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Risk factors for developmental
delay/disability
• Neonatal factors (prematurity, intraventricular

hemorrhage, necrotizing enterocolitis [NEC],
prolonged ventilation)
• Environmental exposures (lead)
• Congenital cytomegalovirus
• Bacterial meningitis
• Some syndromes
• Family history of learning difficulties, attentional
problems

Terminology
• ‘developmental delay’ implies child will catch up
• ‘disability’ implies a lifetime condition
• In children without a diagnosed genetic

syndrome, most healthcare professionals
transition to using ‘disability’ at about 5 years of
age
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PREMATURITY (< 37 WEEKS)
GOOD NEWS IS:
Lower limit of viability is currently
• 500 gm birthweight
• 23-24 weeks gestational age

BAD NEWS IS:
• Increased risk of infant mortality
• Increased risk of life-long

morbidity, including hearing loss
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• Premature babies are

20x more likely to die
in their 1st year of life
• In 2014, 9.6% of births
were preterm
• New evidence
suggesting early term
infants (37-38 wks)
have increased risk of
morbidity and mortality
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2016 Premature Birth Report Card

Alabama’s 2017 Report Card

• Costs U.S. $26 billion

annually
• Preterm birth rates

went up for 1st time in
8 years
• 48% higher among
black women
compared to white
women
March of Dimes, 2016
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Robertson, Howarth, Bork, & Dinu (2009)
• Longitudinal study design for 1974 – 2003
• 1279 extremely premature children (<28 wks,

<1250 g)
• Permanent hearing loss rates established at 3

years of age

1279 extremely premature babies
3% had permanent HL

History of Neonatology
• 1961
• Dr. Mildred T. Stahlman founds Division of Neonatology

at Vanderbilt University Hospital, developing the first
respirator for infants with damaged lungs.

10% delayed onset

• 1962
• Dr. Mildred T. Stahlman founds nation’s first Neonatal

Intensive Care Unit at Vanderbilt University Hospital.

28% progressive
73% had multiple disabilities

(VCH website, 2009)
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STORCH Complex:
Syphilis
Toxoplasmosis
Other
Rubella
Cytomegalovirus
Herpes Simplex

What can we do? (Filippa et al, 2017)
Live & recorded maternal voice interventions
associated with physiologic and behavioral
stabilization of preterm infants

Assessments of NICU Language
Environment Needed

Common features of STORCH presented at
birth:

• Is there access to maternal speech?

• Small size for gestational

• Should we amplify babies identified with HL who have

long NICU stays?
• Should NICU environment be quiet or should there be

greater access to human speech and noise?

age (SGA)
• Petechiae or a rash from

low platelet count
• Calcification of the brain

on CT scan at birth
• microcephaly
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(CDC, 2012)

Transmission of CMV:
• Very low; not airborne
• Requires intimate contact
• Those at greatest risk are immunocompromised patients

& pregnant women

(CDC, 2012)

CMV: Sources of
Primary Infection
• Prenatal – transplacental
• Perinatal – cervical

secretions
• Postnatal – contact with

infected urine, saliva,
feces, tears
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Transmission rates of CMV:

Virus Excretion:

• Between 1-4% of seronegative pregnant women become

• Almost all congenitally-infected infants are

infected during pregnancy

excreting the virus at 2 yrs of age

• 30-40% (who become infected during pregnancy) transmit
the infection to their fetuses (Swanson & Schleiss, 2013)

• > 50% are excreting at 4 yrs

• Overall birth prevalence of 0.6%

• ~ 30% still excrete at 8 yrs

• 10-30% of women with preconception immunity for CMV

will become re-infected and 1-3% will transmit to their
fetuses (Swanson & Schleiss, 2013)

Incidence of HL:

Nature of HL:

• Leading cause of non-hereditary childhood

• At least 50% of HL is progressive (Rivera, 2002)

hearing loss (Demmler, 1998)

• 15-25% of babies inapparently affected with

congenital CMV have sensorineural HL (Fowler,

• 18% have late onset (usual onset age of ~ 2 yrs,

sometimes as late as 5 yrs)

1999; Iwasaki et al., 2007)

• 11-13% are obviously affected at birth and have

• Variable degree & configuration

much higher incidence of HL (~60%; Fowler, Dahle,
Boppana, & Paass, 1999; Swanson & Schleiss, 2013)
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Identification of CMV:

High risk for

• polymerase chain reaction (PCR) amplification of

• Sensorineural hearing loss

viral DNA extracted from neonatal dried blood
samples on Guthrie cards (Barbi et al., 2006)

