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NOTE FROM CAPTIONER:  
(Standing by).
(Standing by).
(Standing by).
(Standing by).
Can you put the microphone on, please?  That is much better.  Okay.  Thanks!
>>JEFF HOFFMAN:  In every conference that I have ever attended at some point I reach a wall where I just have had enough.  So hopefully, you haven't reached that point yet and hold off for another hour and have that during lunchtime or whatever.  But welcome to audiology 101A and B.  I'm Jeff Hoffman, audiologist.  And I work for the National Center for Hearing Assessment and Management, or NCHAM.  I work in the ECHO initiative, and have done that for quite a few years, and really focus on hearing screening with young children, not the babies, but the ‑‑ those up to about 3 years of age.

My colleague, Terry Foust, who is also a pediatric audiologist and a consultant with NCHAM, is not able to be here today because of some family emergency.  So I will try to put Terry's hat on about halfway through and take on his part.  We have got the disclaimers there.  Terry works for Intermountain healthcare and also a consultant with NCHAM.  And these are outcomes for the day.  Identify parts of the auditory system and describe how the ear works, describe the types and degrees of hearing loss, describe how hearing loss is assessed and diagnosed, and describe the types of treatment and intervention for hearing loss.  So we are really taking that mystery of what do audiologists do and try to pull it together so that it is understandable.  And know that this might also in your work, if you are working in the EHDI system, this might be helpful in various ways in talking with some colleagues, bits and pieces of it or for parents.  I originally did this probably, this workshop in a different version of it, when I was EHDI coordinator in Nebraska.  So it is helpful sometimes to try to demystify all of those terms and things that audiologists do.

There is a version of this that is on the NCHAM website.  It is the kidshearing.org website.  Hearing loss in young children.  It was designed, Terry and I did that specifically for Early Head Start programs, but it is much the same information.  And so that's readily accessible if you want to use it in another way.

So we are going to start off with what are audiologists.  And audiologists are specialists in hearing and balance.  We really focus on the identification of hearing and balance problems both and in the rehabilitation aspects of both of those.  Pediatrics, we focus on the hearing aspect of it.  So as you are working with families and in your systems, you know, you really want to focus on those audiologists who have some expertise and experience in working with the very young children, the newborn and the very young.  

We are going to take a quick look at the ear and how it works.  In this slide here you just see a cross‑section of the ear, and it shows many of the important structures, but we will zero on each part of the ear and talk about how it contributes to hearing.  There are parts to the auditory system, the outer ear, the middle ear and the inner ear, and then there is the central auditory nervous system, and we will go through each of those.

The outer ear consists of several parts.  It has got the fleshy part that we call the pinna, and it really doesn't have much impact on hearing.  It is great to access rise in various ways, but it doesn't have a big impact on hearing.  The next part we see is the ear canal.  I will try to do 2 of these at the same time to zero in.  The ear canal, which is about an inch long, S‑shaped canal.  And it really serves to channel the sound further into the auditory system.  And in addition, it produces gooey substance called cerumen.

And the next part is the eardrum, also called the tympanic membrane.  And the eardrum really serves to be the boundary between that outer ear and the middle ear.  And it vibrates when sound waves hit it, it vibrates in certain ways, and it actually strengthens the sound, that vibration a little bit.  And transmits it on into the middle ear.

Here is a picture of the tympanic membrane, and this is a healthy tympanic membrane.  Those of you who are physicians probably recognize it is the perfectly gray color and you don't see any line of fluid or anything.  And we can just start to see here one of the bones of the middle ear system, which is attached to the tympanic membrane.

The next section is the middle ear.  And it is a cavity basically.  We have the eardrum and that's because that middle ear space is really like a drum.  It is hollow inside.  There is ‑‑ there are 3 bones, the ossicles, and also the eustachian tube and we will talk a little bit about that here.  Those bones are all connected together by little ligaments and there is a tiny muscle that attaches to it that contracts to loud sounds, but basically these small bones, the smallest in the body, serve to continue to transmit that sound, that acoustic sound wave into the auditory system.  And it also strengthens it somewhat.  It makes it stronger as it goes through.  

