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High risk criteria additions:

»Prolonged mechanical ventilation

»Physical findings of syndromes
»Parent/caregiver concerns

»Head trauma

»Neurodegenerative disorders

»Infectious diseases associated with hearing loss

Screening recommendation changes:

»Auditory Brainstem Response measurement, not behavioral
testing

—SIF
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=sRecommended ALL infants screened before
hospital discharge

= Risk monitoring:

—Audiological testing every 6 months until age 3
years.
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Expanded definition of targeted hearing loss to
include:

* Neural hearing loss (Auditory Neuropathy/
Dysynchrony) in infants admitted to the NICU

= Separate protocols for NICU and well baby nurseries:

—IIr

= NICU babies (>5 days) are to have ABR
screening so that neural hearing loss will not be
missed
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= Re-admissions

= [nfant readmitted in the first month of life and
present with conditions, which are associated
with potential hearing loss, need a repeat
hearing screen prior to discharge.

= Monitoring of high risk indicators

—IIr

— “Infants with risk factors for hearing loss should
have at least one diagnostic evaluation by 24-30
months of age.”
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Caregiver concerns (re: hearing, speech, language, or developmental
delay

Family history of permanent childhood hearing loss

Neonatal Intensive Care (NICU) of more than 5 days or any of the
following regardless of length of stay: ECMO, assisted ventilation,

and hyperbilirubinemia that requires
exchange transfusion.

In-utero infections
Craniofacial anomalies
Known physical findings associated with a syndrome

Syndromes associated with hearing loss, progressive hearing loss or
late-onset hearing loss neurodegenerative disorders

Culture-positive postnatal infections associated with hearing loss

Head trauma, especially basal skull/temporal bone, requiring
hospitalization
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National Perinatal Research Center (NPIC) (Quality Analytic
Services (QAS) ~ made the recommendation regarding NICU stay
for JCIH 2007

— Approximately 25% of NICU infants are considered “LOW”
risk and discharged by 5 days old.

— The remaining approximately 75% of NICU infants, who are
hospitalized for greater than 5 days, are considered the
“TARGET” population to rule out neural hearing loss.

**NICU stay of greater than 5 days and exposure to loop diuretics
were not associated with increased risk of hearing loss (Kraft et al,
2014)
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Expracorporeal Membrane Oxygenation
(ECMO)- is an aggressive treatment that is
used for the life support in infants with
respiratory or cardiopulmonary failure

Study found receiving aminoglycoside
antibiotics cumulative of 14 days or more in
the course of ECMO raised the risk of SNHL
by 5.56 times
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medications that can damage the ear, resulting
in hearing loss, ringing in the ear, or balance
disorders.
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Over 200 known ototoxic medications
(prescriptions and OTC)

Used to treat serious infections, cancer, heart
disease

Damage may be temporary or permanent
— Aspirin (temporary)
— Cisplatin (permanent)




Why concern about ototoxicity
with infants?
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Most frequently occurring risk factors
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Least frequently occurring risk factors
(<10%)
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Frequency of hearing loss among high
risk indicators

15

Take Care Forward.



—lIL

—IIr

Introduced in 1940s

Used to treat serious infections due to multi-drug
resistant Gram negative bacteria

May remain in hair cells for months after application
(Aran et al, 1999)

“...weekly or biweekly monitoring is recommended
ideally.” “...follow-up testing should also be
scheduled a few months after drug

discontinuation.” (AAA Ototoxicity Monitoring, 2009)
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= Introduced 1963

* Most common aminoglycoside used in
NICU

= Low cost

= Effectiveness against most Gram-
negative bacteria
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= Systematic literature review (20 studies)

= Reported hearing loss from gentamicin
induced cochleototoxicity ranging from
0-58%

» Studies varied in dosing, patient
populations, diagnostic testing,
diagnostic criteria for hearing loss
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ASHA 2010- Evidence Based Systematic
Review: Drug-Induced Hearing Loss-
Gentamicin
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Prezant et al (1993) reported on the genetic
mutation A1555G, associated with
aminoglycoside deafness

