonald et af® UK proposed Moeschler and Shevell'  0'Byrne et a/"™ Silove et af®
Genetic Karyotype Microarray Microarray Microarray Microarray
Frag X Frag X (selected) Frag X Frag X (selected) Frag X
Chromosomal: banded analysis
(selected)
Biochemical and metabolic
Blood tests U&E U&E TFT URE U&E
X (€4 Lead (selected) cK (44
TFT TFT AA TFT TFT
Lead Lead (If PICA) Homocysteine LFT FBC
Urate FBC Acylcarnitine profile FBC Lead
FBC Ferritin (dietary restriction) Bone profile AA
Ferritin AA Urate
Biotinidase Homocysteine Glucose, lactate
Acylcarnitine profile Venous blood gas
AA
Homocysteine
(selected if raised methionine)
Urine tests 0A OA 0A OA
GAG GAG GAG GAG
Oligosaccharides Oligosaccharides Paired urate
Creatine/GAA Creatine/GAA +Urate/creatinine

Purine and pyramidines Purine and pyramidines
A, amino acids; ASD, autistic spectrum disorder; CK, creatine kinase; FBC, full blood count; Frag X, fragile X; GAG, glycosaminoglycans; LFT, liver function test; OA,

organic acids; TFT, thyroid function tests; U&E, urea and electrolytes.



History
Examination
Consider vision and hearing assessment

2| N

Exogenous cause . o No cluesto
uggestive aeti
Suspected satiol ology
Monitor and Tailor
investigate investigations

Monitor development
No cause
detected Individually tailored 2nd line
investigations

Figure 1  Flow chart for decision making for investigations for global
developmental delay in young children.




Table 3 Clinical pointers to consider referral to a specialist in neurodisability or neurology

Features in the history Regression or possible regression including significant change in behaviour
Possible or definite seizures
Movement disorder: continuous or paroxysmal
Muscle pain/fatigue
New onset sensory impairment, for example, significant decline in visual acuity
Cognitive decline/behavioural change in a child with epilepsy or ASD

Examination findings Neurological signs: dystonia, ataxia, movement disorder, for example, chorea, focal signs, cranial nerve signs, muscle weakness/signs of a peripheral
neuropathy, arthrogryposis/joint contractures, CP picture without a clear cause/history
Ocular signs: nystagmus, eye movement disorder, abnormal fundi, cataract
Other signs: sensorineural deafness
Neurocutaneous features
Organomegaly/cardiomegaly
Course or dysmorphic facial features




AfLoAoynon amno KAWLKO YEVETLOTN

g CEP :ﬂiaﬁf’&??&f%é’.ﬁ%m Review article
Initial evaluation
. il ical, fopmental, an Ih . : iy .
. 2'“ I“:me: c“' ldwz: rol “" 'l df:::'":. - Genetic tests by next-generation sequencing in children
v e s e e with developmental delay and/or intellectual disability
Rev'ew Of neWbom men'n' resu'ts Ji Yoon Han, MD, PhD, In Goo Lee, MD, PhD
l Department of Pediatncs, College of Medicine, The Cathalic University of Kores, Seoul, Korea
Genetic evaluation o tie-r
* Syndromic: specific tests == luati Targeted panel sequencing Whole-Exome Sequencing Whole-Genome Sequencing
» G-banded karyotype analysis, FMR1, CMA evaluation +  Categorical genetic disorders «  Whole exome « Al genes and non-coding DNA
by NGS *  Up to thousands of genes + Intermediate caverageand depth ¢ Lower coverage
<& ' *  High coverage and depth *  Highest cost
*  lowest cost
| S
Metabolictests | Neuroimaging | Auditory and ophthalmologictesting i |
! B e I e
l ¥ T . MR T S WS T . —
Other tests: electroencephalography, electromyography, muscle biopsy...
Caplure capture l No capture
ey o= S — e — -
= === e — — a8

An evidence-based, free web-based application i e

(http:// www.treatable-id.org) —

High accuracy —— good accuracy

Lower accuracy

Fig. 2, Comparison of targeted gene panel, whole exome sequencing, and whole genome sequencing
approaches,

Second-line tests...