The eustachian tube here basically connects the middle ear space to the back of the throat, and it opens and closes.  It serves to equalize the pressure of the ‑‑ of that middle ear space with the outside pressure.  So how many of you flew into Louisville in the last couple of days?  Most of you.  So when your plane takes off, your ears start to get a little bit stuffy.  When you come down, your ears start to get a little stuffy.  You may yawn, you may chew gum, something like that, and that ‑‑ those actions open that middle ‑‑ or that eustachian tube and serves to equalize the pressure as you change the pressure in the airplane.  So that's an important aspect of it, and sometimes it doesn't ‑‑ you know, if you have got a little bit of upper respiratory infection, swelling or whatever, it doesn't function as well and you may have that stuffy feeling for a while.  But that's what the eustachian tube does.  

Here is a picture that shows the comparison, the size of those 3 little bones with a dime.  Very, very, very small.  The one here on the left is the malleus and it is also called the hammer, and then we have the incus, or also called the anvil, and then the stapes or the stirrup.  So we have a technical name and the common name.  And these are all, like I mentioned, they are connected with ligaments and there are some muscles attached.  This part here on the stapes, this end of the stapes actually fits into the next part of the ear called the inner ear or the cochlea.  And once again, this is just transmitting sound, strengthening sound as it comes into the auditory system.

This is the inner ear, this section here that's circled, and it is really the end organ of hearing.  This is where a lot of the magic happens, and does some really remarkable things.  Years ago when I was a young student, the way that the cochlea, the inner ear function was what got me into audiology, because I was fascinated in how it works.  But the cochlea is a small, snail shaped section and there is a structure in there called the Organ of Corti.  And we will see diagrams of that and there are thousands of hair cells or stereocilia that work in and really changing the mechanical energy that's been coming in from the outer ear through the middle ear and being strengthened.  It changes it to an electrical signal  So that's where that transduction really occurs.  So here is a diagram of the Organ of Corti.  These little green sections here, these little green structures, are the hair cells.  We have 3 rows of outer hair cells and inner hair cells.  And you will see these little stereocilia up here.  When those ‑‑ when the sound wave comes in and starts moving the fluid, those get bent a little bit and that's what then causes neurotransmitters or some neurotransmitters to become some electrical energy and is then sent on to the next part of the auditory system.

Here is another picture of this ‑‑ this is a micrograph of the hair cells.  We see the 3 rows of the thousands of outer hair cells and the one row of the inner hair cells.  And the way these are arranged on the ‑‑ in the cochlea is that they are responsive to various frequencies or pictures as they go in.  So that's where we get some of that frequency and assignment.  Happens here in the cochlea.

The 4th is the central auditory system.  Auditory nerve.  And this is where the ‑‑ the auditory nerve here takes those electrical signals and keeps moving it on up through, up to the cortex to the brain, where at that point that's where meaning is assigned to this.  It is a really complex system of all of these electrical signals going up and getting combined and ‑‑ but once it gets to the cortex, that's where we get recognition of sound, we have meaning that's assigned to that.

And there are approximately 25,000 of those little nerve cells that are combined to make that auditory nerve.  So we are talking about lots and lots and lots of little pieces of ‑‑ that all contribute to our ability to hear.

There is a really good 7‑minute YouTube video.  It is an animation of how the auditory system works.  And I will get this to you again, but it is called, you can just Google auditory transduction by Brandon Pletsch.  You will see that again in another video.  But it is very, very nice and it is a really good explanation of both the anatomy of the auditory system and how it functions.

Going to switch a little bit from how the ear is structured and how sound gets processed to really start to talk about types of hearing loss.  The hearing loss that occurs results from different areas of the auditory system.  But the first thing is that we can describe hearing loss first by identifying how many of the ears are involved.  So if only one ear is involved, we call it a unilateral hearing loss, and if both ears are involved we call it a bilateral hearing loss.  So those are terms, if you are in the EHDI world, unilateral, one ear, and then bilateral is both.

The ‑‑ and then you will see the types of hearing loss include a conductive hearing loss, which occurs when there are problems in the outer ear or the middle ear.  Remember that ear canal that was going in and those little bones, those little ossicles?  Those are ‑‑ if there is problems there, that's called a conductive hearing loss because the sound is not being conducted through to the ear, to the inner ear appropriately.

We have also what's called a sensorineural hearing loss, and that's from a problem that occurs in the inner ear, that sensory part.  And then we have what's called a mixed hearing loss.  Because it is not necessarily an either/or because you could have a conductive part and you can have a sensorineural part.  So when you see that, when you see that word mixed hearing loss, know that there is several parts of the auditory system that are involved.