Estivill et al (1998) reported profound hearing
loss without aminoglycoside treatments

United Kingdom study (2002) found 1 in 206
newborns expressing the mutation

Texas study (1999) only 1 in 1,161 newborn
with mutation
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= Effects of genetics
— lowa Children’s Hospital (Ealy et al 2011)
— N=703 (1.8% with mtDNA variant)

— No hearing loss

= Loud noise exposure

— Animal studies have found potentiating
effect between noise and aminoglycosides
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= Designer aminoglycosides prevent cochlear hair cell
loss and hearing loss (Huth et al, 2015)

= Aminoglycoside ototoxicity and hair cell ablation in
the adult gerbil: A simple model to study hair cell
loss and regeneration (Abbas et al, 2015)
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Risk Monitoring Program

Hearing and
Balance Center

Services provided by St. Luke’s
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Identify infants and children at risk for
delayed onset or progressive hearing loss

Timely diagnostic assessments from a
pediatric audiologist

Maintain a monitoring and tracking system in
the state EHDI data management system




Risk Monitoring Program

Birthing
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Identify infants who have 1 or more risk indicators
Provide family with referral to pediatric audiology clinic

Provide the family with information about risk indicators

Provide the medical home information regarding risk indicator
referral

Report the infants with risk indicators to state EHDI program




Provide on-site hospital/birthing center
training
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“Your baby has been identified as having a high risk ( ) for a late-
onset hearing loss. The recommended protocol for babies with high

risk indicators is an audiological evaluation around 9 months of age.

We will provide a copy of this referral form to the pediatric audiology

center and they will contact you for an appointment.”
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RisK INDICATORS for LATE-ONSET CHILDHOOD HEARING LOSS:
____ Family History of Permanent Hearmg Loss < 18 yrs of age

_NICU stay >5days _
| 'somated wnth HL  (eg. Downs)

{ emtal Infection (e.g. T-O-R-C-H)
Postnatai Infection (e.g. Memngms)
___ Craniofacial Anomalies _

____ Ototoxic Medications - any amount

____Mechanical Ventilation - any amount
___Head Trauma  ___ Other

(monitoring through age 3 is recommended for most risk factors)
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Guidelines for
Risk Monitoring for Delayed Onset Hearing Loss

Class A: Risk indicators Class B: Risk indicators

screening & has one or more CLASS B
sl_:ungn & l':sm or more a.A.z: e "'h " I"'" R
pediatric audiologists by 3 months of
age.

NOTE: If baby REFERS on the newborn hearing screening after two sttempts - Recommendation
for Diagnostic ABR evaluation to be completed by 3 months of age (JCIH 2007)

* Any parental/caregiver hearing concerns warrants a referral to a pedistric audiologist.
** Infants readmitted to the hospital within the first 30 days of life should be re-screened if any
risk indicators are present.

Neturwoces:

Fligor Bl, Neaut MW, Mulen O, Feldman HA, Jones DT, Factors smocieted with senscrineursl hesring lom smong survivers of sedracorporssl membosne
coypenaticn therapy. Pecletric 2008; 119815191528

Joiret Commitiee on Infant Hesring. Yesr 2007 Position Stxtement: Principles and Guidelines for Early Hearing Detaction and Intervention Programa.
Pedatrica 2007; 120(4F H08-921. dot 101442 /pece 2007-2353.

Van Kiper, Lol A; Kierry, Pacd R ASR Hearing Scresning for High-Risk Infants. American Joumal of Otology. 20(4)518-521, July 1999

430 W. State St. Floor-3, Boize, ID £3702  www ldahoSouncEesinnings@chwidahbo oy 208-334-0829
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Being familiar with risk factors for delayed onset hearing loss

Explaining screening results and answer questions for the
family

Encourage risk monitoring follow-up

Providing family with referral to pediatric audiology clinic
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Guidelines for
Risk Monitoring for Delayed Onset Hearing Loss

Class A: Risk indicators Class B: Risk indicators

screening & has one or more CLASS B
sl_:ungn & l':sm or more a.A.z: e "'h " I"'" R
pediatric audiologists by 3 months of
age.

