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ONTARIO INFANT HEARING PROGRAM SCREENING PROTOCOL & SUPPORT DOCUMENT
This document describes the protocol required by the Ontario Infant Hearing Program (IHP) for hearing screening of newborns and young infants.  It overrides all preceding screening protocol documentation provided by the IHP, instructions contained within screening device user manuals or recommendations contained in published scientific or clinical sources.
The document has three sections: the first itemises key elements of screening procedure in approximately chronological sequence.  Each item is numbered for easy reference.  Items ending in ‘#’ have additional explanatory notes with corresponding numbers, in the second section.  The notes include rationale and further practical details, where appropriate.  The third section outlines the IHP Continuous Quality Improvement (CQI) initiative for screening.  Excepting procedural details that are clearly specific to the AccuScreen, this protocol and the support notes apply to all IHP newborn/infant hearing screening, regardless of the instrumentation.
Overall protocol – key elements
1 Contact and rapport with the family member is established, informed consent obtained and the baby’s risk status for Permanent Hearing Loss (PHL) determined.  See Note (#).
2 The screening procedure is outlined in advance and any questions answered (#).
BABIES NOT AT RISK FOR PERMANENT HEARING LOSS (PHL)
Initial ADPOAE Screening (Stage 1a)
3 Babies not at risk are screened with automated distortion product otoacoustic emissions (ADPOAE) before hospital discharge wherever practicable (#).
4 For vaginal deliveries, ADPOAE is done as late as is practicable before discharge and not before 15 hours after birth (#). 
5 For Caesarian deliveries, ADPOAE is done as late as is practicable before discharge and not before 22 hours after birth (#).
6 A successful ADPOAE screen is achievement of a Pass or Refer result in any individual ear.  A complete screen is a successful screen in both ears.
7 A screen attempt may not start or may yield a false Refer (a false-positive screen).  Causes include an overly active baby, inadequate probe eartip fit, a wholly or partially blocked eartip or probe tip, a collapsed ear canal or a noisy test environment.  The screener must address each of these possibilities, as necessary.
8 Successful ADPOAE requires a baby asleep or at least resting quietly for the duration of the screen.  Appropriate visit timing, re-visiting or manoeuvres to quieten the baby can usually achieve this (#).
9 Running a screen as a ‘trial’ of a questionable baby activity level is not appropriate.  The baby should be judged to be quiet enough before attempting the screen.  This judgment is acquired by experience (#).  If acceptable activity levels cannot be achieved, screening should be deferred to the Community.
10 Eartips must be sized appropriately for the individual baby and the probe must be inserted correctly into the ear so as to achieve a firm, secure fit, low air leakage and high environmental noise exclusion (#).
11 Eartip or probe tip blockage, complete or partial, may occur due to debris or fluid in the ear canal or to tip contact with the canal wall.  The screen may not start or may give a false Refer.  The probe must be removed from the ear, inspected, cleaned or replaced, re-inserted correctly and the screen re-run.
12 Ear canal collapse may occur spontaneously or as a result of sustained pressure on the side of the head, such as due to a resting position.  The screen may not start or may give a false Refer.  Repositioning of the baby and re-visiting or manipulation to open the canal should be tried (#).
13 The screening environment should be sufficiently quiet that conversation in a soft voice is readily audible.  Excessive noise levels may raise baby activity levels and will also directly cause screen non-starts or false Refers, especially if eartip fit is less than optimal.  All practicable steps to achieve an acoustically acceptable environment free of unnecessary interruption must be taken (#).
14 A Refer result in any ear must be followed by a single repeat screen of that ear as soon as is appropriate and practicable.  Retest timing and corrective actions required before retest depend on the suspected cause of the Refer (#). 
15 The maximum number of screen attempts on any given ear is 3.  The maximum number of retests on an ear that initially Refers is 2 (#).  Multiple re-screens beyond these limits are not acceptable (#).
16 After any screening attempt, successful or not, if a family member is present the screener must explain what occurred, what the result means and what should be the next step, if any.
17 If a complete ADPOAE screen is not achieved pre-discharge, completion is deferred to Community screening that should occur within four weeks of hospital discharge and preferably within two weeks.
AABR Re-screening of ADPOAE Refers (Stage 1b or Stage 2)
18 Babies who Refer on the repeat ADPOAE require further screening by automated auditory brainstem response (AABR).  The meaning of the ADPOAE Refer and the rationale for the AABR must be explained appropriately to the family member(s) (#).
19 If ADPOAE refers (sustained Refer after the ADPOAE repeat) in any ear, the baby is re-screened with AABR before discharge wherever practicable (Stage 1b).  It may be done at any convenient time after the ADPOAE refer, including immediately (#).
20 AABR screening requires a baby to be asleep or at least resting quietly.  Similar comments to those given earlier for ADPOAE apply regarding baby activity levels and probe management. 