• Cognitive impairment

• Can be done quickly
• Microcephaly

• 99% sensitivity and specificity

• isolation of CMV from urine collected within

1st

week of life
• Since 10-40% of normally-developing infants in
U.S. acquire CMV bw 2-6 mos of age, little point
in testing children with HL after this time

Head ultrasound from newborn with
symptomatic cCMV

• Developmental delay
• Seizure disorder
• Cerebral palsy

Brain MRI
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Treatment
• Vaccines are in the R & D stage
• Antiviral agent Ganciclovir is possible treatment for
sensorineural hearing loss
• 85% of treated infants had either improved hearing or
maintained normal hearing, compared to 56% of the
untreated group (Kimberlin et al., 2000)
• no progression of hearing loss in subjects treated with
ganciclovir (Tanaka-Kitajima, Sugaya, Futatani & Kanegane, 2005)
• Another antiviral under examination is valganciclovir

Swanson & Schleiss, 2013

Methamphetamine Abuse
• Cheap
• Widely available
• Increases
alertness
and energy
• Perceptions of
increased
intelligence

(CDC, 2012)
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Methamphetamine

Methamphetamine

• A stimulant drug usually used as a white, bitter-tasting

• Stimulant most commonly associated with violence,

powder or a pill
• Crystal meth is a form of the drug that looks like glass
fragments or shiny, bluish-white rocks

antisocial behavior, and mental health problems
• Can be manufactured relatively simply with basic

chemistry knowledge
• 0.4% of U.S. population reported meth use in 2012 with

133,000 new users of meth age 12 years or older

Meth versus Cocaine
Methamphetamine

Cocaine

stimulant

Stimulant and local anesthetic

Man made

Plant derived

Smoking produces long-lasting high

Smoking produces a brief high

Prenatal Methamphetamine Exposure
• 2nd only to marijuana as most widely used illegal drug
• Similar outcomes as those of cocaine exposure but more

neurotoxic

50% of drug is removed from the body in 50% of drug is removed from the body in
12 hrs
1 hr
Increases dopamine release and blocks
dopamine re-uptake

Blocks dopamine re-uptake

Limited medical use for ADHD,
narcolepsy, & weight loss

Limited medical use as a local
anesthetic in some surgical procedures
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Potential Effects on Infants
• High risk of still births
• Symptoms similar to fetal alcohol syndrome or

prenatal cocaine exposure
• Low birth weight
• Brain hemorrhages
• Cleft palate and other facial malformations
• Hearing loss
• Vision deficits
• Memory and attention problems

What is Neonatal Abstinence Syndrome
(NAS)?
• Drug withdrawal syndrome that occurs primarily
among opioid-exposed infants shortly after birth
• Withdrawal symptoms most commonly occur 4872 hrs after birth (tremors, seizures, poor sucking,
vomiting, poor weight gain, hyperactive reflexes,
irritability, sleep disturbances)

Health Risks to Children, Compared to
Adults
• Growing & developing organisms faster metabolism and

breathing rate likely results in greater absorption of
chemicals and drugs into their bodies
• Meth and many of the chemicals involved in its

manufacture are absorbed directly through the skin.
Children are more likely than adults to have direct contact
with their physical environment (floor, soil, etc.)

Exposures Associated with NAS
• Most commonly attributed to exposure to opioids (pain

killers)
• Pain relievers: Vicodin®, OxyContin®, Percocet®

• Cocaine, amphetamines, and barbiturates have also been

implicated
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Incidence of NAS in US, 2000-2012

NAS Incidence by Geographic Region,
2012

Effects of NAS

Increase in Affected Infants
In Utero:
• Poor fetal growth
• Preterm growth
Postnatal Effects
• Poor growth
• Dyhydration
• seizures
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Long-Term Problems
• Otitis media
• Vision problems
• Motor development problems (inconsistent

reports)
• Behavioral and cognitive problems
• Learning disabilities
• Risk of SIDS

Disabilities That Occur with Deafness (%)
Deafness with
No Other Disabilities
Intellectual Disability

61.1

Attention Deficit Disorder
(ADD/ADHD)

5.4

Orthopedic Impairment (CP)

4.4

Specific learning disability

8.0

Emotional disability

1.8

8.3

Autism

1.7

Other conditions

14.3

~43%

Gallaudet Research Institute, 2011

Autism Spectrum Disorder

Autism Spectrum Disorders:
(DSM-IV, APA 1994)
• Autistic disorder (classical or Kanner’s autism)
• Rett’s syndrome
• Childhood disintegrative disorder (CDD)
• Asperger’s syndrome
• PDD, not otherwise specified (PDD,NOS)
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Key Social Behaviors

