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	This study is investigating whether a two-stage newborn hearing screening protocol using otoacoustic emissions (OAE), followed by automated auditory brainstem response (AABR), does not identify a significant number of infants with permanent hearing loss.
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	I am presenting the results on behalf of a research team lead by Dr. Jean Johnson as the Principal Investigator, with co-principal investigators listed on Slide #2.
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	The study was funded by the Centers for Disease Control and Prevention (CDC) and collaborators from the CDC are listed on Slide #3.  Funding came through a cooperative agreement with the Association for Teachers of Preventive Medicine to the University of Hawaii.
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� National Institutes of Health (NIH) Consensus Panel 

recommended in March 1993 that:

“the preferred model for screening 

should begin with an evoked otoacoustic 

emissions test and should be followed by 

an auditory brainstem response test for all 

infants who fail the evoked otoacoustic

emissions test.”

� Continuing improvement of ABR technology led to a number 

of hospitals in the US implementing a variation of the NIH 

recommendation that was based on automated ABR (AABR)

� Anecdotal reports to the Centers for Disease Control and 

Prevention CDC) in the mid to late 1990’s that the two-stage 

OAE/AABR protocol was missing babies with mild hearing 

loss.

� The CDC issued a competitive Request for Proposals in late 

2000 to investigate whether the OAE/AABR screening protocol 

was missing babies with hearing loss


	The background for this study begins with the National Institutes of Health (NIH) Consensus Development Panel on Early Identification of Hearing Loss, which met in March of 1993.  After reviewing evidence about the importance of and methods for effective early identification of hearing loss, the Panel recommended that “the preferred model for screening should begin with an evoked otoacoustic emissions test and should be followed by an auditory brainstem response (ABR) test for all infants who fail the

	evoked otoacoustic emissions test.”  Over the next several years, ABR technology continued to improve, which led many hospitals in the United States to implement a variation of the NIH-recommended protocol that was based on AABR.  In the mid to late 1980s there were a number of anecdotal reports to the EHDI (Early Hearing Detection and Intervention) team at CDC that the two-stage OAE/AABR protocol for newborn hearing screening was not identifying infants with mild hearing loss.  As a consequence, CDC issued a competitive Request for Proposals in late 2000 to investigate this issue.
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RESEARCH QUESTION

Are babies with permanent hearing loss 

missed when newborn hearing screening is 

done with a two-stage OAE/AABR 

protocol in which babies who fail OAE and 

pass AABR are not followed?

Study Sample

Comprehensive Audiological 

Assesment at 8-12 months of age

Comparison Group


	The Request for Proposals called for a research study to determine whether infants with permanent hearing loss were not being identified when newborn hearing screening is done with a two-stage OAE/AABR protocol, in which infants who fail OAE and pass the AABR are not followed.  It specifically stated that a sample of infants should be recruited from existing screening programs and that infants who failed the OAE, but passed the AABR (who would normally be considered to have normal hearing and would not be

	followed), would be assessed with visual reinforcement audiometry and other audiological assessments at 8 to 12 months of age to determine their hearing status.  Hearing status among this group of infants was to be compared to the hearing status of infants in the same birth cohort who had failed the OAE and failed the AABR and were consequently referred for audiological diagnostic evaluation.
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• 2,000 or more births per year 

• Established newborn hearing screening program 

with at least six month history of success

• Historical refer rates of less than 10% for OAE 

and 4% for ABR

• Success in obtaining follow-up on 90% or more of 

referrals

• Ethnic and socio-economic distribution similar to 

US population


	The team assembled by the University of Hawaii proposed a multi-center study, in which participating sites that had been operating successful newborn hearing screening programs using the two-stage OAE/AABR protocol for at least six months were selected.  Each site had to have at least 2,000 or more births per year and have a historical refer rate of less than 10% for OAE and less than 4% for AABR.  Sites also had to demonstrate that they had been successful in following up on 90% or more of referrals from their newborn

	hearing screening program.  The group of sites selected for this study using these criteria had ethnic and socioeconomic characteristics similar to the United States population.
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Name of Hospital                              Location

Arnold Palmer Hospital Tampa, Florida

Good Samaritan Hospital Columbus, Ohio

Jacobi Medical Center and 

North Central Bronx Hosptial New York, New York

Kapi`olani Medical Center Honolulu, Hawaii

Long Island Jewish Medical System New York, New York

(included North Shore University, Hunter

and Long Island Jewish Hospitals)

Via Christi Regional Medical Center Kansas City, Kansas   

Women & Infants Hospital Providence, Rhode Island


	As shown on Slide #7, participating sites came from throughout the United States, ranging from Tampa, Florida in the southeast, to New York City and Providence, Rhode Island in the northeast, to Hawaii in the extreme west, and Ohio and Kansas in the midwest.  
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• Eligible babies (Failed OAE and Passed AABR) identified 

following newborn hearing screening.

• Parents contacted and research study explained.

• Consent obtained from families.

• Enrollment data collected.

• Contact maintained with family at 2, 4, & 6 

months of age via post cards.

• Babies seen for audiological diagnostic evaluation 

at 8-12 months of adjusted age.


	In each of the participating hospitals, infants who failed the OAE and passed the AABR were considered as being eligible for participation in the study.  Parents of these infants who spoke English or Spanish were contacted, the research study was explained, and they were invited to participate in the study.  Those parents who agreed provided written informed consent and completed information about the family, demographic characteristics, and information about the health status of the infant.  Contact was 

	maintained with the family when the infant was approximately 2, 4, and 6 months of age by sending them a postcard reminding them about the study and asking them to return a tear-off card with 4 or 5 short questions about the infant’s developmental status.  The post office provided us with address corrections in those cases where the family had moved and left a forwarding address.  At 7 months of age, the families were contacted and an appointment was made to conduct an audiologic diagnostic evaluation for the infant, which generally took place between 8 and 12 months of age.
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[image: image9.emf]Date Collected for Each Participating 

Infant

Birthdate Bronchio-pulmonary Dsplasia

Gender Mechanical Ventilation >7 Days

Birth Weight ECMO

Gestational Age Number of Children in Home

APGAR Scores Number of Adults in Home

Days in NICU Total Household Income

Malformations of the Head and Neck Child’s Race/Ethnicity

Syndrome Associated with Hearing Loss Health Insurance

In-utero Infections Family History of Hearing Loss


	Slide #9 lists the type of data collected for each child on the enrollment and family information forms.  As can be seen, information about most of the risk indicators specified by the Joint Committee on Infant Hearing for late-onset or progressive hearing loss was included.
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� 1,524 Infants Enrolled 

� 973 (63.8%) Returned for Evaluation

� 1,432 Ears Evaluated


	The study sample included 1,524 infants of whom 973, or approximately 64%, returned for a diagnostic evaluation.  For a substantial portion of the infants enrolled in this study, only one ear met the study criteria.  Thus, 1,432 ears were evaluated for the study.  
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Period

