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Outline
• Genetic testing in children who are D/HH

• The impact of genetic knowledge on 
management of D/HH

• Case studies

• Questions



Genetic Testing Who? When?

Liming et al., IPOG 
Consensus Statement, 
2016



Genetic Testing Who? When?

Liming et al., IPOG 
Consensus Statement, 
2016

Bilateral SNHL
Symmetric/Asymmetric

Congenital/Childhood Onset
Progressive/Non-progressive

Syndromic/Non-syndromic



Genetic Testing How?

Single Gene/Targeted Panels
• GJB2
• Pendred, Ushers

Comprehensive hearing-loss panels
120-220 genes

• Targeted capture/massively parallel 
sequencing 

• Deletion/duplication analysis
• Copy number analysis

Otoscope (U of Iowa)
GeneDx
Invitae
Multiple others

Cheek swab or blood test



Genetic Testing Why?

Any cause identified Genetic counseling, education, acceptance

Specific genes/variants Hearing expectations: progression, 
ototoxicity, cochlear implant outcomes

Future management options Cochlear implantation, gene therapy

Syndromic association identified Early screening for associated differences
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Genetic Testing Why?

111 children with SNHL

Genetic testing before hearing aid evaluation

73% Underrepresented minorities
67% Publicly insured

20% Genetic diagnosis

Receiving a genetic diagnosis associated with 
increased likelihood to be fit with HA

Adjusted for hearing level, insurance, 
race/ethnicity
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Brodie and Chan, unpublished
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Genetic Testing Progressive Hearing Loss

Progressive

SLC26A4
TECTA
Taperin
Mir95

(Mostly) Non-progressive

GJB2
STRC
OTOG



Genetic Testing Management Outcomes

Auditory Neuropathy Spectrum Disorder (ANSD)

Highly variable presentation and outcomes

Common etiologies:

1) Cochlear nerve deficiency

Poor cochlear implant outcomes
Recommend ASL

2) Otoferlin variants (hair cell/neuron synapses)

Excellent cochlear implant outcomes
Impending gene therapy
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Genetic Testing Syndromic Discovery

SLC26A4 Pendred
CDH23, Myo7a, USH2A… Usher
COL11A1, COL11A2… Stickler
COL4A3, COL4A4… Alport
STRC/CATSPER Deafness/infertility
EDN3, MITF, PAX3… Waardenburg
EYA1, SIX5 Branchio-oto-renal
GATA3 Barakat

~3-5% of hearing-loss gene panels reveal a 
previously-unrecognized syndromic association



Genetic testing in children who are 
D/HH: looking beyond the ear

• Genetic testing alone does not 
replace the importance of an 
evaluation by a clinical geneticist 

• Importance of dysmorphology:  
recognition of syndromes 
associated with hearing 
differences

• Among children who are 
Deaf/HH with an intellectual 
disability or autism spectrum 
disorder, we should not stop our 
genetic work-up at the level of 
the ear



Genetic testing in children who are 
D/HH: looking beyond the ear

• Broader genetic evaluation, following the standard of 
care for work-up of developmental disabilities is 
important to remember 

• 3 generation family history, dysmorphology, 
• microarray, Fragile X, PTEN (macrocephaly), MECP2 (in 

girls), expanded genetic panels
• Recognition of multiple congenital anomalies
• Technology and knowledge is ever changing!

The American Journal of Human Genetics 2010 
86, 749–764

JAMA 2015 314(9):895-903



Impact of Genetic Knowledge on the 
management of children who are D/HH:  
broad-based genetic testing

• Goals of understanding genetic etiology:
• Recurrence risk for the individual, parents, 

siblings
• Associated medical conditions that may have 

been unrecognized



Case Studies
• a. Non-syndromic SNHL (GJB2) - Dylan
• b. Syndromic SNHL (Usher syndrome) - Dylan
• c. Developmental delay + SNHL - Susan



Case 1: CC

2 mo old M
Full term
CMV negative
Club foot
No FH of hearing loss

Family uncertain of ABR findings
Declined Early Start and amplification
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Case 1: CC

2 mo old M
Full term
CMV negative
Club foot
No FH of hearing loss

Family uncertain of ABR findings
Declined Early Start and amplification

Genetics corroborates ABR
Rules out syndromic association

Enrolled in Early Start
Fit with R hearing aid



Case 2: LP

3 wk old F
Full term
CMV negative
MRI normal
Otherwise healthy
No FH of hearing loss



LP: Genetic Testing

3 wk old F
Full term
CMV negative
MRI normal
Otherwise healthy
No FH of hearing loss



LP: Genetic Testing Myo7A

• NS-SNHL (DFNB2) 
• Usher1B
• c.494 C>T: Usher1B
• c.321_322insA: unknown
• Parental testing confirms trans
• Ophthalmology referral

• Normal ophtho exam
• EUA: retinal dystrophy, 

maculopathy



LP: Genetic Testing Myo7A

• Bilateral cochlear implantation
• 6 months
• Age-appropriate speech & 

language

• Ophthalmologic monitoring
• Gene therapy (Sanofi 

NCT01505062)



Case study 3:
• First CI at 18 months and 2nd at 3 years 
• Age of diagnosis of ID:  4 years of age:  

• Leiter score of 60, Vineland score of 58
• Age of  diagnosis of ASD:  7 years of age

• Evaluation at 4 years, thought to be related to ID rather than 
ASD, at 7 years, diagnosed with ASD

• Age of Usher Syndrome genetic finding: 10 years of age
• An ERG at 10 years of age:  evidence of early rod-cone 

degeneration but no functional impairment
• At 18 years, has not had notable functional vision loss

• At of first seizure: 18 years of age



Case study 3:
• 5 years of age:

• Microarray results:  extra chromosomal material on 
10q11.21

• This region contains no known genes associated with 
pathology.  Thought to most likely a benign copy number 
variant. 

• 10 years of age: 
• Fragile X testing:  Pre-mutation for Fragile X (CGG repeat 

size 56)
• Hearing gene panel: genetically confirmed MYO7A gene, 

compound heterozygote(both parents confirmed to be 
carriers

• 13 years of age
• Autism/ID expanded panel negative



Children don’t always follow 
what’s in the books



Case study 3

“A dog that itches can have ticks and fleas”

Etiology may or may not be related to other disabilities 

Etiology may not protect a child from other reasons for 
developmental conditions

Just a few examples from my clinical experiences:
• Branchio-oto-renal and XXYY
• GJB2 and Beckwith-Weidemann syndrome 

(associated with increased risk of tumor)
• GJB2 and Landau-Kleffner syndrome
• GJB and Branchio-oto-renal
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