21 AABR screening is to be done in both ears, starting with any ear that referred on ADPOAE (#). 
22 AABR screening is done with electrodes placed on the high midline forehead as close as possible to the hairline and on the mastoid area behind each ear. AABR screening is NOT done using an electrode on the nape of the neck (#).
23 Causes of AABR non-starts or Refers (other than genuine PHL) include high or unbalanced electrode contact impedance, an overly active baby and inappropriate probe eartip fit (#).   Close attention must be paid to the quality of the electrode-skin contact.
24 Any ear that Refers on pre-discharge AABR should be re-tested by AABR before discharge as soon as is practicable after attempting remedies of activity level, probe insertion or electrode impedance.
25 If a baby Passes in one ear and Refers in the other ear by ADPOAE, the Refer ear passes AABR before discharge but the other ear is not screened successfully by AABR pre-discharge despite reasonable efforts, the baby is an AABR Stage 1b overall Pass and need not be re-screened by AABR in the Community. 
26 ADPOAE Refers not re-screened by AABR before discharge must be re-screened by AABR in the Community (Stage 2) within four weeks of hospital discharge. 
27 ADPOAE Refers who Refer on pre-discharge AABR are re-screened by AABR (Stage 2) in the Community within 4 weeks of discharge.  ADPOAE re-screening must NEVER be done after an AABR Refer because the AABR is a more sensitive test.
28 At the discretion of the Regional Coordinator, and to minimize overall wait times for families,  babies not screened by ADPOAE before discharge may be screened directly by AABR in the community without a preceding Community ADPOAE screen. 
29 Families of babies who Refer on AABR re-screening (Stage 2) in the Community Refers should be strongly counselled to attend an ‘Audiologic Assessment’ (‘much more detailed hearing test’, ‘diagnostic hearing test’, etc.) by an IHP-registered Audiologist, at which the baby’s true hearing thresholds will be determined.  Assessments should start no later than 8 weeks corrected age*.  The interval between a Community AABR Refer and the Assessment appointment should be no greater than 4 weeks, wherever feasible (#).
*Corrected age is the actual gestation period plus the chronologic age (time since birth) in completed weeks, referred to a notional 40-week gestation.  For example, 38 weeks gestation plus 6 weeks chronologic age is a corrected age of 38 + 6 – 40 = 4 weeks.
BABIES AT RISK FOR PHL
30 All babies at risk for PHL are screened only by AABR in both ears, before discharge wherever practicable (#).
31 Babies who are at risk due to gross ear deformity such that there is no viable external ear canal are unscreenable and must be routed directly to diagnostic Audiologic Assessment.
32 Babies who are at risk due to serologically proven neonatal meningitis or cytomegalovirus (CMV) infection must be routed to early diagnostic Audiologic Assessment and need not be screened.  
33 AABR screening is done when the baby is medically stable, as late as is practicable before discharge, and never under 34 weeks corrected age (‘gestational age’).  If the baby’s gestation period was at least 34 weeks, AABR may be done at any time after birth in a medically stable baby.  There is no evidence that the type of delivery (vaginal or Caesarean) is relevant for AABR timing.
34 AABR requires a quiet or sleeping baby.  If a successful AABR screen is not obtained in each ear before discharge home, the AABR must be done (or completed) in the Community, within 4 weeks of hospital discharge home.
35 If a successful AABR is not achieved in a medically stable baby after TWO Community appointments, the baby should be routed directly to diagnostic Audiologic Assessment (#). 
36 The technical aspects of AABR procedure, causes of screen non-start or Refer and requirement for retest after remedies of electrode, activity level or probe tip issues are identical to those outlined previously for AABR in ADPOAE Refers.
37 If a Neonatal Intensive Care Unit  NICU) baby at risk for PHL is transferred to a step-down hospital and is not screened in the NICU hospital, the AABR should be done before discharge home from the step-down hospital, wherever practicable.
38 AABRs first attempted in the Community must be done in both ears wherever practicable.  If the first ear refers, another community appointment to complete the AABR is discretional because the baby already qualifies for diagnostic assessment, which must not be delayed past the target 8-week start.  If the first ear passes, completion of the other ear is obligatory.
39 Whether the AABR is pre-discharge or later in the community, if any ear refers the family must be strongly advised to attend for diagnostic Audiologic Assessment in order to determine the hearing status definitively. 
40 Diagnostic ABR Assessments in babies at risk for PHL should begin at or before 8 weeks corrected age, provided that the baby is medically stable. 
41 Highly premature babies, such as those with gestational age less than or equal to 30 weeks, usually will be at risk for PHL and may have AABR at low corrected ages, especially if it was done pre-discharge.  To minimize unreasonable waiting after a Refer, the diagnostic assessment should be targeted within 6 weeks of the Refer, provided the baby will be at least 2 weeks corrected age at the start of the assessment.  
