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	(Writer standing by.) 
>> SPEAKER:  Good morning.  Thank you for all of you being here today.  My name is Shanda Brashears, I'm a pediatric audiologist.  I've been an audiologist for about 18 years.  I've been at Nemours, which is a large healthcare system at the hospital I work at called duPont.  I've been there for 11 years.  So, just briefly, I'm going to start by going over some of the advantages and disadvantages of the two main hearing screening techniques that are used in audiology; the automated AABR is a little bit more comprehensive than the OAE in that it doesn't only look at the cochlea, but evaluates through the auditory nerve, up through the level of the lower auditory brainstem.  If you compare it to screening using OAE and AABR together or OAE alone, we found in our 2013 study, and you can also see throughout the literature that the, um, AABR has the highest sensitivity and specificity of those other two options that I just mentioned.  Some disadvantages are that it takes a little bit more training and a little bit more money to get the AABR done as compared to the OAE, and, of course, it can be sensitive to electrical artifact, whereas both are also sensitive to patient noise and proper probe fit.  The OAE screeners like it because it's quick, it's relatively easy, if you can get the baby quiet, and programs like it because it's less expensive than doing AABR on every baby.  It's highly sensitive to sensory hearing loss, that is hearing loss due to outer hair cell dysfunction, and I put in parenthesis that an advantage could be that it's sensitive to middle ear affusion, because it depends on what the goal of using the OAE test is.  
If you're trying to identify permanent hearing loss, the fact that it's sensitive to middle ear affusion is not an advantage, but if you're trying to catch every hearing disorder, then the sensitivity to middle ear affusion would be a good thing.  So, the fact that a lot of babies who have an affusion but do not have permanent sensory neural or neural hearing loss are going to fail the OAEs is what's bringing the specificity of that test down, if your goal is to identify permanent hearing loss, and, of course, when used alone, otoacoustic emission can systematically not identify 5 to 15 percent of patients with permanent hearing loss, and that is those with auditory neuropathy spectrum disorder, which we're going to talk about more.  The 5 to 15 is just coming from the various publications that you can see in the literature, what's reported as the prevalence of this disorder.  So, our 2013 study, we looked at 375 babies, and we followed them out from their screening with us so that most of the outpatients are coming to us first for a rescreening, because they didn't pass at the birth hospital, but we have a very large NICU population when we're doing the initial screen on, so we're about 50/50 NICU versus well‑baby population in this study, so we had a higher than normal refer rate, we had a higher than normal identification of permanent hearing loss from this group because of the, um, NICU population primarily, 45 percent, that was the majority of the, well, not more than 50 percent, but most of the kids that we identified with hearing loss had conductive hearing loss, because, of course, that is the most common form of hearing disorders in children, and you can see the breakdown of the rest of the types of hearing loss here.  
So, our technician does a tympanogram, usually not on the initial screen, but on the rescreen, and, um, 68 percent of the ears that had an abnormal tympanogram still passed the AABR, so the AABR is not particularly sensitive to middle ear affusion, whereas the tympanogram for all of the ears that had an abnormal tympanogram, um, less than 2 percent passed the OAE test.  So, we put together some numbers for sensitivity and specificity.  AABR alone was the best when you look at both.  The, um, OAE was, um, less sensitive and specific, and the, um, statistics we came up with for that were very similar to another journal article that we've cited here.  When using the AABR and OAE together, that gives you the very highest sensitivity, so if the goal for your program is to identify every child with hearing loss that you possibly can, then it's great to do both, however, that OAE is dragging the specificity down when you use these two tests together.  The OAE, if you look at the sensitivity and specificity to otitis media, is, um, it's actually rather good at being able to, um, to identify this hearing disorder.  So, here's a couple of different two‑part hearing screening options, ending with what we use at our hospital in Delaware, and I'll mention also that we do 99 percent of the diagnostics for the state of Delaware, so, um, our state EHDI program is very much linked to what we're doing diagnostically and for our screenings at the duPont Hospital.  It's been proposed in the literature by more than just this one set of authors that if you do, if you start with an OAE and anyone who fails that is going to get an AABR upon rescreen, this yields a very high sensitivity and specificity.  We would very much caution against you doing the opposite.  If a baby fails the AABR, we do not recommend that when they come back for the rescreen, you do an OAE because this is systematically miss most of the kids who have auditory neuropathy.  So, what we've been doing, and it's been working very well, is, um, that the State Department of Health for Delaware is, um, we're giving them data on the AABR and the OAE, but they're only considering the AABR the criteria for pass or fail.  
