UTAH RECOMMENDED
INFANT AUDIOLOGICAL ASSESSMENT

PROTOCOL
INTRODUCTION

A successful Early Hearing Detection and Intervention (EHDI) program must have three components that function efficiently:

I. SCREENING BEFORE 1MO – Identification of newborns with possible hearing problems


Identification of newborns at risk for hearing loss (screening) falls under the responsibility of 
the birthing hospital/attending midwife.  Tracking of screening remains the responsibility of 
the birthing hospital even for those infants who are transferred. Legislation has made universal 
newborn hearing screening a mandatory procedure in all Utah hospitals and home births.

II. DIAGNOSIS BEFORE 3MO – Outpatient audiological follow-up (diagnostic) of those infants screened with “possible” hearing problems.

The outpatient audiological diagnostic evaluation (DX) of infants identified as


at-risk for hearing loss falls under the responsibility of audiologists in the community who have the knowledge, capability and expertise to apply best practice infant/pediatric diagnostic procedures.  Designated hospital/midwife program audiologist should see that appropriate follow-up is completed before 3 months of age.

III. INTERVENTION BEFORE 6MO – For infants with confirmed hearing loss fitting of amplification should be initiated within one month of diagnosis and referral to early intervention services be made within two weeks post diagnosis.  Linkage with early intervention services falls under the responsibility of the diagnosing audiologist and the Baby Watch/Early Intervention programs in Utah.
COMPONENTS of an 
INFANT AUDIOLOGIC ASSESSMENT for BEST PRACTICE*
(*As recommended by the Joint Committee on Infant Hearing 2007)
The following was developed by the Utah Department of Health, Children’s Hearing and Speech Services and approved by the Utah Newborn Hearing Screening Committee and outside consultants, as a guide for audiologists who serve as a referral resource for infants that do not pass newborn hearing screening.

Note: The diagnosis of hearing threshold should be conducted on both ears regardless of whether 
just one ear or both referred at screening.

Diagnostic Evaluation:

1. History - Obtain a detailed family, birth and medical history including information about, but not limited to:

Family History of prelingual hearing loss


Exposure to ototoxic medication(s)

History of genetic issues and/or syndromes associated with hearing loss


History of Hyperbilirubenimia requiring transfusion


NICU stay of >5 days, etc. (see appendix A)
2. Otoscopic evaluation

3. High frequency tympanometry  (using 1000Hz probe tone with patients up to age 6 months)
4. Otoacoustic emissions (OAE: Transient or Distortion Product)

5. Auditory Brainstem Response (ABR):
a. Complete at least two repeatable recordings at each intensity level for all stimuli.
b. Develop a latency-intensity function of at least 3 intensities per frequency to establish threshold.

c. Complete a suprathreshold click ABR (80 or 70dB) using both condensation and rarefaction single polarity stimulus to establish strength of wave morphology, I-V interval, and cochlear microphonic.
d. Complete toneburst ABR with at least 2 frequencies (Low and High, i.e. 500Hz & 4000 Hz).  Additional frequencies if infant is cooperating and time permitting (1000Hz and 2000 Hz).
e. Complete bone conduction ABR as appropriate.
6. Discussion of results and recommendations with parents.
When a hearing loss is identified/confirmed:
1. Make appropriate medical and intervention referrals (ENT, genetics, 
  
            ophthalmology, pediatrician, early intervention programs).
2. Provide resources to parents (i.e. courtesy card for “An Interactive Notebook For 
Families With a Young Child Who is Deaf or Hard of Hearing” available through UDOH Children’s Hearing and Speech Services).  If courtesy cards are needed, call (801) 584-8215.
3.  Amplification should be fit within one month of diagnosis.
4. Report results to:

a. Utah EHDI program – (801) 584-8215

b. Birthing hospital


c. Primary care physician
5. Address any parental concerns
6. Provide parents:

a. Amplification options including information and referral for funding assistance if necessary (e.g., UDOH Early Fit program),
b. Information regarding the need for medical follow-up and continuing audiological follow-up,
c. Information regarding the importance of timely enrollment in an intervention/habilitation program.  Referral resources should include the local public-supported Baby Watch/Early Intervention program and, where available, other public and private habilitation programs within the family’s community.

d. Information on the availability and importance of parent-to-parent support.