And then we have also, and this gets into auditory nerve and the central auditory system, we have hearing loss that can be called typically, you are going to see auditory neuropathy spectrum disorder, that's the appropriate term now, you might see auditory neuropathy dissynchrony, which is an older term, and auditory processing disorders also.  And those have to do, the auditory neuropathy spectrum disorder, ANSD, is ‑‑ has to do with that acoustic nerve that's transmitting those electrical signals on up into the auditory system, where the auditory processing disorders are more in the brain, more in the cortex area.

Every year the Centers for Disease Control and Prevention, CDC, asks the EHDI programs in each of the programs to submit data to them on all of the things that they do, all of the results that they have obtained in the previous year.  So I'm going to go through and give you a sense of the percentages for the different types of hearing loss in newborns that are identified through the EHDI programs across the U.S.  These are data from 2012, which is the most recent that's on CDC's website.  They are just now collecting the 2013 and have some preliminary data, and I don't know the numbers on that, but the preliminaries, we will talk about them anyway, but probably in the next month or so you can go onto CDC EHDI's, the EHDI section of CDC and see how ‑‑ what's happening in 2013.  These numbers stay pretty consistent.  They vary a couple of percentage points each other, but overall, they are pretty consistent.

So what we have found with newborns is about 35 percent or about a third of the babies born who have a permanent congenital permanent hearing loss have a unilateral hearing loss.  So hearing loss in one ear.  And so we have about ‑‑ two‑thirds have a bilateral hearing loss.  One thing that you will see as we go through the numbers here is they don't always add up to 100 percent because there are some unknowns and there are some ‑‑ you know, the data just doesn't always add up, but it is pretty close.  It gives us an indication here.

We find that 13 percent of the babies have a conductive hearing loss.  And that ‑‑ that can be problems with the ear canal here, it could be what's called atresia, which is that the ear canal is blocked off, could be either just cartilage, could be skin, it could be bone.  But that's one part.  Or it could be some malformations of those middle ear bones.  But those are conductive hearing losses.

So we see about 65 percent of the babies born with a permanent hearing loss have what's called sensorineural hearing loss or problem in the cochlea.

Then a small percentage, about 8 percent have a mixed hearing loss.  So there is a part that's the conductive part, the outer ear, the middle ear, and a part that's the inner ear or the cochlea.  And then a very small percentage, about 4 percent have auditory neuropathy spectrum disorder.  And that's what we are going to look at ‑‑ before we go to that, looking at the prevalence of hearing loss, what CDC has found from the information that's been presented or submitted to them by the states is that about 1.6 per 1,000 babies born have a permanent congenital hearing loss.  And so that varies some by state.  It depends on our loss to follow‑up rate, and, you know, we have got about, in 2012 an average of about 35 percent of the babies who didn't pass that final newborn hearing screening, didn't get the followup to an audiologic evaluation.  So that's a big question mark.  Those children are at much higher risk for a permanent hearing loss because they haven't passed a couple of their screenings, but we don't ‑‑ and it ranges considerably.  Some states are as low as 3 percent loss to follow‑up and as high as 84 percent in some states.  So it is really highly variable.  But the thing is, this 35 percent here, there are kids with hearing loss and that 35 percent, we just don't know about it.

And so, you know, the prevalence is higher than that 1.6, but we don't know how much higher it is.  With the ECHO initiative, the early childhood, and we look at ‑‑ from the data we have collected and we have data on about 25,000 children over the last decade, we are seeing about 1 per thousand that are being identified or being found with a previously unidentified hearing loss.  So these are new hearing losses that are occurring in the first 3 years of life beyond this 1.6.  Some of the data ‑‑ data is really kind of hard to find on when hearing loss occurs in childhood.  But what we are seeing in some of the data is that probably about 6 out of every 1,000 children have a permanent hearing loss by the time they reach school age.  

So what you are seeing is, you know, 1.6 per thousand babies are born with a permanent hearing loss and as they go through early childhood more and more of them are ‑‑ it is either an acquired hearing loss, it could be a progressive hearing loss, and it continues throughout the lifespan.  Those of us who are up in years, we have a much ‑‑ there is a higher prevalence of hearing loss with all of us.  But the important thing is looking at what's happening both at the newborn period and then again at the ‑‑ as we go through early childhood.

In 2006, Morton and Nance did the audiology of the hearing loss of the sensorineural hearing loss, and this is out of England.  The UK has a much ‑‑ a better followup rate than we do in the U.S.  It is much more rigorously monitored, the screening.  But anyways, they were able to identify what are some of the causes of that sensorineural hearing loss.  You will notice here that they are seeing in their data that they are seeing about, this is about 2 per 1,000, 1.86 per 1,000, babies born with sensorineural hearing loss.  A sizable percent, about 1/5 of the babies born, the etiology was the GJB2 gene mutation.  I think I skipped one.

