





Figure 9. Symmetry Plots at 0.5KHz, 1KHz, 2KHz, 4KHz, PTA3, and PTAA4.
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Chapter 4

4 Discussion

4.1 Introduction
Most developed countries, including Canada, have implemented EHDI programs,

including universal newborn hearing screening. The literature shows that language
development is positively and significantly affected by the age of identification and of
intervention services (Yosinago-Itano, 1998). This critical period for early language
development is within the first six months of life (Yoshinago-Itano, 2003).

Universal newborn hearing screening and EHDI programs result in earlier
diagnosis of hearing loss and early detection enables early intervention services for
affected families. Earlier generations of children could be identified as late as two and a
half years of age, after significant developmental opportunities have passed (Yoshinago-
Itano et al., 1998).

The current audiological standard is to complete the hearing screening in all
infants by one month of age, followed by audiological assessment by three months of age
in those identified as at-risk for hearing loss based on the screening outcome, and
targeted risk factors, depending on geographical location (JCIH, 2007). For infants with
confirmed hearing impairment, intervention should begin by six months of age
(‘Yoshinago-Itano, 2003).

The JCIH recommends that all infants with certain risk factors for other speech or
language impairments should be under surveillance for long-term communication
development (JCIH, 2007). These at-risk children receive universal neonatal newborn

hearing screening, and in addition, should have ongoing medical, speech, language, and
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audiological surveillance through their medical “home”. It is considered important that

infants who pass neonatal screening, but have one or more risk factors for hearing

impairment such as low birth weight, have at least one diagnostic audiological

assessment by 24 to 30 months of age. However, the evidence to support these

recommendations is generally lacking and a recent study by Beswick et al. (2012) argues

that there is a need to examine the effectiveness of newborn screening and surveillance

programs through data review and data sharing across infant hearing programs.

are:

4.2

Insights from the Literature

The literature reviewed in Chapter 1 is extensive. Key findings in summary form

Early detection is critical. Earlier identification of hearing loss leads to
better results in communication, educational achievement, and social

development in children.

UNHS is carried out in Canada and in most developed countries. Its use
has dramatically improved outcomes for infants with hearing loss at birth.
Most, but not all cases of hearing issues are detected by UNHS.
Postnatal hearing impairment is complex. Little is understood about
the numbers and features of infants who develop significant hearing
loss even after passing initial newborn hearing screening.

Identifying those children who develop hearing problems after
passing the initial newborn screening is recognized as a serious

challenge in the field of audiology. The data from large databases of
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universal neonatal hearing screening programs could be useful for
establishing practice and policy for children with different hearing
loss outcomes, including progressive and emergent postnatal hearing

loss.

There are only a few early detection programs that currently have the capacity to
report the number of infants screened, assessed, surveilled, and registered in intervention
programs. Moreover, there is a need for evidence-based research to determine the cost
effectiveness of dealing with specific surveillance and risk factors because the cost of
audiological assessment is a policy factor in determining the feasibility of monitoring
Services.

A comparison of hearing outcomes across populations that have different risk
levels is needed to improve screening and assessment. For example, these populations
include infants who pass or fail newborn screening and those with and without protocol
defined risk factors. The major contribution of this thesis is in providing a detailed
description of the comprehensive data set of children from the Ontario IHP screening and

surveillance program at the H.A. Leeper Clinic site.

4.3 Research Question 1: Identification of Hearing
Impairment

It was hypothesized that the Referral groups (referral route to IHP) will be related
to the hearing assessment outcomes (presence/absence; category and degree of hearing
disorder). A specific aim of this study was to look at hearing outcomes in terms of
hearing loss present or absent (ie. normal hearing) for the entire population, and for the

five different Referral groups. From the total of 2,638 children enrolled at this site, 2,390
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were determined to have normal hearing by audiological assessment (full diagnostic and
surveillance testing). Of interest, and with potential further consideration, is the
considerable difference between the number of hearing impaired cases that were
identified as male (62.9%; n=156) versus female (37.1%; n=92) in this thesis.

As per the meta-analysis of Fortnum (2003), the proportion of males to females
identified with permanent childhood hearing impairment. This allowed for a calculation
of an overall gender ratio for impairment >40dB of 1.16/1.0 (Fortnum, 2003). It is not
clear why the proportion (1.70/1.0) of males to females is much higher in this thesis. If
gender is consistently predominantly male across research studies for those who are
screened and develop hearing loss, this could affect practice and policy in the future.

The detection of hearing loss was also examined within each of the five Referral
groups. Infants who failed newborn screening (NHSF), or infants who are recommended
for surveillance based on the presence of at least one IHP defined risk factor (SURV), or
who are referred externally (EXT), reactivated (REACT), or transferred (TRANS), all are

eligible to receive IHP services.

4.3.1.1 NHSF Referral Group Hearing Outcomes

The majority of the cases identified with hearing loss were those children who
were NHSF, and therefore had been referred to the IHP with a “refer” result from
screening in at least one ear (57.7%; n=143). It is important to note that 15.1% (33/219)
of cases labeled “hearing impaired” by manual review were actually cases for which
hearing loss type was not yet identified, or unknown. The other 29 charts were not
available for manual confirmation and were therefore excluded. Therefore, caution

should be exercised in basing conclusions solely on the electronic database.
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It was expected that the majority of the cases that developed hearing impairment
would have been in the NHSF Referral group, despite the presence or absence of a risk
factor. Out of 693 NHSF referrals (failed UNHS), 143 children did develop hearing
impairment. However, 79.4% (n=550) children, of the NHSF referred children had
normal hearing, which is why it is important to be mindful of how to approach the results

of initial screening with parents and caregivers, to alleviate anxiety (Hyde, 2005).