We had a very high refer rate for many years in Delaware, we were doing both screenings, and if you failed anything, you were reported to the State Department of Health and followed, but it was too high of a percentage of the kids that we were screening, and it was sort of inundating the system, and kids were getting loss to follow‑up because pediatricians were seeing so many kids they were saying don't worry about it, they couldn't possibly follow all of the kids, so what we decided to do was to, um, not use the same criteria necessarily that the Department of Health is using.  So, we're going to follow a kid who doesn't pass the OAE clinically, but the state is not.  So, if you pass the AABR and fail the OAE, there's a very high suspicion of otitis media, and in part of our follow‑up, we're referring to ENT, and if the OAE passes but the AABR fails one or both ears, there's a high suspicion of auditory neuropathy.  So, this is a lot on this slide.  I'm going to just gloss over it.  I want to point out that all roads lead back to EHDI, so at any point during this process, there's a pass or a fail or a diagnostic identification of hearing loss, we're sending our report via auto‑fax to the State Department of Health.  Babies who pass but have a risk factor are going to have closer follow‑up than those who pass with no risk factor.  If the OAE fails, but the AABR is a pass, we're going to do a diagnostic AABR, but probably not the full protocol.  We want to establish if there is an ear bone gap, and, of course, include a tympanogram in that protocol, and, um, if the AABR fails, we're going to go to a full diagnostic AABR.  If there's any elevation of the bone line, we're going to be referring for early intervention, which we're lucky, in our state, the State Department of Health facilitates this referral to early intervention for us when they receive a report from us stating that there is a permanent hearing loss or suspicion of a permanent hearing loss.  
So, these are our numbers over the past 3 and 1/2 years or so.  Um, the loss to follow‑up rate, we didn't use the Centers for Disease Control formula here, we just did the total number failed by the total number of babies in the EHDI program, and we've been steadily going down with our loss to follow‑up rate each year.  So, some of the things that have helped us do that are that, um, we no longer do more than one rescreen.  It doesn't matter how old the baby is, if the baby is 3 or 4 weeks and doesn't pass the first outpatient screening, the very next appointment is going to be an AABR.  A lot of our families travel a great distance, and the more appointments you add, the more, the higher the chance that you're going to lose them to follow‑up.  The training of our screeners around the state is now mandatory, and letters are going out, letters were going out before, but now, we're sending them every two weeks until the family follows up, and then, as I mentioned, because the state is no longer following babies that fail the OAE, they don't have to follow as many babies, and the physicians are not as habituated to a failed hearing screening.  We're also trying to pair that with training of the screeners and the pediatricians that, um, you know, it's very counterproductive to tell a family, I'm sure it's fine, making them feel better in that moment is not going to help the situation in the long‑term.
(Off mic.)