Okay.  And we also see then some other genetic causes of hearing loss.  We are seeing some Pendred's, syndromic, some nonsyndromic hearing loss.  So we are seeing much more than 50 percent of the babies who have a permanent congenital sensorineural hearing loss that there is a genetic component to it.

We are also seeing, about 1/5, congenital CMV, and that's kind of the hot topic in EHDI right now.  CMV, there have been several sessions on that and discussions.  Part of these CMVs, it is a clinically apparent CMV at birth.  There are some other things that go along with that.  But then there is about 10 percent of all of the babies that hearing loss is the only problem, even though they have congenital CMV.  That's the only way that it is expressing itself.  Here, we are looking at 4 years of age, and we are seeing that the incidence has increased.  As I mentioned, in our work with the ECHO initiative we are seeing an additional ‑‑ they are seeing right at close to this coming out to about 3 per thousand, which is kind of comparable to what we are seeing here in the U.S.  We see that there is just a really ‑‑ still a big cause of that that are genetic etiology, genetic cause, and then we also see that CMV has increased some because there are some late onset hearing loss that's a result of congenital CMV and environmental causes, ototoxic medications or environmental causes, other things that are contributing to that.

The next part of audiology 101.  The audiogram.  The audiogram.  Audiograms aren't used with very young children, with babies and very young children, but it is ‑‑ it is something that parents will be coming to terms with at some point.  They will see an audiogram within a couple of years.  But it is also a really nice way to start to look at the degree of hearing loss.  So even though this is not as relevant for newborns at the time of birth and shortly there after, it is important later on, but it is also just a good learning tool for explaining.

How many of you have seen an audiogram before?

Most of you have.  Okay.  Okay.  An audiogram ‑‑ here we go.  The top up here, across the top, are frequencies or pitches, starting with the very low pitch sound, up to a very high pitch sound.  Think about this as a piano keyboard, higher pitch sounds over on the right, although this is a very extended range from what a piano keyboard has.  The term that's used for frequency is hertz or kilohertz.  Or you will sometimes see it abbreviated khz.  And so those are the pitches that are typically tested in a hearing evaluation, but it is also part of what comes in with screening and diagnostics with newborns.  So pitch, frequency is one aspect of the audiogram or how we describe hearing loss.

The second part here on the audiogram is the loudness of the sound that was presented.  So we go from soft sounds here at the top to loud sounds down at the bottom.  So 0 and the term for that is decibels.  Often abbreviated dB.  Decibel.  And a 0 ‑‑ a sound at 0 dB is just barely audible for people with normal hearing.  A large group of people with normal hearing.  So it is called a threshold.  So that's the point where you can just barely detect that sound at all of these different pitches can be heard.

Now, as we go down, and this is kind of a nice audiogram ‑‑ or variation of the audiogram because it also shows kind of the strength that a sound has to be, how loud that sound has to be for these different devices.  So a lawn mower, you know, out mowing the lawn without ear protection, which you should be having ear protection on, is around 100 dB.  And typically, you know, if a sound for any length of time is about 85 dB you should be wearing some type of hearing protection.  So those of you who mow the lawn, get some headphones, ear plugs, use those.

Same with leaf blowers, it depends on how close you are.  But we will also see up here at the top that some very soft sounds, like, you know, the bedroom at night when it is really quiet, no fan on, that's down around 30, 40 dB, decibels.

Another way of looking at the audiogram, and these are learning tools, and this can be used with parents also in addition to some simulations, but these are all of the different speech sounds that we have.  And it is looking at ‑‑ what does that look like?  It is a banana, right?  So it is called the bananagram.  So it kind of maps out where all of the different speech sounds are.  So we will see here that we have some sounds that are low pitch sound, low frequency sounds, and they are fairly strong.  This is a normal conversational level.

We also see some other sounds up here that are fairly weak sounds, very soft sounds and higher frequency sounds.  So sounds like sss, fff, there is not a lot of acoustic energy there.  But baba, they are a lot louder and they are a lower pitched sound.  So then we can start to pull that all together and look at the different degrees of hearing loss.  We have looked at types of hearing loss, we have looked at the laterality, one or 2 ears, and then we will look at the degree of the hearing loss.

This red line here is normal conversational level when we are just talking.  The bananagram here is a little bit kind of soft conversational levels, so if you kind of move that down a little bit, kind of average it on the red line, you kind of pick up when you are just talking with each other in a fairly quiet environment.