Births During 

Enrollment

OAE AABR Recruitment 

from

May 1, 2001 to

16,608 6.3% 0.8%

Dec 31, 2002

June 1, 2001 to

9,393 4.5% 0.9%

Jan 31, 2003

Sep 20, 2001 to

4,509 8.0% 1.0%

Jan, 2003

May 15, 2001 to

9,252 3.1% 0.8%

Jan 31, 2003

May 1, 2001 to

24,032 2.4% 0.8%

Jan 31, 2003

May 1, 2001 to

16,623 5.3% 1.2%

Jan 31, 2003

May 1, 2001 to

6,217 9.6% 2.8%

Jan 31, 2003

Total 86,634

4.8% 1.0%

Site # 7

WB/NICU
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WB/NICU

Site # 6 

WB/NICU

Site # 3

WB

Site # 4

WB

Referral Rate 

Site # 1

WB/NICU
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WB/NICU

Enrollment of Study Participants


	The 7 participating sites enrolled infants from approximately May 1, 2001 through January 31, 2003, as shown on Slide #11.  A total of 86,634 live births occurred at these hospitals during the enrollment period.  Most hospitals enrolled infants from both the well-baby nursery and the neonatal intensive care unit, although two hospitals only enrolled infants from the well-baby nursery as shown here.  During the time that infants were enrolled in the study, the participating hospitals averaged 4.8% referral rate for

	otoacoustic emissions and 1.0% referral rate for automated ABR.  As noted earlier, infants eligible for enrollment in this study were those that failed the OAE and passed the AABR. This means that 3.8% of the birth cohort was eligible... in other words, the 3.8% difference between the OAE and the AABR referral rates.
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Site # 7
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Site # 6 
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Site # 5
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32 30 147

209
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Site # 4

5.3% 65.3% 29.5% 6.3%
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Site # 3

7.8% 4.3% 87.9% 4.5%
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Site # 2

41.7% 40.0% 18.3% 6.3%
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Enrollment
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Enrollment of Study Participants (continued)


	Parents of only 77.3% of the infants who were eligible for the study were approached, of which about 57% agreed to participate and were enrolled.  22.6% of the eligible parents were not approached because of staff shortages at the hospital or other scheduling and administrative issues.  The fact that only 44.0% of the eligible infants were actually enrolled in the study should be remembered because this is important for interpreting the results to be presented later.
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EVALUATION

» Visual reinforcement  

audiometry

» Tympanometry

» Either TEOAE or 

DPOAE


	Study infants were invited back for an audiologic diagnostic evaluation at an average of 9.3 months of age.   This evaluation consisted of visual reinforcement audiometry (VRA), tympanometry, and otoacoustic emissions.
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• Protocol based on University of Washington 

(2000) study

• Responses at 500, 1K, 2K, 4K Hz

– Order of testing 2K, .5K, 4K, 1K

– Aiming for minimal response level of 15 dB HL

• Multiple visits often necessary to complete 

testing

– 68% completed in 1 visit

– 24 % required 2 visits

– 8% required 3 or more visits


	The protocol for audiologic diagnostic evaluation was based on one developed by the University of Washington for a large multi-center study funded by NIH in the early 1990s and reported in 2000 in Ear and Hearing.  The goal of the audiologic diagnostic evaluation for study infants was to collect minimal response levels of 15 dB HL at 500, 1K, 2K, and 4K Hz.  Approximately 32% of the infants who returned required more than one visit to complete this protocol.
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[image: image15.emf]* No MRLs or OAEs within normal limits for 1K, 2K, or 4K and none of the above criteria for 

permanent hearing loss are met.

Not Sufficient Data to Rule Out 

PHL

* MRLs > 30dB at 1 frequency or > 25dB at more than one frequency, BUT abnormal 

tympanometry AND no bone conduction.

* Sound field thresholds > 25dB (with fair confidence) AND normal tympanometry AND OAEs 

below normal limits.

Some Suspicion

MRLs > 25dB at 1K, 2K, or 4K, BUT OAEs within normal limits for those frequencies OR only 

fair confidence in VRA testing.

Increased Suspicion of PHL

High Suspicion

MRLs > 25dB at 1K, 2K, or 4K (tested with good confidence); AND if tested, OAEs below 

normal limits; AND bone conduction thresholds  < 20dB with an Air/Bone gap > 15dB at 

frequencies with MRLs > 25dB.

Permanent Conductive

MRLs > 25dB at 1K, 2K, or 4K (tested with good confidence) OR ABR threshold > 30dB; AND 

if tested, OAEs below normal limits at the frequencies with elevated MRLs; AND normal 

middle ear functioning based on tympanometry or bone conduction.

Permanent Hearing Loss (PHL)

Sensorineural

MRL data not available at 1K, 2K, and 4K, BUT

* All frequencies had MRLs < 20dB OR OAEs within normal limits* OR Tone burst ABR 

data  < 25dB.

Probable Not Permanent Hearing 

Loss

Using the”best” results from all assessments, MRL thresholds of < 20dB at 1K, 2K, and 4K.

Not Permanent Hearing Loss

Description Category

* OAEs within normal limits were defined as > 3-6dB at 1K and > 6dB at 2K and 4K.

Criteria for Categorizing Hearing Loss


	Criteria for categorizing the hearing status of each child based on the results of the audiologic evaluation were developed by the research team as summarized here.  Time does not permit a complete discussion of these criteria, but a brief description of some of the categories is important for interpreting the results.

	· An infant was considered to “not have permanent hearing loss” if using the best results from all assessments, minimal response level thresholds of less than or equal to 20 dB were obtained at 1K, 2K, and 4K.  It will be noted that 500 Hz was omitted from this definition, and an infant would be classified as not having permanent hearing loss if the minimal response level was below 20 dB at 1K during the first session and at 2K and 4K during a second or third session.
· An infant was considered to “have permanent hearing loss” if minimum response levels were greater than or equal to 25 dB at 1K, 2K, or 4K, if the VRA at those frequencies with elevated thresholds was done with good confidence.  In a few cases, VRA data were not available, but tone pip ABR data were.  In these cases, thresholds needed to be greater than or equal to 30 dB for us to consider the infant to have a permanent hearing loss.  With both VRA and ABR data, the infant had to have OAEs that were consistent with normal hearing at the frequencies with elevated MRLs and had to have normal middle ear functioning based on tympanometry or bone conduction.  OAEs consistent with normal hearing were defined as greater than or equal to a 3 dB signal-to-noise ratio at 1K and a 6 dB signal-to-noise ratio at 2K and 4K.