Protocol Support Notes
#1 Interactions with the family
From the initial contact through to the completion of screening, the screener’s behaviour, style and tone can have a major effect on the family’s cooperation, giving of consent, satisfaction with the screening experience and adherence to follow-up instructions.  In general, families wish to feel respected and properly informed about what will happen in the screen, what is happening as the screen proceeds, what the result was, what the result means, what should happen or what they should do next and why they should follow recommendations.
Surveys of family response to screening indicate that screeners should make every effort to project calmness, empathy, knowledge, confidence and professionalism at all times.  In particular, screeners should never reveal frustration or irritation, such as with a squirmy baby or an unsuccessful screen.  In regard to maternal behaviour or statements, the effects of tiredness, stress and feeling overwhelmed, especially in new mothers, should not be underestimated.
#1 Risk Assessment
The IHP High-Risk Indicators for Permanent hearing Loss have been modified recently and the revised indicators already should be in place for all screeners.  
In the Well-Baby Nursery, the two indicators that will be met most frequently are Familial Childhood Hearing Loss (FCHL) and Cleft Lip and/or Cleft Palate (CLP)FCHL inquiry is directed exclusively at the baby’s siblings, if any, and the biological parents.  Hearing loss in other more distant family members is not sufficient to confer IHP risk. Genuine risk of PHL does not include an array of conditions such as ear infections or even surgery to address ear infections.  The real issue is significant, PHL in childhood (under 18 years) in a sibling or parent.  As for more reliable indicators, given that the IHP has been in place since 2001, any sibling with PHL in early childhood is likely to have received a Hearing Aid and possibly a Cochlear Implant or, alternatively,  to have been raised in Deaf culture with attendant Sign Language service provision.   The sibling may have attended or may still be attending one of the Provincial Schools for the Deaf.  Additionally, but rarely, there may have been PHL identified by an IHP Audiologic Assessment, but the family may have elected not to receive IHP services.  These events are a guide to the key questions to the parent.
With respect to a parent or parents who themselves had significant childhood PHL, there may or may not have been IHP services provided, but the key markers again are receipt of a Hearing Aid or Cochlear Implant as a child, attendance at a special School for the Deaf, receipt of Sign Language services or identification with the Deaf community.
The second risk indicator in the WBN population is CLP.  While Cleft Palate is generally associated with increased risk of hearing loss, isolated Cleft Lip is not.  Cleft Lip is treated currently as a risk indicator solely because it is frequently associated with Cleft Palate and the IHP screener may not have access to reliable information concerning the presence or absence of Cleft Palate.  Thus, Cleft Lip is currently used as an intermediate or proxy marker for Cleft Palate.  If the IHP screener has access to reliable information that there is Cleft Palate without Cleft Lip, the baby is at risk.  Conversely, if there is reliable information that the Cleft Lip is isolated and there is no Cleft Palate, the baby should not be flagged as at risk.
With respect to Special Care or NICU babies, there have been questions about the use of the term ‘Severe neonatal sepsis’ as a risk indicator.  ‘Severe neonatal sepsis’ or ‘severe sepsis’ are clinical terms that may or may not be used in the chart and may or may not occur together with other more specific risk indicators such as Meningitis.  If the term is present in any readily accessed medical records or clinical reports, it is sufficient to place the child at risk for PHL.  What are not sufficient are the terms ‘possible sepsis’ or ‘? Sepsis’ as clinical notes in the chart.  ‘Possible sepsis’ is not uncommon and per se it is not sufficiently specific to warrant use as a PHL indicator.  
Another indicator that has been questioned is ‘severe asphyxia’.  Again, this is a term that may be apparent in clinical records, in situation in which it is challenging to access each and every technical criterion associated with perinatal asphyxia or hypoxia.  The presence of such a note is sufficient in itself to place the child at risk.
#3  ADPOAE in babies not at risk
About 95% of all babies are not at known risk for PHL.  The choice of ADPOAE rather than AABR is a balance of cost versus accuracy.  AABR is about five times more costly overall than ADPOAE but it has higher sensitivity to PHL (about 99% Refer when PHL is truly present) and a lower false-positive rate (about 2% Refer when PHL is truly absent) because it is less affected by such things as birth fluid in the middle-ear space behind the eardrum.  ADPOAE is faster, easier and less expensive as well as having an acceptable sensitivity (about 90%), but it has a relatively high false-positive rate (typically 5-15%).  The main challenge with ADPOAE is to hold down the false-positive refer rate, preferably to below 10%.  ADPOAE the acts as an effective filter, so that only about one in ten babies needs to have the more costly AABR.
Screening before hospital discharge has the advantage of easy access to the mother and baby, which facilitates high screening coverage of the newborn population as well as the earliest start on a path to intervention if a PHL were present.  While refer rates tend to be lower when screening is done after discharge from hospital, the logistical, family contact and appointment attendance challenges with universal post-discharge hearing screening are substantial.  Generally, it is better to screen with a modest refer rate than not to screen at all.
