15A Klinefelter syndrome uag ngalsa sex chromosomal aneuploidies fifetos
R atuuny

foilungulsa sex chromosome ﬁwumﬂ‘ﬁqm A1 Klinefelter syndrome (KS) visnggiangy
fhemeiiiidualaslalen X 1nndr 1 §FulU wide XXY waragvnesaungy 48,XXYY, 48,XXXY
WAz 49,XXXXY auamusIuiiengy 46,XX male FuAna1nne translocation 189 Y
chromosome U X chromosome
FEUINING

47, XXY nudszanal 1 sio 500 AW g 48, XXYY uag 48,XXXY wuuszana 1 sio 17,000-
50,000 AW wAZNEN 49,XXXXY WU 1 ¢ 85,000-100,000 At d@3u 46,XX male sinlusieaugiae
(case report)
anwazN1eAalin

Aoutsuanastunnuazlifinuinundiisnng vhliliawsasenanauunieniuung
v038nume Frzlvwadnieduauiaundndn aruRaunfduiinudesie wWnuils
(gynecomastia) U344V eunuchoid Uag USuaumumusnenedives (sparse body hair)

nsLaseyLAUle

PrfoiinagAeutneund viadnas thviinuazanuenseuAsuy nsdugaasiiutunys
9195211 5-8 U Tnefimnugainde (mean final height) Uszanni 179.2 + 6.2 \wufiaing waziiang
UYULBZVIBINIUNG

nswng ey

i fevmjumadnAusenaliauysoiiesansefugeslan testosterone azanastisiomjuvie
¥395 ey (late adolescence wag early adulthood)

N

uaannIUNG Usinastosnii 10 Sadans

NSLTYRUG

fnfitlyvnizesiiyasenn (infertile) vasrfingugtheniilashilsuviin mosaic o19iynslé N1
11 intracytoplasmic sperm injection %39 testicular sperm extraction 5@151m'§15i’32ﬁ (sperm
retrieval rate) 84819 69-72%

seauanlayan

5¢AU intelligence quotient (IQ) aglutnauiurunans (well below average fis well above
average) WuUAMURAUNAATU verbal 1Q 11nNI@IU performance 1Q 9nN15UsELIUA 7D

Wechsler Intelligence Test



nsldn1w

wurRnUATAaY (language deficits) sadaunudilauaznsldnmen silkidamides
mM35eu anudlalumwidudeunasnslinviym

NERANTTUUATYAGNAIN

dwlvgjaz quiet, sensitive wag unassertive U8 UseiiunuLeed sensitive,
apprehensive Wag insecure wnniawihly wune anxiety, depression &g substance abuse
genindszaneily
AuARUnRTInULRL
- uziSadhuy nuananImAvsUnFAUTEIN 200 W WeiiRnanyTinueesTuuealnsiauiigs
- syuusenlsvie laun diabetes mellitus, hypothyroidism Wag hypoparathyroidism
- AUYAVBY autoimmune laun systemic lupus erythematosus, Sjogren syndrome g
rheumatoid arthritis Whfumeamdgalaggeninnayeiily
- varicose veins Wa¥ leg ulcers
- nanszgnu 1ileaaInng hypogonadism
GUILTT)

Antulugestasie szey meiotic nondisjunction s gametogenesis Wag mitotic
nondisjunction ANTINAIUIUDY Zygote L%adwﬁuﬁuéﬁuawqmaamamﬁmnsﬁu flanwunisiing
melunsouadafithe anuiinunfseddnfinuinniuasduiusiusuuvedasiuloy X fiaund
TnefiswaulesTulon X Afudunng 1 fasduiudiusedu 1Q fonas 15-16 alnslamzdumes
AW
N33

1150573 karyotype 21nifiaidanvnialiunasifididny ruRaunivessesluuinude
520U follicle stimulating hormone Wag luteinizing hormone qaﬁu 52AUVDY testosterone Uni
o B fisziiu estradiol g4 52FUVBY urinary gonadotropins &4

naugthefimsindangulsn KS leun Sumeidn dymsenn whusls wvuen fimuinsi
ANURAUNRMUN BT U mmuUNIsieu wag NeRnIsuRaUNg
n135NWN

Usznaudhe nsligasluumeamevnisy (testosterone treatment) Msi3udiengusyana 12
T udsuruetumutngeny