	Slide #16
	

	
[image: image16.emf]Category

Tymp  Tymp  Tymp 

Assigned

.5K 1K 2K 4K

Qual

rslt 1K 2K 4K .5K 1K 2K 4K

Qual

rslt 1K 2K 4K .5K 1K 2K 4K

Qual

rslt 1k 2k 4k

Not PHL

D D D D n/a 3 D 6 6 15 15 15 15 1 1 6 6 6 . . . . . . . .

probably NOT 

PHL

15 C 15 20 1 1 6 6 6 . . . . . . . . . . . . . . . .

PHL: SN

30 30 30 45 1 1 2 2 2 30 45 30 50 1.5 1 6 6 2 . . . . . . . .

High Suspicion

D 35 25 25 1 2 2 6 2 D 30 35 35 1.5 1 2 2 2 25 D D 30 2 3 6 6 6

Some Suspicion

55 50 45 65 1 3 2 2 2 . . . . . . . . . . . . . . . .

Insufficient 

Data

C C 20 C 1 1 D 6 6 4 D 6 6

MRL's MRL's

Assessment #2

OAEs

Assessment # 1

OAEs OAEs

Assessment #3

MRL's



Examples of How Hearing Status was Categorized

For Tymp Results

"1" means normal tympanograms (all variables with normal limits),

"2" means abnormal tympanograms (at least one variable in abnormal range), 

"3" means questionable (at least one variable within normal limits, others are -8, nopeak; -9, missing; or -1, not available) 

"4" means missing data (all four variables were coded as missing).

Qual means quality of the VRA result and is an average of the frequencies rated with 1=good and 2=fair

OAE data are coded as 2=<3 dB; 4=3-6 dB; 6=>6 dB

"." in the results column or for indiviudal variables means the data form was blank for variable(s)


	Slide #16 shows examples of test results for infants in each of the six categories used to define hearing status.  A few illustrative examples will help in interpreting the results to be shown in a few moments.  For example, the first row on this slide shows an infant categorized as not having a permanent hearing loss (PHL).  During the first test, we were unable to obtain VRA responses for the infant, but OAEs were greater than or equal to 6 dB at 2K and 4K.  As defined by the legend at the bottom of the page, tympanometry

	results were questionable during this first assessment.  During the second assessment, minimum response thresholds of 15 dB were obtained at all four frequencies, the quality of the testing was good, tympanometry results were normal, and OAEs of greater than or equal to 6 dB were obtained at 1K, 2K, and 4K.

Now look at the infant in the third row, which was categorized as having permanent sensorineural hearing loss.  At the first assessment, the infant had minimum response thresholds of 30, 30, and 45 dB at 1, 2, and 4K.  The VRA testing was done with good confidence, tympanometry was normal, and the OAE results were less than 3 dB at 1, 2, and 4K.  Thus, the first assessment clearly met our definition of permanent hearing loss.  However, this infant, as was the case with almost all infants categorized as having permanent hearing loss, was tested a second time to confirm the results.  The minimal response levels at 1, 2, and 4K were still elevated; the quality of this assessment was good at only 2K and 4K; tympanometry results are normal again, but the OAE signal-to-noise ratio was greater than or equal to 6 at 1 and 2K.  Thus, we classified this infant as having permanent hearing loss at only 4K, since the OAE results were inconsistent with the minimum response levels obtained with VRA.
Finally, in the next row, you see results for an infant who had elevated thresholds at 1, 2, and 4K during the first assessment period, but tympanometry results were abnormal, meaning that those elevated thresholds could easily be due to otitis media.  During a second test session, minimum response levels were still elevated at 1, 2, but 4K, but the quality of the assessment was good only at 2 and 4K.  Tympanometry was normal, and otoacoustic emissions were less than or equal to 3 dB signal-to-noise ratio at 1, 2, and 4K.  At this point, many people would have categorized the infant has having a permanent hearing loss (PHL).  However, we did one more test; and during this final test session, the tympanometry results were questionable, but the infant had otoacoustic emissions of greater than or equal to 6 dB signal-to-noise ratio at 1, 2, and 4K.  Thus, the otoacoustic emissions were inconsistent with a designation of permanent hearing loss.  Thus, we placed this infant in a high suspicion category.  Even though several attempts were made to get the parents to come back for a fourth assessment, they have not returned.  Because of the conflicting information between the visual reinforcement audiometry and the otoacoustic emissions, we chose to put this infant in a high suspicion category, instead of classifying it as having hearing loss.  Some people may argue that this definition of permanent hearing loss is too restrictive.  More will be discussed about this in a few minutes.
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	Slide #17 shows the results of our categorization of the 973 infants who returned for diagnostic audiological assessments.  As can be seen, 86.6% of the 1,432 ears are categorized as not permanent hearing loss or probably not permanent hearing loss.  30 ears from 21 infants were categorized as having permanent hearing loss, and an additional 19 ears from 16 infants were categorized as having high suspicion of permanent hearing loss.  Approximately 8% of the infants did not have enough

	diagnostic evaluation data to make a determination.  It is also important to note that only 63.8% of the infants in the study group returned for a diagnostic evaluation.  Thus, we do not know the hearing status for 36.2% of the infants in the group who were recruited to participate in the study.
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	To interpret the significance of having 21 infants with permanent hearing loss who failed the otoacoustic emissions but passed the automated ABR, we considered four questions: 

	1. How many infants were identified with PHL in addition to those that would have been identified otherwise based on failing the OAE and failing the AABR?

2. Because quite a number of infants were eligible for the study because one of their ears passed the initial OAE and the other ear failed the OAE and subsequently passed an AABR, we had quite a few ears returned for diagnostic evaluation that had passed the initial screening test.  Knowing how many of these initial passed ears were categorized as having a permanent hearing loss during the diagnostic assessment provides an important reference point for interpreting the significance of permanent hearing loss identified among those ears that failed the OAE but passed the AABR.
3. From a practical point of view, it is important to know how many additional infants we would need to follow over and above those referred from a two-stage screening program in order to find this many infants with permanent hearing loss.  

4. Finally, it is important to consider how many of these 21 infants were likely to have congenital versus late-onset hearing loss.  
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	To answer the first question, we examined the hearing status of the 704 infants who failed OAE and failed AABR.  604 of these infants (85.8%) had enough diagnostic evaluation data to make a determination about hearing loss.  Of the 604 children evaluated, 158 were diagnosed with a permanent hearing loss.  This represents a prevalence of 1.82 per thousand in this birth cohort.  Remember, that this prevalence is probably a little lower than in a general population cohort because two of the seven hospitals only recruited

	infants from the well-baby nursery and, consequently, only infants from the well-baby nursery who were diagnosed with hearing loss are included here.
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	To this information in context, remember that 21 infants and 30 ears were diagnosed with permanent hearing loss in the study group.
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	Slide #21 combines the data from the comparison group (those who failed the OAE and failed the AABR) and the study group (those who failed the OAE but passed the AABR).  It can be seen here that the prevalence of all hearing loss in this birth cohort was 2.06 per thousand.  1.82 per thousand came from the comparison group, and 0.24 per thousand came from the study group.  In other words, the 21 infants in the study group represent 11.7% of all permanent hearing loss identified in this group of 86,634 infants.
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	71.4% of the infants with permanent hearing loss in the study group were mild (≤ 40 dB PTA), whereas only 20.1% of the infants with permanent hearing loss in the comparison group were mild.  This is consistent with the concerns that led to CDC funding this study, specifically, that infants with mild hearing loss might not be identified with the OAE/AABR protocol.  Infants with moderate to profound hearing loss (PTAs ≥ 41 dB) represented 28.6% of the permanent hearing loss in the study group and 79.9% of the