APPENDICES

FOR

RECOMMENDED INFANT AUDIOLOGIC

ASSESSMENT PROTOCOL

Adapted from the Joint Committee on Infant Hearing (JCIH) Year 2007 Position Statement:
APPENDIX A

Risk Indicators for permanent congenital, progressive, or delayed onset hearing loss
Risk indicators marked with an “*" are of greater concern for delayed-onset hearing loss. 

1. *Caregiver concern regarding hearing, speech, language and/or developmental delay. 
2. *Family history of permanent childhood hearing loss. 

3. Neonatal intensive care of more than 5 days or any of the following regardless of length of stay: *Extracorporeal Membrane Oxygenation (ECMO), assisted ventilation, exposure to ototoxic medications (e.g. aminoglycoside antibiotics such as gentamycin and tobramycin) or loop diuretics (furosemide/Lasix), and hyperbilirubinemia that requires exchange transfusion. 

4. In utero infections, such as *Cytomegalovirus (CMV), herpes, rubella, syphilis, and toxoplasmosis. 

5. Craniofacial anomalies, including those that involve the pinna, ear canal, ear tags, ear pits, and temporal bone anomalies. 

6. Physical findings, such as white forelock, associated with a syndrome known to include a sensorineural or permanent conductive hearing loss. 

7. *Syndromes associated with hearing loss or progressive or late-onset hearing loss, such as neurofibromatosis, osteopetrosis, and Usher syndrome; other frequently identified syndromes include Waardenburg, Alport, Pendred, and Jervell and Lange-Nielsen. 
8. *Neurodegenerative disorders, such as Hunter syndrome, or sensory motor neuropathies, such as Friedreich’s ataxia and Charcot-Marie-Tooth syndrome. 

9. *Culture-positive postnatal infections associated with sensorineural hearing loss, including confirmed bacterial and viral meningitis, herpes viruses, and varicella. 
10. Head trauma, especially basal skull/temporal bone fracture
11. *Chemotherapy. 
APPENDIX B

Infants at increased risk for auditory neuropathy spectrum disorder (ANSD)
The population of infants cared for in the NICU may also be at increased risk for neural conduction and/or auditory brainstem dysfunction, including auditory neuropathy.  Auditory neuropathy is characterized by a unique constellation of behavioral and physiologic test results.  Behaviorally, children with auditory neuropathy have been reported to exhibit normal to profound hearing loss and poor speech perception.  Physiologic measures of auditory function (e.g., otoacoustic emissions and auditory brainstem response) demonstrate the finding of normal OAEs (suggesting normal outer hair cell function) and atypical or absent ABRs (suggesting neural conduction dysfunction).  Reports suggest that those at increased risk for auditory neuropathy are (a) infants with a compromised neonatal course who receive intensive neonatal care, (b) children with a family history of childhood hearing loss, and (c) infants with hyperbilirubinemia.  Currently, neither the prevalence of auditory neuropathy in newborns nor the natural history of the disorder is known, and treatment options are not well defined.  Audiological and medical monitoring of infants at risk for auditory neuropathy is recommended.  Infants with these disorders can be detected only by the use of OAE and ABR technology used in combination.  Acoustic Reflexes testing can also be helpful.  Prospective investigations of this neural conduction disorder continue to be warranted.

APPENDIX C

Infants with other hearing loss

The JCIH recommends ongoing audiologic and medical monitoring of infants with unilateral, mild, or chronic conductive hearing loss.  Infants and children with mild or unilateral hearing loss may also experience adverse speech, language, and communication skill development, as well as difficulties with social, emotional, and educational development.  Infants with unilateral hearing loss are at risk for progressive and/or bilateral hearing loss.  Infants with frequent episodes of otitis media with effusion (OME) also require additional vigilance to address the persistent or recurrent OME.