However, considering data that in hospitals with newborn screening compared to
hospitals without screening, 84% who received screening were identified prior to six
months of age as recommended, while only 8% were detected prior to six months in
hospitals without screening (Yoshinago et al., 2001). This demonstrates the benefits of
universal screening for developmental outcomes, especially beneficial for those who fail

newborn screening (NHSF).

This thesis reported data from the NHSF group, where 693 children failed the
screen, and subsequently 20.6% (n=143) were identified with permanent childhood
hearing impairment. Another study that examined a group of screened children was
conducted by Mason and Herrmann (1998). All of the newborns (n=10,372) were
screened in the nursery. In this sample, 415 of these children failed screening, and a
subsequent 3.6% (n=15) children were then identified with a permanent childhood
hearing impairment (Mason & Herrmann, 1998). Interestingly, a similar study by
Barsky-Firsker and Sun (1997) showed results of 10.7% (n=52) from a total of 485
children who failed their screen. It is not clear from the literature why the incidence of

permanent hearing impairment is lower in the Mason and Herrmann study.
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4.3.1.2 SURV Referral Group Hearing Outcomes

A main point that was noted from the data described in Figure 2 is that the
majority of the children referred to the H.A. Leeper Clinic for IHP services from
implementation in 2002-2011 were in the SURV group. That means that a total of 1,559
children were assessed who were referred because they had at least one IHP protocol
defined risk factor. Out of the 1,559 referred for SURV, 23 SURV cases were identified
from the electronic database as hearing-impaired (1.47%; n=23). There were 20 of these
23 charts in the SURV group available for manual review to check for confirmed hearing
impairment. There were seven cases upon manual chart review in the SURV group that
were still not determined for hearing loss type, however, it is apparent from the threshold
data that there is some type of hearing impairment for three of the seven cases. One case
was a query for auditory neuropathy, whereas the other two children were queries for
sensorineural loss. The remaining four cases had insufficient visit and threshold data, as
well as incomplete hearing loss type data from the IHP data forms available.

Therefore, it can be said with more certainty that there are closer to 17/20 SURV
children based on chart review with some type of identified hearing impairment. This
would give a rate closer to 17/1,556= 1.09% detected by surveillance for the entire SURV
group referred in the time frame of this thesis.

A study recently published by Beswick et al. (2012) is the only other known
large-scale study examining surveillance monitoring outcome data. The goal of the
researchers was to describe a targeted surveillance program using risk factors. Beswick
et al. (2012) had available a comprehensive risk factor registry, whereas this thesis was

only able to account for the presence or absence of at least one risk factor. During their
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study period from September 2004-December 2009, 7,320 children were referred for
targeted surveillance after passing newborn screening. They found that 0.77% (56/7,320)
were identified with postnatal hearing loss (this is the rate of postnatal loss) (Beswick et
al., 2012).

This thesis has a similar time frame, from 2002-2011, although our catchment
area was smaller, and we had a total of 1,559 children referred to the H.A. Leeper Clinic
for surveillance monitoring, although we examined all Referral groups. While comparing
the results of this thesis with those of Beswick et al. (2012), this thesis had a postnatal
hearing loss rate of 1.48% (23/1,559). These data are from the electronic database and,
therefore, may be a slight overestimate of the total confirmed cases of permanent
childhood hearing impairment, if some of these cases were still not fully determined.

Another interesting study by Johnson et al. (2005) concluded that of 21 infants
who had failed the otoacoustic emissions (OAE) testing but had passed their automated
brainstem response (ABR) audiometry during newborn screening developed either
bilateral, or unilateral permanent hearing impairment, identified around nine months of
age. These researchers show that many of these cases are milder hearing loss and that
many of the machines used are designed to identify moderate or greater hearing loss
(Johnson et al., 2005). They recommend more surveillance during childhood.

The results from this thesis, which has a higher rate of detected postnatal hearing
impairment than found by Beswick et al. (2002) suggest that ongoing surveillance and
improved surveillance program evaluation would be useful for improving hearing

outcomes.
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4.3.1.3 EXT, TRANS, and REACT Referral Group Hearing
Outcomes

The EXT group included 11.3% (n=28), TRANS with 8.9% (n=22), and REACT
had 12.5% (n=31) of the hearing-impaired sample from the electronic database. These
groups are relatively evenly distributed and have more variability in their definition of
referral routes. For example, a REACT case could include a child who originally passed
UNHS without a risk factor, or who originally passed, with a risk factor, and was cleared
after surveillance. The child could be later reactivated due to concern. Conversely, a
TRANS case is transferred within the IHP region but identified by another IHP region,
and therefore, there is limited knowledge of these cases in terms of their original referral
information. Finally, the EXT group could be anyone with screening results unknown, or
who moved from outside the country. Other situations for the EXT group could include
cases in which the child was born prior to newborn screening implementation. These
EXT cases are referred due to some kind of concern, or due to the absence of any initial
screening. Therefore, EXT, REACT, and TRANS groups in this thesis are less

generalizable than the NHSF, or the SURV group.

4.3.2 Hearing Loss Presence/Absence and Hearing Risk Factor

The risk factor data results were not the main focus of the research questions but
are of interest because it is useful information, especially in looking at incidence with the
hearing-impaired population. For example, a study by Mehl and Thomson (2002)
identified 291 children with congenital hearing loss in The Colorado Newborn Hearing
Screening Project from 1992-1999. In this study, 47% of the 291 children were identified

with at least one risk factor. Additionally, the study also looked at cases from the year
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1999 specifically. In this year, 86 children were identified with hearing loss, and 32 of
the 86 children were identified with having at least one risk factor, showing the
importance of non-targeted universal screening (Mehl & Thomson, 2002). This thesis
found that 66.1% of the hearing-impaired group was identified with at least one risk
factor (n=164/248), which is slightly higher than the described study by Mehl &

Thomson (2002).