#4 ADPOAE timing – vaginal delivery
ADPOAE screening is susceptible to false refers (false-positive screens) in the presence of fluid or other birth debris in the ear canal or middle ear (the cavity directly behind the eardrum), which can interfere with stimulus transmission to the inner ear and of the emissions back out to the ear canal probe.  Fluid in the external ear canal itself usually resolves rapidly in the first few hours after birth, whereas fluid in the middle ear may on occasion take a day or more to disappear. 
The Table below shows IHP data on initial ADPOAE refer rates expected from experienced, high-caseload screeners using the previous screening device (Natus/Bio-Logic AuDx), for babies delivered vaginally, as a function of the baby’s age in hours.  Similar results are expected for the AccuScreen.
Table    Expected ADPOAE refer rates versus age in hours since birth
	Hours
	Refer %
	Hours
	Refer %

	12
	22
	22
	8

	14
	17
	24
	7

	16
	14
	26
	6

	18
	11
	28
	5

	20
	9
	30+
	4



The refer rate after about 30 hours was 4% and as age decreases under 30 hours the refer rate increases, at first slowly and then more and more rapidly down to the lowest age studied at 12 hours.  Generally, babies should not be screened by ADPOAE within 15 hours of birth (expected refer rate up to about 15%).  Beyond 15 hours, babies should be screened as late as is practicable before discharge. After 20 hours is better still, with an expected rate of about 10%.  There is no justification to withhold pre-discharge screening for a baby over 15 hours of age provided that access to the baby in a quiet state can occur.  Similarly, there is no justification whatsoever for a 24 hours minimum age criterion for screening a baby delivered vaginally,.


#5 ADPOAE timing – Caesarean section (C-section) deliveries
Babies delivered by C-section are more likely than vaginal deliveries to have unresolved middle-ear fluid and while the later they are screened before discharge the better, they should NOT be screened within 22 hours of birth.   The 22 hours criterion hours allows a window of opportunity in case of a 24 hour discharge policy for C-section normal deliveries.  If practicable before discharge, screening after a full 24 hours is preferable. 
#8 Required sleeping or quiet, inactive baby
The DPOAE itself is a very faint tonal signal generated by motion of the hair cells in the cochlea, the site within the inner ear at which mechanical vibration due to sound is converted to electrical nerve impulses. The OAE is transmitted back out through the minute bones of the middle ear (ossicles) and the tympanic membrane (eardrum) and is picked up by the miniature microphone in the OAE probe.  The microphone also picks up any sound in the baby’s environment that leaks past the probe eartip into the canal, as well as any sound generated by the bay’s vocalizations or physical movements of the head, the probe eartip or its leads.  These constitute the ‘noise’ background from which the DPOAE must be isolated and recognized by the screening device.  If either or both of these noise sources is excessive, the signal to noise ratio may fail to achieve a pre-set criterion size and the result will be DPOAE detection failure and a Refer outcome. 
#9 Baby activity level and ‘trial’ screening
In order for an ADPOAE screen to be attempted, the baby must be judged by the screener to be in a sufficiently quiet state that the likelihood of a successful screen is high.  This judgment is not always easy and inevitably there is a grey zone of uncertainty.  If a baby is clearly active on the initial contact, re-visiting at a more favourable time such as after a feed is the first option. Where necessary and reasonable, an effort to settle the baby should be made.  If neither of these tactics is successful, the screen should not be attempted and the parent should be counselled on the importance of attending for screening in the Community. 
Where there is pressure to screen, due to workload or to imminent discharge, one reaction that has been identified is that of ‘trial’ screening of babies who in questionable activity states, that is, using screening itself as a tool to determine when screening is appropriate. To counter the expected high false-positive refer rate in these situations, some screeners have counselled families that a refer result is quite likely and of little significance.  If such a refer result occurred, they have reported the screen as 'Not Accessed' or ‘No Result’.  The argument is that should the baby Pass despite the unfavourable conditions, the family will be reassured and will not have to attend for screening in a Community centre.  While well-intentioned, this practice is misguided.  Not only does it introduce two classes of screening – ‘serious’ and ‘trial’ screens, but it raises the issue of the families’ subsequent attitude to a ‘serious’ Refer and potential challenges for the Community screener in persuading a family to take a later Refer seriously.  Also, the probability of missing a genuine PHL is unknown in babies tested in adverse activity conditions.  
Even if the baby is 15 hours old or more and there is no pressure of discharge, there is a range of activity states between clearly appropriate (e.g. asleep or resting quietly) and clearly inappropriate (e.g. crying or continuously fidgeting).  Judging whether or not to attempt the screen is an important screener skill that develops with experience.  It is not appropriate to try a screen unless the baby’s state is considered clearly adequate or at worst borderline.    If a screen is tried when the baby is too active, the AccuScreen may refuse to start due to excess noise, in which case the attempt was simply optimistic, a waste of time and resources and a source of frustration for the family.  Families commonly report an aversion to unsuccessful screening attempts.  