NOTE: If baby REFERS on the newborn hearing screening after two sttempts - Recommendation
for Diagnostic ABR evaluation to be completed by 3 months of age (JCIH 2007)

* Any parental/caregiver hearing concerns warrants a referral to a pedistric audiologist.
** Infants readmitted to the hospital within the first 30 days of life should be re-screened if any
risk indicators are present.

Neturwoces:

Fligor Bl, Neaut MW, Mulen O, Feldman HA, Jones DT, Factors smocieted with senscrineursl hesring lom smong survivers of sedracorporssl membosne
coypenaticn therapy. Pecletric 2008; 119815191528

Joiret Commitiee on Infant Hesring. Yesr 2007 Position Stxtement: Principles and Guidelines for Early Hearing Detaction and Intervention Programa.
Pedatrica 2007; 120(4F H08-921. dot 101442 /pece 2007-2353.

Van Kiper, Lol A; Kierry, Pacd R ASR Hearing Scresning for High-Risk Infants. American Joumal of Otology. 20(4)518-521, July 1999

430 W. State St. Floor-3, Boize, ID £3702  www ldahoSouncEesinnings@chwidahbo oy 208-334-0829
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Providing appropriate comprehensive diagnostic testing for
children with risk factors

Knowledge of risk factors that have high prevalence of delayed
onset hearing loss and require early and more frequent
assessments

Providing documentation regarding evaluation outcomes to
state EHDI program




Monitoring in audiology clinic

E I ks HEARING & BALANCE
CENTER
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Increasing # of hospital referring for risk
indicators

E I ks HEARING & BALANCE
CENTER
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W # babies referred for high risk monitoring

HEARING & BALANCE
CENTER




# referrals per high risk indicator

Neonatal Ototoxic Family Hx Craniofacial Syndrome Infections
indicators

28 78 47 49
32 77 53
56 51
36 26

HEARING & BALANCE
CENTER




NAME DOB MR# 1st ATTEMPT 2nd 3rd RESULTS 3ENT TO EHD Au.D. FAM |NEONATAL | UTERQ OTO7CRANICQ SYND|NEURO | HEAD|POS"

NAME | ####+# | ##### hot good-sent letter NR-DC yes Jess 1 1

NAME | ###HHE | ##4H# ) April Hold ardfor 4/2ims t¢  WNL yes Arpil W 1

NAME | ####H# | #### fo Eagle.5/3/1|for 7/1|r 8/24 WNL yes Jessica E 1 1

NAME | ###HHE | ####H ) Jan Hold are] 1/13/1f11 I NR-DC yes Jess 1

NAME | ##### | #### [1 ISB to Namg07/6/11 w/idJd  WNL yes Jess 1

NAME | #####| ### )pysentto Mem in Boisefro care

NAME | #####| #### B in Julyhold.f11 LVM1sen| NR-DC yes Jess 1 1

NAME | #####| #### B in Julyhold.i11 LVM1 serf NR-DC yes Jess 1 1

NAME | #####| ### p OctHold areB to On[5/10| NR-DC yes Jess 1 1

NAME | #####| #### (11 ISB to Eaglforms to Del  WNL yes April W. 1 1

NAME | ####H# | #### B in July hold.jtario 6p7/08] NR-DC yes Jess 1

NAME | ####HE| ### p Jan Hold are[11 lvmf21/1 WNL yes Shannon 1

NAME | ##### | #i#H## COND yes Jenna

NAME | ###H#HE | #HH# WNL yes Alison

NAME | ##H#HH | #HHH Boise ntto sched {REFUSED yes Jess

NAME | #####| #### |oise front offid # sentlettef NR-DC yes Jess 1

NAME |#### | #### | Feb Hold arel/11 LVII1 Ivf NR-DC yes Jess 1

NAME | #####| #### |March Hold arpf townjsent| NR-DC yes Jess

NAME | #####| #### p Oct Hold arep to Ontario.f WNL yes 1 1

NAME | ##ttHHE | ##t#H## h Oct Hold areB to Ontario.f COND yes Larissa 1 1

NAME | #####| #### ) April Hold argSB to Ontariq NR-DC yes Jess 1 1

NAME | ####HE | ###H##| 1 ISB to Boisqd 7/15 w/ides|  WNL yes Jess 1 1

NAME | ###HE| ### |1 ISB to Boisql 7/15 w/des| WNL yes Jess 1 1

NAME | #####| ### | April Hold ard/11 LV| 7-14] WNL yes Maria

NAME | #####| ### |sentto Nici/Boise.BD COND yes Jess 1 1 1

NAME | #####| ### [sentto Nici/Boise.BD WNL yes Jess 1 1 1
HEARING & BALANCE 41
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# children

