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…the pendulum swin

3 year old with moderate-severe 
loss:  Identified at 2 years

3 year old with moderate-severe 
loss:  Identified at birth

3 year old with mild-moderate loss:
Identified at 3 years, 3 months

Pre-intervention sample



5 year old with mild-moderate loss:
Identified at 3 years, 3 months

Post- intervention sample

Diagnostic Advances in Pediatric 
SNHL

•• The utility of molecular genetic testingThe utility of molecular genetic testing
• Case study #1

– 6 yo girl referred from school after not passing her 
school hearing screening

– No great parental concerns re: hearing or speech
– Have to repeat themselves more with this 

daughter than their other 3 children
– Doing well in school

Diagnostic Advances in Pediatric 
SNHL

• PMH:
• No significant otologic history
• No major medical problems
• Usual childhood illnesses

• ROS:
• Benign CV, Pulm, GI, GU, MS, Neuro, Skin, etc.

• SH/FH:
• 1 of 4 children (2 sisters,1 brother; all with normal 

hearing)
• No first degree relatives with early onset hearing loss
• Not even any distant relatives with hearing loss

Diagnostic Advances in Pediatric 
SNHL

• Physical Exam:
• Well-appearing 6 yo child
• WD/WN
• Normal skull and facial morphology
• No obvious ocular abnormalities
• No cleft lip or palate defects
• Normal external ear appearance
• Normal microscopic exam of EAC and TM bilaterally

• Other – normal body stature, no skin lesions, no obvious 
signs of goiter, regular heart rate and rhythm, no limb 
deformities, no signs of trauma

Diagnostic Advances in Pediatric 
SNHL

Case Study #1

Diagnostic Advances in Pediatric 
SNHL

• An otherwise healthy 6 yo child with a 
bilateral mild SNHL

• What are the first things that the parents will 
ask you when you inform them of their child’s 
hearing loss?
– What caused the hearing loss?
– Will it get worse? (will my child lose all of her 

hearing?)



What caused my child’s hearing 
loss?

• Even 10 years ago, diagnosing a specific 
etiology in non-syndromic SNHL was difficult

• >50% of cases were unknown
• We now obtain a diagnosis in >75% of cases
• Biggest advances in molecular genetic testing 

and diagnostic imaging of the inner ear

• For the parents, knowing a cause is very 
important…….did I do anything to cause my 
child’s hearing loss?

Diagnostic Advances in Pediatric 
SNHL

• Genetic testing performed on blood sample
• Gap Junction Beta 2 (GJB2) or Connexin 26
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M34T mutation: substitute one base for a
90% of children with M34T mutations w
no worse than a mild-moderate hearing 
is readily manageable with amplification

Non Syndromic - Connexin 26 
Pathophysiology

• Cx26 codes for gap junction protein
• Involved in endolymph K+ recycling 

Diagnostic Advances in Pediatric 
SNHL

• Case Study #2

– 2 yo identified with a bilateral moderate-severe 
SNHL

– Otherwise healthy child

Diagnostic Advances in Pediatric 
SNHL

Case Study #2
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35 del G mutation: delete one bas

90% of children will have a
Severe-to-profound SNHL

Diagnostic Advances in Pediatric 
SNHL

• In this case:
– Counsel the family that odds are very high that 

their child will eventually develop at least a 
severe-to-profound hearing loss

• Discuss management options including ASL, TC, CI
• Extremely helpful in future planning

Diagnostic Advances in Pediatric 
SNHL

• Predictive information from Connexin 26/GJB2 
genetic testing
– If you look at all your “star” performers with a cochlear 

implant, the vast majority are children that have GJB2 
mutations

– Children with a cochlear implant and GJB2-related hearing 
loss read 2 standard deviations better than their age-sex-
matched peers with non-GJB2-related hearing loss and a CI

– Not a causal relationship
– Suspect that our Connexin26 children are otherwise healthy, 

normal intelligence, non-multiply handicapped children who 
are usually our stellar candidates for CI

Children with Multiple Disabilities 
and Hearing Loss

• Our fastest growing population at Cincinnati 
Children’s

• Challenging population of patients to evaluate 
and manage

• Some of the most rewarding experiences for 
our team

• Susan Wiley & Angie Cole - Saturday 2:00-
5:15

HRCT Imaging
HRCT Imaging



Finding Overall
Normal 451 (72.7%)

Enlarged vestibular aqueduct 114 (18.4%)
Cochlear dyplasia 22 (3.6%)

Lateral semi-circular canal dyplasia 7 (1.1%)
Cochlear hypoplasia 4 (0.6%)

Small internal acoustic canal 5 (0.8%)
Other 4 (0.6%)