>> SPEAKER:  Yes.  So, as a contracting audiologist, I assist with the training.  The Department of Health itself sends the letters out, and I believe they have an automated system for that.  So, why do we want to identify otitis media in newborns?  Well, the prevalence of middle ear affusion is a lot higher than the prevalence of permanent hearing loss, and it, like permanent hearing loss, can have a huge impact on speech and language, as well as academic development.  So, in addition to being able to identify the possibility of a conductive hearing loss or a fluctuating conductive hearing loss, it is a lot healthier for the baby not to grow up with all this gunk in their ears.  They sleep better, they eat better, there's less stress on the family, and then there's a newer diagnosis you may or may not be familiar with, and it's believed that one of the biggest causes of it is growing up with fluid on the ears and having a hearing system that is not giving you a stable signal from day to day, so this can lead to auditory processing disorders, attention deficit disorders, specific language impairment, and has an impact on social and emotional development as well.  So, why do we want to keep our ears open for auditory neuropathy?  We want to keep this on our radar because it is kind of a trickier disorder to diagnose, and it can have an enormous impact on language development.  The study I've cited here from 2008 showed that when a screening program is not including auditory neuropathy in what they're looking for, that the average age of identification is 34 months, so we're back to the dark ages before newborn hearing screening for these kids if we don't specifically look for them, so that age of identification can be brought all the way down to 5.7 months, kind of within our EHDI window somewhat, which is going to have much better outcomes for the child.  So, in cases of auditory neuropathy, your screening result is typically going to be a failed AABR, and the OAEs may not be a full pass, you may just get partial OAEs.  Um, the OAEs we've seen in many cases will degrade over time.  We have many cases of babies who pass the OAE with flying colors at birth, but by the time they came in for their rescreen or their diagnostic at 2, 4, 6, 8 weeks, their OAEs have either gone completely or have greatly diminished, so we think it's this feedback loop, nothing's feeding those outer hair cells.  The point is don't ignore a passed newborn OAE screen.  If you're getting an absent AABR on a child, for example, that nothing happened to them that could have caused that to go away completely, they had OAEs at birth and they have no AABR or a really abnormal AABR, don't ignore that. 
 So, I want to just take a little bit of a closer look into ANSD, because it's more difficult to diagnose.  In our facility, we have a very specific protocol that's used for every baby that we do an AABR on, where we're going to specifically try to identify the cochlear microphonic.  So, the AABR is not always absent, sometimes, it's severely abnormal, and, um, you have to bear in mind that if you can identify a cochlear microphonic and/or otoacoustic emissions, that if you're anywhere along the spectrum of auditory neuropathy, this may not be a deaf child.  So, taking this absent AABR and running with it and say we're going to implant this child by 6 months, that may not be the most responsible thing to do, because as we know, the spectrum of auditory neuropathy includes everything from being able to hear pretty well in noise, I'm sorry, pretty well in quiet and just falling apart in noise, to complete deafness and everywhere in between, including fluctuating hearing loss, so we need to be a little bit more careful and try to evaluate what the infant is actually, um, what auditory information is actually getting up to the brain, and one of the ways that we do this at duPont is we do a cortical auditory evoked potential on all children diagnosed with this disorder, as well as a lot of our auditory processing population, and, um, we're finding that it does kind of give us a prognostic hint to if we're dealing with a more mild version of auditory neuropathy versus a more severe version.  It's not perfect, but if you have an absent AABR and a cortical threshold of 50 dB NHL, you can't ignore that.  So, why is it that the cortical is being generated where the auditory brainstem response is absent?  ANSD is a disorder of timing, so when you stress the system by presenting 37 clicks per second, oftentimes, the system's not going to be able to handle that, but the cortical that we're doing is one stimulus per second, so if there's not a full complement of nerve fibers and they're not firing off synchronously, you may get nothing to 37 a second, but you may get something quite nice when you're presenting at only one stimulus per second, and we're using that cortical threshold as a way to estimate what the speech awareness threshold might be in the booth, which is helping us for the fitting of our trial hearing aids with this population.  When you're trying to separate the cochlear microphonic from the AABR, we know that the cochlear microphonic is polarity sensitive, whereas the AABR is, um, very, very much less so.  
So, you see in the beginning, here, the cochlear microphonic flips 180‑degrees out of phase with a change in rarefaction, means that the sign wave of the click is going to go down first before it comes up, and condensation means it's going to go up before it goes down, so the outer hair cells are responding to that 180‑degrees out of phase from each other.  So, you look at an AABR like this, and you say, well, okay, I can see, like, a 1, the 2 is kind of big, but I can see a 3, 4, 5, I guess this is an AABR.  So, let's say this is to a rarefaction click, well, when you do the opposite polarity, that was actually a condensation click, when you do the rarefaction, everything flips 180‑degrees out of phase, and you can see that there's no neural response following that cochlear microphonic.  So, this is textbook, you don't really see this that often.  I'm going to show you some kind of more real world, messy AABRs in a minute.  So, we always start by doing one condensation and one rarefaction.  If we get no neural response, then we're going to do a second one so that we can show reproducibility of the cochlear microphonic.  If there's nothing at 80, we go up to equipment limits.  We use the Vivosonic, and it has an alternating split option, where you can just do two runs, and that would yield two alternatings, two rarefactions and two condensations, and we overlap each of the two alternatings together, the two condensations together, and then the two rarefactions right under it, and we, um, when we print it out, shade in what we think may be the cochlear microphonic.  So, we went over the polarity and rate sensitivity when you compare AABR and cochlear microphonic, and, um, also, the AABR is going to shift out in latency as you come down in intensity, whereas the cochlear microphonic will get smaller when you reduce the intensity, but it should not shift out in latency at all.  