A limitation of this thesis was the fact that hearing risk factor data were based on
the definition of presence or absence of at least one risk factor, with no specific details
provided. However, given this caveat, in the hearing-impaired group, 66.1% had at least
one risk factor (n=164/248), in contrast to the normal-hearing group, where only 46.2%
had the presence of at least one risk factor, based on the electronic database. This thesis
also shows that, as expected, there is substantial variation in the presence of risk factors
by Referral group. For those children referred from NHSF, a large majority (74.2%)
were identified with at least one risk factor. This is again a much larger number than
seen in the study by Mehl and Thomson (2002). It would be helpful to know more
detailed risk factor data, such as a comprehensive list of risk factors as a necessary

component of the IHP protocol, and to have this documented in the IHP database.

Also of importance is that every child in the SURV group had at least one IHP
protocol risk factor, which is why they were referred to the IHP Surveillance Program.
The risk factor data are incomplete for the normal hearing group based on the electronic
database, and those cases were listed as unknown. This was 48.7% of the total sample
with risk factor data incomplete from the electronic database. An article by Mason,

Gaffney, Green, and Grosse (2008) shows that there is a need for standards for reporting



63

results in EHDI programs overall. It was taken into account that those cases in the IHP
SURYV group should have been considered to have at least one risk factor by definition,
despite the large number of unknown cases (incomplete data entry), for the normal

hearing group, based on the electronic database.

The EXT group had just over half (55.6%) identified with at least one risk factor
while the IHP transfer hearing-impaired cohort had 57.9%. For the IHP group that was
reactivated, 47% of the cases had at least one risk factor. These three Referral groups are
again more difficult to generalize because of the various different ways that the children
are transferred or referred. It is therefore expected that there will be more variability than
with the NHSF and SURYV groups. There is also no known study that has broken down

the Referral groups in this manner.

4.4 Research Question 2: Nature of Hearing Loss
Research Question 2 focuses on the details of the hearing impairment for the
hearing-impaired subjects, and the analysis evaluates these results according to the
referral route into the IHP. Among the 248 hearing-impaired children identified via the
electronic database, a detailed analysis of the clinical charts was conducted in order to
evaluate the nature of the hearing impairment in each subject, and is discussed in the

context of the Referral groups.

4.4.1 Hearing Loss Type

The literature describes three main types of hearing loss: sensorineural,
conductive, and mixed. In addition, this thesis presents data on auditory neuropathy,

which has been included in targeted permanent childhood hearing loss since the JCIH
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2007 guidelines (JCIH, 2007). This thesis measures the extent of variation in hearing
loss by Referral group. To briefly summarize the results shown in the thesis, for all
groups, the “bilateral same” category for sensorineural hearing loss has the largest
number of cases and conveys the best overall picture when comparing hearing loss across
categories. Most neonatal hearing loss is sensorineural, and a known genetic cause is
found in 50% of these children, as described by Patel and Feldman (2011), and our

results are similar.

Additionally, it is noted that there are substantially more bilateral cases (n=200)
compared to unilateral (n=19) and this is clear across Referral group categories, and most
pronounced in the NHSF, as expected. Additionally, there is a relatively high proportion
of conductive hearing loss unilaterally, which could be due to structural abnormalities,
such as microtia. Auditory neuropathy is most common in the NHSF group with 23 cases
out of the 29 identified. It would be interesting to examine how many of these cases were
Newborn Intensive Care Unit (NICU) cases, although these specific risk data were not

available.

There were a relatively large number of cases where the data from the IHP form
in the charts were “unknown” bilaterally. There was a total of 32 cases with “unknown
bilaterally”. This can be misleading because there are different scenarios where there is
threshold data that indicate hearing impairment, but the hearing loss type is not yet
confirmed, or the IHP form was left blank, and perhaps the type was, in fact, known.
Other reasons include conflicting data, one visit only data, a blank field for hearing loss

type, or something is being queried, however, not yet confirmed. For the “different
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bilaterally” cases, the majority are where one ear is defined, while the other is unknown.
The same reasons as above apply for why this may be unknown.

Using the “Bilateral same: Behavioral Audiogram” category, the lowest incidence
of (sensorineural +conductive+ mixed) divided by total category cases is recorded for the
NHSF and for the SURV group (0.28 and 0.30). The other three categories are much
higher, all falling in the range from 0.53 to 0.59. When including auditory neuropathy as

a fourth hearing loss category, the incidence by referral category is:

NHSF; (55/128, 0.43)

TRANS (10/19, 0.53)

SURV (8/20, 0.40)

REACT (15/25, 0.60)

EXT (18/27, 0.67).
This shows that NHSF and SURV continue to have the lowest incidence rates but the

difference is smaller.

4.4.2  Severity of Hearing Loss

Although incidence data for hearing loss are important, the severity of the loss is
likely a more important indicator of impact. This thesis shows the degree of such loss in
total and by Referral group using both PTA3 and PTA4 data and using Clark’s (1981)
criteria. Although PTAS3 is used more commonly, PTA4 data were also included for
comparison with PTA3. Overall, both PTA3 and PTA4 show a significant hearing loss

(all from moderate to profound) for approximately two-thirds of the cases.

Overall, the majority of cases were moderate hearing loss, followed by

moderately-severe. Of importance, the mild and slight hearing loss groups comprise
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32.3% of the overall sample here with PTA3 data. The SURV group included 10 cases
with PTA3 data and 8 cases with PTA4 data. The SURV group is the Referral group that
had the most cases of mild hearing loss, as well as moderate hearing loss, both at 30%
with PTA3 data; results are similar for PTA4. This could indicate that these mild hearing
loss cases are not being picked up at newborn screen but would be captured through
subsequent surveillance. It is also possible that they were normal hearing at birth and that
the hearing loss is emergent, and had progressed to a mild loss at the time of assessment.
There is significant evidence that both slight and mild hearing loss can have large effects
on language development as well, and this group could benefit from improved efforts in

identification and management of hearing loss (Bess, Dodd-Murphy, & Parker, 1998).