A153nwE speech, physical 5auds occupational therapy masiSusausiiiniiteloiiingg

WalukazNdapusudansseule



Ngu sex chromosomal aneuploidies ¥indu
48, XXYY

AUA86Ige (1NN 180 WwuFlumg) Hdnuale eunuchoid UYUWAEYIETY YUANAITDY 1AL
10 oTezinALardumELan Wun1y peripheral vascular disease viliAn leg ulcers wag
varicosities 5¥#U 1Q Uszanas 60-80 Tnsiannzegnadadnunen nulemuiinun@siunisiseu
NORNITULATNITFIAN Qﬂaadaﬂmﬁ%sﬁmaLwiawwué’ﬂwmz aggressive uag impulsive
48,XXXY

ﬁﬂ?ﬁlﬁ?ﬁjﬂ ocular hypertelorism &g flat nasal bridge WunN13¢ radioulnar synostosis e
clinodactyly 2aU 1Q Uszunad 40-60 waziidgyn delayed speech AaUTLIN WORNTTY
immature, passive, cooperative
49, XXXXY

wuAsRaUnRrReudann IEuA fuie Asweidn (microcephaly), ocular hypertelorism,
flat nasal bridge, upslanting palpebral fissures AuRnUARlugBIUNlALA bifid uvula Wag cleft
palate laRnundudiudadulug [Wuwia patent ductus arteriosus AMURAUNAVBLYLLAZ
lAuA radioulnar synostosis, genu valgum, pes cavus, clinodactyly wag lax joints S¢AU 1Q
Uszauneu 20-60 ﬁﬂﬁ'ﬁymal,l,az friendly UNS8WY irritability Wag temper tantrums, low frustration
tolerance Wag difficulty changing routines
46,XX male

drulngiinmsiauinsmanalnd d59891U0122 hypospadias %38 cryptorchidism in1z

SE6TU testosterone naztdunsiu

AT NUAAITIEALBEATDINGY KS

47,XXY 48 XXYY 48 XXXY 49 XXXXY
AUYA 1:650-1,000 1:18,000-40,000 1:17,000-50,000 1:85,000-100,000
o1giiiady 6-10% (prenatal) 2% (prenatal) Liifidoya 100% (neuey 10 U)
<5% (riewengy10 U) | >70% (Aouey 10 V) 9181ad 4 e

91g\adY 6.8 U

Aadsdiuge 179-188 cm 193 cm 190 cm Fuie
AUARUNATIY

clinodactyly NUUoY 70% WUl NUUoY

AwRsUNABY Teun 18% 56% Liifivaya 50-100%

radioulnar synostosis, hip
dysplasia, GU malformations,
cleft palate, inguinal hernia,

clubfoot, cardiac




AnuBnUnAsuaRysazngfnssy

speech ke motor 40-75% 75-92% > 50% 100%
learning disabilities 50-75% 100% 100% 100%
intellectual disability wutloy 26% > 50% > 95%
Mean FSIQ 89-102 70-80 40-75 20-60

(verbal < performance IQ)

Gl 50% 11501 100% Ua1 50% U15A1 100% w1301

50% U1 50% U1

LONEIID9BY

1. Tartaslia N, Ayari N, Howell S, D'Epagnier C, Zeitler P. 48 XXYY, 48,XXXY and 49,XXXXY
syndromes: not just variants of Klinefelter syndrome. Acta Paediatr 2011; 100: 851-860.

2. Tallaksen HBL, Johannsen EB, Just J, Viuff MH, Gravholt CH, Skakkebask A. The multi-omic
landscape of sex chromosome abnormalities: current status and future directions. Endocr

Connect 2023; 12: e230011.



CHARGE syndrome
R atuuny
Hulseiugnasuitnution (OMIM # 608892) T1esuadausnlud A 1979 1Aude Hall-
Hittner syndrome #1791 ‘CHARGE” 11a1n@gevasanuinundiinuléun Coloboma, Heart
defects, choanal Atresia, Retardation (growth %59 development), Genitourinary malformation

way Ear abnormalities

TUINING

guAn1sal 1-2.8 sia 10,000 AU

WyIBNLLN

Lﬁmmﬂmﬁﬂmaﬁuﬁ:maﬁu CHD7 (chromodomain helicase DNA-binding protein) (OMIM #
214800) vulaslulongi 812 seveaiugNIURUY autosomal dominant WU de novo fis 97%
msnaneiugdlngduyia nonsense uag frameshift d@uwiln missense AwiATIUTULTIVING
Aatintosndt 151891 (case report) nsaITARaINATY translocations wa chromosomal