UTAH

RECOMMENDED INFANT AUDIOLOGICAL

AMPLIFICATION PROTOCOL

The following recommended protocol for fitting amplification to infants and small children is presented with the assumption that sufficient and appropriate assessment data is available.  These recommendations follow, in large part, those suggested in the Pediatric Amplification Protocol from the American Academy of Audiology (AAA) as of October 2003.  There are essentially five steps to successful fitting:

I.    Instrument Selection/Fitting

II.  Verification

III. Orientation and Training

IV. Validation

V.  Follow-up and Referral

I.  Instrument Selection/Fitting
A determination of appropriate circuitry and processing schemes should be based on the degree, configuration and type of hearing impairment as well as consideration of familial and economic factors.  Selection and verification protocols are predicated on the availability of frequency-specific threshold data.

1. Account for individual or age appropriate ear acoustics.  Measurement and application of the real-ear-coupler difference (RECD) accomplishes this goal (Moodie, Seewald & Sinclair, 1994). RECDs are used to individualize the HL to SPL transform; important in a population whose ear canals and eardrum impedance generally are different from averages.  Additionally, the RECD is used to adjust the electroacoustic fitting so the final output in the real-ear will be correct for an individual child (Seewald et al, 1999).  This use of the measurement is especially important when real-ear aided response measures are not possible.

2. Fitting method should be speech audibility based, i.e. to provide audibility of speech regardless of input level or vocal effort; this would establish an appropriate long-term amplified speech spectrum.
3. Target values for gain and output should be determined through the use of a prescriptive formula using hearing sensitivity data and the RECD.

4. Although none of the threshold-based selection procedures are guaranteed to ensure that a child will not experience loudness discomfort or that output levels are safe, the use of a systematic objective approach that incorporates age-dependent variables into the computations is preferred.  Frequency-specific loudness discomfort levels should be obtained when children are old enough to provide reliable responses.

5. The audiologist may consider the need to reduce gain recommended by a particular fitting strategy if binaural summation is not considered in the fitting strategy and the fitting is binaural. Currently, there are no data that clearly illustrate binaural summation experienced through hearing aids in the soundfield.  In addition, the desired frequency/gain response and output limiting may need to be modified from the prescription if the hearing loss is primarily conductive or if there is a conductive component.

6. The electroacoustic parameters of the hearing instrument are pre-set so as to achieve the targeted response.  Coupler measurement allows for pre-setting the hearing aids prior to fitting them to the child.  Pre-setting in the pediatric population is especially important because the child may not provide reliable feedback for fine-tuning.

7. Further electroacoustic measurement after the desired output (gain) has been set should include verification of low distortion at varying inputs at user prescribed settings.

II. Verification
1. Electroacoustic performance of the instrument should be matched to the prescribed 2cm3 coupler target values for gain and output limiting where the 2cm3 coupler values have been derived using an individualized real ear to 2cm3 coupler transform (e.g., RECD).

2. Aided soundfield threshold measurements may be useful for the evaluation of audibility of soft sounds and should be used as collaborative testing but they are not recommended and should not be used for verifying electro-acoustic characteristics of hearing instruments in infants and children for several reasons:

a. prolonged cooperation from the child is required

b. frequency resolution is poor

c. test-retest reliability is frequently poor

d. misleading information may be obtained in cases of severe to profound hearing loss, minimal or mild loss, or when non-linear signal processing, digital noise reduction, or automatic feedback reduction circuitry is used

3. Probe microphone measurements employing an insertion gain protocol are not the preferred procedure for verifying electroacoustic characteristics of hearing instruments in infants and children for several reasons:

a. Targets are provided outside of any relevant context (i.e., threshold) and consequently are not directly audibility based

b. Targets assume an average adult REUG

4. Output characteristics should be verified using a probe microphone approach that is referenced to ear canal SPL.  Determination of audibility at several input levels is the ideal method of verification.  This requires the placement of a probe microphone and hearing aid in the child’s ear while sound is presented through a loudspeaker at several intensity levels (e.g., soft, moderate, loud).  The resulting real ear aided response (REAR) can be compared to thresholds and UCLs (measured or age-appropriate estimation) converted to ear canal SPL.  This provides a direct measurement of the predicted levels of amplified speech.  The clinician must select signals for this type of testing that ensure accurate electroacoustic verification.  As hearing aid technology changes (processing various input signals in different ways), the clinician must update his/her knowledge as to the appropriate signal to use for testing and may need to update his/her equipment with newly developed signals (Scollie & Seewald, 2001).  All air conduction hearing aid technology can be measured electroacoustically in some appropriate manner.