Tracking outcomes

Normal

Conductiv
S

Deceased

Elsewher
e

Refused

Undeter
mined

88

14

23

29

6

19

34

48

1

66

61

33

71

56

93

75

HEARING & BALANCE
CENTER




2010

Undetermined
8%

Refused
9%

Conductive
7%

Sensory

1%
Neural
Deceased 0%

0%

Elsewhere
6%

HEARING & BALANCE
CENTER
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Providing training and support for hospitals, birthing center,
physicians, and pediatric audiologists on risk factor

Providing a method for hospitals, birthing centers and pediatric
audiologists to report information regarding infants with risk
indicators to the state EHDI program

Tracking and surveillance of infants with risk factors




Idaho EHDI program
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STEP 3: RISK ASSESMENT:

RisK INDICATORS for LATE-ONSET CHILDHOOD HEARING LOSS:
__ Family History of Permanent Heanng Loss < 18 yrs of age

—NICUstay>5days _
Syndrome Assocxated wnth HL (e g. Downs)

.ongenital lnfectton (e.g T-O-R-C—H)
___Postnatal Infection (e.g. Memngms)
__Craniofacial Anomalies _

____ Ototoxic Medications - any amount

____Mechanical Ventilation - any amount

___Head Trauma __ Other___
(monitoring through age 3 is recommended for most risk factors)




Prevalence of Infants with a Risk Indicator
in ISB 2007-2013 Data

9.8

2008 2009 2010 2011 2012

* % infants WITH risk factors ® % infants WITHOUT risk factors




2007-2013 Data

Number of Risk Indicators Reported in ISB
S

0.10% _
ooi%_ 028% _ T \140% 091%

w2 30

" Neurodegenerative disorders
® Head trauma

* Chemotherapy

® Postnatal infection

® Physicial findings

" Syndromes

® Mechanical ventilation

® Craniofacial anomalies

® Family history

® Neonatal indicators




—lIL

—IIr

g,

January 2008-December 2014

4701 infants passed newborn hearing
screening (Ototoxic medication only)

2 with diagnosed with delayed-onset
hearing loss

— 1 unilateral severe to profound
— 1 bilateral mild to moderately severe
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Idaho Sound Beginnings Best Practice Protoc

Audiology Assessment for Risk Factor Follow- up

“The timing and mumber of heaning re-evaluations for children with nisk factors should be customized

and individualized depending on the relative likelihood of a subsequent delayed-onset hearing loss,”
(JCTEL 2007 Position Statement)

Early and more frequent assessment may be indicated for children with: cytomegalovirus (CMV) mfection,
syndromes associated with progressive hearing loss, nenrodegenerative disorders, traumsa, culture-positive
postnatal infections in association with sersonmn'alhearmg loss; for children who have received ECMO or
chemotherapy; and when there 15 a caregiver concern or a family lmtnr_? of heanng loss (JCTH 2008 clarification)