	permanent hearing loss in the comparison group.  The fact that one infant with moderate-severe hearing loss and one with profound hearing loss were identified in the study group is a good reminder that these screening techniques are not perfect and that all degrees of hearing loss can occasionally not be identified.
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	Another useful reference point for interpreting the results of the study comes from the infants who had one ear that passed the initial OAE screening in the hospital but who received follow-up diagnostic evaluations at 8 to 12 months of age because their “other” ear was in the study group.  Because evaluations were often completed for both ears when these infants returned, the study collected diagnostic data for 496 ears which had passed the initial OAE screening in the hospital.  However, because the ear that passed the

	initial OAE was not the focus of the study, there was frequently not as much effort to obtain complete VRA, OAE, and/or tympanometry data for that ear.  Thus, there was not sufficient data to make determination about hearing status for 24.4% or 121 of these 496 ears.  However, for the 375 ears for which there were sufficient diagnostic data to make a determination, it is noteworthy that none of these ears were diagnosed with permanent hearing loss.  
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	The fact that 21 infants with permanent hearing loss were diagnosed in the study group raises the question of how practical it is to identify these infants.  In other words, how many infants must be followed in order to find this number of infants with permanent hearing loss?  The obvious answer is 973, the number of infants who completed diagnostic evaluations in the study group.  However, the practical interpretation and application of these data are not quite that simple.  If we were interested in following 

	infants who did not pass the OAE, we would probably do a second-stage OAE shortly after the infant left the hospital.  Most programs report that such a second-stage OAE screening dramatically reduces the number of infants who need diagnostic evaluations.  In other words, we would expect about 90% of these 973 infants to pass a second-stage screen.  Such outpatient screening is substantially less expansive than a diagnostic protocol used in this study.
On the other hand, it should be noted that such two-stage OAE screening programs (using both inpatient and outpatient screening) often result in substantial loss to follow-up.  One of the primary advantages of the OAE/AABR protocol is the reduction in the number of infants who need to be followed for further screening.  If the prevalence of permanent hearing loss is 3 per thousand in the general population, one would expect a prevalence of about 3 per hundred in the population of infants needing outpatient screening following an initial OAE screening test (assuming a 10% refer rate).   Thus, if loss to follow-up is likely to be high, probably a substantial number of infants with permanent hearing loss would not be identified because they did not return for an outpatient screening.  Thus, even if we conclude that the two-stage OAE fail/AABR pass protocol is not identifying infants with mild hearing loss, the probability of losing infants to follow-up and thus not identifying infants with all degrees of hearing loss must be considered before deciding which protocol is most sensible.
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	Another important question is how many of the ears that were not identified by the two-stage protocol (OAE fail/AABR pass) were congenital losses and how many were late-onset losses.  Unfortunately, this study was not designed to answer that question, so we cannot answer this question with any degree of certainty.  We do know that if we had been able to successfully follow all of the infants in “fail OAE/pass AABR group” who had risk factors for late-onset loss or who had one ear that failed OAE and AABR,

	10 of the 21 infants would still not have been identified.  Although these risk indicators have been identified by the Joint Committee on Infant Hearing as being predictive of late-onset hearing loss, we know relatively little about how efficacious they really are.  We know very little about the incidence or what predicts late-onset hearing loss, although we know that some such hearing loss exists.

Most of the hearing losses in the study group that were not identified were mild, which is what would be expected if the two-stage OAE/AABR screening protocol were not identifying congenital hearing loss.  Thus, it is likely that some congenital hearing loss is not being identified by this protocol, but we cannot say with certainty how many of the 21 infants were late-onset loss.  We do have good evidence that one infant was late-onset loss as a result of cytomegolovirus (CMV) infection.
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	Based on all the information available in this study, what’s the best estimate of the number of infants who would fail OAE and pass AABR who would be identified with permanent hearing loss by 12 months of age?  Three issues should be considered in making this estimate.  First, how lenient or strict of a criteria is used for determining whether a child has permanent hearing loss.  Second, there was a great deal of variation between sites which raises the question of whether all sites should be weighted equally

	in making this estimate.  Finally, there are some important demographic characteristics about the study group and the comparison group that may warrant adjustments in the final estimate.
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	Remember, from the information shown earlier, there were 21 infants with 30 ears that failed OAE and passed AABR that were determined to have permanent hearing loss when they returned for audiological assessment between 8 and 12 months of age according to the criteria established for this study.  There were 19 additional ears from 16 infants who were at high increased suspicion for permanent hearing loss, but did not meet the strict criteria established for the study.
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	If we include only those infants who met the study’s strict definition of permanent hearing loss, there is a prevalence of 1.82 infants per thousand with permanent hearing loss in the comparison group and an additional 0.24 infants per thousand that were added to this by including those infants from the group that failed OAE and passed AABR.  Thus the total prevalence of hearing loss in this cohort of infants was 2.06 per thousand when the strict definition is used.

	Some people may argue for a more liberal definition of hearing loss.  Certainly, those infants who were at high increased suspicion of hearing loss were not hearing normally at the time of the audiological assessment.  For example, as shown earlier, these infants would typically have elevated minimum response levels of 25 to 35 dB, but the quality of testing was only fair and/or there was data from the otoacoustic emissions testing at the frequencies with elevated thresholds that were consistent with normal hearing.  Given conflicting information between the VRA testing and the results of the OAE testing, we were not confident enough to categorize these children as having permanent hearing loss.  Ideally, we would have liked to have had these children return again for additional testing, but this was not possible.  If those children who were at high increased suspicion had been included, then the prevalence of hearing loss in the group of children that failed OAE but passed AABR would have increased from 0.24 per thousand to 0.43 per thousand.  It is our opinion, however, that the data are not strong enough to justify inclusion of these infants in the group determined to have permanent hearing loss.
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	The design of the study assumes that study procedures were equally well implemented at all of the sites.  To the degree that this is not true, data from some sites may be a better estimate than are data from other sites about whether and how many infants with hearing loss would fail OAE but pass AABR screening tests.  
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	To examine this question, we looked at four variables related to implementation of research procedures:
· Percent of eligible infants enrolled

· Percent of refusals during the recruitment process

· Percent of enrolled infants who returned for a diagnostic evaluation

Percent of infants who returned for a diagnostic evaluation for whom there was insufficient data to categorize the infant as to his or her hearing status.