Table 1. Diagnostic yield of developmental delay and/or intellectual disability using next-generation sequencing

Method Study No.of subjects  Diagnastic yield (%) Remarks
Genepanel  Pekelesetal™ (2019) 48 21
Gleldon et al™ (2018) 106 30 Developmental disorders
Han et al™ (2018) 35 28
— = . . Reid et & ™ (2016) 30 89 Neurometabolic phenctypes
B CEP V.10 1952022020 B Réiew atticie Grozeva et @™ (2015) 986 1 Moderate to severe D
ety ttps:/fdol,org/10,3345/kip.2019.00808 2 = o)
Brettetal”’" (2014) 8 25 ID, congenital anomalies, and/or ASD
Deligtetal®®(2012) 100 53 Severe ID
. : 3 : . WES Bowling et al™ (2017) 127 30
Genetic tests by next-generation sequencing in children Kuperberg et al” (2016) 57 4 Pediatric neurclogy patients
with developmental delay and/or intellectual disability Aeso a4} i 2 PRGSOV patents!
Gilissen et al** (2014) 100 27 Severe D
Ji Yoon Han, MD, PhD. In Goo Lee, MD. PhD Rauch et Q'.R (2012) 51 45-55 Severe ID
Department of Pediatncs, College of Medicine, The Cathoalic University of Korea, Seoul, Korea WGS Bowhng ot a!‘an [20, 7 244 2
Gllissen et al.*® (2014) 50 42 Severe ID, previous negative results in WES
Jiangetal™ (2013) 32 Families 50 ASD

ASD, autism spectrum disorder; ID, intellectual disability, WES, whole exome sequencing: WGS, whoie genome sequencing.
“IGlobal developmental delay/ID, ataxia, suspected neuromuscular disorder, seizures, dystonia. “Developmental delay/iD, ASD, cerebral palsy-like
encephalopathy, delayed/hypomyelination, cerebellar sbnormaiities,



Nevpoarmelkovion

* JPalpwkn avarmntuélakn kabuotepnon
* Kol

* MwkpokepaAia, pakpokedpalia,
ETILTOXUVOUEVOC pUBLOC petaBoAng MK

* Eotiakn veupoloylki onpeloloyia
 EmAnyia
* MRI, CT, spectro MRI




MetafoAkd voorata nou endéxovral Oepanélag:

Vitamin and cofactor metabolism 29 (25%),
Amino acid metabolism 28 (24%),
Complex molecule degradation 10 (9%),

Neurotransmitters 9 (8%),

Nucleobase, nucleotide and nucleic acid metabolism 7 (6%),

Disorders of glycosylation 6 (5%),

Energy substrate metabolism 5 (4%),

Trace elements and metals 5 (4%),

Fatty acid, carnitine, and ketone body metabolism 5 (4%),
Lipid metabolism 3 (3%),

Mitochondrial cofactor biosynthesis 2 (2%),
Other disorders of mitochondrial function 2 (2%),
Carbohydrate metabolism 1 (1%),

Peptide and amine metabolism 1 (1%),

Endocrine metabolic disorders 1 (1%),
Mtdna-related disorders 1 (1%), and

Nuclearencoded disorders of oxidative phosphorylation 1
(1%).

Hoytema van Konijnenburg et al.
Orphanet J Rare Dis (2021) 16:170
https://doi.org/10.1186/513023-021-01727-2

Orphanet Journal of
Rare Diseases

REVIEW Open Access

. . . . ®
Treatable inherited metabolic disorders iy

causing intellectual disability: 2021 review
and digital app

Eva M. M. Hoytema van Konijnenburg'!, Saskia B. Wortmann®*#", Marina J. Koelewijn?, Laura A. Tseng'*,
Roderick Houben®, Sylvia Stockler-Ipsiroglu®, Carlos R. Ferreira’ and Clara D. M. van Karnebeek'#*%'@®

An evidence-based, free web-based application
(http:// www.treatable-id.org)



Sutton Hamilton, MD
Underwood-Memorial
Family Medicine Residency

Screening for
developmental delay:
Reliable, easy-to-use tools

Win-win solutions for children at risk and busy practitioners

Practice recommendations
1 Do not rely on clinical judgment only
or developmental milestone review
for the timely identification of
developmental delays (B)..

1 Screen children for'developmental delays
regularly with cost- and time-effective
screens such as the Ages and Stages
Questionnaire and PEDS (Parents’
Evaluation of Developmental Status)(C).

1 Refer children with suspected delays
promptly for comprehensive developmental
assessment (C).

I Children with documented delays should
receive prompt referral for appropriate early
intervention (C).
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