rearrangements NFUNIUNTYINUYOIBU CHD7

dnwaznnendiin (Meedi 1)

deswnduiliiunummshadlunaessuuvessiame shldnumuieunidetulunans
¥ nuitheniinmsnanefusimuniafeiuenaiidnuagmenaiinfiuandnaiu (clinical
variability) Lu ﬂéjll familial CHARGE syndrome
1. Coloboma wag ophthalmic features wuuszuead 75-90% e coloboma aznudl eyelid, iris,
retina, choroid, optic disc, optic nerve #1538 macula a‘l’mﬁuﬁaaaﬁm ANURAUNAUDINITUB LTI
919TULTIEIAUDA vaurfinuinUniveswniinuie microphthalmos e anophthalmos
2. Cardiac malformations wuuseaas 75-85% 1A conotruncal heart defects (aortic arch
interruption, tetralogy of Fallot, double outlet right ventricle %39 arch vessel
anomalies) way atrioventricular septal defects
3. Choanal atresia wazanuAnUnAveImLAumeladiunu (upper airway) laun A1g airway
obstruction @3U%aUBY choanae Wu 70%, laryngomalacia WU 40%, tracheomalacia 20% &g
subglottic stenosis 10% WU A cleft lip/palate way tracheo-oesophageal fistula (TOF) Usy
11 15-20%
4. Growth Wag developmental retardation 2gWuU24 late infancy 9900192 GH deficiency i

378911 cognitive ability AaUnRTINAE



5. Genitourinary problems Wu micropenis/cryptorchidism %38 clitoral size WIALEN NN
hypogonadotropic hypogonadism anuRaunfvadla laun renal dysgenesis/duplex kidneys
6. Ear wagtgymnisladu (hearing problems) wuauiaUn@dau outer ear Waz @1UUas inner
ear islug semicircular canals was vestibular 53u@a cochlear 1wy ‘Mondini” malformation
MlAAnNME sensorineural hearing loss Way vestibular hypoactivity vinlidtgnilunismnsdn
919NU eustachian tube dysfunction wag ossicular abnormality

7. Cranial nerve dysfunction wuileymi3es feeding wag swallowing 11nfs 90% esainanie
weak sucking/chewing, swallowing difficulty %30 gastro-esophageal reflux #uAINRAUNRTS
AsAuNGL (absent sense of smell) anAruARUNRY8Y olfactory bulbs SaufuATILAAUNGNIA

NgANs5Y (behavioral phenotype) wagn15usUNAU (sleep-related issues)

P a a aa
A15197 1 AnuRaunAn1endiinveslsa

AMURAUNRA waziden (ANYN)
Coloboma iris, retina, choroid, disc %38 microphthalmia
Choanal atresia/stenosis drafemteassdne e bony %38 membranous
Cranial nerve anomalies wuseaad 50-90%

- facial nerve palsy
- auditory, vestibular
- vagal (swallowing problems)

- CNS abnormalities léiA arhinencephaly, holoprosencephaly waz AuRaUnAluaIY forebrain waw hindbrain

Ear anomalies - outer ear (95-100%): symmetrically misshapen, low set, anteverted, cup shaped, wide wag reduced vertical
height, triangular concha, microtia, hypoplasia 984 auditory canal Wag preauricular tags
- middle: ossicular malformation

- inner ear (90%): cochlear - Mondini defect, temporal: AMMAAUNAYEY semicircular canals

Genital hypoplasia nuUsEHId 50-70%
#¥18: micropenis/cryptorchidism
Bl hypoplastic labia

Wnuanidn (delayed puberty)

Developmental delay IQ < 70 (>70%)

Cardiovascular malformation | conotruncal, AV canal wag aortic arch abnormalities (50-85%)

Growth deficiency nuUseEad 70-80%

short stature Wag pubertal delay

Orofacial cleft cleft lip/palate (15-20%)

Distinctive facial features square face, prominent forehead, prominent nasal bridge/columella, flat midface

euRaunisy ud omphalocele/umbilical hernia; bony scoliosis/hemivertebrae; renal anomalies: dysgenesis, horseshoe/ectopic kidney;
hand/limb anomalies: polydactyly, J-shaped ‘hockey stick’ palmar flexion crease; short neck; sloping shoulders; nipple anomalies; immune

deficiency




1593199y

WnaEIN1SINagenaratin (15199 2) Useneu 3 criteria lawuady major wag minor

criteria

A5199 2 LNE9INNSINdelsA

Blake criteria (1998)

Verloes criteria (2005)