Even if the screen starts, the likelihood of a false Refer is increased in unfavourable activity conditions.  Every false Refer result is a needless potential harm to the family, causing anxiety as well as needless program expense in follow-up.  
#10 Eartip selection & probe insertion
Selection of the appropriate size and type of eartip is critical to achieving proper probe fit.  The better the probe fit the more stable is the insertion and the greater the immunity to environmental and physiological noise.  A probe falling out by gravity or as a result of small movements of the baby’s head is indicative of inadequate fit, as are stimulus calibration difficulties or high noise levels in an apparently quiet baby.   The correct eartip size is the largest that can be gently but firmly inserted into the ear canal using a quick quarter turn screwing motion on insertion while gently pulling out, back and slightly up on the pinna.  Tip insertion skill comes with knowledge and experience.  A skilled insertion will typically take no more than one or two seconds and is unlikely to arouse the baby.
Too large a tip will not enter the canal sufficiently to give a stable fit.  Too small a tip will enter the canal too easily without the twist, will be prone to falling out and will not exclude environmental noise.  Use of eartips that are too small is a common error.  The correct eartip will vary from baby to baby and will depend on the baby size, weight and typical age at screening.  It is important that eartip inventory and availability be tuned to whatever works well in the screener’s hands and local experience with the AccuScreen, not what was chosen for initial inventory on the basis of previous experience with the Natus-BioLogic AuDx/ABaer screening devices.
For pre-discharge well-baby screening, the flanged ‘treetip’ is frequently a good choice; the flanges can accommodate a range of canal sizes and also provide some additional resistance to the probe falling out.
The probe body itself should never be held during screening.  The probe lead may be held if absolutely necessary.  However, the question arises as to what factors render such holding necessary and what the effect of those factors might be on screening success and error rates.   If the probe would otherwise fall out, then the fit is not adequate.  If the baby is highly active, the conduct of the screening at that time is inappropriate.
#11 Eartip or probe tip blockage
Virtually all newborns will have some amount of birth tissue debris and/or fluid in the external ear canal immediately.  Ear cleaning and suction practices in birthing units are variable.  As noted earlier, fluid/debris will resolve over time by gravity, re-absorbance and evaporation, but this process may take hours or even days to complete.  The fluid/debris may entirely or partially occlude the eartip or, if excessive, may enter the probe tip itself.  Total occlusion will prevent the screening device from calibrating, whereas partial occlusion may permit starting but yield false Refers.  Similar effects may arise if the eartip opening contacts the ear canal wall, which may occur due to probe misalignment with the canal longitudinal axis, anatomical anomaly of the canal or canal collapse (see #12).  
If a Refer is obtained in a quiet baby, tip occlusion should be suspected.  The probe should be removed from the ear and inspected for debris/fluid.  If present, the eartip should be replaced, the probe tip cleaned or replaced as necessary, the probe should be correctly re-inserted into the ear and the screen repeated.  Preferably, the repeat screen should be done immediately following the Refer on any ear.
#12 Ear canal collapse
A baby’s external ear canal walls are pliable and the canal may close (‘collapse’) spontaneously or if the pinna and peri-auricular area are pressed against the head for a lengthy period, such as when sleeping in the mother’s arms.  Canal collapse typically occurs on one side only, usually related to a recent sleeping position.  The canal may open gradually after pressure is removed, so instruction to the mother about baby positioning and a revisit may prove successful.  Ear canal opening may be encouraged by gently pulling the pinna outward and massaging the immediate pre-auricular area with a circular motion for 15-30 seconds.
#13 Environmental noise
Excessive noise in the screening environment can arouse the baby or prevent settling.  As a rough guide, if one-on-one conversation in a soft voice cannot easily be heard at a distance of about one meter, the environment is not acceptable acoustically for ADPOAE screening.  The vulnerability of the screen to environmental noise is strongly related to the quality of the eartip fit.  While the screener’s control over the environment may be limited, screening in a frankly inappropriate environment is not appropriate and will lead to low success rates, increased test times and high false Refer rates, all of which are counter-productive and costly.
Obvious improvements in environment include taking steps to avoid or at least minimize interruptions, suspending conversations with the mother and in the immediate vicinity while the screening data acquisition is actually running and turning off cell phones. 
#14 Repeat screening of all Refers
It is obligatory to conduct a repeat screen on any ear that Refers.  If the baby’s activity level is judged to be the probable cause, the activity issue must be addressed effectively before the repeat.  If there is clearly no activity issue and no obvious environmental problem, a probe fit or occlusion problem or is suspected and must be addressed as outlined earlier, usually followed by immediate repeat screening.  A Pass result on the repeat overrides the previous Refer, for the IHP report, though both events are logged in the AccuScreen.   The screening repetition usually lowers the net Refer rate from ADPOAE significantly.
