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A RESOURCE GUIDE FOR EARLY HEARING DETECTION & INTERVENTION

Even if hearing appears 
to be normal, infants 

falling in this category 
should receive regular 

hearing evaluations 
thereafter at the 

physician’s office, 
well-baby clinic, or 
audiologic center.

Chapter 10
Risk Monitoring
for Delayed-Onset 
Hearing Loss

Jessica Stich-Hennen, AuD, PASC; & Gabriel Anne Bargen, PhD, CCC-A/SLP

A child who is found to have normal 
hearing as an infant and begins 
to lose hearing by 3 years of age is 

considered to have delayed-onset hearing 
loss. Delayed-onset hearing loss happens 
more frequently to children with specific 
risk factors. These risk factors have been 
identified by the Joint Committee on 
Infant Hearing (JCIH). This chapter will 
discuss the importance of knowing these 
risk factors, as well as the importance of 
monitoring the hearing of children who 
possess these risk factors.

History of High-Risk Register 

In 1969, the JCIH was established and 
was composed of representatives from 
professional organizations interested in 
children with hearing loss. The committee 
included: 

•	 American Academy of Pediatrics
•	 American Academy of 

Ophthalmology and Otolaryngology
•	 American Speech & Hearing Association

The Committee recognized the need for 
early identification of hearing loss in 
newborns. The original charges were to 
make recommendations concerning early 
identification of children with hearing 
loss and newborn hearing screening 
procedures. Their first published statement 
recommended research efforts on newborn 
hearing screening to improve techniques 
and test procedures (JCIH, 1971). 

JCIH published the first high-risk criteria 
in 1973, which included:

•	 History of genetically determined 
childhood hearing impairment.

•	 Rubella or other nonbacterial 
intrauterine fetal infection.

•	 Defects of ear, nose, or throat.
•	 Birth weight less than 1500 grams.
•	 Any indirect or free bilirubin 

concentration that is potentially toxic.

Newborns would be identified as “at risk” by 
medical history and physical examination. 
Continued surveillance of infants with 
risk factors was also recommended in this 
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In 1990, the JCIH 
position statement risk 
criterion was redefined 

into two categories: 
neonates and infants.

position statement. The JCIH concluded 
that: “Even if hearing appears to be 
normal, infants falling in this category 
should receive regular hearing evaluations 
thereafter at the physician’s office, well-baby 
clinic, or audiologic center.” 

The JCIH 1982 position statement 
expanded the risk criteria to include 
bacterial meningitis and severe asphyxia. 
The statement recommended that any 
infant with an identified risk indicator 
“should be screened, preferably under the 
supervision of an audiologist, optimally 
by 3 months of age but not later than 6 
months of age.” JCIH also recommended 
that screening for at-risk infants “should 

include observation of behavioral or 
electrophysiological response to sound.” 

In 1990, JCIH risk criterion was redefined 
into two categories: neonates and infants 
(see Table 1). The Committee statement 
recognized the need for further research in 
the area of risk criteria.

By 1994, studies revealed that only 50% of 
infants with significant hearing loss have 
a risk indicator (Pappas, 1983; Elssmann, 
Matkin, & Sabo, 1987; Mauk, White, 
Mortensen, & Behrens, 1991). In light 
of these findings, JCIH recommended 
that ALL infants should have a newborn 
hearing screening. Although this document 

JCIH recommended that neonates 
with one or more risk indicators 
should be screened using auditory 
brainstem response (ABR) 
measurement. 

	 Neonates	 Infants
	 (birth to 28 days)	 (29 days to 2 years)

•	 Parental/caregiver concerns 
regarding hearing, speech/language, 
and/or developmental delay.

•	 Bacterial meningitis.
•	 Neonatal risk factors associated 

with progressive sensorineural 
hearing loss.

•	 Head trauma.
•	 Physical findings associated with 

syndromes known to include 
sensorineural hearing loss.

•	 Ototoxic medications used for 
more than 5 days.

•	 Children with neurodegenerative 
disorders.

•	 Childhood infectious diseases 
known to be associated with 
sensorineural hearing loss. 

•	 Family history of congenital 
or delayed-onset childhood 
sensorineural impairment.

•	 Congenital infection.
•	 Craniofacial anomalies.
•	 Birthweight less than 1500 grams.
•	 Hyperbilirubinemia requiring 

exchange transfusion.
•	 Ototoxic medications used for 

more than 5 days.
•	 Bacterial meningitis.
•	 Severe asphyxia.
•	 Prolonged mechanical ventilation 

equal to or greater than 10 days.
•	 Physical findings associated with 

syndromes known to include 
sensorineural hearing loss.