In assessing the degree of hearing impairment by Referral groups for both PTA3
and PTA4 data, this thesis shows that both EXT and TRANS Referral groups have the
highest proportions in these categories with 0.71 and 0.77 (EXT PTA3 and PTA4) and
with 0.89 and 0.89 for TRANS. The lowest severity (at 0.5 for both PTA3 and PTA4) is
in the SURV group. If the focus is only on the two most severe categories (severe and

profound), the same two categories have relatively more of these cases.

Based on Referral groups and by looking at PTA3, it is apparent that there are
more moderate hearing loss cases in general across groups. An interesting point is that
compared to PTA4, there are many fewer profound hearing loss cases looking at PTA3.
This could have clinical implications for deciding upon severity criteria, as PTA3 data is
commonly used as a standard, but perhaps there should be more investigation into the

differences between PTA data .
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Another puzzling finding is that the greatest degree of profound loss by Referral
group is in the EXT group with PTA3 data (21%). This is considerably more than any
other group looking at PTA3 or PTA4. However, the EXT group with profound loss

looking at PTA4 drops to 8%.

Both the TRANS and REACT groups have a larger proportion of moderately
severe loss, with 34% and 37%, respectively. However, the NHSF group trended
towards a higher proportion with moderate (29%, PTA3; 34% PTAA4) hearing loss and

mild hearing loss (23% PTA3; 20% PTAA4).

4.4.3 Hearing Loss Symmetry

Hearing loss symmetry is based on comparisons of left ear versus right ear, with
asymmetry defined as a difference of >20dB between both ears (Pittman &
Stelmachowicz, 2003). This thesis provides important insights into this issue using both
tables and scatterplots. Asymmetry is of importance clinically with binaural amplification

implications.

Symmetry scatterplots (RE vs. LE) show a very high association in terms of
symmetry, with more variation at 2 and 4 KHz. The 2 KHz and 4 KHz test results show
a greater proportion of asymmetry cases, and is consistent with other research (Pittman &

Stelmachowicz, 2003).

The other four test types are similar in the extent to which they provide lower
proportions of asymmetry cases. By Referral group, it is clear that the TRANS group

(74%) and the REACT (68%) have the greatest degrees of asymmetry. The lowest



68

proportion is for the SURV where there were only three asymmetries (15%). These

findings are shown clearly and consistently in the tabulations and scatterplots.

The REACT group might have been cases of progressive or mild hearing loss in
one ear, and therefore, originally passed screen. This might be a reason for more
asymmetry seen in this Referral group. There are, however, no consistent data in the

TRANS group and due to sample sizes, it is difficult to make any concrete conclusions.

4.4.4  Hearing Loss Age

This thesis also examined the impact of age of the child on the various hearing
frequencies. Age (in months) was then plotted against frequencies and provides age range
data for referencing the data. Only the most recent (and most complete) behavioral
audiogram data were used for each of the hearing-impaired cases. ABR only audiogram
cases were excluded. Scatterplots and simple correlation coefficients show that the
degree of association was extremely low in all cases. As a result, this thesis does not

focus on age issues which appear to not be a statistically significant factor.

4.5 Limitations of Study
This study is based on data from an extensive database at the H.A. Leeper Speech
and Hearing Clinic. The database at this IHP site is manually entered. The presence of
blank data for the normal hearing group, especially for gender and presence or absence of
a risk factor limited the usefulness of these data upon review from the electronic
database. This is a common problem with electronic databases and data entry compliance
has been similarly cited by Beswick et al. (2012) and the need for standards is stated by

Mason et al. (2008). Also, despite best efforts, there were 29 charts out of 248 that could
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not be located in the archives. That left 219 charts with hearing impairment that were
available for review. It is recognized that any unknown data will affect attrition bias, and
it is assumed there will be some human error from data extraction to data entry, although

this is not viewed as a significant limitation.

There were also limitations in analyzing risk factor data, due to the definition
which can only reliably say whether there was the presence of at least one risk factor. A
future goal for the IHP would be to incorporate a comprehensive list that must be
checked off based on protocol defined risk factors and that all of these are entered in the
electronic database. Data were manually extracted for risk factors for the hearing loss
patients through chart review (confirmation of at least one risk factor), although there
were many unknown risk data from the electronic database. The charts for the normal
hearing cases were also archived and there were 2,390 cases, which were out of the scope
of this thesis for manual review. However, referral groups were captured almost entirely

for the entire study sample.

In addition, the IHP data forms were not always consistently checked off in every
visit for different fields, such as hearing loss type. This is why it was chosen to use the
most recent behavioral test when available to define hearing loss type or for choosing
PTA data for hearing loss severity and symmetry. Conversely, ABR audiogram only data
limited our analysis of the data and were thus kept separately as to not imply that more
reliable testing was performed. ABR only data were thus not used in determining the

hearing loss severity and symmetry, and kept separate for hearing loss type.
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Hearing loss features have many different classification systems, and depending
on the chosen methodology, this can affect the interpretation of results. Therefore,
Clark’s (1981) ASHA accepted criteria were chosen for hearing severity and comparing
PTA3 and PTA4 data for contrast, and the NIH (2008) Pittman & Stelmachowicz (2003)
criteria were chosen for asymmetry. It is our hope that further research using these data

will provide more insight into other features of hearing loss in this sample.