This pink part up here is normal hearing.  So at all of these different pitches.  So this range from 0 dB to 15 dB, 15‑decibels.  If you can just barely hear those sounds at those different pitches in there, then that's considered normal hearing for children.  For adults, we increase that a little bit to 25 dB, but for children, because they are not having language and needing as much access to auditory stimulation as possible, that we have what's called a minimal hearing loss from 15 to 25 decibels at these various pitches

What you are seeing here is with a minimal hearing loss, we are starting to cut off the audibility of a couple of the sounds, the fff, thth, a child with a minimal hearing loss like this would not be able to tell the difference between the words thin and fin.  So we start to see that some of the speech energy, some of the speech sound are being ‑‑ starting to be cut out as we even have just a minimal hearing loss.

The next section down here is a mild hearing loss, which means that sounds had to be made loud enough in that 25 to 40‑decibel range to just barely be detected, to just barely be heard.  And so what do we see here?  We see a lot of the speech sounds are not even audible with a mild hearing loss.  So when we think about that, we think of the word mild.  It is like, oh, it is no big deal.  There is a lot of speech energy, a lot of access to sound that's not available with a mild hearing loss.

So, you know, when I was learning to be an audiologist back many decades ago, a child had a mild hearing loss, you went, oh, no, it is okay, you know, just some preferential seats, some good visibility, that's going to be fine.  That's not the case because they are really not getting full access to sound.  As adults, if we have a mild hearing loss, we can fill in the blanks.  We can use the context, we can use art ‑‑ however many years experiences we have, assign those missing pieces.  But a young child with a hearing loss doesn't have that history that they can begin to say, oh, that must be thin instead of fin because we are not talking about fish, okay?  We can do that as adults.

A moderate hearing loss is from 40 to 55‑decibels, dB, and you will see here that, gosh, almost a lot ‑‑ a lot of the speech sounds are gone.  It would be really difficult in a quiet environment to understand what somebody is saying with a moderate hearing loss because it is just not ‑‑ they are not there.  It is not within the range of what the ear can pick up.  And then we continue on, moderately severe, moderately severe, most of the normal conversational speech is gone.  And so there is ‑‑ you know, speech would need to be louder in some way to be audible.  

Now, one of the things is the reality is we typically don't have what would be called a flat hearing loss.  Mild hearing loss all the way across all the frequencies.  It varies by each frequency.  So what we see here this this dotted red line is what would be ‑‑ what would be called a mild to moderately severe, sloping, high frequency hearing loss.  Because we see that, you know, hearing is kind of in that minimal and mild range, you know, for lower pitches, but then in the higher pitches, in the higher frequencies, right side of the keyboard, those are not audible because the hearing drops off and is not ‑‑ and this is a real typical type of audiogram to see a higher frequency hearing loss.  And that's typical with young children and typical with adults.  

So we continue on down.  Sounds have to be made really loud.  Remember where the lawn mower and the leaf blower were?  They have to be made really loud for the people with a severe hearing loss to be able to detect those sounds.  And then we have a profound hearing loss, which is 90 to 110 dB.  And so profound hearing loss, being one in which there is likely some residual hearing, but sounds have to be made very, very, very loud for the individual with a profound hearing loss to be able to hear without any amplification.

So here we start to just superimpose different configurations of hearing loss.  We will see this mild to moderately severe high frequency hearing loss, the dotted red line, but sometimes we can see that it drops off a lot or quickly.  So, you know, normal hearing in the low pitches, and a profound hearing loss in the higher pitches.  So, you know, this individual would be getting some of the speech sounds here, but missing a lot of those.  And then we see what's called a cookie bite, the middle frequency and mid frequency, mid pitches is where the hearing loss resides with better hearing, normal hearing, or some better hearing ability in the lower and higher frequencies.

So what does this all sound like?  A few years ago the House Ear Institute took a Flintstones cartoon and took all of the Flintstones characters and they filtered it in such a way so you can see what different types of hearing loss sound like in this one little animated clip.  As we go through, we will watch it 2 times, but you will see down here in the bottom right‑hand corner, you will see a little audiogram that appears there.  So as the hearing loss, the simulator of hearing loss gets more progressive, you will see how that shows up on the audiogram.  And there is a speech banana, and we will listen once, and then we will listen again and see on this.