Table 1
JCIH 1990 Position Statement Risk Criterion

JCIH recommended that infants who 
had one or more risk indicators “should 
be screened as soon as possible, but no 
later than 3 months after the child has 
been identified as at risk.”

Risk Criteria/Indicators
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The JCIH 2000 position 
statement revised the 

risk criterion based 
on recently published 
research from a large 

National Institute of 
Health (NIH) sponsored 

multicenter study.

was a pivotal statement that endorsed 
universal detection of all infants with 
hearing loss before 3 months of age and 
intervention by 6 months of age, the risk 
indicators remained relatively unchanged. 

The JCIH 2000 position statement revised 
the risk criterion based on recently published 
research from a large National Institute of 
Health (NIH) sponsored multicenter study 
(Cone-Wesson et al., 2000). This study 
provided data on hearing loss prevalence 
and incidence for different risk indicators. 
Of the risk indicators analyzed, prevalence 
of hearing loss was highest among infants 
with syndromes (11.7%). Data revealed that 

only a small percentage (1.5%) of infants 
receiving ototoxic medications have hearing 
loss. Cone-Wesson et al. (2000) confirmed 
previous findings that only a small 
percentage of infants with a conventional 
risk indicator for hearing loss actually had 
a hearing loss, while a significantly larger 
number of infants with hearing loss did 
not have a risk indicator. The findings 
continued to support the importance 
of universal neonatal hearing screening 
for all infants, not just those newborns 
with risk indicators. Cone-Wesson et al. 
(2000) provided evidence of delayed-onset 
permanent hearing loss in young children 
with certain risk indicators (see Table 2).

The JCIH 2000 position statement recommended the 
following risk criteria for neonates (birth to 28 days):

•	 Parental or caregiver concern regarding hearing, 
speech language, and/or developmental delay.

•	 Family history of permanent childhood hearing loss.
•	 Stigmata or other findings associated with a syndrome 

known to include a sensorineural or conductive 
hearing loss or Eustachian tube dysfunction.

•	 Postnatal infections associated with sensorineural 
hearing loss, including bacterial meningitis.

•	 In utero infections, such as cytomegalovirus, herpes, 
rubella, syphilis, and toxoplasmosis.

•	 Neonatal indicators, specifically hyperbilirubinemia at 
a serum level requiring exchange transfusion, persistent 
pulmonary hypertension of the newborn associate with 
mechanical ventilation, and conditions requiring the 
use of extracorporeal membrane oxygenation.

•	 Syndromes associated with progressive hearing loss, such 
as neurofibromatosis, osteopetrosis, and Usher’s syndrome.

•	 Neurodegenerative disorders, such as Hunter 
syndrome, or sensory motor neuropathies, such as 
Friedreich’s ataxia and Charcot-Marie-Tooth syndrome.

•	 Head trauma.
•	 Recurrent or persistent otitis media for at least 3 months.

•	 An illness or condition requiring admission of 48 
hours or greater to a neonatal intensive care unit 
(NICU).

•	 Stigmata or other findings associated with a syndrome 
known to include a sensorineural and/or conductive 
hearing loss.

•	 Family history of permanent childhood sensorineural 
hearing loss.

•	 Craniofacial anomalies, including those with 
morphologic abnormalities of the pinna and ear 
canal.

•	 In utero infection, such as cytomegalovirus, herpes, 
toxoplasmosis, or rubella. 

Table 2
JCIH 2000 Position Statement Risk Criterion

The JCIH 2000 position statement recommended 
“audiological monitoring every 6 months until age 3 years” 
for these risk indicators: 

Risk Criteria/Indicators

	 Neonates	 Infants
	 (birth to 28 days)	 (29 days to 3 years)
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In 2007, JCIH published the most recent 
position statement. This statement 
highlighted the need for customized 
reevaluation schedules for children with risk 
factors based on the subsequent delayed-
onset hearing loss. It was recommended that 
infants who pass the neonatal screening but 
have a risk factor should have at least one 
diagnostic audiology assessment by 24 to 
30 months of age. For some risk factors with 
higher prevalence of delayed-onset hearing 
loss, earlier and more frequent assessments 
may be indicated. Those “high-risk” 
factors are listed in Table 3. An additional 

recommendation indicated if significant 
family concern was present at any time 
regarding hearing or communication 
status, the infant should be referred 
promptly for an audiological and speech-
language assessment. 

The risk indicators in the 2007 statement were 
combined into a single list of congenital and 
acquired hearing loss risk factors given the 
“significant overlap among those indicators 
associated with congenital/neonatal hearing 
loss and those associated with delayed-onset/
acquired or progressive hearing loss.” 