Finally, it is noted that the electronic database showed that there were 23 hearing-
impaired cases for the SURV group. However, this does not take into account those
cases that are still not yet determined for hearing loss type, and are still being assessed.
After further manual review as described in Chapter 3, it is estimated that it is more likely
that there were 17 cases with determined PCHI in the SURV group. This difference has

an effect on how the Surveillance Program is evaluated and its impact on policy.

4.6 Insights for Policy
The different routes that children take to enter the IHP have an important impact
on how we look at program evaluation and its effects on policy makers. This thesis is
one of the largest scale studies that examines targeted Surveillance Programming,
however, the recent study by Beswick et al. (2012) also described a targeted surveillance
program. In their findings, they found a lower rate of hearing loss detection through
surveillance at 0.77% (56/7,329). In this thesis 1.48% 23/1,559 SURV children were

confirmed with hearing loss by the electronic database.

Among their conclusions, Beswick et al. (2012) state that the limitations of the

program bring into question its usefulness. They suggest that better time frames are
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needed for assessment, assessments performed, and that discharge criteria all need to be

revisited (Beswick et al., 2012).

Similarly, this thesis may have also experienced the same challenges and, in
addition, the majority of cases that were assessed in the IHP at the H.A. Leeper Clinic
were surveillance and normal hearing cases. This thesis did find a slightly higher rate of
hearing impairment in our surveillance group compared to the findings of Beswick et al.

(2012).

A cost benefit perspective may be useful in considering the current Surveillance
Program for the OIHP, with further studies looking at the effectiveness of this program.
One possible option might be to move towards a two stage screening process, which
would reduce the cost elements of the Surveillance Program. Weichbold et al. (2006)
concluded from their study that because some children do not have the targeted risk
factors or any at all, another screening around preschool may capture these postnatal
hearing loss cases best. However, this change to the IHP would be costly requiring
another entire round of screening. In terms of improving community awareness, research
programs investigating compliance, standardizing reporting results, and program
awareness by physicians, families, and appropriate timepoints in surveillance would also

be useful.

The overall conclusion of this thesis is that the IHP electronic database at the H.A.
Leeper Clinic provides a unique insight into the effectiveness of the Surveillance
Program. However, one recommendation is that the data capture process at the IHP

clinic level at Western University should include all information in the clinic charts, and
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that the data should be digitized. Electronic management of these data would also ensure
that complete referral data, in addition to all details regarding risk factor were captured.
This would allow a more feasible way to measure program impact and facilitate research
into the epidemiology of permanent childhood hearing impairments as well as hearing

intervention outcomes.
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Appendices

Appendix A: IHP Assessment Criteria

Auditory Brainstem Response (ABR)-based Assessment

1. Compliance with IHP test parameters.

2. Selection and sequencing of stimulus type, frequency and intensity.
3. Branching to 1 kHz, 4 kHz and AN sub-protocol where indicated.

4. Size and replication of averages.

5. Accuracy of response detection decisions.

6. Appropriateness of EHL estimates.

7. Appropriateness of hearing loss type and severity inferences.

8. Consistency between records and IHP report form.

9. Consistency between records and any textual report.

10. Appropriateness of test strategy across multiple test sessions (if applicable).
11. Timeliness of multiple test sessions (if applicable).

Visual Reinforcement Audiometry (VRA)-based Assessment

12. Compliance with IHP Protocol for VRA such as the following:

a. Evidence of 2 consecutive conditioning trials to establish that the infant in
conditioned prior to initiating threshold search

b. Evidence of "bracketing” e.g. at least one (-) below MRL when MRL is considered
to be established at an elevated (greater than 30dBHL) level.

c. Evidence of bone conduction threshold attempts and intervening frequency
threshold attempts where indicated.

d. Evidence of MRL established for at least 0.5 KHz and 2 KHz for both ears (i.e.
assessment is 'finished")

e. Evidence of a control trial strategy to ensure a reliability of at least 70%
f. A reliability score of 70% or better evident in each complete assessment

g. If the reliability score is less than 70%, documentation of an attempt at
reassessment should be present (i.e. assessment is 'not finished").
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13. Appropriateness of hearing loss type and severity inferences.
14. Consistency between records and IHP report form.

15. Consistency between records and any textual report.

16. Appropriateness of test strategy across multiple test sessions (if applicable).
17. Timeliness of multiple test sessions (if applicable).
Distortion Product Otoacoustic Emissions (DPOAE)

18. Compliance with [HP test parameters

19. Constancy of autocalibrated stimulus levels.

20. Replication where indicated.

21. Consistency between records and [HP report.

22. Consistency between records and any textual report.

Middle Ear Audiometry (MEA)

23. Correct probe frequency.

23. Repetition of tympanogram where indicated.

24. Appropriate reflex stimulus levels and repetitions.

25. Consistency between records and [HP report.

26. Consistency between records and any textual report.
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Appendix B: IHP Definitions of Normal Hearing and Permanent Childhood

Hearing Impairment

IHP Normal Hearing Definition

From the IHP perspective, hearing is ‘normal’ when the target disorder is deemed not to be
present. This is not the same thing as the conventional, clinical meaning of ‘normal hearing’.
In ABR-based Assessments, clear and reproducible ABRs by air conduction at 0.5 kHz and
2kHz in each ear at the mandatory minimum levels are sufficient to define ‘normal’ hearing
from the [HP perspective. If any other frequency is tested for any reason, a similar result is
required. In VRA-based and CPA-based Assessments, a similar inference applies, but only if
the VRA thresholds obtained are ear-specific.

Because there are many causes of absent or depressed DPOAESs, normality of OAEs at all
frequencies is not necessary for an overall conclusion of IHP ‘normal hearing’.

When a ‘normal hearing’ determination is made, the family should be counseled fully about
what exactly is meant by such a result and about the need for continued vigilance. The
family should be provided with standard IHP documentation covering issues such as risk
indicators, communication development milestones and actions if a concern develops. This
information should be provided in the most relevant language available from the IHP.