Hale criteria (2016)

Definite: 4 major 38 3 major/3

Typical: 3 major 30 2 major/2 minor

2 major/any minor

minor Partial: 2 major/1 minor
Atypical: 2 major %30 1 major/2 minor
Major criteria
- coloboma - coloboma (ocular) - coloboma

- choanal atresia/stenosis
- characteristic ear anomalies

- CN dysfunction

- choanal atresia/stenosis

- hypoplasia semicircular canals

- choanal atresia or cleft palate
- characteristic ear anomalies

- CHD7 mutation

Minor criteria

- genital hypoplasia

- developmental delay

- cardiovascular malformation
- growth deficiency

- orofacial cleft

- tracheo-esophageal fistula

- distinctive facial features

- rhombencephalic dysfunction (brainstem/CN
anomalies)

- hypothalamo-hypophyseal dysfunction

- internal/external ear anomalies

- mediastinal organ anomalies

(heart, esophagus)

- intellectual disability

- CN dysfunction
- dysphagia/feeding problem
- structural brain anomalies

- autism/developmental delay/intellectual disability

- hypothalamic-pituitary dysfunction, genital anomalies

- heart or esophagus anomalies

- renal or skeletal anomalies

ADILENBBNANN 22q11.2 deletion syndrome, oculo-auriculo-vertebral spectrum,

VACTERL association, Kabuki syndrome uag teratogen-related embryopathies (maternal

diabetes, oral retinoic acid) Wudu (m1519 3)

[

M131991 3 ANwiaUNRAMaTugNITUNIAnYUzAR1EARSU CHARGE syndrome

Gene Tsa

Anwaznenatn

wuldlu CHARGE syndrome

AnwzAY

>34 genes

(AR, XL, Digenic)

Joubert syndrome

chorioretinal coloboma; interstitial fibrosis Yadlauay

§iu; cerebellar vermis hypoplasia; polydactyly

"Molar tooth" sign (neuroimaging)

EYA1 branchiootorenal spectrum deafness; external ear deformity; semicircular canal branchial fistula/cysts

SIX1 disorder (AD) hypoplasia; renal malformation

SIX5

KDM6A Kabuki syndrome cleft palate; heart defects; coloboma; hearing loss; typical facial features: long palpebral

KMT2D (AD, XL) growth restriction fissure, eversion of lateral 3 984 lower
eyelid, sparse eyebrow, large prominent
ear, prominent fingertip pads

PAX2 renal coloboma (AD) retinal/optic nerve coloboma; kidney abnormalities; gl

hearing loss




BMP4 microphthalmia coloboma; external ear anomalies; hearing loss; heart anophthalmia (more common)
(AD) defect; genital hypoplasia; cleft lip/palate; pituitary
problems, renal anomalies
EFTUD2 mandibulofacial choanal atresia; external ear anomalies; hearing loss; malar hypoplasia
dysostosis/microcephaly (AD) | heart defect; growth deficiency; cleft lip/palate;
esophageal atresia
FGFR1 Kallmann syndrome coloboma; hearing loss; genital hypoplasia; absent Taidl
(AD) sense of smell; cleft lip/palate
GLIZ Culler-Jones syndrome external ear anomalies, hearing loss, cleft lip/palate, midface hypoplasia, postaxial polydactyly
(AD) growth deficiency, pituitary problems, renal anomalies
GLI3 Pallister-Hall syndrome (AD) coloboma; external ear anomalies; heart defect; hypothalamic hamartomas, central
growth deficiency; genital hypoplasia, cleft lip/palate; polydactyly
pituitary problems; renal anomalies
JAG1 Alagille syndrome (AD) heart defect; renal anomalies cholestasis; butterfly vertebrae; posterior
NOTCHZ2 embryotoxon,; triangular-shaped face
MYCN Feingold syndrome (AD) hearing loss; heart defect; esophageal atresia; renal brachymesophalangy
anomalies
oTX2 microphthalmia (AD) coloboma; growth deficiency; genital hypoplasia; cleft | anophthalmia (common); corpus callosum
palate; pituitary problems agenesis; otocephaly-dysgnathia complex
POLRIC Treacher Collins syndrome choanal atresia; external ear anomalies; hearing loss; malar hypoplasia; normal intellect
POLR1D (AD, AR) cleft palate
TCOF1
SOX2 SOX2 disorder (AD) coloboma; hearing loss; heart defect, growth anophthalmia (common)
deficiency; genital hypoplasia; esophageal atresia;
pituitary problems
TBX22 Abruzzo-Erickson syndrome colobomas; hearing loss; growth deficiency; cleft radioulnar synostosis; large/protruding ears
(XL) palate
ZEB2 Mowat-Wilson syndrome external ear anomalies; heart defect; growth uplifted ear lobes, Hirschsprung disease,
(AD) deficiency; genital hypoplasia, cleft palate; renal hypospadias
anomalies
o
N133NWI

wAlILAZARANUAMUEAUNRYDILAAETZUU (5199 4)