Recommended Minimum Standards:
Behavioral testing at 9 months of age™

Al testimg should be ear-specific
Tests included in this evaluation are:
E'I Fanuly/child history
Otoscopy . Neomstal intensive care of more than 5 days or
IZ Visual Reinforcement Audiometry for each ear: mmfo?em oflengh of siay:
= Mmimal Response levels for ar ofotoxic medications
conduction: 500, 2000 and 4000 Hz
Bone conduction as needed to rule out
conductive pathology
= Speech Awareness Thresholds (SAT) !
Limited Otoacoustic Emissions, DPOAE and/or " imvolve the pinn, ear canal, ear g, ear pis,
TEQAE and temporal bone snomalies.
Immittance battery: 3 nﬁﬂlﬁﬁlg,sﬂﬁﬂmemﬁt
= 226 Hz probe tone tympanometry-each ear.
= Ipsilateral acoustic reflexes at 500, 1000
and 2000 Hz:{can also use broadband noise
reflex — normal 1s less than 80 dB HL)
ABR testing 15 mdicated, if hearmg loss 15
diagnosed, or if responses to behavioral
andiometry are not Teliable.
Based oo Americin Speech-Language-Hearing Associstion. (2004).

Guidelines for the Audiologic Arsessmant of Children fram Birth to 5 Years
qf Age. [Guideline]. www.asha org/policy

**The recammendation for the nitsl n=k factor evalustion to be done at §
maonths of age is based on the following factars: (especially herpes vinmses and varicella)
The ease of testing nsing Visusl Reinforcement Andiometry for the meningits
child and family. and X mmwmw
The shility to gather the greatest amount of informaton quickhy with bone fractures that requires hospitalization.
‘minimal repeat visits, balanced with....
The shility to identify and address hearing losses and caregiver
concems earty enough during the critical “lanmage lesming Risk factors bolded are considered to have a greater
perind” to mainize commmnication skills and minimize cancemn for delayed onser hearing loss and monitoring of
speech and languaze delays Testing of a 2 year old can also be. those children should be more frequent than once

Idaho Sound Beginnings (EHDI)
Infant Toddler Program, 450 W, State St.F1-5, Boise, ID 83720-0036
(208)334-0829  (208) 332-7331 FAX
Cyuthia Carlin, EHDI Project Coardinator - carline@dir idaho. gov

Funding Provided By Matemal & Child Health Burean (MCHE), Health Fesources And Services Admintsration (HERSA)

2007 anml Stawement (www joih.org)




M # infants w/hearing loss & HIGH RISK INDICATORS

m # infants w/hearing loss & NO RISK INDICATORS
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= 2.7 infants per 10,000 diagnosed with

—IIr

delayed onset hearing loss with risk

indicators

— Those with hearing loss the most
frequently reported risk indicators were

NICU stay (15 infants), ototoxic
medications (13 infants)




®2007 ®™2008 2009 ®2010

_| Family Hx Craniofacial Infection Neonatal Ototoxic Syndrome NICU stay
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Guidelines for
Risk Monitoring for Delayed Onset Hearing Loss

If baby passes the newborn hearing
screening & has one or more CLASS B
screening & has one or more CLASS A
risk indicator = Recommendation for
pediatric audiologists by 3 months of
age.

NOTE: If baby REFERS on the newborn hearing screening after two sttempts - Recommendation
for Diagnostic ABR evaluation to be completed by 3 months of age (JCIH 2007)

* Any parental/caregiver hearing concerns warrants a referral to a pedistric sudiologist.
** Infants readmitted to the hospital within the first 30 days of life should be re-screened if any
risk indicators are present.

Patwrwnces:

Flhigor B, Neaut MW, Muten O, feldman A, Jones DT, Factors smocieted with sensorieursl hesring lom among survivon of sedrecorporssl membosne
coypenation therapy. Pecietric 2008; 115)8):1519-1528

Joint Commitism on Infant Hesring. Yesr 2007 Poaltion Stxtemsent: Principles and Guidelinea for Early Hearing Detaction and Intervention Programa.
Pediotrics. 2007; 120(4F E08-921. dot 101542 /pec 20072353

Van Mper, Lod A; Kieny, Paud i ASH Hewring Scresning for High-Risk Infants. American Joumal of Otology. 2004) S18-521, July 1999,

430 W. State St Floor-3, Boise, ID 83702  www ldahoSouncBesinninga@chvwidabo oy  208-334-0829
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Class A: Risk indicators




—IIL

—IIr

Class B: Risk indicators

If baby passes the newborn hearing
m&lnsmumcu\sss




Class A risk indicators (n=153)

Normal
hearing
24%
LTF/LTD
- 60%

58
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In utero & postnatal infections (n =18)