Permanent Childhood Hearing Impairment (PCHI) Present

The infant is defined to have the target PCHI by any elevation of BC tonepip ABR threshold
or VRA MRL of 10 dB or more above the required minimum test levels at 500 Hz or 2 kHz, in
either or both ears. In the event that BC testing has proved unfeasible or inconclusive, AC
threshold measurements may serve to define sensorineural hearing levels provisionally,
provided that immittance results are clearly normal. PCHI is also deemed to be present if AC
thresholds are clearly higher than those that could be attributed to purely conductive
impairment. PCHI is also deemed to be present if test results indicate the presence of AD.
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Appendix C: IHP High-Risk Indicators for Permanent Childhood Hearing

Impairment

Perinatal

The following indicators a-l are usually associated with attendance in a special care nursery,

whereas indicators m-o may arise from any nursery. ANY ONE of the indicators is sufficient

to place the baby at risk. Perinatal indicators are sought by screening personnel, other

hospital staff, and the child’s physician(s).

At initial Assessment, audiologists should review risk status and should seek risk indicators

in children presenting as not at risk. New risk information may arise at any time throughout

the child’s progression through IHP services.

a. Birthweight less than 1200 grams

b. Five-minute APGAR score less than or equal to 3

c. Congenital Diaphragmatic Hernia (CDH)

d. Persistent Pulmonary Hypertension of the Newborn (PPHN)

e. Hypoxic-Ischemic Encephalopathy (HIE), Sarnat II or III

f. Intra-ventricular Hemorrhage (IVH), Grade III or IV

g. Peri-ventricular Leukomalacia (PVL)

h. Extra-Corporeal Membrane Oxygenation (ECMO) or inhaled Nitrous Oxide (iNO) or
High-Frequency Oscillatory (HFO) or Jet (HF]) ventilation

i. Hyperbilirubinemia >=400uM OR meeting any standard criteria for exchange

j- Serologically proven cytomegalovirus (CMV) infection

k. Other proven perinatal TORCHES infection (toxoplasmosis, rubella, herpes, syphilis)

1. Serologically proven meningitis, irrespective of the pathogen

m. Familial Permanent Childhood Hearing Impairment

n. Craniofacial anomaly

0. Other high risk indicator specified by baby's treating physician

Infant (0-24 months)
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All of the above, plus:
1. Parent/Caregiver concern about hearing/speech/language.
2. Postnatal infections associated with sensorineural hearing loss (e.g. bacterial meningitis).

3. Syndromes associated with progressive hearing loss (NFI], Stickler, Usher, etc). 4.
Neurodegenerative disorders (e.g. Hunter syndrome) and sensory motor neuropathies (e.g.
Friedreich’s ataxia, Charcot-Marie-Tooth syndrome).

5. Head trauma sufficient to cause unconsciousness or skull fracture

Newborns known to be at risk on any Perinatal indicator shall be screened only by AABR.
Infants who manifest any indicator are targeted for surveillance procedures through the
first two years. Infants with meningitis may proceed upon recovery directly to fast-tracked
Assessment, with subsequent surveillance in the event of a normal initial Assessment.
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Appendix D: IHP Middle Ear Analysis (MEA) Technical Criteria

Tympanometry

The current [HP protocol is based on discussions in 2003 with Dr Robert Margolis,
University of Minnesota, and on normative data kindly provided by him and published later
in JAAA.

For infants under six months corrected age: Tympanometry shall be done using a 1kHz
probe frequency, with repetition as necessary and feasible, to improve reliability. The key
abnormality criterion is a compensated peak static admittance of <= 0.6 mmbho,
compensated from the negative tail at -400 daPa.

For infants six months and over corrected age: Tympanometry shall be done using a 226
Hz probe frequency, with repetition as necessary and feasible, to improve reliability. The
key abnormality criterion in the age range 7-12 months is a compensated peak static
admittance of 0.1 mmho, compensated from the positive tail at +200 daPa. From 13-18
months, the criterion is 0.15 mmho. From 19 months on, the criterion is 0.2 mmho.

Middle-Ear Muscle Reflexes

Irrespective of age, acoustic reflexes shall be elicited with a 1 kHz stimulus and measured
ipsilaterally, using a 1 kHz probe frequency. Stimulus level shall start at 90 dB and increase
in 5 dB steps up to no greater than 100 dB. Note that for a given nominal level, real-ear SPLs
in young infants may be up to 20 dB greater than in adults. Reflex presence is defined by a
clear, negative deflection, repeatable at any stimulus level.

Comments

Tympanometry criteria are set at the 5th percentiles of age-specific normative distributions.
In the case of double peaks, the large peak is used. Admittance change without development
of a genuine peak is abnormal regardless of change size. Caution is required in applying
these criteria to young neonates, in whom canal wall collapse may lead to steep negative
tails. The clinical utility of other measures such as peak pressure, width and gradient is
unclear in infants. Reported 90% range boundaries for TPP are from approximately (-150 to
-100) up to (0 to 50) daPa.
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Appendix E: Types of Assessment and Timing of Initial Assessments
1. Types of Assessment

Assessments are ABR-based or Behaviour-based. The latter includes Visual Reinforcement
Audiometry (VRA), conditioned play audiometry (CPA), or conventional audiometry. The
choice of approach is at the discretion of the IHP audiologist, taking account of the
individual characteristics of the child and the context and purpose of the Assessment.
Assessment may be of Initial, Follow-up or Surveillance types. This protocol shall apply to
all types, but test selection and direction of testing effort in the context of follow-up is at the
discretion of the IHP audiologist. For Initial Assessments funded by the IHP, the full

complement of tests as specified in this protocol is mandatory.
2. Timing of Initial Assessments

Where not medically contra-indicated, Initial Assessments of infants referred from IHP
screening shall be targeted at a corrected age of 6-8 weeks. For NICU graduates after
extended hospital stays, Initial Assessment shall be targeted within 4 weeks of discharge

home, subject to appropriate health status.