So we will ‑‑ I think I will get over here.
(Movie playing:)
>>  The intelligibility, the audibility, the ability to understand what was being said, decreasing significantly.  And we see here that this is a severe hearing loss, but only in the higher frequencies and the higher pitches.  So when we see this again and watch our ‑‑ or listen to Betty and Wilma at the end, you will see what that hearing loss is ‑‑ and I think I need to go back ‑‑ there we go.  Okay.
(Movie playing:)
>>  So the second time around you may have been able to pick up a little bit more because of the repetition.  You also go, oh, okay, I see what's going on here.  But the reality is on this is that it is a good simulation.  You can pull it down off YouTube if you want to do some demonstrations for parents or for others, just to see what those different types of hearing loss are.

There is also, once again, this is the auditory transduction, which is how the ear works, the anatomy and physiology of the ear, but successforkidswithhearingloss.com has a variety of other hearing loss simulations.  They weren't as conducive to putting into a PowerPoint presentation as the Flintstones cartoon was, but successforkidswithhearingloss.com and you can filter speech in a different way to simulate some different hearing losses.  Also a lot of different resources for success for kids with hearing loss.

So the take‑home message for this part of the audiology 101A is that, you know, hearing loss is described by the parts of the ear that are affected, and it can be either ‑‑ it can be temporary or permanent.  The conductive hearing loss, from the outer ear and the middle ear, sometimes is temporary.  Often is temporary.  Occasionally, it is permanent.  But usually, the sensorineural hearing loss is permanent.  Depends on the etiology, the cause of it, but it is more typically a permanent hearing loss.

The audiogram is how we graph hearing sensitivity, and it is important to understand what it means when you are talking about pitches or frequencies and the degrees of hearing loss.  And even mild and moderate hearing loss really significantly affects the ability to hear speech and has an effect on speech and language development.

How are we doing for time?

So I'm now going to put Terry Foust's hat on.  And I think I'm going to need to probably skip some things as we go through here just in the interest of time.  Once again, I mentioned that this, a recorded webinar of basically the same thing is on hearing loss of young children.  Just a brief review of the JCIH 2007 hearing screening guidelines, the 136.  The expectations are that a baby's hearing is screened by one month of age and that for those that didn't pass on the final screenings, that all of the evaluations, the diagnostic, audiologic evaluations completed by 3 months of age and also that hearing aids, if the parents are choosing amplification and depending on the type of loss, recommends that that be fitted within a month.

And then by 6 months of age, those that were identified with a permanent congenital hearing loss be enrolled in Early Intervention or the Part C services.  And notice also that these are all by one month, by 3 months, by 6 months.  Ideally, we move that up as quickly as we can.  There are reasons that it doesn't happen sooner, but the sooner ‑‑ the quicker we can move a child who hasn't passed through the system, the sooner that they can get into the intervention system.  Going to talk a little bit about the different hearing tests that are used with children.  Newborns on up through the early childhood.  But the hearing tests determine how significant the hearing loss is.  So it is determining the degree of the hearing loss.  It also helps to determine the type of the hearing loss, the kind of the hearing loss, whether it is conductive or sensorineural or mixed.  

The configuration, remember those that we saw that they dropped off at the higher frequencies or the cookie bite, that's the configuration.  And then the hearing tests also are used as the foundation for decisions about treatment and intervention.  There are 4 maybe types of tests, and I want you to put a red X through the hearing, because the first one, tympanometry, is actually not a hearing test.  It is an evaluation of middle ear function.  And it is basically how well the eardrum and the middle ear are moving.  And so it is not a test of hearing, per se, it is saying, you know, it can pick up whether the eardrum is to the moving, might be fluid behind the ear, there might be a perforation or hole in the eardrum, that can all be picked up through tympanometry.  

We have Otoacoustic Emissions, OAE, and those determine how well the inner ear or the cochlea is working.  We have auditory evoked responses, we typically see that as an auditory brainstem response, and ABR, and that really looks at the hearing nerve and the auditory pathway.  So it really measures, an ABR measures most of the auditory system.  And then we have behavioral, which is used for children who are a little bit older and those are ones where they are beginning to respond to sound in some way.  The first 3 are what we call objective tests because there is no decision‑making in it.  It is all pretty automatic, it is measuring physiologic phenomena, and so that's where it is called objective.  They determine the status of the auditory system, and with ABR, with tympanometry we get here to the middle ear function, with Otoacoustic Emissions, we have an indication that both the middle ear and the inner ear are working okay, and with ABR, then, we have a more complete, comprehensive look at the ‑‑ how the system is working.

