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ÅPersonswith geneticsyndromes 
/developmentaldisabilities
(MCA/ID), socalledrare diseases
(CNVs)

ÅMultidisciplinaryteam

ÅHolisticapproach& focus:

ÅChild andfamily

ÅMedical and developmental/

behaviouralconcerns



Rare diseases(MCA/ID)/Copy NumberVariations(CNVs)

Prof. Dr. Herman Van den Berghe
(1933-2017)



Rare diseases(MCA/MR; CNVs): e.g. 22q11.2 DS

Åhave needsin manyareas: medical, cognitive, behavioural, social-emotional, 
practical/everydayƭƛŦŜΣ Χ 

Åthe combinationof thesemultiple needsimplicates:

Å the needfor a holistic, personalized, coordinatedand continuedcare

Å the needfor an expert multidisciplinaryteam, both in clinicalpractice 
AND in research

Sincethe earlynineties, multidisciplinaryexpert network/teams have been 
established(e.g. 22q11 DS, NF1, PWS, NoonanΣ {a{Σ ta{ΣΧΦύ

In Leuven, the multidisciplinary22q11 DS consultation startedin 
1994 (~450 patients)



How didwestart in 1994 ?

MEDICAL
CONCERNS

DEVELOPMENTAL/
BEHAVIORAL CONCERNS

Clinicalgenetics
Pediatrics
PediatricCardiology
PediatricENT specialist
Feedingspecialist

Lƴ ннǉмм 5{Χ

Developmentalandbehavioral
specialistsfocusingon motor, 
language, development, behaviour
andsocialemotionaldevelopment
Clinical & educationalpsychologist@ 
Clinical Genetics ςPediatrics/NDD 
(COS) MDT team

άCombinedconsultationsέ Ϫ/a9



Why should you be interested in 22q11.2 DS syndrome?*

ÅIt is the most common microdeletion syndrome.

ÅBecause of phenotypic variability, clinically not well recognised.

ÅComplex phenotype.

ÅBehavioural phenotype
ÅAlmost all have learning problems
ÅMost have a borderline to mild-moderate ID
ÅAbout 30% are diagnosed with Attention Hyperactivity Disorder, particularly ADD
ÅAbout 30% are diagnosed with anxiety disorder
ÅAbout 20-40% are diagnosed with an autism spectrum disorder.
ÅThird highest known risk factor for psychosis

ÅFrequently in contact with medical specialists, (child)psychiatrists, clinical 
psychologists, special educators, speech-ƭŀƴƎǳŀƎŜ ǘƘŜǊŀǇƛǎǘǎΧΦΦ

*Also known as velo-cardio-facial syndrome, Shprintzen syndrome, DiGeorge

syndrome, Conotruncalanomaly syndrome, Caylersyndrome, Sedlackova
syndrome, CATCH-ннΣΧΦΦ



What is 22q11.2 DS ?

McDonald-McGinnDM, Sullivan KE, 
Marino B, Philip N, Swillen A, 
Vorstman JA, ZackaiEH, Emanuel BS, 
Vermeesch JR, Morrow BE, Scambler 
PJ, BassettAS. 22q11.2 deletion
syndrome. Nat RevDis Primers. 2015 
Nov 19;1:15071. doi: 
10.1038/nrdp.2015.71. PMID: 
27189754; PMCID: PMC4900471.



Chromosome 22

22q11.2 deletion

LCR22-A

LCR22-D

Whatis 22q11.2 DS ?



Velo-Cardio-Facial Syndrome

1/2 000 -1/4000 life births (90% de novo)

22q11.2 deletionsyndrome(22q11.2 DS)



Major Common System Involvement:
Å Brain
Å Palate
Å Thymus
Å Parathyroid
Å Heart
Å Gut
Å Kidney

Less Common but Significant Systems:
Å Eye 
Å ENT
Å Thyroid 
Å Hematologic
Å Autoimmune (JRA)
Å Skeletal (Scoliosis)
Å GI (Imperforate anus, Intestinal malrotation, Hirschsprung's)

Minor Malformations that may contribute to Dx
Å Craniofacial features (asymmetric crying facies; auricular anomalies; 

hooded eyelids; nasal dimple/crease)
Å Polydactyly (pre and post axial of hands; postaxial of feet
Å Cervical and thoracic vertebral anomalies 

Multi -System Involvement in  22q11.2 DS
BRAIN



Development
(cognition and behavior)

Riskfactors

Protective factors

Genes Environment

Time/development itself

22q11.2 DS



Developmentaltrajectoriesin 22q11 DS

Å1. Babies, toddlers and preschoolers(0-6y)