LTF/LTD Normal

33% hearing
45%

29
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Syndromes (n=13)

LTF/LTD r’:':;:‘nag'l
0
e 23%

60
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Craniofacial anomalies (n=114)

Normal
hearing
20%

LTF/LTD
69%

61

Take Care Forward.
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Risk monitoring programs need participation from hospital,
birthing centers, medical homes, audiology centers, and state
EHDI programs

Training from state EHDI programs is important

No “gold standard” protocol for risk indicator monitoring
(ototoxic medications)

Data collection is an important
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Case #1

= 4 yr old female

= Reason for referral: Speech delays
= Speech therapy twice per week

= Birth history:
» 32 weeks gestation (2lb 60z)
= NICU stay 1 month

» Ototoxic medication (Gentamicin)

= Passed AABR hearing screening
— In 2004, Idaho did not have risk monitoring program

63

=

Take Care Forward.




TR S peech audiometry

SRT at 10 dBHL in each
ear

Tympanograms
Type As bilaterally

Ipsilateral MEMR
Absent bilaterally
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TE-Gram
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8 years old

Physician requested audiogram due to
previous recommendations

Mom has no significant hearing or
speech concerns, but patient

— Frequently asks for repetition

— Listens to TV “very loud”
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Speech Audiometry:

Word recognition @
50 dBHL- 84% right, 100% left
SRT- 10 dBHL right, 0 dBHL left

Tympanograms: Type A bilaterally

MEMR:

= |psilateral left/right present
= contralateral right present
= contralateral left absent

—SIF
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Case #2

= Passed AABR hearing screening
= Born at 35 weeks 6/7 days
= NICU stay less than 5 days

loss
No history of otitis media

—IIL
—F =

= Referred to audiology for risk indicator
monitoring (Ototoxic medications)

No family history of childhood hearing

71
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Audiology Evaluation
9 months old
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OAE tracing
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DP-Gram ol +12 o DP a NF F2 Frequency

Right: 22-Jan-13: -: 750-8000 Hz Diagnostic Test - High Noise: 13A22D01.0AE
NF(dB) DP-NF(dB)

L1(dB)  12(dB) F1(Hz) F2(Hz) GM(Hz) DP(dB)
649 65.5 6516 7969 7206 11.5
64.7 55.9 4922 6000 5434 6.4
65.1 56.9 3281 3984 3616 0.7
64.7 56.9 2484 3000 2730 0.5
64.7 56.2 1641 2016 1818 3.2
65.3 56.2 1219 1500 1352 7.1
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Left: 22-Jan-13: -: 750-8000 Hz Diagnostic Test - High Noise: 13A22D00.0AE
L2(dB)

L1(dB)
68.3
68.0
65.7
66.1
64.5
65.9
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ABR evaluation
10 months old
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ABR tracing

AMPLITUD
' Y ,u ‘ “ ;e "\ v
[0 2UVI u.‘\[‘ -’r‘\, “/‘\ i y *'{:‘5 h ;
5 {0 20V /'}\ \/ AWV v/ “mﬁm‘l'”" TAE AP AR L d
L”E'CWUJ ld ” \/ . RITOCSOt) (222 -l:-_.IL M G S 202
\f\'\,..\\/( v N L'_. Y/‘
10 {0 2uV] "
110 2uv) J\“'Lly‘*mt“ u ‘m / \/
O1020V] H\;’}ﬁ“‘ l!'%}{] o A " ,-n’\ ;‘J ' \‘}A”‘ ]'tt; [V : Y
LAy N S f )} ARG
710 20v) 1Y i \/\f\/\ WY '\I}Mfiiﬂﬂj _'ﬁ{él' T . 2 16 {02
LRS00 129 1) A Vém;r@f&:; 3}3 gu
' | o
L 75

Take Care Forward.




L

ABR tracing
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ABR eHL
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10 months old, 18 months old

AUDIOLOGIST Omario 1182 5W 4th Ave. Ontario OR97914 p, 541,881.0970
www.elkshearingandbalance.org
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3 years old
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Questions and Answers
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