Table 3
JCIH 2007 Position Statement Risk Indicators

The risk factors in the 2007 position statement listed as being associated with 
permanent congenital, delayed-onset, or progressive childhood hearing loss 
include:

•	 Caregiver concern
•	 Family history of permanent childhood hearing 

loss
•	 ECMO
•	 CMV
•	 Syndromes associated with progressive hearing loss
•	 Neurodegenerative disorders
•	 Cultural-positive postnatal infections associated 

with sensorineural hearing loss
•	 Head trauma
•	 Chemotherapy

•	 Caregiver concern regarding hearing, speech, language, or developmental 
delay. 

•	 Family history of permanent childhood hearing loss.
•	 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 
(gentimycin and tobramycin) or loop diuretics (furosemide/Lasix), and 
hyperbilirubinemia that requires exchange transfusion.

•	 In utero infections, such as cytomegalovirus (CMV), herpes, rubella, 
syphilis, and toxoplasmosis

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

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

•	 Syndromes associated with hearing loss or progressive or delayed-
onset hearing loss, such as neurofibromatosis, osteopetrosis, and Usher 
syndrome; other frequently identified syndromes, including Waardenburg, 
Alport, Pendred, and Jervell and Lange-Nielson.

•	 Neurodegenerative disorders, such as Hunter syndrome, or sensory motor 
neuropathies, such as Friedreich ataxia and Charcot-Marie-Tooth syndrome.

•	 Culture-positive postnatal infections associated with sensorineural 
hearing loss (especially herpes viruses and varicella), including confirmed 
bacterial and viral meningitis.

•	 Head trauma, especially basal skull/temporal bone fracture that requires 
hospitalization.

•	 Chemotherapy

The 2007 position statement specified that several of 
the risk factors are of greater concern for delayed-onset 
hearing loss, including: 

Risk Criteria/Indicators

	 Congenital and Acquired Hearing Loss	 Greater Concern  for Delayed-Onset
	 Risk Factors	 Hearing Loss Risk Factors
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The JCIH 2007 position 
statement encouraged 
further research for the 

success of the early 
hearing detection and 

intervention (EHDI) 
system. 

The JCIH 2007 position statement 
encouraged further research for the 
success of the early hearing detection 
and intervention (EHDI) system. Specific 
research recommendations that affect 
risk factors related to delayed-onset or 
progressive hearing loss are to: 

•	 Develop state data management 
systems with the capacity for accurate 
determination of the prevalence for 
delayed-onset or progressive hearing 
loss.

•	 Develop state data tracking systems 
to follow infants with suspected 
and confirmed hearing loss through 
individual state EHDI programs.

•	 Track genetic, environmental, and 
pharmacologic factors that contribute 
to hearing loss, thus allowing for 
tailored prevention and intervention 
strategies. 

To assist with understanding the current 
risk indicators, each factor identified 
in the JCIH 2007 position statement is 
highlighted below: 

Caregiver concern. JCIH 2007 
recommends that if there are significant 
hearing, speech, language, or 
developmental delay concerns, the medical 
home will provide families with referrals 
for audiological and speech-language 
evaluations. These referrals should occur 
whenever concerns are expressed or noted. 

Family history of permanent childhood 
hearing loss. Infants (well-baby or 
NICU) with a positive family history of 
permanent childhood hearing loss should 
receive early and ongoing audiological 
monitoring. 

Neonatal indicators. NICU stay—
approximately 400,000 infants are admitted 
annually to NICUs in the U.S. National 
Perinatal Research Center (NPIC) data 
from 2005 indicated infants in the NICU 
for less than 5 days were at low risk for 
hearing loss. Infants in the NICU for greater 
than 5 days, however, were identified as 
a population for which it is extremely 
important to rule out neural hearing loss. 

The prevalence of hearing loss found in 
infants who were admitted to NICU for 
greater than 5 days with no additional risk 
factors has not been reported. 

ECMO. ECMO is life support used 
for individuals in cardiopulmonary or 
respiratory failure. The machine circulates 
the child’s blood through an artificial 
lung, while also providing oxygen to the 
child to give the lungs and heart adequate 
time to heal. Fligor (2008) reported on 
a retrospective chart review of ECMO 
patients at Children’s Hospital in Boston. 
Of 111 neonates, 26% had sensorineural 
hearing loss—nearly half of those having a 
delayed onset. Seventy-five percent of the 
infants with hearing loss had progressive 
hearing loss. JCIH 2007 recommended 
that children receiving ECMO treatments 
should have “early and more frequent 
assessments.” 