ÅMedical/developmentalconcerns/needs

Å2. Primaryschool(6-12y)

ÅCognitive and educationalchallenges

Å3. Adolescence (13-18y)

ÅCognitive and educationalchallenges

Å4. Psychological/ psychiatricchallenges in 22q11 DS



0-6 years

Environmental
demands

22q11DS
development

1. Babies, toddlersand preschoolers(0-6 y)
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Babies/infants with 22q11 DS (0-1y)

MEDICAL
CONCERNS

DEVELOPMENTAL
CONCERNS

Heart
Feeding
Low calcium
Immune system
Low muscletone
Constipation

Slow growth and weightgain
Hypotonia/motor delay
Speech and languagedelay



Toddlerswith 22q11 DS (1-2y)

MEDICAL
CONCERNS

DEVELOPMENTAL
CONCERNS

Heart
Feeding/hypernasalspeech
Recurrentinfections
Low muscletone
Constipation

Mild to moderate delays
in all areas of 
development:
-Gross and fine motor
-General cognition
-Speech/language

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKbh377asMgCFQI5GgodHYsO_Q&url=http://autism-center.ucsd.edu/autism-information/Pages/development.aspx&psig=AFQjCNGdRXCZZgJnumP3-epj4xxtJXrg8A&ust=1444319183155728


Infants& toddlerswith 22q11  DS (0-3y)

ÅInvestigations/Diagnosis

ÅPsychomotorassessment (BSID-II, PMDS-2) @ 1y and2y

ÅSpeech/languageassessment (@ 2y; check hearing !)

Å@ 3y check vision!

ÅGuidance/support

ÅEarlyintervention(preferablyguidance@ home)

ÅPhysiotherapy/occupationaltherapy

ÅSpeech/languagetherapy(communication!)



Physiotherapyand occupationaltherapy



Augmentativeand  alternativecommunication(AAC)

e.g. SMOG/SWSS (SpeakingWith Support of Signs)
Filip Loncke(Universityof Gent, 
Universityof Virginia)

Language therapy:
ά¢h¢![ /haa¦bL/!¢Lhb !ttwh!/Iέ



Preschoolers with 22q11  (3-6 y)

MEDICAL
CONCERNS

DEVELOPMENTAL
CONCERNS

Surgicalcorrectionof VPI
Kidneyproblems/urinarytract problems
Recurrentear infections
Low muscletone
Eye/visionproblems(eyeexam@ 3 !)
Sleepproblems !

Mild to moderate delaysin 
all  areas of development:

-Gross and fine motor
-General cognition(DD, 

pre-arithmeticskills, 
visual-perceptualskills)

-Speech/language



Good visual-perceptualprocessingand visual-
spatial insight are important for: 

ÅMotor skills

ÅAcademicskills: pre-arithmeticskills,  mathematics, geography,



ÅDaily living skills

ÅSocial communication skills



Visual-perceptualskills in 22q11 DS:

Áneedmore time to processvisualinformationroblemenmet 
opnemenvan informatie



Visual-perceptualskills in 22q11 DS:

Áproblemswith recognizingobjectswhenpresentedin 
unconventionalway  

Unconventional
Conventional



Á Problemsin taskswith manyvisualstimuli  (complexvisual)

Visual-perceptual skills in 22q11 DS:



Visual perceptualproblemsin 22q11 DS
(both in childrenwith problemswith vision, andin childrenwith normalvision)

ÅNeedmore time for visualinformation processing

ÅMisinterpretation of objects(presentedin unconventionalway )

ÅProblemswith visuo-motor integration

ÅProblemswith spatial insight, spatialorientation, perceptualorganization

Cortical visual impairment (CVI) = visual perception disorder caused by a lesion in the brain



Recommendationsvisionandvisualperception

ÅEyeexam from age3 on (to excludeor diagnose vision problem)

ÅBe alert for signalsof visualperceptualproblems

ÅObservevisualperception: at home, in class, duringplayetcΧ

ÅIn case there are severalelementspresent/suggestiveof visual-perceptual
problems: 
ÅSpecificCVI- assessment (CVI= corticalvisualimpairment)  from 4 yearson



Pre-arithmeticsandmathematicalskills in  22q11 DS

ÅProblemswith numberǎŜƴǎŜΣ ŀǿŀǊŜƴŜǎǎ ƻŦ άamountέ



Dehaene et al. (2003) model

ÅNumber processing and arithmetic:

ÅTwo anatomically and functionally distinct systems:

Verbal System Quantity System

Left angular gyrus

Verbal representation of number

Intraparietal sulcus

Quantity representation of number

Retrieval strategies Procedural strategies

Multiplication Subtraction



In 22q11DS:

Representations

Operations

Strategies

Number reading

Multiplication

Small addition and subtraction

Retrieval strategies

Preserved

Intact verbal system

Phonological loop

Speed of access to LTM

Number comparison

Large addition and subtraction

Procedural strategies

Impaired

Impaired quantity system

Multidigit arithmetic

Word problem solving

De Smedt & Swillen, 2009, Cortex 



Preschoolerswith del22q11 (3-6 y)

ÅGuidance/support/ Remediation

Appropriate assessment/diagnosis Ҧ   appropriateeducation+ support  

ÅMainstream + support (speech, motor, cognitive, play, socialskills)

ÅSpecial education

ÅStimulationandadaptation

ÅAnticipatoryguidance

ÅIn case of CVI: adaptationof visuallearningmaterial+ learnvisualscanning and
strategies

ÅEncouragement/development of socialanddailyliving skills

ÅIf major concerns aboutsocial/emotional/peer-relatedƛǎǎǳŜǎ Ҧ referral to child
psychologist/childpsychiatrist





0-6 7-12 13-18                  Adults 

Environmental
demands

22q11DS
development

2. Primaryschool(6-12y)
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Swillen et al, 1997, Journal of Medical Genetics, 34: 453-458





ÅDe novoversus familial deletion(Swillen et al., 1997; 2007)

ÅGenderdifferences? (Swillen et al., 2007;  Antshelet al., 2008)

ÅNo effect of congenitalheart defect

ÅEffectof diagnosisASD on IQ ? No effect psychiatricdiagnosis(Vorstman et al., 2006)

ÅEffectof SES (Ousley et al., 2012), parental IQ and siblings IQ (Kates et al., 2014)

ÅSize of deletion?  SmallerdeletionsA-B        +/- 5 IQ points >  comparedto A-D deletions

ÅGeneticpolymorphisms? COMT, PRODH

ÅModifyinggenes?

ÅOtherenvironmentalinfluences (therapy/ remediationΣΧύ





Cognitivechallengesin 22q11 DS  (7-12 y)

Åacademicproblems: arithmeticsandreading comprehension

Ågood(technical) reading skills andgoodverbal(STM) memory but 
problemswith comprehension

Åproblemswith abstract thinking/ problem-solving

Åproblemswith integratingnew information

Åpoorattention andconcentration(ADD)

Åproblemswith starting, initiatingΣΧ

Ådeficits in visual-perceptualabilities

ÅBut diverse cognitivetrajectories!

(Swillen et al., Child Neuropsychology, 1999; 2005;  Desmedt& Swillen , 2007; 2008)



Practice and management (learning)

Åno standardsfor advise/ intervention

ÅUSE RECENT COGNITIVE/NEUROPSYCHOLOGICAL ASSESSMENT & ADAPTIVE 
SKILLS !

individualizededucationalplan (IEP)

Åremedial teaching (arithmetics, reading comprehension) or special needs
school

Åstructuredandquite learningenvironment

Åbe awareof medicalproblems(hearing, cardiac, fatigueΣΧΦύ

Åbe awareof slower tempo

Åif visual-perceptualproblemsare present:
Åadaptationof material, andvisualtraining: learnvisualstrategies



0-6 6-12             13-18         (Young) Adults

Normal
development

Environmental
demands

22q11DS
development

3. from early adolescence on (13-18y)



ÅLearning problems increase with age

ÅStable learning trajectory

ÅάDǊƻǿƛƴƎ ƛƴǘƻ ŘŜŦƛŎƛǘέ

ÅIn subgroup, verbal decline >>

Cognitive and educational challenges from 
early adolescence on (13-18y)



Recommendationsandsupport for adolescents

ÅOfferstructure and security

Å« Match»  abilitiesςschool/workenvironment

ÅBe alert for and payattention regardingbullying

ÅSchool

ÅPsychoeducationteachers/pupils

ÅAdaptcurriculum/ extra support, facilities; part-time school(cfr. fatigue)

ÅWork: 

ÅPsychoeducation

ÅPart-time jobs ! (cfr. fatigue, medicalproblems)

ÅJobcoach

Å±ƻƭǳƴǘŜŜǊǎΩǿƻǊƪ



Developmental Tasks during Adolescence 
and (Young) Adulthood

Å Separate from parents, building identity
Å Develop a healthy self-image
Å Set & achieve education & vocational goals

Å Financial independence
Å Independent living
Å Partnership - marriage
Å Participate in community life
Å Be happy ςintact mental health