Going to talk a bit about each of these.  Tympanometry really records how much energy is being transferred into the middle ear.  As I mentioned, it can pick up several things, but it can also say, hey, everything works good, everything moving normally, we don't see any indication of any middle ear dysfunction.

So tympanometry, there are a couple of parts to it.  That's that schematic.  But you have to have an air pressure seal so there is a probe that goes in the ear canal and has to create a seal, because with tympanometry the pressure in the ear canal is changed somewhat.  So it has to be a really tight seal, which makes it difficult for screening.  That's why it is not typically used for screening because it is not quick and easy.  It takes some skill and some experience to do tympanometry.

There is a little speaker that generates a sound.  There is a microphone that picks up the reflected sound, there is an air pump that changes the air pressure in the ear canal and then there is ‑‑ there is also typically an earphone on the other ear.  There is something called an acoustic reflex that we are not going to talk about, but it can be measured as part of tympanometry.  

A quick overview of Otoacoustic Emissions.  Basically, the soft sound is presented.  If the middle ear and the eardrum is healthy and the inner ear is functioning normally, is working okay, then the inner ‑‑ excuse me, the outer hair cells, 3 rows of little hair cells that we saw, they generate in response to sound, they generate a sound called an acoustic emission that goes back out through the auditory system.

Now, this is a fairly recent event, been in the last few decades, you know, about in 1970, I think, is when it was first identified.  So it is fairly recent and it has only been in the last couple of decades that it has gotten to the point of being a screening test.  But it is measuring ‑‑ the equipment is looking for that emission coming back out.

And OAE is one of the screening tools that's used in newborn hearing screening.  Babies are really easiest to test when they are younger, when they are quieter, distracted.  In my work with children who are a little bit older, you know, 3‑year‑olds could be pretty good, 18‑month‑olds, no, they are pretty squirmy, so there are some specific strategies that can be used.  But OAE can be used both as a screening and in a more advanced state as a diagnostic tool.  We are going to see that blue plug that's a probe that plugs the ear canal.  See that sound wave going and then you will see how that emission comes back out.

So there you see the sound stimulus, the eardrum, and then the bones moving and then you see there is an electrical signal that goes up to the brain and then there is that emission that comes back out, and it is picked up and measured if it is there ‑‑ excuse me, by the equipment.

Auditory evoked potentials, these are ones that are looking at physiologic responses, the body's responses to sound further into the auditory system.  There are several different types of evoked potentials.  With newborn hearing screening and up through the early years, we really focus on auditory brainstem response or ABR.  And those are responses that happen in the auditory nerve and up further, very quickly after a sound has been presented.  So we are looking at a 10 to 15 milliseconds after the sound.  ABR, electrodes are placed on the baby or the child, could be adult, too.  And then the sounds are presented and then those electrodes are picking up electrical activity that the auditory system is creating.

And there are basically 5 different waves and see some examples of these, and that's that there is electrical activity at these different places along the auditory system.  With ABR we are really looking at being able to identify Wave V, to begin to determine is this a pass, do we have a response here in this auditory nerve, indicating that hearing ‑‑ that level of hearing.  

We can also start to look at thresholds, kind of like the audiogram, we can figure out how significant a hearing loss is if it is present by using ABR.  So these are the pathways.  We have the sound coming in through the middle ear system to the inner ear, up through the auditory nerve, and then it is at the level of the brainstem that we start to get that Wave V.  It does not go all the way up to the auditory cortex in the brain, but it is getting up through that auditory nerve

Here is an example of the early waveforms, and this is Wave V.  This is the one that we are really looking for in the first few seconds.

In this one we will see these little marks here at various decibels, at various intensities.  So we are marking this Wave V and we are finding that there are still an identifiable Wave V and an identifiable peak there even down to 0 dB at a normal threshold.  So this would indicate, this ABR waveform would indicate normal hearing.

Here is one that indicates it goes down to about 30 dB, a mild hearing loss.  You still have a Wave V peak here, but below that there is no peak.  So this is how an ABR works on them.  So the question comes in, why use ABR?  What are the advantages to that with newborn and young children?  One thing is that it is not affected by patient state or if the child is anesthetized.  So natural sleep or sedation is okay.  We can't have a lot of movement going on, but we don't need to have ‑‑ first of all, it is a physiologic response, so we don't need any behavioral.  In fact, the less behavioral activity we have, the better it is going to be.

And the later waves, the reason we use the ABR, the very early responses is because the later waveforms are affected by the alertness or anesthetic and the sedation and some meds will suppress that later response.  So early response, that Wave V in the ABR, is the one we are looking for.