An additional source of false Refers is random false-positive errors on the part of the statistical response detection algorithm.  While these may comprise only 1% or less of all screens, that number still represents over 1,300 false refers per year in Ontario.  Requiring all refers to be repeated would reduce that number to an expected 13 screens only, because the chance of getting a set of two random events (Refer-Refer) in series when each has a probability of 1% is 0.01x0.01 or 0.0001, or one in ten thousand.
#15 Maximum number of non-start attempts or of retests after Refers
Multiple screening non-start attempts are not only frustrating for families and screeners but are an indication that something about the baby, the environment or the procedure needs to be changed substantially.  Once a maximum of three such events have occurred, screening must be deferred to the Community. 
Repeat screens after a Refer must be limited to a maximum of two.  Any more than two is not acceptable because it increases the likelihood of missing a genuine PHL.  Every time a baby who has a genuine PHL is screened, there is a small chance of missing the hearing loss at random and getting a false Pass (false-negative screen).  For ADPOAE, this probability may be as high as 2-3%, though this is very difficult to know exactly.  These  errors accumulate in proportion to the number of screens.  If the practice were to screen  5 times, say, waiting for a Pass, the overall probability of missing a PHL due to chance could be as high as 10-15%, which is completely unacceptable. 
#18 Explaining Pass, Refer meaning & AABR need
What the screener says and does after any successful screen has a strong effect on the family’s state of mind and subsequent behaviour.  The result of the screen should be explained clearly and patiently and the explanation should not be hurried.  A Pass on ADPOAE in both ears is an overall Stage 1a Pass.  A refer on either or both ears is an overall Stage 1a Refer.   The significance of a Pass result is that ‘the hearing (in the Pass ear or ears) is normal at this time’.  Families should be advised that ’hearing loss can occur at any time later so it is important to always pay attention to the child’s responses to sound’.  If they become concerned about hearing at any time they should contact the Infant Hearing Program in their own home region.  On the other hand, if the child shows any sign of possible ear infection (ear pain or discharge from the ear), the family should contact their family doctor or visit a local medical clinic. 
The significance of a Refer result depends on the nature of screening itself as well as on the specific context of the Refer.  ‘No screening test is ever perfectly accurate.  Screening tests are designed to be quick, easy and inexpensive.  While the hearing screen will detect hearing loss if it is present, it sometimes gives a Refer when hearing is actually normal.’  For this reason, a Refer means that ‘hearing loss is a possibility and another test is necessary’ – either a more accurate screening test or, later, a full ‘diagnostic hearing test’. 
For ADPOAE Refers, it should be explained that while the ADPOAE Refer result ‘may well have been caused by fluid inside the ear(s) that will go away over time, another screening test (the AABR) that is more accurate and less affected by such fluid is now necessary because a genuine hearing loss is a possibility’.  Some families may feel more informed if told that: ’the basic chance of any newborn who is not at risk actually having a hearing loss is about one in a thousand.  Having a Refer on the first hearing screen has increased that chance to about one in 100.’  In response to questions such as ‘why don’t you just do the more accurate test’, a response is ‘it takes longer, is more complicated and is difficult to schedule for all babies before hospital discharge’.  And perhaps ‘we do that in babies who are at risk, such as those with birth weight less than a kilogram or who have certain severe infections (such as CMV) that can cause hearing loss’ , etc.  And ‘In babies who are not at high risk we can rule out hearing loss in 90% of them with the quicker first screening test.’
#19 Pre-discharge re-screens by AABR (Stage 1b)
All babies who Refer from ADPOAE should receive AABR re-screening.  The benefit of doing these screens before discharge is that a majority of the Refers from ADPOAE will Pass AABR, it being much less affected than ADPOAE by minor, temporary conditions such as fluid in the middle ear.  Typically, on average about 10% of babies Refer from ADPOAE and at least two thirds will Pass a pre-discharge AABR.  It follows that doing the AABR before discharge will eliminate quickly much family anxiety associated with false-positive ADPOAEs.
#20 AABR test conditions
The general requirements of a sleeping or at least quietly resting baby also apply to AABR screening.  The requirements for probe tip selection, correct probe positioning and an acceptable test environment also apply.  In the AccuScreen, the AABR stimulus is a rapidly repeated brief sound impulse called a chirp, whereas in the BioLogic ABaer it is a rapidly repeated click. Both types are delivered at a low sound level.  The screening device records the electrical signals (the auditory brainstem response, ABR) from the baby’s hearing nerve pathways in the brain, evoked by the stimuli.  These tiny ABR signals are buried in much larger electrical activity from the rest of the baby’s brain as well as from the musculature of the head and neck. The computer extracts the evoked signal from this ongoing electrical ‘noise’ and if the signal meets pre-set signal to noise ratio criteria, records a Pass result.  The key to extracting the ABR is the size of the electrical noise, which is quite small in a sleeping or relaxed baby but is very large if the baby is tense or moving.  Excessive electrical noise may result in a non-start or a false Refer.  