	As can be seen in Slide #30, there was substantial variation for each of these variables across the 7 sites.  For example, the percent of eligible infants who were enrolled ranged from 18.3% in Site #1 to 87.9% in Site #2.
Site #2 was the best with respect to the high percentage of eligible infants that were enrolled and that returned for diagnostic evaluations and for the very low percentage of infants who returned for diagnostic evaluations for whom there was insufficient data.  Site #4 had the lowest percentage of infants who refused during the enrollment process.  Taken together, we can see that Sites 2, 4, 6, and 7 generally implemented the procedures more effectively than Sites 1, 3, and 5.

	Slide #31
	

	
[image: image31.emf]Total Infants

Percent of 

Infants 

Total 

Ears Not PHL

Probable Not 

PHL

w/ Dx Data SNHL PC high some

299 80.8% 478 432 7 0 0 0 35 4

109 74.1% 165 82 10 5 17 12 24 15

184 69.2% 241 202 4 0 2 8 8 17

172 58.1% 230 195 2 0 0 1 5 27

764 70.8% 1114 911 23 5 19 21 72 63

100% 81.8% 2.1% 0.4% 1.7% 1.9% 6.5% 5.7%

Permanent 

Hearing Loss 

(PHL)

Increased Suspicion of 

PHL:

Not 

Sufficient 

Data

Study Infants with PHL from Sites with Best Implementation

Site # 2

Site # 4

Site # 6

Site # 7

Total

Total Infants

Percent of 

Infants 

Total 

Ears Not PHL

Probable Not 

PHL

w/ Dx Data SNHL PC high some

81 42.4% 148 131 0 0 0 0 6 11

42 50.0% 59 40 0 0 0 2 6 11

86 50.6% 111 58 2 0 0 5 16 30

Total 209 47.0% 318 229 2 0 0 7 28 52

100% 72.0% 0.6% 0.0% 0.0% 2.2% 8.8% 16.4%

Increased Suspicion of 

PHL:

Permanent 

Hearing Loss 

(PHL)

Study Infants with PHL from Sites with Fair Implementation

Site # 1

Site # 3

Site # 5

Not 

Sufficient 

Data


	Thus, one might argue that greater confidence should be placed in the data from Sites 2, 4, 6, and 7 compared with data from Sites 1, 3, and 5.  As can be seen in Slide #31, 28 of the 30 ears identified with permanent hearing loss in the fail OAE/pass AABR group came from those sites with the best implementation.  If you believe that we should place more confidence in the sites with the best implementation, this suggests that the percentage of infants with mild hearing loss who were not identified by the two-stage 

	protocol is substantially higher than if conclusions are based on infants from all 7 sites.  We will return to this point in a moment.
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	A very important issue to consider is the similarity of the study group and comparison group on key demographic variables.  Because the infants in the study group and the comparison group came from the same hospitals during the same time period, we would expect them to be similar with respect to ethnicity, family composition, income, and type of insurance coverage; and, indeed, they are.  However, there are two other variables that could substantially affect our estimates of prevalence of permanent hearing loss on which

	the groups were quite different.  First, in the study group, only 44% of the infants who failed OAE and passed AABR were recruited for the study and, consequently, invited to return for a diagnostic assessment at 8 to 12 months of age.  Thus, our estimated prevalence for the study group is based only on 44% of the population.  In the comparison group, 100% of the infants who failed OAE and failed AABR were asked to come back for a diagnostic evaluation.
Secondly, there were different levels of success in getting infants in the two groups to return.  In the study group, 63.8% of the infants who were asked to return for a diagnostic evaluation actually returned; whereas, in the comparison group, 85.8% of the infants who failed OAE and failed AABR returned for a diagnostic evaluation.
The obvious question is how these differences affected estimates of the prevalence of permanent hearing loss.  In our opinion, it is essential to adjust for the fact that we only tried to do assessments on 44% of the infants in the study group.  Had 100% of the eligible infants been recruited for the study, it is clear that additional infants with permanent hearing loss would have been identified.  There is no reason to believe that parents of infants who were not invited to participate in the study were any different than those who were invited, and little reason to think that the prevalence of hearing loss would be lower among infants of parents who declined to participate in the study than among those who agreed to participate.
What is the likely consequence of having substantially different percentages of infants who completed the diagnostic evaluation in the two groups?  This is less clear in our opinion.  Even though 22% more parents returned for diagnostic evaluations in the comparison group than in the study group, it is impossible to say why that happened.  It may be that families who think their child has hearing loss are much more likely to return, and certainly a much higher percentage of infants in the fail OAE/fail AABR group had permanent hearing loss than in the fail OAE/pass AABR group.  Thus, it may be that the higher return rate is simply a function of parents sensing that their infant didn’t hear well.  Parents in the comparison group had also received much more definitive information at the time their infant left the hospital about the fact that their child had failed a hearing screening and needed to come back for a diagnostic evaluation.  Parents in the study group were told that their infant had passed the screening, but were invited to participate in a research study to improve the screening procedures.  Thus, parents in the comparison group could easily have been more motivated to return.

One could argue that the factors that contribute to low follow-up rates are the same factors that increase the risk of an infant having a hearing loss.  For example, families that are poor, have single heads of household, are transient, or have sick infants are less likely to return for a diagnostic evaluation appointment and are more likely to have hearing loss.  To the degree this is true; you would expect the estimated prevalence of permanent hearing loss to be artificially low in the group that had a lower return rate.
Clearly, the study group had a lower rate of completed diagnostic evaluations than the comparison group.  Given that some variables associated with a lower return rate would most likely lead to an overestimate of hearing loss and some variables would most likely lead to an underestimate of hearing loss, we chose not to make any adjustments for these differences between the groups.
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	When all of the information is considered together, what is the best estimate of the percentage of infants with permanent hearing loss who would not be identified if infants who fail OAE but pass AABR are considered to have normal hearing?  Based on the rationale described above, we believe the best estimate is based on:

	1) Adjusting the estimated prevalence of PHL for the fact that only 44% of the eligible infants actually participated in the study.