DSM-V (2012)
• “Autism Spectrum Disorder” now includes
• Autistic disorder
• Asperger’s disorder
• Childhood disintegrative disorder
• Pervasive developmental disorder NOS

Behavior
Direct imitation
Joint attention

• Represents a continuum from mild to severe, rather than

separate diagnoses

Representational & pretend play
Affective reciprocity
(APA, January 2013)

Communication Characteristics:
• Lack of speech or limited speech development (~ ½ will
•
•
•
•

learn to speak)
Poor voice quality and prosodic features
Unconventional verbal and non-verbal behavior
Limited comprehension
Limited range of communicative functions

Behavioral Auditory Characteristics:
• Hyposensitivity to sound

(under reactive)
• Hypersensitivity to sound
• Generalized inability to

respond normally to sound
in the environment
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AUDITORY CHARACTERISTICS OF
CHILDREN WITH AUTISM
Tharpe, Bess, Sladen, Schissel, Couch, & Schery (2006)

Auditory Characteristics of Children with
Autism:
• ABR
• Click-evoked
• Tone burst
• Acoustic stapedial reflexes
• Behavioral auditory measures
• VRA
• TROCA
• Play

Subject Demographics
• N = 44
• 22 diagnosed with autism
• 22 typically developing

• Gender:

• Males: 36
• Females: 8
• Age range: 3 to 10 years
• Cognitive level: normal to severe cognitive

impairment

(Tharpe et al., Ear & Hearing, 2006)
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Average Behavioral Response Thresholds

(Tharpe et al., Ear & Hearing, 2006)

Average Behavioral Response Thresholds for Children with Autism
(VRA only)

(Tharpe et al., Ear & Hearing, 2006)

Behavioral Thresholds

Threshold (dB HL)

(Play or TROCA)

(Tharpe et al., Ear & Hearing, 2006)

(Tharpe et al., Ear & Hearing, 2006)
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ABR Latencies

Dunn, Gomes, Gravel (2008)

msec

J. Autism Dev Disord

(Tharpe et al., Ear & Hearing, 2006)
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120
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Conclusions:

Beers et al. (2014)

• Objective audiological measures reveal no

differences in auditory function between children
with autism and typically-developing children at
least through the brainstem level

• Behavioral audiologic results reveal elevated

response thresholds in some children with autism
relative to ABR results especially for frequencyspecific stimuli

Beers, et al. (2014)
• Controversy exists in the literature regarding

prevalence of HL among those with ASD
• No conclusive evidence that children with ASD
are at increased risk of hearing loss

Autism Screening Tools
• Checklist for Autism in Toddlers (CHAT)
http://depts.washington.edu/dataproj/chat.html

• Modified Checklist for Autism in Toddlers (M-CHAT)
• Pervasive Developmental Disorder Screening Test

(PDDAT-II Stage One)
http://www.liliclairefoundation.org/pdfs/lv_autismscreening.pdf

• CSBS IT-Checklist (between 6-24 mos)
http://www.brookespublishing.com/store/books/wetherbycsbsdp/checklist.htm
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Speech in Noise Ability

Mean APHAB hearing disability survey results for 20
children with ASD and 20 controls

• High-functioning individuals with autism or

Asperger’s syndrome have greater difficulty
listening in background noise than IQ-matched
normal-hearing controls
• Experimental groups required a significantly
higher signal-to-noise ratio for equivalent
performance

Alcantara, Weisblatt, Moore, & Bolton, 2004
Rance et al, 2013

The Use of Listening Devices to Ameliorate Auditory
Deficit in Children with Autism (Rance et al., J of Pediatrics,2014)

The Use of Listening Devices to Ameliorate Auditory
Deficit in Children with Autism
(Rance et al., J of Pediatrics, 2014)

• What they asked:

• What they found:

Will the use of FM systems ameliorate
listening difficulties in children with ASD?
• What they did:

improved speech perception in background
noise and ease of communication
• Conclusions:

• children wore FMs for 7 hrs/day x 6 weeks
• tested auditory temporal processing and functional hearing

Sustained use of FMs can enhance speech perception
in noise, aid social interaction, and improve educational
outcomes in children with ASD
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III. LANDAU-KLEFFNER SYNDROME OR
ACQUIRED EPILEPTIC APHASIA

First described by Landau & Kleffner in
1975

William M. Landau, M.D.