Cone-Wesson et al. (2000) estimated that 
1 in 56 children with permanent hearing 
loss by age 1 had the following risk factors: 

•	 Low birth weight
•	 Respiratory distress syndrome
•	 Bronchiopulmonary dysplasia
•	 Mechanical ventilation greater than 

36 days. When an infant requires 
mechanical ventilation, there is 
oxygen deprivation that may result in 
destruction of hair cells in the cochlea. 

Ototoxic medications. Cone-Wesson et 
al. (2000) documented the most prevalent 
risk factor was ototoxic medications—
occurring in more than 70% of infants 
studied. Interestingly, it was reported that 
ototoxic exposure resulted in hearing loss 
for only 1.5% of infants. So why is there 
concern about ototoxicity in infants? 
In 1993, Prezant et al. reported on the 
genetic mutation A1555G, which has been 
associated with aminoglycoside deafness. 
For individuals with the A1555G mutation, 
it was found that even a single dose may 
result in sensorineural hearing loss. Estivill 
et al. (1998) reported profound hearing 
loss in individuals with A1555G mutation 
with no aminoglycoside treatments. Two 
studies reported on the prevalence of the 
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mutation in newborns (Tang et al., 2002; 
Scrimshaw, Faed, Tate, & Yun, 1999). 
The study from the United Kingdom 
found 1 in 206 newborns expressing the 
mutation; while in Texas, only 1 in 1,161 
newborns were found with the mutation. 
Unfortunately, there is currently a lack 
of sufficient data regarding prevalence 
of hearing loss in newborns receiving 
ototoxic medications with no additional 
risk factors. The JCIH 2007 position 
statement recommendation for ototoxic 
monitoring is at least one audiology 
evaluation by 24-30 months of age. 

Hyperbilirubinemia or jaundice that 
requires exchange transfusion. In severe 
cases, damage can occur in the central 
nervous system that may result in neural 
hearing loss. Nickisch, Massinger, Ertl-
Wagner, and vonVoss (2009) compared 
auditory test results (ABR, transient-
evoked otoacoustic emissions, and 
behavioral audiometry) of 15 children 
with high bilirubin levels (above 20 mg/
dL) to 15 children with low bilirubin 
levels. Hearing function disorders were 
reported in 87% of the high bilirubin level 
group, with auditory neuropathy spectrum 
disorder found in 8 of these children. In 
the low bilirubin group, only two children 
were found to have cochlear hearing 
dysfunction. A literature search completed 
by Ip et al. (2004), reported in a technical 
report for the American Academy of 

Pediatrics, found 
14 studies that 
examined the 
effect of bilirubin 
on hearing 
impairment. 
Eight of these 
were deemed 
high-quality 
studies that 
showed 
significant 
relationship 
between 
abnormal 
ABRs 
and high 
bilirubin 
levels.

In utero infections. JCIH 2007 
recommends risk monitoring for infants 
with CMV, herpes, rubella, syphilis, or 
toxoplasmosis. In the U.S., CMV is the 
most common congenital infection. It 
has been associated with progressive and 
delayed-onset hearing loss, which requires 
more frequent audiological monitoring. 
(For further information on CMV, see the 
CMV section of this publication.) 

Herpes is a sexually transmitted infection 
and is a risk if:

•	 The infant has neonatal herpes.
•	 The mother had an active lesion 

during a vaginal delivery.
•	 The mother had an active lesion 

during a c-section delivery with a 
premature rupture of membranes. 

Rubella, if contracted during pregnancy, 
can result in serious birth defects, 
including hearing loss. Syphilis infection 
without immediate antibiotic treatment 
can result in hearing loss. Toxoplasmosis is 
a parasite infection that, depending on the 
severity of the infected infant, may cause 
hearing loss. 

Craniofacial anomalies. Craniofacial 
anomalies include those that involve the 
pinna, ear canal, ear tags, ear pits, and 
temporal bone anomalies. Cone-Wesson 
et al. (2000) reported greater than 50% 
of children with craniofacial anomalies 
present with hearing loss. Infants with cleft 
palate are at greater risk for educationally 
significant hearing loss. Studies have 
shown a prevalence of hearing loss 
(conductive, mixed, or sensorineural) 
greater than 50% in infants, children, 
and adults who have cleft palates (Helias, 
Chobaut, Mourat, & Lafon, 1988; Paradise 
1975; Viswanathan, Vidler, & Richard, 
2008; Yules, 1970). 

Physical findings associated with 
a syndrome known to include a 
sensorineural or permanent conductive 
hearing loss. The most commonly 
reported physical finding is a white 
forelock, which is associated with 
Waardenburg syndrome. 