#21 AABR screening in unilateral ADPOAE refers
If a baby refers on ADPOAE in one ear only, both ears should be re-screened by AABR.  Information about the ADPOAE refer ear may be unavailable or incorrect.  Even if the ADPOAE information is available and correct, it is possible for an ear that passed the ADPOAE to refer on AABR, because the AABR assesses more of the auditory system than the ADPOAE.  The ADPOAE checks only the external ear, middle ear and part of the cochlea (the outer hair cells), whereas the AABR also checks the entire cochlea (including the inner hair cells and their connections to the auditory nerve, as well as the nerve connections in the base of the brain (the brain stem).  In fact, a pass on ADPOAE and a Refer on AABR can be informative for diagnostic assessment.  For these reasons, it is protocol to attempt re-screen both ears by AABR in a unilateral ADPOAE refer.  If the ear that referred on ADPOAE is documented, that ear should be the first ear tested, wherever possible, because the baby may wake up or become active and the second ear be rendered untestable.  If the single ADPOAE refer ear is known reliably and passes on pre-discharge AABR, the baby need not receive a community follow-up AABR just to test the other ear that passed the ADPOAE.  Similarly, if the AABR was missed in hospital but done in the Community and the single ADPOAE refer ear passed the AABR but the other ear was untestable, a revisit to complete the other ear that passed the ADPOAE is not necessary.  The most important factor is that a repeat Community AABR appointment may delay the start of diagnostic Audiologic Assessment, and those assessments become increasingly difficult to perform without sedation after about three months of age.
#22 AABR electrode montage
While the AccuScreen was originally designed to use an electrode on the nape of the neck and the AccuScreen Manual reflects this, the IHP does NOT use a nape electrode site.  The white electrode is placed on the forehead in the midline, a line extending upward from the bridge of the nose and dividing the head into equal left and right halves.  The white electrode should be placed as high as possible on the midline forehead,  because the ABR gets bigger towards the top of the head, so the electrode pad should be placed as close as possible to the hairline, but not on top of hair.
The red electrode should be placed on the skin of the right mastoid, as close as possible to the level of the external ear canal opening, immediately behind the pinna.  The black electrode should be placed similarly, but behind the left ear.  The electrode impedance test will reflect the forehead and right mastoid, not the forehead and nape. The absolute size of the ‘forehead’ impedance reflects the contact quality of both the forehead and left mastoid electrodes, while the right mastoid impedance (referred to as ‘nape’ on the AccuScreen) reflects the contact quality of the right mastoid and left mastoid; in both cases, the left mastoid is being used as a ‘ground’ or ‘common’ electrode to complete the circuit.  The ‘balance’ impedance is actually the difference between the forehead and right mastoid impedances, because the left mastoid impedance is common to both and is subtracted out.
#23 AABR electrode attachment & impedance checks
[bookmark: _GoBack]Impedance is a slightly more complicated version of the more familiar concept of electrical resistance.  It refers to the quality of the connection between the electrode (‘sensor’ is a term sometimes preferred for use with families) and the baby’s skin.  The better the connection, the lower the impedance.  A good connection is less affected by any movement of the skin or the electrode leads.  It also picks up less electrical interference from sources such as electric lights, cables, wall outlets and nearby electrical devices.
Extraction of the tiny ABR from electrical noise depends on the ability of the device to reject electrical activity that is present at both the forehead and mastoid sites.  This rejection ability is much reduced if the contact impedances at the forehead and mastoid are very different from each other.  This is what is reflected in the ‘balance’ measure on the AccuScreen.  The best measurement conditions have both low impedance and good balance of impedance.
Unlike with the previously used Natus-BioLogic ABaer device, it is not possible to override the impedance checks in the AccuSscreen.   This is appropriate with respect to encouraging higher quality of electrode contact and, therefore, better screening device performance in terms of false-positive and false-negative error rates.  A consequence, however, is that good electrode contact technique is more obviously necessary in order to achieve a high success rate in test start-up.
Previous practices with respect to cleaning of electrode sites for screening have been variable across the IHP.  Electrode contact practices are the subject of many opinions, many statements of dubious correctness, and relatively little solid evidence. This protocol makes recommendations only, based on clinical experience over several decades in diagnostic ABR assessment , for which good skin contact is especially important.  The main recommendation is that if any difficulty with electrode impedance is encountered, the skin at the high-impedance site be gently cleaned with a prep pad such as ‘TENS Clean Cote’.  Such a pad removes skin oils and can improve both electrode adhesion and contact impedance.  Further improvement can be encouraged by the use of a small dab of a clear electrode gel such as Nuprep in the centre of the electrode pad. If gel is used, the pad should be applied to the skin with light pressure on its outer margins, not on the centre of the pad.  If central pressure is used, an air pocket may be created under the pad centre when the pressure is removed.