Initial ABR-based Assessment shall follow any abnormal result at the [HP Surveillance ABR
targeted at 4-6 months corrected age in high-risk infants who pass the AABR screen. For
infants at risk who refer on the screen but are normal at Assessment, at least 3 months shall
elapse between Assessment and the next Surveillance test, which will usually be VRA-based
at 10-12 months. Initial Assessment by other age-appropriate techniques may be indicated
by an abnormal finding at any high-risk Surveillance event, up to and including the 30-
month family interview. See Appendix C for IHP risk indicators for permanent childhood

hearing impairment, which govern eligibility for IHP Surveillance.

Abnormal findings on any IHP Surveillance event shall lead to a full Assessment of the
appropriate type, as soon as possible, even at the same visit if test conditions and

scheduling permit.

For any infant with a meningitis risk indicator, Assessment is indicated as soon as possible
after recovery, if there is a referral into IHP. For this risk indicator specifically, IHP

Screening or Surveillance testing prior to full Assessment are NOT appropriate. Special,
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non-IHP, fast-track protocols for follow-up of meningitis may be in place locally. Optimal
Assessment procedures and timing above and beyond the above specification are currently

under review of evidence.

There is accumulating evidence that specific risk indicators other than meningitis may
warrant direct eligibility for Assessment and may render screening irrelevant or even
inappropriate. Examples may include ear canal atresia and proven cytomegalovirus

infection. This matter is also under evidence review.

3. Surveillance Assessments

Surveillance Assessments shall be conducted on all IHP registrants who are determined as
at risk by IHP risk indicators. They shall be conducted without regard to passing UNHS or
determination of normality at any prior Assessment. At a corrected age of 4-6 months,
Surveillance Assessment shall include manual ABR measurement by air conduction at the
IHP minimum levels for 2 kHz and 4 kHz bilaterally. DPOAE and MEA testing are
discretional. ABR absence at any minimum level shall lead to prompt, full diagnostic
Assessment, which may be a separate appointment or may be initiated at the Surveillance if

test conditions and schedules permit.

Surveillance testing at 4-6 months shall NOT be replaced by telephone interview, except in
cases of persistent inability or refusal to attend for testing. AABR screening shall NOT be

substituted for manual ABR testing.

At a corrected age of 10-12 months, Surveillance Assessment shall include VRA Minimum
Response Level (MRL) determination at 2 kHz and 4 kHz bilaterally. DPOAE and MEA
testing are discretional. Any MRL greater than the IHP minimum level shall lead to prompt,
full diagnostic Assessment, which may be a separate appointment or may be initiated at the

Surveillance, if test conditions and schedules permit.

Surveillance testing at 10-12 months shall NOT be replaced by telephone interview, except

in cases of persistent inability or refusal to attend for testing.

Families shall be contacted at a corrected age of as close as possible to 18 months and
administered appropriate questioning about auditory responsiveness and early language

milestones. Any substantive, questionable finding or parental concern shall lead to prompt,
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full diagnostic Assessment.

Families shall be contacted at a corrected age of as close as possible to 30 months and
administered appropriate questioning about auditory responsiveness and early language
milestones. Any substantive, questionable finding or parental concern shall lead to prompt,

full diagnostic Assessment.

Infants who pass all the above Surveillance events shall be discharged from the IHP. They
may be re-admitted to the IHP only if audiometry outside of IHP and by an audiologist
registered with CASLPO has identified probable PCHI. Such audiometry shall not constitute
IHP Assessment, but shall be deemed to establish sufficient PCHI risk to justify referral into

the IHP for diagnostic Assessment.
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Appendix F: Ontario IHP Regions
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Appendix G: Ontario IHP Schematic Flowchart Protocol
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Appendix H: Hearing Loss Type Tables in Detail

Hearing Loss Type- EXT (n=27)

89

Hearing loss Unilateral Bilateral Bilateral Unilateral Bilateral Bilateral
type same different same differentABR
External Behavioral Behavioral Behavioral ABR ABR audiogram
referral audiogram audiogram audiogram qudiogram audiogram ONLY
ONLY ONLY
Right | Left Right Left | Right | Left Right | Left
ear ear ear ear ear | ear ear ear
Sensorineural - - 15 - - - - 3 - -
Conductive - - - - - - 1 1 1 -
Mixed - - 1 1 - - 1
Auditory - - 2 - - - - - -
Neuropathy
Unknown - - - - 1 - 1 - 1

Note. Hearing loss cases with behavioral audiogram (n=19). Hearing loss with ABR audiogram only (n=38).
Total with unilateral loss (n=1); total with bilateral loss [n=27), including n=2 cases with one ear
“unknown” for hearing impairment. Totalling these numbers does not equal 27 because children

appear more than once in the “bilateral different” (columns four and seven).

Hearing Loss Type- NHSF (n=128)

Hearing loss Unilateral Bilateral Bilateral Unilateral Bilateral Bilateral
type same different same differentABR
UNHS Behavioral Behavioral Behavioral ABR ABR audiogram
Newbaorn audiogram | oudiogram | oudiogram agudiogram audiogram ONLY
Refer ONLY ONLY
Right | Left Right | Left | Right | Left Right | Left
ear ear ear ear ear ear ear ear
Sensorineural 4 2 32 1 5 - 3 14 [ 7
Conductive 4 - 2 - - - - 1 2 2
Mixed - - 2 - - - 2 2 2
Auditory - - 19 - - - - 3 1
Neuropathy
Unknown - - 10 5 1 1 - 6 7 5

Note. Hearing loss cases with behavioral audiogram (n=81). Hearing loss with ABR audiogram only
(n=47). Total with unilateral loss {n=14);total with bilateral loss (n=115), including n=23 cases with one
ear “unknown” for hearing impairment. Totalling these numbers does not equal 128 because children

appear more than once in the “bilateral different” (columns four and seven).