Here's an example of this.  At the top, that's 99.  Now, um, I was not able to find this file to go in and expand the window for you.  It's very, um, close together, it's actually a little bit easier to see when you take it down to 80 decibels, that you see that reversal of the cochlear microphonic, and one technique that we use is, um, we clamp the tube.  So, a lot of naysayers will say the, um, this ringing is just a stimulus artifact, so by clamping the tube and leaving everything else the same, you can separate out what might be, you know, there is a tiny stimulus artifact at the very, very beginning of this tracing, but all the other stuff went away, because the auditory system was no longer responding, because you've clamped the tube, so the click is no longer going into the ear, but the transducer box is right where it always was.  We use, like, a hemostat.  We keep it in our cart.
(Off mic.)
>> SPEAKER:  Yep.  Anywhere between the transducer box and the ear, you just clamp it.  So, then, also, you know, this is less of a clear‑cut case of auditory neuropathy in that you can see there is some neural response here.  So, the very top tracing is alternating.  It's there, but the thing about this patient is when we went further and did tone bursts, there were no neural thresholds better than 80 NHL, so why is this person who has severe thresholds, you know, if you have 80 dB of hearing loss, you shouldn't have outer hair cell function, right?  But they're making this giant cochlear microphonic.  So, this is along the spectrum of auditory neuropathy, it's not a black and white diagnosis.  So, another thing that we do, if we're finding this severely abnormal AABR, is we slow the rate.  So, I mentioned that the cortical is one per second, you can do an AABR to 7, we do it to 7.7 per second when we slow the rate.  Now, this is not a common finding.  I would say, you know, maybe 1 in 10 or 1 in 20 are going to have an AABR that gets this much better or better at all when you do 7.7 as compared to 37.7, but I just wanted you to see an example of this.  The neural response got better when you went from 80 to 99, but it got much better when you went from 37 per second to 7 per second.  Um, the other thing that we're doing as part of our screening protocol is to assess for risk factors for late onset hearing loss.  This does not cost you any extra money, and it only costs you another minute or two during your evaluation, or sometimes in patients where we're getting this information from their chart.  Our follow‑up is that if you have the lesser risk factor, which is class A, we're, sorry, class B, we're going to recommend a behavioral hearing test at 9 months of age using visual reinforcement audiometry.  If there's any suspicion of hearing loss or that's a baby who can't developmentally do that, we would go to AABR either right from the start or following a behavioral exam that's not normal, and for a class A risk factor, we're going to have a, not in every case, but in most cases, a diagnostic evaluation, which would be an AABR, at least until the child is 9 to 12 months of age up to 2 years of age, and that's somewhat dependent on the risk factor.  