Photo courtesy of Advanced Bionics
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Hall III (2007) highlighted 
the importance of 
audiologists who 

work with the infant 
population being 

intimately familiar with 
all the risk factors for 

hearing loss, whether 
peripheral, auditory 

dysfunction, 
or delayed onset. 

Syndromes associated with hearing loss or 
progressive or delayed-onset hearing loss. 
JCIH 2007 recommends risk monitoring 
of children with: 

•	 Neurofibromatosis
•	 Osteopetrosis
•	 Usher syndrome
•	 Waardenburg syndrome
•	 Alport syndrome
•	 Pendred syndrome
•	 Lange-Nielson syndrome

Any child with a syndrome associated with 
progressive hearing loss should receive 
frequent audiological monitoring. 

Neurodegenerative disorders. Hunter 
syndrome, Friedriech ataxia, and Charcot-
Marie-Tooth syndrome are of greater 
concerns for delayed-onset hearing loss 
and require more frequent audiological 
monitoring.

Culture-positive postnatal infections 
associated with sensorineural hearing 
loss. Bacterial meningitis and sepsis are 
culture-positive postnatal infections 
associated with hearing loss. Bacterial 
meningitis occurring at any age may result 
in damage to the cochlea. An early and 
more frequent audiological monitoring 
schedule is recommended. 

Head trauma. Head trauma, especially 
basal skull and temporal bone fractures 
that require hospitalization, are of 
concern regarding potential hearing 
loss. Trauma is a risk factor that requires 
an early and more frequent monitoring 
schedule. The use of vacuum suction 
during delivery has not been associated 
with hearing loss. 

Chemotherapy. Similar to ECMO 
treatments, infants who receive 
chemotherapy treatments should 
receive early and frequent assessments. 
In 2009, the American Academy of 
Audiology Position Statement and 
Clinical Practice Guidelines: Ototoxicity 
Monitoring was published, which provides 
recommendations for audiological 
assessments and scheduling. 

Current Risk Factors for 
Monitoring

Hall III (2007) provided a summary of the 
relationship of risk factors with subsequently 
diagnosed hearing loss from the most current 
and frequently cited studies that estimated 
prevalence of risk factors for delayed-
onset or progressive hearing loss (Cone-
Wessen et al., 2000; Van Riper & Kileny, 
2002). In a series of 2,103 infants, Hall III  
identified six risk factors that occurred 
most frequently in the entire population. 
When considering only those infants in 
this population who were diagnosed with 
hearing loss, Hall III (2007) identified six 
risk factors associated with hearing loss that 
occurred most frequently (see Table 4). 

Hall III (2007) highlighted the importance 
of audiologists who work with the infant 
population being intimately familiar with 
all the risk factors for hearing loss, whether 
peripheral, auditory dysfunction, or delayed 
onset. The risk factor prevalence data 
provided in Table 4 outlines this importance. 
Although administration of ototoxic 
medications occurs frequently in the infant 
population, it is one of the least frequent 
factors in those infants actually diagnosed 
with hearing loss. However, the presence of 
ototoxic medications is a risk for progressive 
hearing loss. Risk factors that occur most 
frequently in both conditions, including 
severe asphyxia and mechanical ventilation, 
require earlier and more frequent hearing 
evaluations Specifically for delayed-onset 
hearing loss, which occurs in 1 per 56 
children with permanent hearing loss by 1 
year of age, the risk factors that need to be 
monitored closely are:

•	 Low birth weight
•	 Respiratory distress syndrome
•	 Bronchiopulmonary dysplasia
•	 Mechanical ventilation 

These four factors are not the most 
frequently occurring factors in all infants 
or those infants diagnosed with hearing 
loss. Knowing all the risk factors is 
extremely important when working with 
this population. 
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Table 4
Risk Factors with Subsequently Diagnosed 
Hearing Loss

Risk factors that occurred most 
frequently in the entire population:

	 Risk Factors	 Risk Factors <10%

1. 	 Hyperbilirubinemia
2. 	 Craniofacial anomalies
3. 	 Family history
4. 	 Congenital infections
5. 	 Bacterial meningitis
6.	 Maternal substance abuse
7.	 Neurodegenerative disorders

1. 	 Ototoxic medications (>70%)
2. 	 Severe asphyxia (>50%)
3. 	 Mechanical ventilation less than
	 5 days (>25%)
4. 	 Low birthweight (>20%)
5. 	 Parental/physician concerns (>15%)
6. 	 ECMO (>10%)

	 Risk Factors	 Risk Factors <10%

1. 	 Low birth weight
2. 	 Hyperbilirubinemia
3. 	 Ototoxic medications
4. 	 ECMO 
5. 	 Substance abuse
6-7.	Parent or physician concern and 

neurodegenerative disorders—
two factors found to occur with 
negligible frequency.