Hearing Loss Type- SURV Group (n=20)

90

Hearing loss Unilateral Bilateral Bilateral Unilateral Bilateral Bilateral
type same different same differentABR
HP Behavioral Behavioral Behavioral ABR ABR audiogram

Surveillance audiogram audiogram audiogram audiogram | audiogram ONLY

Group ONLY ONLY
Right | Left Right Left | Right | Left Right | Left
ear ear ear ear ear | ear ear ear
Sensorineural - 1 2 1 1 - - 2 -

Conductive - 2 - - - - - -
Mixed - 2 - -

Auditory - - 2 - - - - - -

Neuropathy

Unknown - - 6 1 1 - - 1 - -

Note Hearing loss cases with behavioral audiogram (n=17). Hearing loss with ABR audiogram only (n=3).
Total with unilateral loss (n=1); total with bilateral loss (n=20), including n=2 cases with one ear

“unknown” for hearing impairment. Totalling these numbers does not equal 20 because children
appear more than once in the “bilateral different” (columns four and seven).

Hearing Loss Type- REACT (n=25)

Hearing loss Unilateral Bilateral Bilateral Unilateral Bilateral Bilateral
type same different same differentABR
HP Behavioral Behavioral Behavioral ABR ABR audiogram

reactivation audiogram audiogram audiogram audiogram audiogram ONLY

ONLY ONLY
Right | Left Right Left | Right | Left Right | Left
ear ear ear ear ear | ear ear ear
Sensorineural - 13 1 - - - 1 - -
Conductive - - - - - - - -
Mixed - 1 - - 1
Auditory - - 1 - - - - 1 - -
Neuropathy
Unknown 1 3 - 1 - - 2 - -

Note. Hearing

loss cases with behavioral audiogram (n=20). Hearing loss with ABR audiogram only

{m=5). Total with unilateral loss (n=1); total with bilateral loss (n=24), including n=1 cases with one ear
“unknown” for hearing impairment. Totalling these numbers does not equal 25 because children

appear more than once in the “bilateral different” (columns four and seven).




Hearing Loss Type- TRANS (n=19)

Hearing loss | Unilateral Bilateral Bilateral Unilateral Bilateral Bilateral
type same different same differentABR
IHP transfer in Behavioral Behavioral Behavioral ABR ABR audiogram
audiogram gudiegram audiogram audiogram | audiogram ONLY
ONLY ONLY
Right | Left Right Left | Right | Left Right | Left
ear ear ear ear ear | ear ear ear
Sensorineural 1 - 7 - - - - 2 1 1
Conductive - 1 - - - - - - -
Mixed - 1 2 - - - - - - -
Auditory - - - - - - - - - -
Neuropathy
Unknown - - 2 - - - - 1 1 1

MNote. Hearing loss cases with behavioral audiogram [n=14). Hearing loss with ABR audiogram only (n=5).
Total with unilateral loss (n=2: total with bilateral loss (n=17), including n=2 cases with one ear
"unknown” for hearing impairment. Totalling these numbers does not equal 19 because children

appear more than once in the “bilateral different” (columns four and seven).
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Appendix I: Severity of Hearing Loss by Referral Group Tables (PTA3 and PTA4)

Degree of Hearing Impairment by Referral Group — PTA3

)
Classification | Hearing Referral Group
Level EXT NHSF REACT TRANS SURV
(dBHL) (n=14) (n=44) (n=16) {n=9) (n=10)
Normal -10 to 0 1(2.3%) 0 0 0
hearing 15
Slight 16 to 1(7.1%) 6(13.6%) 1(6.3%) 0 2 (20%)
hearing loss 25
Mild hearing 26 to 3(21.4%) 10 (22.7%) 3 (18.8%) 1(11.1%) 3 (30%)
loss 40
Moderate 41to 3(21.4%) 13 (29.5%) 2 (12.5%) 2 (22.2%) 3 (30%)
hearing loss 55
Moderately 56 to 2(14.3%) 7 (15.9%) 6(37.5%) 3(33.3%) 1(10%)
severe 70
hearing loss
Severe 71lto 2(14.3%) 6(13.6%) 2 (12.5%) 2 (22.2%) 0
hearing loss 90
Profound >80 3(21.4%) 1(2.3%) 2 (12.5%) 1(11.1%) 1(10%)
hearing loss
Degree of Hearing Impairment by Referral Group — PTA4
Classification | Hearing Referral Grou p
[;EELIJ EXT NHSF REACT TRANS SURV
(n=13) (n=35) (n=14) (n=9) (n=8)
Normal -10 to 15 0 0 0 0 0
hearing
Slight 16 to 25 1(7.7%) 6(17.1%) 1(7.1%) 0 2 (25%)
hearing loss
Mild hearing | 26 to 40 2 (15.4%) 7 (20%) 3(21.4%) 1(11.1%) 2 (25%)
loss
Moderate 41 to 55 3(23.1%) 12 (34.3%) 3(21.4%) 1(11.1%) 3(37.5%)
hearing loss
Moderately | 56to 70 3 (23.1%) 4(11.4%) 4(28.6%) 4 (44.4%) 1(12.5%)
severe
hearing loss
Severe 71 to 90 3(23.1%) 5(14.3%) 2(14.3%) 2 (22.2%) 0
hearing loss
Profound =90 1(7.7%) 1(2.3%) 1(7.1%) 1(11.1%) 0
hearing loss
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