Multiple 13 (2.1%)

Results- Imaging findings
History, Physical examination, complete Audiologic work-up

Diagnosis uncertain 
(idiopathic)

Bilateral Unilateral

CT scan, 
Preferential seating, HA, 
FM,  Serial audiograms

GJB2 screen

(+) (-)

CT scan, 
Lab tests as indicated
ECG (if severe)

Genetic Counseling

FM, HA and/or CI, 
Preferential seating, Speech 
Rx, Aural Rehab, dev peds, 
education professionals, child 

Appropriate Rx

Diagnosis apparent 
(syndrome, AD, trauma)

Complete Testing Proposed Paradigm
GJB2 Testing $53,300 $53,300
CT Scanning $103,900 $83,120b

Lab Panel $36,000   $3,600 c

$193,200 $139,020

TOTAL COSTSa PER 100 CHILDREN

a Cost are calculated from current Cincinnati Children’s Hospital 
billing data.
bAssumes a 20% diagnostic yield of GJB2 testing.
cAssumes a subsequent 30% diagnostic yield for imaging.

Pediatric CI
Preop Evaluation

• Initial audiologic identification
• Otologic/medical evaluation
• Serial audiologic testing
• Aural rehab evaluation
• Speech evaluation
• Developmental evaluation
• Neuropsych evaluation
• Imaging studies
• Social work consultation
• Preop consultation

CI Technology
• What does a cochlear implant do?

– Loss of cochlear hair cells
– Inability of cochlea to generate an electrical 

impulse in response to sound
– CI restores direct electrical stimulation to the 

cochlear nerve

How a Cochlear Implant Works



Electrode Array

• Naturally fitting shape
- Minimal insertion trauma

• 16 directional stimulation 
contacts
- Selective & focused 

stimulation

• Automated Insertion 
- Unique insertion tool and 

tube

CLARION ELECTRODE CLARION ELECTRODE 
24 mm insertion 24 mm insertion 500500ºº Nucleus 24 Contour

Nucleus 24 Contour Stylet Nucleus® 24 Contour System

ESPrit™

ear level 
speech
processor

Nucleus® 24 Contour 
implant

SPrint™

body worn

speech processor





Post Op Course

• Typically OP23 stay
• d/c’ed home with mastoid dressing on for 3 

days
• Prophylactic antibiotics and analgesics
• Early postop check on day 3 for dressing 

removal
• Wait 3-4 weeks before initial implant 

activation

Simulated implant hearing Complications

• Skin flap problems most common complication
– Ischemia/necrosis
– Inability to tolerate external magnet
– Wound infection

Can result in implant exposure, extrusion, or inability to 
use the implant consistently

Complications

• Perilymph leak/fistula
– Vertigo postop
– Requires re-exploration and sealing of 

cochleostomy
• Possibility of dislodging or damaging the implanted array

– Potentially predisposes to patient to meningitis

Complications

• Facial nerve injury
– 1% or less risk
– Requires surgical familiarity with facial nerve anatomy
– Preop imaging studies
– Intraoperative facial nerve monitoring
– Surgical technique

• Diamond drills
• Copious irrigation

Complications

• Meningitis?
– Cases reported to the FDA regarding children with 

cochlear implants developing meningitis
– Largest number of cases in europe
– Largest number of cases associated with 

positioner use in the clarion implant
– Smaller number of cases in US
– Unclear cause-effect relationship



Complications

• Meningitis?
– one of the most common causes of hearing loss 

requiring cochlear implantation is meningitis
• If you have meningitis once, you are at a higher risk than 

other people of developing meningitis again

– Children who have pre-formed abnormal 
communication between their spinal fluid space 
and inner ear are the patients who have significant 
hearing losses making them candidates for a 
cochlear implant

Complications

• Meningitis?
– So what do we discuss with our families and 

patients?
• Increase awareness of patients/families of meningitis 

being a remote possibility in children getting a cochlear 
implant

– Awareness of symptoms of early meningitis
– Headache, fever, change in mental status, photophobia, 

stiff neck, etc.

• Recommend vaccination against pneumococcus
– Prevnar
– Pneumovax

Is it worth it?