Screeners may choose to clean the skin and/or to use gel (or not) initially, not waiting for a possible poor impedance check.   This is discretional.  In newborns it is not appropriate to use a gel such as Nuprep to clean the skin, as it contains a small amount of abrasive that is appropriate for use in adults and older children, but not in newborns.  


#30 At-risk pre-discharge AABR screening
Babies at risk for PHL are not screened with ADPOAE for three reasons.  First, the risk of PHL is already ten times higher than in babies not at risk, roughly equivalent to the probability level in a baby not at risk who Refers on ADPOAE (about one in fifty to one hundred).  Second, the ADPOAE will not detect Auditory Neuropathy Spectrum Disorder (ANSD), a disorder of connections between the cochlea and the auditory nerve most cases of which arise from high-risk conditions such as severe neonatal hypoxia, hyperbilirubinemia or CMV infection.  About 5-10% of all PHL in infants is associated with ANSD.  Third, about half of all PHL will arise in the high-risk group which itself in about one twentieth the size of the nil-risk group; this concentration of PHL in a relatively small group justifies the immediate use of the more expensive and accurate AABR screen.
The AABR should be done before discharge home wherever possible, provided that the baby is medically stable and has a corrected age of at least 34 weeks.  This facilitates timely referral for diagnostic Audiologic Assessment by 8 weeks corrected age at the latest.  
#39 (and #29).  Referral for detailed, diagnostic Audiologic Assessment
The chance of a baby  at risk for PHL having a hearing loss depends on the nature of the risk and overall is about one in 50 to 100.  If the baby Refers on an AABR, the chance increases to about one in 5 to 10.  (For babies who are not at risk but Refer on Community AABR, the chance of PHL is about one in 15). 
Families should be advised that ‘many babies who must go on to the diagnostic Audiologic Assessment will turn out to have normal hearing but it is very important that we find out whether his/her hearing is really OK’.
What the screener says depends on the family reaction to the Refer.  If the parent is very upset, the fact that hearing may be OK is stressed but so is the need to confirm it.  If the parent seems relatively indifferent, the possibility of hearing loss and the importance of early discovery of the true hearing status is emphasized.
It is never appropriate to dismiss the Refer result with statements such as ‘the machine often does that’ or ‘he’s snuffly today so his hearing is probably fine’.  Such statements can affect family response to subsequent Refer results or even diagnostic results.  
It is never appropriate to apologize for a Refer result.  Finding hearing loss in order to deal with it properly is the reason why the screening is done.  Hearing loss is only proven at a diagnostic assessment appointment.  Even then, while the news of proven hearing loss may be difficult, much can be done to support the child and family.
There is evidence that many families do not take the referral to Audiologic Assessment seriously, which is a major cause of loss to follow-up, perhaps the most serious deficiency of current world-wide early identification programs.  There are many reasons for non-adherence to the referral recommendation, including lack of understanding, denial, cultural factors as well as region-variant IHP procedural limitations such as failure to lock-in the diagnostic appointment at the time of AABR Referral or failure to synchronize hearing assessment with other high-risk follow-up services.  One particular cause that has been identified is that families may disregard the referral because they feel that the baby can hear on the basis of informal observations at home. This challenge is one that can be addressed directly by IHP screeners.
Families of babies who are referred from AABR for diagnostic assessment should be counselled that it is not possible to discover many types of hearing loss by observing the baby’s response to sound at home.  A baby may hear loud sounds but not medium or soft sounds, may hear well in one ear but not in the other and all sounds travel to both ears, or may hear low pitches but not high pitches.  A proper diagnostic assessment by a specially-trained IHP Audiologist is the only way to find out exactly what the baby can or cannot hear.

IHP Screening Continuous Quality Improvement (CQI)
All aspects of screening must be conducted in such a manner that risk of harm to the public is minimized, program benefit-cost is maximized and that all activities implemented using public funds are transparent.  The following 8 steps align with those objectives:
1) IHP screening services must comply with all pertinent IHP protocols.
2) Any person who conducts any IHP screening test must be uniquely identified i.e. by first initial and last name as the provider of that test.
3) The screening device used for any test must be uniquely identified i.e. by the six-digit device serial number for each and every test.
4) The occurrence of any screening test must be documented together with its outcome.
5) All screening outcomes for any screening provider and device must be monitored periodically.
6) Screening outcomes that do not meet IHP performance targets should be investigated and evaluated.  Corrective measures must be introduced and their effectiveness evaluated. 
7) It follows that from a CQI perspective that any given screening event in a very real sense has not occurred unless and until its occurrence, outcomes and defining information have been entered correctly and in a timely manner into the IHP database system.
8) Practical details of screener identification (ID) and device ID management are given in other IHP program support documentation.
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