« ChangingParenting» 
duringadolescence 

ÅFromdependencyto more 
independency

ÅStep-wisemore 
independency, 
responsibilities

In familieswith children
with disabilities:

ÅOver-protective

ÅUnder- or overestimating
difficulties/deficits



ÅPsycho-socially: 
ÅShy, withdrawnbehaviour

ÅEmotionalvulnerableand moodswings

ÅSocial and communication impairments:
ÅPoorrelations with peers

ÅPoorverbal and non-verbal communication

Dependent

Poor self-concept/low self-esteem

Psycho-social challenges  (13-18y, 18+)



Baby/child Teenager Adult 

Normal
development

Environmental
demands

22q11DS
development



Support for teenagers

ÅTalkto yourchild/teenager, explain(psycho-education!)

ÅEncourage the developmentof a REALISTIC self-concept (= crucial !)

ÅEncourage and practice social skills

ÅEncourage and practice daily living skills(includingbasic safetyskills)

ÅHobby! (music, sport, photography, animals(pets/horses/dogsΣΧΦύ

ÅContact with other teenagers/youngadultswith 22q11 DS

ÅFindan appropriateeducational/ vocationaltrack
Å(normal) school/workcircuit+ support
Åspecialschool/shelteredwork
Åwritten information about the needs/ necessaryŀŘŀǇǘŀǘƛƻƴǎΣΧΧ

ΧΦΦ



Support for parents

ÅSupport in workingthroughattitudes, feelingsand uncertaintiesabout theirŎƘƛƭŘΩǎ
abilities/disabilities

ÅSupport parentsin acceptanceof the disabilityand limitationsof their childόάdevelopa 
realisticŀƴŘ ŀŘŜǉǳŀǘŜ ƛƳŀƎŜέύ

Åprovideparentsknowledgeƻƴ άpuberty/adolescenceέ andάǇκŀ ƛƴ ŘŜƭннǉмм5{έ

Åencourageparentsto fostermore skills of independenceaccordingto their
children/ŀŘƻƭŜǎŎŜƴǘΩǎdevelopmentallevel

ÅImportanceof sexualeducationfor their children(sexualityin a healthyand protectiveway)

ÅInformation on resources, legalissues (guardianshipsΣ ΧΦύ



4. Risk for psychiatricdisordersin 22q11 DS 

Jonas R, Montojo C, BeardenC. The 22q11.2 DeletionSyndromeas a Windowinto Complex 
NeuropsychiatricDisorders Over the Lifespan. BiologicalPsychiatry. 2014;75(5):351-360. 

Individualswith 22q11 DS,
have a high stress sensitivity



Anxietydisorders
ÅSmall decreasein frequencywith age: 35% ->25%
ÅAt childage:
ÅSpecificandsocialphobia
ÅSeparationanxietydisorder

ÅAdult age:
ÅPanicdisorder

Bron:  Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion Syndrome : Results From the 
International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome . Schneider, M., Debbané, M., 
Bassett, A. S et al. 2014  The American Journal of Psychiatry, 171(6), 627ɀ639

22q11.2 deletionsyndrome



ADHD
ÅDecreasein frequencywith age: 37% -> 16%

Å

ASD
ÅAdolescents: ± 25%

Bron:  Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion Syndrome : Results From the International Consortium 
on Brain and Behavior in 22q11.2 Deletion Syndrome . Schneider, M., Debbané, M., Bassett, A. S et al. 2014  The American Journal of 
Psychiatry, 171(6), 627ɀ639

22q11.2 deletionsyndrome



Major DepressiveDisorder:

Increasein frequencywith age:

Å10-15% adults

Å9% adolescents

Bron:  Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion Syndrome : Results From the 
International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome . Schneider, M., Debbané, M., 
Bassett, A. S et al. 2014  The American Journal of Psychiatry, 171(6), 627ɀ639

22q11.2 deletionsyndrome



From: Psychiatric Disorders From Childhood to Adulthood in 22q11.2 Deletion Syndrome: Results From the 

International Consortium on Brain and Behavior in 22q11.2 Deletion Syndrome

Am J Psychiatry. 2014;171(6):627-639. doi:10.1176/appi.ajp.2013.13070864

Prevalence of Schizophrenia Spectrum Disorders and Distribution of Specific Disorders by Age in Participants With 22q11.2 

Deletion Syndromeaa Among the 235 subjects with schizophrenia spectrum disorders, the prevalence of a schizophrenia diagnosis 

increased significantly over the age groups (ɢ2=12.54, df=4, p=0.01), whereas the diagnosis of psychotic disorder not otherwise 

specified decreased (ɢ2=17.17, df=4, p=0.002).