Is it worth it? Introductory Case Study

• 2 month old child referred from audiology 
after undergoing a diagnostic ABR which 
demonstrated a bilateral moderately-severe 
sloping down to profound hearing loss

Introductory Case

• History
– Healthy full term infant, normal delivery
– No prenatal complications
– No neonatal or early postnatal complications
– Mother and child discharged home with 24 hours 

after delivery
– Negative risk factors or family history of hearing 

loss

• Physical Exam
– Completely benign throughout



Introductory Case

• Prior methodology for working up congenital 
or early onset hearing loss has changed 
dramatically
– CBC with differential, Serum Chemistry panel, 

Lipid panel, UA, FTA-Abs, ESR, RF, ANA, ANCA, 
TFT, CMV immunoglobulins

– CT Scan
– Human Genetics & Ophthalmology consults
– With total costs typically over $2500-3000

Introductory Case

• “Sequential” approach or “Selective”
approach based upon degree of hearing 
impairment and other clinical factors

• Current work up protocols:
– If mild/mod/moderately-severe hearing loss: 

• CT or MR scan

– If Severe or worse hearing loss: 
• Genetic screening panel

CT vs MR Imaging for SNHL

CT vs MR Imaging for SNHL HRCT Imaging &
Enlarged Vestibular Aqueduct Syndrome

Inner Ear Anatomy

Bony
Vestibular
Aqueduct

operculum



Introductory Case

• Strong emphasis of cost-effective, safe and 
thorough workup of children presenting with 
early onset SNHL

• Algorithms derived by examining the 
diagnostic yield of patients undergoing a 
comprehensive testing methodology vs a 
sequentially designed methodology

If positive

Diagnosis

GJB2 screen

Imaging of
temporal bone

GJB6 deletion
screen

Genetic
Counseling

Other workup as indicated+

SLC26A4
Screening

12S rRNA
Mitochondrial

Screening

If negative

If negative

If negative

AG* exposure

If negative

If positive

If positive If het

Genetic
Counseling

Expanded
Genetic PanelIf positive

If positive

If negative

Introductory Case

• So now you have a patient who is 4 months 
old and diagnosed with a permanent bilateral 
severe-to-profound hearing impairment

• In the past, the management would have 
likely entailed implanting 1 ear at:
– 24 months of age
– 18 months of age
– 12 months of age
– 6-12 months of age

The current challenge

birth 3 6 9 12 15

Age at CI

Normal language
emergence

What can an infant do or show you that 
can prove to you that he/she is learning 
language adequately and will start talking
at 14, 15 or 16 months of age?

Introductory Case

• Now the management pathways are vastly 
different with multiple options
– Timing: is earlier always going to be better?

• 12 months is fairly standard
• Does implantation at 6 months offer a striking 

advantage?
• What about 9 months?

– Unilateral vs Bilateral?
• A rapidly evolving subject and discussion
• Sequentially implant both ears?
• Simultaneously implant both ears?

Introductory Case

• Timing Factors to consider
– Safety of surgery
– Specific surgical considerations in very small 

infants
– Candidacy and proof that amplification is not 

sufficient in 6-12 month old infants
– Are there data demonstrating the superior 

performance of children implanted earlier than 
later



Introductory Case
• Unilateral vs Bilateral Cochlear implantation

– Factors to consider:
• Safety of bilateral implantation
• Any vestibular issues from bilateral implantation

• Are there data that clearly demonstrate the benefits of bilateral 
implantation vs unilateral

– Sound localization
– Distance hearing/incidental learning
– Speech in noise

• Cost effectiveness
• Does bilateral implantation eliminate the possibility for using 

new discoveries/technologies in the (as yet unforeseeable) 
future

Introductory Case

• Bilateral implantation
– When should you do it?

• Simultaneously?
– Pros:

» one surgical procedure
» Start simultaneously learning to hear with both devices

– Cons: 
» Longer initial surgical procedure
» Difficult to map both CIs in very young children
» What if the child doesn’t benefit from CI

• Sequentially?
– Pros:

» Shorter surgery
» Allow the child to demonstrate that a CI is beneficial

– Cons: 
» Two general anesthetics
» Increased costs for two surgeries
» Delay in integrating the 2nd implant into the child’s auditory system

Emerging trends in Cochlear Implantation

• Typical indications or criteria for being a 
cochlear implant candidate are rapidly 
changing

• Largest population potentially impacted will 
be children (and adults) with sloping high 
frequency hearing losses who have poor 
discrimination scores and limited benefit from 
traditional hearing aid technologies

Emerging trends in Cochlear Implantation

• Hybrid implants
– Electric-acoustic hearing devices
– For patients with high frequency SNHL and poor 

Word discrimination scores
– Short electrode array inserted just through the 

basal turn of the cochlea
– Mid and apical turns of the cochlea with good 

hearing, continue to function normally (acoustic 
hearing ) while the implant stimulates the basal 
turn/high frequencies (electrically)

Emerging trends in Cochlear Implantation

• Controversial technology in terms of 
approach and implementation
– Requires atraumatic insertion of a short cochlear 

implant electrode without damaging the rest of the 
cochlea

– What happens if the lower frequency hearing is 
lost?