So, some kind of global things to consider, you know, the national EHDI group has goals, such as the 1, 3, 6, and first and foremost, we have to keep that in mind.  Um, having a protocol that requires multiple rescreens can sort of work against your state's EHDI program in achieving the 1, 3, 6 benchmark, but every, you know, every program is different.  In my hospital, we're not a birth hospital, we just, um, we just test the babies who are referred to us because they didn't pass their initial screen, and then we have this very large NICU population, which is kind of an entirely different ball game unto itself, but every program needs to look at, you know, their resources, what the needs of their community and their patients, and, of course, needs to keep the state and national EHDI program in mind when they're designing things like, you know, how to get your results to your state EHDI program.  For example, we used to have to fax them over, so the audiologist would have to sit down and actually fill out a form in addition to their chart note.  Now we just send them the chart note.  If anybody has a question, they typically will contact me to help them walk through it, but they've all been trained to the point that they can go down to impressions and see if this is a kid with hearing loss or not, which ear, what degree, what type.  It's because the audiologists don't have to do anything except click one other button when they're finalizing their chart.  We've gotten, um, our loss to reporting to the state EHDI program down to almost zero.  The two‑part rescreening protocol that we're proposing is, um, you know, it's designed to focus on identifying permanent hearing loss and reporting that to the state EHDI program, but we also don't want to just ignore those kids who are born with middle ear affusion or born prone to it.  By intervening with those kids, um, our ENT Department says, you know, we can't really get tubes in them till about 6 months of age, so we're referring them to their first ENT appointment at 5 months of age, hoping if they need tubes, they'll get that by about 6 months of age.  We're still doing our diagnostics along the way, but we're getting that child triaged and funneled down the path of medical management, which their hearing disorder requires.
  Um, differential diagnosis of ANSD, I think everybody at my hospital and department got a lot more comfortable when we started calling it a spectrum, because there was all these discussions, like, I don't see the cochlear microphonic, you know, this child has no AABR, so they must be deaf, but the family's coming in and saying, but they startle, and they turn and all this, so, you know, looking at it as a spectrum disorder and just, you know, trying to remember that hearing loss is complicated, there's not just conductive, mixed, sensory neural, auditory neuropathy, there's many things that can go wrong in the auditory system, and some of them are going to give you a more neural picture, some of them are going to give you a more sensory picture, and then there's a lot of stuff in between, so just kind of look at the physiology and take all of that into account, along with what the family is reporting to you about what the child is doing.  So, in conclusion, just, um, you know, a tympanogram, I think, is also a very, um, good tool at your disposal when doing a rescreen.  It's not very hard to train a screener to do a good tympanogram and analyze that result, so when we get babies, depending on your facility, you know, don't look at the rescreen as a screen, it's your first diagnostic opportunity, and without having to do a diagnostic AABR, you can put all of your information together so that you can better triage the patient and get them down the road that they need to go down more quickly.  Any questions?  Yes?
(Off mic.) 
>> SPEAKER:  Well, we are billing for it.  If she does attempt an OAE and an AABR, she's able to bill for those procedures separately, but, you know, again, I'm at a children's hospital, it's not a birth center, and she's mostly seeing NICU kids, so she's able to do that, whereas I feel like, you know, a lot of screening facilities or birth hospitals, their newborn hearing screening charge is bundled, so, again, you have to kind of weigh what is practical for your site.  For our site, it's practical to do that, and it's helping us a lot, to kind of know before the diagnostic AABR.  We already have a really good idea of what kind of hearing loss we may be looking at.  Yes?
(Off mic.) 
>> SPEAKER:  It happened gradually, and they're more comfortable with it because it's more business.  When it first started and we were getting that on, like, a 2‑month‑old, they weren't able to handle that, and that's when they came back to us and said we can't put tubes in until they're 6 months, we don't want to see them till they're 5 months, and if they have downs or any of that, use your judgment, and don't send them to us until there's something we can do about it.  So, um, you know, we do a lot of AABRs after tubes.  Let's say we did an unsedated AABR while we're waiting for the ENT consult, maybe it was inconclusive, maybe we didn't get a normal bone line, or maybe we did, either way, we're going to be doing a diagnostic AABR in the OR or short procedure room immediately following tube placement, and so then we can say, okay, now we know that there's normal hearing, and then they're also going to get behavioral tests with their tube follow‑up, and a lot of the ENTs, in the beginning, they said, it's not possible for a baby to be born with middle ear affusion, you keep sending us these newborns with otitis media, but that doesn't exist.  Well, I mean, something is making the tympanogram flat and the OAE pass, or the OAE fail when the AABR passes, so, but apparently, it's in an ENT textbook somewhere that you cannot be born with middle ear fluid.  All right, we're going to let the next group come in.  Thank you guys so much.  I'll hang around, if you have more questions.
(Applause.) 
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