1. 	 Craniofacial anomalies (>50%)
2. 	 Family history of childhood 

hearing loss (>15%)
3. 	 Severe asphyxia (>15%)
4. 	 Congenital infections (>15%)
5. 	 Mechanical ventilation (>10%)
6. 	 Bacterial meningitis (>10%)

Risk factors that occurred least 
frequently (<10%) in this population: 

Risk factors associated with hearing 
loss that occurred most frequently:

Risk factors that occurred least 
frequently (<10%) in this population: 

Risk Factors in Entire Infant Population

Risk Factors in Infants Diagnosed with Hearing Loss

Risk Monitoring Program 

The first goal of a risk monitoring 
program is to identify infants and 
children at risk for delayed-onset or 
progressive hearing loss. Hospital staff, 
birthing center staff, and medical homes 
play a critical role in the identification of 
these infants and children. The second 
goal is timely diagnostic assessments 
from a pediatric audiologist. As 

previously mentioned, JCIH 2007 
recommends early and more frequent 
monitoring schedules for certain risk 
indicators. The final goal of a risk 
monitoring program is to maintain a 
monitoring and tracking system in the 
state EHDI data management system. 
Monitoring and tracking will improve 
the data on hearing loss prevalence 
among the risk indicators, allowing for 
improvements to be made in prevention 
and intervention methods. 

The first goal of a risk 
monitoring program 
is to identify infants 
and children at risk 

for delayed-onset or 
progressive hearing loss. 



NATIONAL CENTER FOR HEARING ASSESSMENT & MANAGEMENT

eBook Chapter 10 • Risk Monitoring for Delayed-Onset Hearing Loss • 10-9

An explanation of 
the screening results 

alone is not sufficient. 
Special attention should 

be given to delayed-
onset risk indicators 

for those infants who 
pass their screen with 
risk indicators present. 

Educating the family 
on all aspects of the 

screening process can be 
expected to significantly 

improve follow up. 

Key components of a successful risk 
monitoring program include: 
•	 Team of stakeholders
•	 Data management system
•	 Annual program evaluation

These components are reviewed below. 

Team of Stakeholders for a
Risk Monitoring Program

A successful risk monitoring program 
requires collaboration from a team of 
stakeholders: 
•	 Hospital/birthing center
•	 Medical home
•	 Pediatric audiology center
•	 State EHDI program

Hospital/birthing center roles: 
•	 Identify infants who have one or more 

risk indicators.
•	 Provide the family with a referral to a 

pediatric audiology center.
•	 Provide the family with information 

about risk indicators.
•	 Provide the medical home with 

information regarding the risk 
indicator referral.

•	 Report the infants with risk indicators 
to state EHDI program. 

Using a referral form helps hospitals and 
birthing centers to be successful with 
these roles. Figure 1 shows the referral 
form created by Idaho Sound Beginnings 
(ISB) that is used by Idaho hospitals and 
birthing centers. 

To assist with improving the percentage 
of babies screened, hospitals and birthing 
centers should also identify infants 
who are discharged early, transferred 
to another hospital, or not screened for 
some reason. Parents of these infants can 
be contacted by the monitoring program 
representative and informed of outpatient 
hearing screening options and education 
on the screening process, including risk 
indicators for delayed-onset hearing loss. 
Details of the screening process, along 
with the purpose of the screening, need to 
be communicated to the family through 
verbal communication as well as written 

information. An explanation of the 
screening results alone is not sufficient. 
Special attention should be given to 
delayed-onset risk indicators for those 
infants who pass their screen with risk 
indicators present. Educating the family on 
all aspects of the screening process can be 
expected to significantly improve follow up. 

Medical home roles: 
•	 Being familiar with risk factors for 

delayed-onset hearing loss.
•	 Explaining screening results and 

answer questions for the family.
•	 Highlighting existing risk indicators.
•	 Encouraging risk monitoring follow up.
•	 Providing the family with a referral to 

a pediatric audiology center.

Medical homes are expected to have 
knowledge of the risk factors and to support 
and encourage the families to follow up 
with pediatric audiology centers. When it 
comes to hearing loss, the “wait and see” 
approach is not appropriate. The window of 
opportunity to learn speech and language 
is far too narrow to delay identification 
and, if indicated, intervention. Primary 
care physicians (PCP) have a unique 
responsibility to review infants’ medical 
records, discuss the results with parents, 
and recommend the necessary steps in the 
monitoring process. The medical home’s 
active and deliberate involvement in the 
risk factor monitoring process should 
significantly reduce the number of children 
lost to follow up in the EHDI system. 