2) Including only those infants classified with permanent hearing loss using the strict definition (i.e., omitting those who were categorized as high suspicion of hearing loss),
3) Making no adjustments for differences in the rate of completed diagnostic evaluations between the two groups.
As can be seen in Slide #33, the prevalence of observed permanent hearing loss in the comparison group (those infants who failed OAE and failed AABR) was 1.82 across all sites and 2.27 in the sites with best implementation.  
For all seven sites only the 44% of the infants who were eligible to participate, actually agreed to participate in the study.  For the sites with the best implementation, 64.3% of the eligible infants actually participated. Adjusting the estimated prevalence for what it would have been if all eligible infants had participated, increases the prevalence to 2.37 per thousand if we base it on all sites and 2.99 based on those sites with the best implementation.  Thus, infants who were not identified would be estimated as 23% of all infants with permanent hearing loss based on all sites and
 24% of all infants with permanent hearing loss based on the sites with the best implementation.
The difference between 23% and 24% is of no practical importance.  Thus, our conclusion that 23% of the ears with permanent hearing loss by one year of age would not be identified using a two-stage OAE/AABR protocol in which infants who fail OAE but pass AABR are not followed.
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	The data from this study have deliberately been presented in several different ways to enable others to draw their own conclusions.  We believe the best estimate is based on a strict definition of hearing loss using complete and consistent data.  Based on this information, there is convincing evidence that a newborn hearing screening protocol which does not follow infants who fail an initial OAE but pass a subsequent AABR prior to discharge will not identify a significant number of infants who have hearing loss

	when they are 8 to 12 months of age.  The vast majority of these infants will have mild hearing loss, and it is impossible to determine the exact proportion of these infants that are congenital versus late-onset hearing loss.  Given that most of these infants do not exhibit any of the conditions identified by the Joint Committee on Infant Hearing that puts them at risk for late-onset or progressive hearing loss, and the fact that almost all of the infants who were not identified by the two-stage protocol have mild hearing loss, we believe that a substantial number of these infants are congenital hearing loss, but this is a supposition based on anecdotal evidence and cannot be proven one way or another.
A number of issues should be considered in evaluating the implications of these conclusions.  First, when universal newborn hearing screening programs were first being implemented in the early 1990s, most people were concerned about identifying moderate or worse bilateral hearing loss, and much of the newborn hearing screening equipment was developed with this objective in mind.  This is particularly true of automated ABR equipment.  Over the past decade, there has been increasing interest in identifying milder and milder forms of congenital hearing loss, but the equipment being used in many programs was never designed to identify mild hearing loss.  Thus, this study provides data about the percentage of children with permanent hearing loss not identified using a two-stage OAE/AABR protocol that was implemented with equipment designed to find moderate or worse hearing loss.
Second, there is still debate about what should be done to intervene with children who have elevated thresholds on the order of 25 to 30 dB.  The purpose of this study, as outlined by the Centers for Disease Control and Prevention, was to identify how many children with permanent hearing losses greater than or equal to 25 dB were not being identified by the two-stage protocol.  The study does not address and was not designed to address what, if any, type of intervention is best for children with a 25 dB loss (sometimes at a single frequency).

Third, the fact that this study shows that 23% of infants with permanent hearing loss would not be identified using the two-stage (OAE/AABR) protocol should not be interpreted as meaning that such two-stage protocols are inappropriate to use.  The appropriate protocol in a specific setting depends to a great degree on a number of other variables.  For example, in real life applications, infants with permanent hearing loss are not identified because of many different factors.  If a hospital has a very difficult time getting infants to return for further screening and diagnostic evaluation once the infant has been discharged from the hospital, then many infants who fail an initial screening in the hospital may not be identified because they don’t return for further screening and diagnostic tests.  In a situation where a hospital has fairly high referral rates based on using only otoacoustic emissions prior to discharge and is only able to get 50% of the infants who fail the initial screening to come back for diagnostic evaluations, it is likely that many more infants would not be identified than would be the case if a two-stage screening protocol were used and the referral rate at the time of hospital discharge could be reduced by 90%.  Thus, even though 23% of the infants with permanent hearing loss were not identified by the two-stage protocol implemented in these hospitals, that may well be fewer infants than would not be identified in a setting where initial refer rates are substantially higher and follow-up is significantly worse.  In this latter scenario, it is important to note that the infants not being identified would likely include many more infants with moderate, severe and profound hearing loss.  Thus, these results should not be interpreted as a recommendation against using the two-stage protocol.
Fourth, the specific application of the two-stage protocol in this study was one in which the AABR equipment being used was based on a click stimulus of 35 dB.  Obviously, it would be possible to use an OAE/AABR protocol in which the stimulus used for AABR is set at a lower level, such as 25 dB or 30 dB.  However, setting AABR stimulus levels at 25 dB instead of 35 dB would likely result in higher refer rates.
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	A number of important recommendations for newborn hearing screening programs should be considered based on the results of this study.  First, screening for permanent hearing loss should extend into early childhood.  Likely settings for such screening include physician’s offices and early childhood programs.  Recent advances in screening technology make such screening feasible.  No matter how good a newborn hearing screening program is, it will never identify late-onset permanent hearing loss, nor will

	it identify fluctuating hearing loss due to otitis media and other issues.
Second, it is critically important to emphasize to families and physicians that passing a hospital-based hearing screening test does not eliminate the need to systematically and consistently monitor language development and engage in continuous hearing screening.  Those responsible for children’s health and welfare need to remember that no screening technique is perfect, and there will be false negatives as well as false positives, in addition to children who acquire hearing loss at a later age.
Third, it is important to make sure that hearing screening programs are using equipment that is specifically designed for the level of hearing loss targeted for identification.  If program administrators want to identify children with mild and unilateral hearing loss, they should use different equipment than if they want to identify only moderate and worse hearing loss.  One of the most important issues to be addressed is the stimulus level being used by hearing screening equipment.
Fourth, the relative advantages and disadvantages of a two-stage (OAE/AABR) newborn hearing screening protocol need to be carefully considered for individual circumstances.  In those cases where it is very difficult to get infants to return for outpatient screening and testing, a dramatically lower refer rate often can be achieved by using both OAE and AABR.  Low refer rates mean that fewer infants need to be followed and will often reduce the total number of infants who are lost to follow-up.
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	This study highlights again the need for better information about the incidence, causes, and correlates of late-onset hearing loss.  Much of what is thought to be known about late-onset hearing loss is based on very small samples of data and anecdotal reports.  Although it is likely that much of the hearing loss not identified in this study was congenital, the interpretation of the data from this study would have been easier and more definitive if we knew more about late-onset hearing loss.
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PHL in Comparison Group Sites

(Fail OAE/Fail AABR) 











Comparison PHL Summary


			


						All Comparison Group Sites


									Births during enrollment			Babies w/ PHL									Ears w/ PHL									Prevalence of PHL  (per 1000)			Referred for Dx			Completed Dx


												SN			PC			Total			SN			PC			Total


						Site # 1			16,608			17			1			18			24			2			26			1.08			1.2%			82.4%


																																	199			164


						Site # 2			9,393			18			1			19			31			2			33			2.02			1.5%			95.7%


																																	140			134


						Site # 3			4,509			4			0			4			6			0			6			0.89			0.2%			88.9%


																																	9			8


						Site # 4			9,252			16			0			16			27			0			27			1.73			0.3%			96.4%


																																	28			27


						Site # 5			24,032			39			3			42			60			3			63			1.75			0.8%			87.6%


																																	193			169


						Site # 6			6,217			16			1			17			25			2			27			2.73			0.7%			65.9%


																																	41			27


						Site # 7			16,623			36			6			42			55			6			61			2.53			0.6%			79.8%


																																	94			75


						Total			86,634			146			12			158			228			15			243			1.82			0.8%			85.8%


																																	704			604


						Comparison Group Babies with PHL


									Total Births during enrollment			Babies w/ PHL									Ears w/ PHL									Prevalence of Babies w/PHL  (per 1000)			Referred for Dx			Completed Dx