Figure Legend:

41%



Findings from the International Brain and 
Behaviour Consortium 

Vorstman et al., 2015

Å 829 subjects with a confirmed 22q11.2 
deletion 

Å recruited through 12 international clinical 
research sites

Å Both psychiatric assessment and longitudinal 
IQ measurements were available for a subset 
of 411 subjects

Vorstman et al, A cognitive decline precedes the onset of psychosis in patients 
with the 22q11.2 deletion syndrome, JAMA Psychiatry, 2015



Guidance/treatment psychiatricproblems

¾Multidisciplinary & holistic approach:

- Guidanceof individualAND family by (Child) psychiatrist& team)

¶Reduction of pressure/stimuli: build in regular rest breaks
¶Restore sleep/improve sleep !
¶Safety and structure
¶Predictability
¶Medication 

¶Always be alert for additional medical problems (fatigue, thyroid problems, neurological 
ǇǊƻōƭŜƳǎΣΧΦύ



Thymus

A role for the immune system ?

T-cellen

***

***

***

***



Th17 % is increased in 22q11

The immune system andpsychoticsymptoms

Th17 = T cell that increases

Psychoticsymptoms

Th17%

57



Fatiguefrom
adolescenceon !

My mind wandersΧ

I feel tired!

I think I do almostnothing
duringthe dayΧ

PhysicallyI ŘƻƴΩǘfeel 
ǎǘǊƻƴƎΧ 

I ŘƻƴΩǘwant to do 
anything.

58



Fatiguein (young) adults
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Conclusion:

Frominfant to adult with 22q11 deletion(22q11 DS): 

Ҧ wide variability

* medicalfeatures (clinicalphenotype)

* cognitive, behavioural/social-emotionalfeatures (behaviouralphenotype)





The dynamic nature of health & developmental/behavioural/
psychiatric concerns in patients with 22q11.2 DS

Each age has a typical set of concerns that change over time.



Multidisciplinarycare (the Leuven model)

ωHolistic focus (interaction body and mind +   person and context)

ωEarly assessment of patient needs & psycho-education

ωMultidisciplinary consultations & meetings 

ωCoordination and continuation of perzonalizedcare

ωAnticipatory guidance and longitudinal follow-up



MEDICAL
CONCERNS

DEVELOPMENTAL/
BEHAVIORAL CONCERNS

άCombinedconsultationsέ ϧ 
άtŀǊǘƴŜǊǎƘƛǇέ betweenmanydisciplines



MEDICAL
CONCERNS

DEVELOPMENTAL/
BEHAVIORAL CONCERNS



Multidisciplinarycare (the Leuven model)

ωHolistic focus (interaction body and mind +   person and context)

ωEarly assessment of patient needs & psycho-education

ωMultidisciplinary consultations & meetings 

ωCoordination and continuation of perzonalizedcare

ωAnticipatory guidance and longitudinal follow-up



Earlydiagnosisand assessmentof needsisan opportunity

Åto start, organize and coordinate the personalized & 
multidisciplinary care for child and parents 

Åfor (psycho)-education: inform and explain 

https://www.thegeneticpuzzle.eu

Åto anticipate and manage the medical, psychosocial and 
educational needs

https://www.thegeneticpuzzle.eu/


Baby/Infant Childhood Adolescence/Adulthood 

Typical
development

Environmental
demands

22q11DS
development



ÅThe care = personalizedcare

ÅInformation & psycho-education, follow-up, support and a 
coordinated care by a multidisciplinary expert network/team 
are indispensable. 



Steps towardsa holistic, integratedcare (& research)

ÅInstall multidisciplinary teams (MDT) with a clear visionand 
division of responsibilities (resource centre& excellency)

ÅPersonalized, coordinated and continued care AND good 
communicationbetween professionals of different 
disciplines and between MDT and patients        1 digital 
ǇŀǘƛŜƴǘ ǊŜŎƻǊŘ όάY²{έύ ǿƛǘƘ ŀƭƭ ǊŜƭŜǾŀƴǘ ǊŜǇƻǊǘǎ !b5 
appointments for patient + my health-nexus

ÅIntegrated health sciences campus



Since 2000,
1 central digital 
patient record 
όάY²{έύ ǿƛǘƘ ŀƭƭ 
relevant reports AND 
appointments for 
patient 
+ my health-nexus



Integratedhealth & research campus



ά¦ƴŘŜǊ the sameǊƻƻŦέ