Pediatric audiology center roles:
•	 Providing appropriate comprehensive 

diagnostic testing for children with 
risk factors.

•	 Knowing the risk factors that have 
higher prevalence of delayed-onset 
hearing loss and requiring earlier and 
more frequent assessments.

•	 Providing documentation regarding 
evaluation outcomes to state EHDI 
program. 

Audiologists at pediatric audiology centers 
are expected to provide appropriate 
diagnostic evaluations for all children, 
particularly those with risk factors for 
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delayed-onset hearing loss. Protocols for 
monitoring this population should be in 
place to ensure follow up is completed 
in a timely manner, allowing for the 
earliest possible identification of hearing 
loss and implementation of appropriate 
intervention. Dividing the risk factors 
into Class A—monitoring required by 3 
months of age—and Class B—monitoring 
required by 12 months of age— is an 
example of a protocol that would highlight 
those risk factors that have a higher 
prevalence of delayed-onset hearing loss. 
Audiologists must be diligent in their 
documentation and ensure that infant 
toddler services (ITS) and state EHDI 
programs are informed of all diagnostic 
evaluation outcomes. Informing ITS will 
ensure speech and language intervention 
and other early intervention services are 
initiated in a timely manner. Keeping the 
EHDI programs informed will assist with 
tracking and reduce loss to follow up.

State EHDI program roles: 
•	 Providing training and support for 

hospitals, birthing centers, physicians, 
and pediatric audiologists on risk 
factors.

•	 Providing a method for hospitals, 
birthing centers, and pediatric 
audiologists to report information 
on infants at risk to the state EHDI 
program.

•	 Tracking and surveillance of infants 
with risk factors.

State EHDI programs have an important 
role in monitoring children with risk 
factors for delayed-onset hearing loss. 
These programs provide essential training 
and lend support to all entities involved 
with the monitoring and identification of 
hearing loss. They create and disseminate 
tools designed to improve the system 
and reduce loss of children to follow up. 
One such tool is a letter to the medical 
homes to inform providers of screening 
and diagnostic results, as well as note risk 
factors for delayed-onset hearing loss. 
This is intended to encourage providers 
to remind families to schedule and 
keep monitoring appointments. This 
information can also be a starting point 

for discussion of appropriate intervention 
for these children who are at risk.

Data Management System for a Risk 
Monitoring Program

National EHDI Goal 6 states: “Every 
state will have an EHDI tracking and 
surveillance system that minimizes loss 
to follow-up” (CDC, 2010). State EHDI 
programs need a data management system 
to track infants with risk indicators. These 
systems will also need to track infants 
identified with delayed-onset hearing loss.

Annual Program Evaluation of a 
Risk Monitoring Program 

National EHDI Goal 7 states: “Every 
state will have a system that monitors 
and evaluates the progress towards the 
EHDI goals and objectives” (CDC, 2010). 
The monitoring and evaluation of risk 
indicators for delayed-onset hearing loss is 
a continual process. Annually, state EHDI 
programs should evaluate: 

•	 Education and training of medical 
staff (nurses, physicians, midwives) 
regarding risk monitoring for 
delayed-onset hearing loss.

•	 Data collection of risk indicators from 
hospitals and birthing centers.

•	 Effectiveness of the referral process 
for infants with risk indicators.

•	 Information given to families of 
infants with risk indicators.

•	 Education for pediatric audiologists 
on risk monitoring for delayed-onset 
hearing loss.

•	 Data collection of audiological test 
results from pediatric audiologists.

•	 Education for medical homes on risk 
monitoring for delayed-onset hearing 
loss.

•	 Performance of the data management 
system used to track risk indicators.

•	 Information and support for families 
of infants diagnosed with delayed-
onset hearing loss.

•	 The plan for monitoring and 
evaluation of opportunities for infants 
and children to receive appropriate 
intervention services. 

State EHDI programs 
have an important role 
in monitoring children 

with risk factors for 
delayed-onset hearing 

loss. These programs 
provide essential training 

and lend support to all 
entities involved with 

the monitoring and 
identification 

of hearing loss. 
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Current Data and 
Future Research on Risk 
Monitoring

As previously stated, JCIH recommends 
research in the following areas: 

•	 Development of state data 
management systems with 
the capacity for the accurate 
determination of the prevalence for 
delayed-onset or progressive hearing 
loss.

•	 Development of state data tracking 
systems to follow infants with 
suspected and confirmed hearing loss 
through the EHDI program.

•	 Track genetic, environmental, and 
pharmacologic factors that contribute 
to hearing loss, allowing for tailored 
prevention and intervention strategies. 