												SN			PC			Total			SN			PC			Total


						Good Samaritan			9,393			18			1			19			31			2			33			2.02			1.5%			95.7%


																																	140			134


						Kapiolani			9,252			16			0			16			27			0			27			1.73			0.3%			96.4%


																																	28			27


						Via Christi			6,217			16			1			17			25			2			27			2.73			0.7%			65.9%


																																	41			27


						Total			24,862			50			2			52			83			4			87			2.09			0.8%			90.0%


																																	209			188


									Comparison Group Sites with Best Implementation


									Total Births during enrollment			Babies w/ PHL									Ears w/ PHL									Prevalence of Babies w/PHL  (per 1000)			Referred for Dx			Completed Dx


												SN			PC			Total			SN			PC			Total


						Site # 2			9,393			18			1			19			31			2			33			2.02			1.5%			95.7%


																																	140			134


						Site # 4			9,252			16			0			16			27			0			27			1.73			0.3%			96.4%


																																	28			27


						Site # 6			6,217			16			1			17			25			2			27			2.73			0.7%			65.9%


																																	41			27


						Site # 7			16,623			36			6			42			55			6			61			2.53			0.6%			79.8%


																																	94			75


						Total			41,485			86			8			94			138			10			148			2.27			0.7%			86.8%


																																	303			263


									Comparison Group Sites with Fair Implementation


									Total Births during enrollment			Babies w/ PHL									Ears w/ PHL									Prevalence of Babies w/PHL  (per 1000)			Referred for Dx			Completed Dx


												SN			PC			Total			SN			PC			Total


						Site # 1			16,608			17			1			18			24			2			26			1.08			1.2%			82.4%


																																	199			164


						Site # 3			4,509			4			0			4			6			0			6			0.89			0.2%			88.9%


																																	9			8


						Site # 5			24,032			38			3			41			59			3			62			1.71			0.8%			87.6%


																																	193			169


						Total			45,149			59			4			63			89			5			94			1.40			0.9%			85.0%


																																	401			341
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SN PC Total SN PC Total


16,608 17 1 18 24 2 26 1.08 1.2% 82.4%


199 164


9,393 18 1 19 31 2 33 2.02 1.5% 95.7%


140 134


4,509 4 0 4 6 0 6 0.89 0.2% 88.9%


9 8


9,252 16 0 16 27 0 27 1.73 0.3% 96.4%


28 27


24,032 39 3 42 60 3 63 1.75 0.8% 87.6%


193 169


6,217 16 1 17 25 2 27 2.73 0.7% 65.9%


41 27


16,623 36 6 42 55 6 61 2.53 0.6% 79.8%


94 75


86,634 146 12 158 228 15 243 1.82 0.8% 85.8%


704 604
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How Many Additional Infants with Permanent Hearing Loss were Identified?





Represents 11.7% of all infants with PHL in birth cohort

		Comparison Group
(Fail OAE/ Fail AABR)		Study Group
(Fail OAE/ Pass AABR)		Total

		Number of Infants		158		21		179

		Prevalence per 1,000		1.82		0.24		2.06
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Enrollment of Study Participants (continued)

		 

		 		 		Number of Infants:

		 		Births During Enrollment		Eligible for Enrollment		Total Enrolled		Not Recruited		# of Refusals

		Site # 1		16,608		1,044		191		418		435

		 		6.3%		18.3%		40.0%		41.7%

		Site # 2		9,393		421		370		18		33

		 		4.5%		87.9%		4.3%		7.8%

		Site # 3		4,509		285		84		186		15

		 		6.3%		29.5%		65.3%		5.3%

		Site # 4		9,252		209		147		30		32

		 		2.3%		70.3%		14.4%		15.3%

		Site # 5		24,032		456		170		11		275

		 		1.9%		37.3%		2.4%		60.3%

		Site # 6 		16,623		614		296		71		247

		 		3.7%		48.2%		11.6%		40.2%

		Site # 7		6,217		433		266		50		117

		 		7.0%		61.4%		11.5%		27.0%

		Total		86,634		3,462		1,524		784		1,154

		4.0%		44.0%		22.6%		33.3%
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Indicators of Implementation Quality





First	Best

Second

Third

Fourth	Good	





Enrollment Total


			ENROLLMENT SUMMARY


												Number of Babies:															Referral Rate During Enrollment Period:


						Enrollment Period			Births During Enrollment			Eligible for Enrollment			Total Enrolled			Not Recruited			# of Refusals						OAE			AABR			Babies Recruited in


			Site # 1			May 1, 2001 to			16,608			1,044			191			418			435			1,044			6.3%			0.8%			WB/NICU


						Dec 31, 2002						6.3%			18.3%			40.0%			41.7%


			Site # 2			June 1, 2001 to			9,393			421			370			18			33			421			4.5%			0.9%			WB/NICU


						Jan 31, 2003						4.5%			87.9%			4.3%			7.8%


			Site # 3			May 1, 2001 to			24,032			456			170			11			275			456			2.4%			0.8%			WB/NICU


						Jan 31, 2003						1.9%			37.3%			2.4%			60.3%


			Site # 4			Sep 20, 2001 to			4,509			285			84			186			15			285			8.0%			1.0%			WB


						Jan, 2003						6.3%			29.5%			65.3%			5.3%


			Site # 5			May 15, 2001 to			9,252			209			147			30			32			209			3.1%			0.8%			WB


						Jan 31, 2003						2.3%			70.3%			14.4%			15.3%


			Site # 6			May 1, 2001 to			16,623			614			296			71			247			614			5.3%			1.2%			WB/NICU


						Jan 31, 2003						3.7%			48.2%			11.6%			40.2%


			Site # 7			May 1, 2001 to			6,217			433			266			50			117			433			9.6%			2.8%			WB/NICU


						Jan 31, 2003						7.0%			61.4%			11.5%			27.0%


			Total						86,634			3,462			1,524			784			1,154			3,462			4.8%			1.0%


						Percent						4.0%			44.0%			22.6%			33.3%			3,462


						Percent of Births:									1.8%			0.9%			1.3%
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Enrollment 1


			


															Referral Rate During Enrollment Period:


									Enrollment Period			Births During Enrollment			OAE			AABR			Recruitment from


						Site # 1			May 1, 2001 to			16,608			6.3%			0.8%			WB/NICU


									Dec 31, 2002


						Site # 2			June 1, 2001 to			9,393			4.5%			0.9%			WB/NICU


									Jan 31, 2003


						Site # 3			May 1, 2001 to			24,032			2.4%			0.8%			WB/NICU


									Jan 31, 2003


						Site # 4			Sep 20, 2001 to			4,509			8.0%			1.0%			WB


									Jan, 2003


						Site # 5			May 15, 2001 to			9,252			3.1%			0.8%			WB


									Jan 31, 2003


						Site # 6			May 1, 2001 to			16,623			5.3%			1.2%			WB/NICU


									Jan 31, 2003


						Site # 7			May 1, 2001 to			6,217			9.6%			2.8%			WB/NICU


									Jan 31, 2003


						Total						86,634			4.8%			1.0%








Enrollment 2


			