M3 4 NMTUISEULAERAAMUANURAUNAVDILABL TEUUNIUY I

CHARGE SYNDROME CHECKLIST: HEALTH SUPERVISION ACROSS THE LIFESPAN
(FROM HEAD ToO TOE)

*Shaded boxes indicate key points
INFANCY CHILDHOOD | ADOLESCENCE | ADULTHOOD

lo-z xears' (3-11 xearsl 12-17 years| l18+ xearsl

Clinical diagnosis (Blake et al. or Verloes or Hale et al. criteria)
Genetic testing — Genetics consult (CHD7 analysis, array CGH)

GENETICS

Genetic counselling

CNS malformations/hypoplasia olfactory bulb/temporal bone (semi-circular
canal) malformations — requires MRI/CT

Seizures — more common at older ages — consider EEG

Cranial nerve problems — monitor for absent sense of smell, facial nerve
palsy, sensorineural hearing loss, vertigo, swallowing problems

NEUROLOGY

C risk of retinal - Ophtt | consult (dilated eye
exam in infancy, vision

Corneal exposure — lubricating eye drops

Photophobia — tinted glasses, sunhat

Choanal atresia/cleft palate/tracheoesophageal fistula - ENT/Plastics consult
Audiometry and tympanometry, monitor for recurrent ear infections
Adaptive services for individuals with deafness/blindness

Cochlear implant assessment if applicable

Obstructive sleep apnea — monitor for tonsil/adenoid hypertrophy

Excessive secretions — consider Botox, medication

EvES, EARS, NOSE AND THROAT

Dental issues — consider cleaning under anaesthetic

Cardiac malformations common — major/minor defects, vascular ring or
arrhythmias possible (echocardiogram, chest x-ray, ECG) - Cardiology consult
Sinusitis, pneumonia, asthma - monitor

Anesthesia risk (difficult intubations/post-op airway obstruction/aspiration)
— extensive pre-operative assessment, combine surgical procedures

CARDIOLOGY
RESPIROLOGY

Gastroesophageal reflux — Gastroenterology consult — consider motility
agents with proton pump inhibitor
Poor suck/chew/swallow - feeding team assessment/intervention

Aspiration risk, trach h | fistula — ing studies
May need supplemental feeds — frequently requires gastrostomy tube or
gastrojej y tube

Constipation — consider Senna glycoside with polyethylene glycol
Renal anomalies — abdominal u/s +/- VCUG, blood pressure monitoring

GASTROENTEROLOGY
GENITOURINARY

Hypogonadotropic hypogonadism — LH, FSH by 3 months
Genital hypoplasia (if undescended testes - consider orchidoplexy)

>
]
g Delayed puberty — Endocrinology consult - gonadotropin levels, HRT
E Osteoporosis — DEXA scan
8 Poor growth — Endocrinology consult — GH stimulation test, GH therapy
:% Obesity - monitor
Fertility and contraception - discuss
w s Note presence of thymus at open heart surgery
g & | Routine immunizations/antibody titres to immunizations in adolescence
H 5 Recurrent infections — Immunology consult
Scoliosis/kyphosis- monitor
MSK

Mobility (affected by ataxia, hypotonia) - evaluate

Assess gross and fine motor skills — Occupational Therapy, Physiotherapy
Communication, language, writing abilities — Speech Language Therapy
Consider deaf-blind consultant
Prepare for transitions to school, situations, places, systems
Psychoeducational assessment, Individualized Education Plan
Sleep disturbances — consider melatonin
Behavior management — self-regulation, impulse control, anxiety,

anger

Toileting skills - support
Life skills/adaptive behaviour/social skills/social play

PsycHoLoGY
DEVELOPMENTAL

Address sexuality

Family stress — offer supports and resources

Medical self-management — work on managing medications, understanding
conditions, seeing healthcare provider independently

LONFAN1984

1. Blake KD, Prasad C. CHARGE syndrome. Orphanet J Rare Dis 2006;1: 34.
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