As children get a little bit older, we use what are called the behavioral tests and these are ones in which we are not looking at the body's physiologic, automatic response to sound, we are looking at how a child is responding to sound.  So that's why it is called behavioral, because they are letting us know in some way that they have detected the sounds.  So, you know, we would start with a louder sound and work down and work down, softer and softer sounds at different pitches or with speech to see what's the softest level that the children can respond to.

The first one, and this is used with younger ‑‑ the youngest children, go beyond those ‑‑ beyond the OAE and the ABR, visual reinforcement, audiometry, VRA.  And it is kind of hard to see from this, but here is a little animated creature of some sort or sometimes it is flashing lights or both, and sounds are presented and the child is conditioned or trained to respond when they look over the light in conjunction with the sound ‑‑ got that.  So we condition that so that then you can really start to present softer sounds, and if they really start looking over for the light, even though it is not there, then you know they have heard that sound.  

As the child gets a little bit older you get to more conventional audiometry, even though there is still a conditioning part.  When we take a hearing test as adults the audiologist says, you push the button, no matter how soft it is, raise your hand.  3 and 4‑year‑olds aren't quite at that point so you have to teach them to drop a block in the bucket, you know, put a ring on, you know, the whatchamacallit and in some way responding that they have heard it.

So you can ‑‑ and so you can get much more accurate results as the older the child gets with the behavioral.  But as soon as a child that you can start to get in this VRA or CPA to get the behavioral responses, it is great to have the objective tests, the ABR, OAE for the young ones, so it is checking the entire auditory system because the child has to make a conscious response to the sound.

We are running out of time here.  As you know, there are separate ‑‑ just going back to JCIH for 2007, there are separate protocols for well baby in the NICUs.  And really looking at in the well baby, some hospitals use ABR, some use OAE and some use both.  Starting with OAE and if the child doesn't pass, then continue onto an ABR to look at whether they pass or refer them.

Really want to limit the number of inpatient tests.  Those of you who are in the EHDI system know that if a hospital is screening 20 times you are not getting a good screening.  You can get with OAE you can get a pass just by a statistical phenomena.  So that's where we have 2 good screenings.  And there aren't any calibrations standards for OAE surprisingly.  So it is really important to have an audiologist involved with that.

Yeah?  Question?

Okay.  And then rescreening of both ears, even if one ear fails that initial screening.  So those are some expectations or some guidelines.

In the NICU, because the ‑‑ 2 minutes?  Okay.  Because children who have been in the NICU for 5 days or more and that there are other reasons to be in the NICU, sometimes that auditory nerve is affected.  And that's where you are using an ABR is the recommended screening modality in the NICU.  Auditory neuropathy spectrum disorder has a higher prevalence in the NICU population as well as others and that's where ABR will pick those up.

It is important also that if a child is screened with ABR, that they be rescreened with ABR.  Don't come back with an OAE because you might be missing that auditory neuropathy spectrum disorder.

We can skip that.

In the interest of time, JCIH does split out the diagnostic audiologic evaluations by age, you know.  This is what needs to be done at a developmental age of birth to 6 months.  This is what needs to be done at 6 months to 36 months.  We are not getting to treatment and intervention.  Basically we are going to look at with parent option, we are going to look at amplification that can be either hearing aids or cochlear implants.  And the criteria for cochlear implants is, of course, a much more severe hearing loss, severe to profound loss, child has to be a little bit older, and has to be tried with hearing aids and not having good results with that, although this is all kind of changing.  These are all federal guidelines.

We have FM systems which allows ‑‑ time?  Okay.  Which allows for me having a microphone and you in the back can ear.  So it cuts out all of the intervening things.  So we are out of time on this.  Are there any questions is this?

Yes?
AUDIENCE MEMBER:  (off mic).
>>JEFF HOFFMAN:  The question to repeat the question for the CART, do we have any data on children who have passed OAE, not have an ABR and have hearing loss later in life.  I don't know of any on that.  It is really hard to tease out on ABR ‑‑ how that turns out.  The data in early childhood is not good.  We have got it good ‑‑ pretty good for newborns, but as we go up in years, we really don't know when hearing loss kicks in or how they work.  It is a great research question, though.
(Laughter).

Any other questions?  I will be around here, too.  Okay.  Okay.  Thank you very much.  Once again, this is available as a recorded webinar if you want to use it with families or staff.  Thank you.  (Applause)

(Session concluded).  