Characteristics of LKS:
• History of normal language development
• Language regression noted between 3 & 7 years

of age
• Impression of hearing impairment
• Behavioral difficulties
• Normal intellectual functioning

Frank R. Kleffner, Ph.D.

Audiological Characteristics:
• Appear hearing impaired probably due to

decreased comprehension skills
• May discriminate non-linguistic auditory stimuli

(verbal auditory agnosia)
• Normal acoustic reflexes
• Normal early ABR
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Annie
• Age of aphasia onset = 3:2 years
• Age at initiation of anticonvulsant tx = 3:7 years
• Age of 1st seizure = 3:11 years

S

S

S

3 ½ years of age

Neurological Findings:
• Bilateral spike-wave disturbance (maximal in

posterior temporal regions of each hemisphere)
• 80% ultimately develop seizures (eye-blinking,

brief ocular deviation, head drooping)
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Treatments for LKS:
• Anticonvulsant therapy
• Immunotherapy (Fainberg et al., 2016)
• Surgical
• Subpial transections of the epileptogenic cortex (Downes
et al, 2015)

• Educational intervention
• Improvement of classroom acoustics
• Speech/language therapy
• Alternative communication systems

MANAGEMENT OF CHILDREN
WITH HL & VISION IMPAIRMENT

Prognosis with LKS:
• 80% display receptive & expressive deficits >6 months
• Residual language ranges from no verbal communication

to mild deficits

• 33% make full recovery
• Seizures respond well to treatment and subside by 15

years of age, although language deficits persist

“If it is at all possible for the
blind client to get by without a
hearing aid she or he should
do so.“

DE L’AUNE, 1980
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Benefit From Amplification Compared to Otherwise
Typically-Developing Children With HL:

WEINER & LAWSON, 1997

• Visual Impairments: > benefit
• Mental Retardation: = benefit

“””DDD”DRehabilitation should include
improvement of O & M skills as well as
communication skills.

• Physical Impairments: = benefit
• Autism: do not know

(Tharpe, 2000)

Orientation & Mobility
Ability to identify one’s location in
environment & move safely

Are communication enhancement
and O & M needs at odds in single
hearing instrument?
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Uses of Hearing for Those with Vision Impairments

Purposes of Study:
(Tharpe, Ashmead, Ricketts, Rothpletz, & Wall, 2002)

• Sound shadow effects

• examine impact of microphone type on speech

recognition and O & M skills
• examine impact of low frequencies on speech

• Loudness changes

recognition and O & M skills
• consider perceptions of the deaf/blind population

• Environmental

on the usefulness of these HA characteristics
under different listening and functional conditions

acoustic effects

Considerations:

Subjects
• N = 12

• Low frequencies are potentially beneficial in O & M
• Compression & AVC may have adverse effect on

distance estimation
• Directional mics may have adverse effect on O & M
• HAs with multi memory may allow flexibility to meet

variety of listening needs

• Age:
• Children (10 – 16 years)
• Adults (21-79 years)
• Hearing levels mild to severe
• Visual acuity 20/200  light perception only or

severely restricted peripheral vision

• All oral communicators
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Hearing Aid Configurations

Average Deviation From DSL Target for the
Four HA Conditions

• 2 microphone conditions
• directional
• Omnidirectional
• 2 frequency responses
• Desired Sensation Level
• Modified DSL ( in low frequencies with directional mic)

Tasks

HINT Performance As Function of HA Configuration

• Speech perception
• HINT
• orientation & mobility
• Localization under laboratory conditions
• Use of traffic sounds to align for street crossing
• Walking parallel to walls
• satisfaction questionnaire
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Localization Task:

Localization Task
(0 Degree Heading)

3

• 4 speakers at equal distance from subject
• All subjects blindfolded
• All wore a compass

2

S

4

• Baseline alignment reading taken prior to data

collection

1

STREET ALIGNMENT
TASK

Purpose was to evaluate subject’s
ability to use traffic sounds to align
on sidewalk as if to cross the street.
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Street Alignment Task
• All subjects blindfolded
• All wore a compass
• Baseline alignment

reading taken before
data collected

Preliminary Conclusions:

Preliminary Conclusions:
(cont…)

• Directional microphone better for perception of speech in

• No significant differences across HA configurations for

noise
• Omnidirectional microphone appears to be better for

localization unless you are facing the general direction of
the sound source (in laboratory setting)conditions)

“real world” O & M tasks
• Degree of low-frequency emphasis in this study did not

alter O & M or speech perception performance
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Thank you!
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