– What happens if the residual hearing 
progressively worsens due to the natural history of 
the patient’s hearing disorder?

Emerging trends in Cochlear Implantation

• Alternative strategies include complete 
insertion with activation of only the basal-
most electrodes

• More potential trauma for the mid and apical 
cochlea

• But in case hearing loss naturally progresses, 
the option remains to simply program more 
active electrodes



Emerging trends in Cochlear Implantation

• Totally implantable devices
• Analogous in some ways to other 

“permanently” implanted devices:
– Pacemakers
– Vagal nerve stimulators
– Neural stimulators for chronic pain

Totally implantable devices

! All about power sources".
# So far, no infinite power supply
# Not appealing to replace battery every 3-4 years (analogous to 

pacemakers)
! All about the microphone"..

# EAC-based microphones
# Subdermally placed microphones

What’s new in our Hearing and 
Deafness Programs?

• fMRI, genes and deafness
– ~$3.4M 5-yr grant to study 

cortical activation patterns 
in infants prior to cochlear 
implantation

– Spurred by emerging 
trends (evidence-based?)

– Is earlier definitely better?

age

language

How does fMRI work?

Brain stimulation

Local neuronal activity

Local increase in blood flow

Increase in oxyhemoglobin

MRI pixel intensity change

This is
hard work
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fMRI, genes and deafness
• Scott Holland et al.
• Functional imaging can demonstrate 

activation of the brain (cortex) in response to 
auditory stimuli

• Functional imaging can distinguish cortical 
activation in response to pure tones and 
cortical activation in response to language

Sensorineural hearing loss

Acquired-
delayed

37%

Acquired-
neonatal

13%

Genetic-
syndromic

16%

Genetic-
nonsyndromic

34%



Hereditary Hearing Impairment
• Non-syndromic loci         

– 32 dominant (DFNA)
– 29 recessive (DFNB)
– 5 X-linked (DFN)
– 2 mitochondrial

• Syndromic loci
– Hundred’s 
– Not obvious at birth

• Jervell and Lange-Nielsen syndrome
• Usher

Affymetrix CustomSeq™ Arrays 
• Most sequence information per run

– 30kb double-stranded (60 kb total) sequence per 
chip

– sequence can be contiguous or dispersed, any 
organism

• Highest quality data – (Culter et al, 2001)
– Accuracy=>99.9994%

– Reproducibility= >99.99% 
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Deafness GeneChip(s)

• 13 deafness genes

• 390+ exons, 17 in/del mutations

• 40,000+ bases of resequencing

• 213 PCR reactions/patient

SANS
USH2A
VLGR1
USH3

Usher Syndrome
MYO7A
USH1C
CDH23
PCDH15

MYO6
ACTG1
DSPP
TECTA
EYA4
MYO7A
COL11A2
POU4F3
TMC1
MYO1A

DIAPH1
WFS1
GJB3
KCNQ4
GJB6
DFNA5
MYH9
COCH
TFCP2L3

Genetic Deafness Screening Protocol

SyndromicNonsyndromic

Cx26 Testing Appropriate Gene(s)

Family Hx No Family Hx

Mitochondrial
12S rRNA
tRNA ser

Aminoglycosides

X-linked
POU3F4

Dominant Recessive
TMIE
CDH23
USH1C
OTOA
MYO3A
PCDH15
WHRN
ESPN
MYO6
PRES

MYO7A
MYO15
PDS
OTOF
TMPRSS3
TECTA
GJB6
CLDN14
TMC1
STRC
GJA1

JLNS
KCNE1
KCNQ1

Cincinnati Deafness GeneChip

Boston Deafness GeneChip

Closing Case Study

• Child identified at birth with a bilateral severe to 
profound hearing loss

• Implanted at 12 months of age
• Slow progress with a right cochlear implant

– Reasonable sound detection skills
– Poor progress in terms of language fundamentals
– Poor engagement with audiologists/ART/SLPs/parents

• Decision on a second sequential implant was delayed 
to observe benefit from the first implant

Closing Case Study

• At 20 months the child started demonstrating 
self-stimulating behaviors and repetitive 
behaviors

• Increasing sensitivity and aversion to wearing 
the external speech processor and coil of the 
CI

• Repeat developmental assessment indicative 
of likely diagnosis of Autism Spectrum 
Disorder



Conclusions

• Management of SNHL is rapidly evolving due to the 
possibilities presented by technology

• Consideration of the child/patient as a whole 
determine which technologies are the most 
appropriate for the patient

• Newer and more advanced do not always equal the 
best option for all patients

• The overall developmental trajectory and potential of 
the child is perhaps the most relevant factor in 
considering a child’s potential benefit and candidacy 
for a cochlear implant