												Number of Babies:


									Births During Enrollment			Eligible for Enrollment			Total Enrolled			Not Recruited			# of Refusals


						Site # 1			16,608			1,044			191			418			435


												6.3%			18.3%			40.0%			41.7%


						Site # 2			9,393			421			370			18			33


												4.5%			87.9%			4.3%			7.8%


						Site # 3			24,032			456			170			11			275


												1.9%			37.3%			2.4%			60.3%


						Site # 4			4,509			285			84			186			15


												6.3%			29.5%			65.3%			5.3%


						Site # 5			9,252			209			147			30			32


												2.3%			70.3%			14.4%			15.3%


						Site # 6			16,623			614			296			71			247


												3.7%			48.2%			11.6%			40.2%


						Site # 7			6,217			433			266			50			117


												7.0%			61.4%			11.5%			27.0%


						Total			86,634			3,462			1,524			784			1,154


												4.0%			44.0%			22.6%			33.3%








Quality


			


															Births During Enrollment			Eligible for Enrollment			% of Eligible Infants Enrolled			Not Recruited			Refusals During Recruitment			% Returning for Diagnositic			% "Not Sufficient Data"


			Arnold Palmer									Site # 1			16,608			1,044			191			418			435


																		6.3%			18.3%			40.0%			41.7%			42.4%			7.4%			`			0.0743243243


			Good Samaritan									Site # 2			9,393			421			370			18			33


																		4.5%			87.9%			4.3%			7.8%			80.8%			0.8%						0.0083682008


			Jacobi									Site # 3			4,509			285			84			11			15


																		6.3%			29.5%			3.9%			5.3%			50.0%			18.6%						0.186440678


			Kapiolani									Site # 4			9,252			209			147			186			32


																		2.3%			70.3%			89.0%			15.3%			74.1%			9.1%						0.0909090909


			Long Island Jewish									Site # 5			24,032			456			170			30			275


																		1.9%			37.3%			6.6%			60.3%			50.6%			27.0%						0.2702702703


			Via Christi									Site # 6			16,623			614			296			71			247


																		3.7%			48.2%			11.6%			40.2%			69.2%			7.1%						0.0705394191


			Women's and Infant's									Site # 7			6,217			433			266			50			117


																		7.0%			61.4%			11.5%			27.0%			58.1%			11.7%						0.1173913043


												Total			86,634			3,462			44%			78400%			33%			63.8%			8.0%


																		4.0%


																					0.4402079723						0.3333333333			0.6384514436			0.0803072626
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16,608 191 435


18.3% 41.7%


42.4% 7.4%
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29.5% 5.3%


50.0% 18.6%
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PHL in Ears of Study Infants that Passed Initial OAE









Summary Passed Initial OAE


			


						Ears of Study Infants that Passed Initial OAE																																				Comparison Group Babies with PHL


									Total Ears			Not PHL			Permanent Hearing Loss (PHL)						Increased Suspicion of PHL:						Probable Not PHL			Not Sufficient Data			Check Sum									Total Births during enrollment			Total Babies w/ PHL			Referred for Dx			Completed Dx			Total Ears w/ PHL			Babies recruited from:			Prevalence of Babies w/PHL  (per 1000)


															SNHL			PC			High			Some


						Site # 1			13			11			0			0			0			0			0			2			13									16,608			18			1.2%			82.4%			26			WB/NICU			1.08


																																																199			164


						Site # 2			112			107			0			0			1			0			3			1			112									9,393			19			1.5%			95.7%			33			WB/NICU			2.02


																																																140			134


						Site # 3			25			3			0			0			1			0			15			6			25									4,509			4			0.2%			88.9%			6			WB			0.89


																																																9			8


						Site # 4			53			19			0			0			2			6			15			11			53									9,252			16			0.3%			96.4%			27			WB			1.73


																																																28			27


						Site # 5			53			30			0			0			1			2			5			15			53									24,032			41			0.8%			87.6%			62			WB/NICU			1.71


																																																193			169


						Site # 6			127			60			0			0			3			1			38			25			127									6,217			17			0.7%			65.9%			27			WB/NICU			2.73


																																																41			27


						Site # 7			113			30			0			0			0			0			22			61			113									16,623			42			0.6%			79.8%			61			WB/NICU			2.53


																																																94			75


						Total			496			260			0			0			8			9			98			121			496									86,634			157			0.8%			85.8%			242						1.81


									100%			52.4%			0.0%			0.0%			1.6%			1.8%			19.8%			24.4%																		704			604


																																	100%


																																	496


						PC=Permanent Conductive


						PHL=Permanent Hearing Loss


						SNHL=Sensori-Neural Hearing Loss


																																	7.0%


									PHL in Initial PASS Group as % of PHL in Comparison Group															0.0%			3.3%			7.0%			PHL +


																								PHL only			PHL +			PHL +			all


																											high			all			INC susp


																											INC Susp			INC Susp			0.00


									Prevalence of Babies w/PHL (per 1000)															1.81			1.90			2.01
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13 11 0 0 0 0 0 2


112 107 0 0 1 0 3 1


25 3 0 0 1 0 15 6


53 19 0 0 2 6 15 11


53 30 0 0 1 2 5 15


127 60 0 0 3 1 38 25


113 30 0 0 0 0 22 61


496 260 0 0 8 9 98 121


100% 52.4% 0.0% 0.0% 1.6% 1.8% 19.8% 24.4%
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Were any of these ears

late-onset losses?

This study was not designed to answer that question.

We do know that IF all of the ears with risk factors had been followed and identified, 10 of 21 babies would still not have been identified

Little is know about the incidence or what predicts Late-onset hearing loss

Most of the hearing losses not identified were mild which is what we would expect if ears are being missed
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Date Collected for Each Participating Infant



            

	    Birthdate				Bronchio-pulmonary Dsplasia

	

	    Gender				Mechanical Ventilation >7 Days						

	    Birth Weight				ECMO

					

	    Gestational Age				Number of Children in Home

	

	    APGAR Scores				Number of Adults in Home



            Days in NICU			                Total Household Income



            Malformations of the Head and Neck	Child’s Race/Ethnicity



            Syndrome Associated with Hearing Loss	Health Insurance



            In-utero Infections			Family History of Hearing Loss
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		Prevalence and methods of identifying late-onset hearing loss

		Ongoing investigation of sensitivity of various screening protocols and equipment (including what level of hearing loss is targeted)

		Practicality and cost-efficiency of alternative “continuous” screening and surveillance techniques



Recommendations for Further Research