Idaho Data on Risk 
Indicators and Delayed-
Onset Hearing Loss

ISB is the EHDI program for the state 
of Idaho. In 2007, ISB program began 
collecting data on risk indicators and 
delayed-onset hearing loss using the 
Hi*Track data collection system. 

After the publication of the JCIH 
2007 position statement, Idaho Sound 
Beginnings initiated efforts to train 
staff at birthing centers and hospitals, 
as well as audiologists across the state. 
Training included education on risk 
factors, monitoring protocols, and role 
of stakeholders in the process. As a result 
of these training efforts, the number of 
infants with documented risk factors 
gradually increased over the next 6 years. 
Idaho data showed the prevalence of 
infants with a risk indicator ranging from 
3.1-11.4%, increasing from 660 infants in 
2007 to 2,102 infants in 2013 (see Figure 
2). The prevalence information includes all 
infants born in Idaho from January 2007 
to December 2013 (n=160,833). 

The most frequently reported risk 
indicators were within the neonatal 
indicator category. Neonatal indicators—
combined together for the purpose of this 
data analysis—included:

•	 NICU stay of greater than 5 days
•	 ECMO
•	 Exposure to ototoxic medications
•	 Low APGAR scores
•	 Low birth weight 
•	 Hyperbilirubinemia requiring 

exchange transfusion

Additional risk indicators reported with 
significant frequency were family history 
and craniofacial abnormalities (see Figure 
3). This data coincides with the findings 
of Hall III (2007), discussed earlier in this 
chapter. This data does not account for 
infants with one or more risk factors. 

When looking specifically at delayed-onset 
permanent hearing loss, data revealed 
3.5 infants per 10,000 were diagnosed 
from 2007 to 2011. Of those 35 infants, 
7 had no reported risk indicators, which 
resulted in 2.7 per 10,000 infants with risk 
indicators diagnosed with delayed-onset 
permanent hearing loss. Of the 28 infants 
with risk indicators, 10 risk indicators 
were reported (see Figure 4). The most 
frequently occurring risk indicators were a 
NICU stay longer than 5 days (15 infants) 
and ototoxic medication treatment (13). 
It should also be noted that 75% of those 
28 infants had multiple risk indicators 
reported.

In October 2011, Idaho began collecting 
data on early and more frequently 
monitored risk indicators—classified 
as Class A. All other risk indicators 
were classified as Class B (see Figure 
5). Infants with Class A risk indicators 
were recommended for evaluation by a 
pediatric audiologist by 3 months of age. 

From October 2011 to May 2014, data 
was collected from all reporting birthing 
hospitals in Idaho. Data indicated 145 
infants with risk factors for delayed-onset 
hearing loss as defined by JCIH passed their 
newborn hearing screening (see Figure 6). 

National EHDI Goals: 

“Every state will have 
an EHDI tracking and 

surveillance system 
that minimizes loss to 

follow-up” 

“Every state will have a 
system that monitors 

and evaluates the 
progress towards 

the EHDI goals and 
objectives” 
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Of those infants, 57 returned for monitoring 
diagnostic audiology evaluations. Present 
factors—denoted as Class A risk factors—
were craniofacial abnormalities, postnatal 
infections, and syndromes associated with 
hearing loss.

Of the infants with Class A risk indicators 
that returned for comprehensive 
diagnostic audiology evaluations, 40% 
(23 of 57 infants) were found to have an 
educationally significant hearing loss by 
3 months of age. These findings support 
early and more frequent monitoring of 
certain risk indicators. It also indicates 

over 60% of the infants with risk factors 
for delayed-onset hearing loss are being 
lost to follow up. If the trend noted for 
those infants that did follow up is true for 
those lost to follow up, an estimated 35 
infants with delayed-onset hearing loss 
were missed during this time period in 
Idaho. Dividing the risk indicators into 
Class A and B has improved Idaho’s early 
diagnosis of infants who have hearing loss 
associated with craniofacial abnormalities, 
postnatal infections, and syndromes. 
However, with a loss to follow up rate of 
greater than 60%, much work remains to 
be completed.
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Figure 1
ISB Referral Form 2014
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Figure 1
(continued)
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Figure 2
Prevalence of Infants with a Risk Indicator 
in ISB 2007-2013 Data

Figure 3
Number of Risk Indicators Reported in ISB 
2007-2013 Data
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Figure 4
Risk Indicators Reported for the 28 Infants 
Diagnosed with Delayed-Onset Permanent 
Hearing Loss with Risk Indicators Present 
Reported in ISB 2007-2011 Data
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Figure 5
Idaho Risk Monitoring Algorithm
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Figure 6
Class A Risk Factors in Idaho Birthing 
Hospitals
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