5. If probe-microphone measures of real-ear hearing aid performance are not possible, hearing aid performance can be predicted accurately in the real ear by applying age appropriate average RECD values to the measured 2-cc coupler electroacoustic results.

6. As audibility is one of the main goals of the pediatric fitting, the Situational Hearing-Aid Response Profile (SHARP, Stelmachowicz, Lewis, Kalberer, Creutz, 1994) may be used to verify predicted audibility in a variety of settings that cannot easily be measured in a clinical setting. 

Note: In the various procedures described under Verification, a signal must be presented to the hearing aid whether it is being tested with a microphone in the test chamber or with a probe microphone in the real ear.  The test signal should adequately represent the frequency, intensity, and temporal aspects of speech.  Investigations have shown that the most accurate representation of the hearing aid’s response will be through the use of a speech-like signal.
III.  Hearing Instrument Orientation and Training
Orientation and training should include the child, family members, caregivers, and the early intervention specialist (hearing consultant).  Orientation and training should include:

a. care of the hearing aids, including cleaning and moisture concerns

b. suggested wearing schedule and retention

c. insertion

d. removal

e. overnight storage (including the mechanism for turning off the hearing aids)

f. insertion and removal of batteries

g. battery life, storage, disposal, toxicity

h. basic troubleshooting (batteries, feedback, plugged earmold and or receiver)
i. telephone coupling and use (as appropriate)

j. assistive device coupling and use (as appropriate)

k. moisture solutions

l. tools for maintenance and care (e.g., battery tester, listening stethoscope, earmold blower)

m. issue of retention/compliance/loss (including spare hearing aids and any loaner program)

n. recommended follow-up appointments to monitor use and effectiveness

IV.   Validation
Validation of aided auditory function is a demonstration of the benefits and limitations of aided hearing abilities and begins immediately after the fitting and verification of amplification.  Validation is an ongoing process designed to ensure that the child is receiving optimal speech input from others and that his/her own speech is adequately perceived (ASHA Pediatric Working Group, 1996).  In addition to ongoing monitoring of the amplification device, objective measures of aided performance in controlled clinical environments and in real world settings may be included in the validation process.  Functional assessment tools assist in the monitoring process by evaluating behaviors as they occur in real-world settings.  These are typically listening behavior reporting forms such as the Auditory Skills Checklist, Functional Auditory Performance Index (FAPI), Listening Behavior Checklist, etc., used by audiologists, parents and hearing consultants with the Parent Infant Program.

V.  Follow-up and Referral
1. Assure that diagnostic data has been reported to Utah Department of Health EHDI program and referral has been made to Medical Home or PCP for appropriate medical follow-up including ENT, Genetics and Opthalmologic consultations.  

2. The audiologist is a key professional who can provide education or refer families to those who can educate them about hearing loss.  Hopefully this referral to the Parent Infant Program or other programs suitable to provide appropriate intervention for hearing impaired infants and their families has occurred previously and the clinician develops appropriate communication with the intervention specialist to accomplish audiological goals established in the previous stages.

3. Fitting of personal amplification in an infant or young child is an on-going process.  Minimally, an audiologist should see the child every three months during the first two years of using amplification and every 4-6 months after that time (ASHA Pediatric Working Group, 1996).  At each follow-up visit the following items should be included: 1)review of a functional listening behavior report, i.e. FAPI with parent  2) establishment of  goals for the next 3 months  3) adjustment of  electroacoustic parameters of amplification based on functional listening behavior reports  4) Update RECD, especially if new molds are made  5)assessment of earmold for proper fit, etc.
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