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>> TERRY FOUST:  Welcome, everyone, you can hear me okay.  Welcome to audiology 101.  I hope there's not a lot of audiologists in this group.  This is not for you.  But it is audiology for non-audiologists working with and supporting EHDI activities.  And we appreciate your attendance this afternoon we know it's a hard time of day after lunch and you've been busy all morning and I have to admit that some of this can be dry.  We'll try to make it fun if we can.  I want to introduce myself, Terry Foust, pediatric audiologist in speech pathology out of Utah for the national hearing and assessment management as well as direct clinics for low income uninsured people throughout this state and also provide clinical services.  My co-presenter this morning is Jeff Hoffman.  And I'll let him do an additional introduction. 

She's an expert in the area of EHDI.  He's an audiologist from Nebraska and really coordinator of the State of Nebraska until we convinced him last spring to join us with echo project.  (Off Mic) we welcome him.  And joined the echo project and continues to do other work for the national center for hearing assessment and management as well.  So with that, we would like to go ahead and start.  Please don't wait until the end for questions.  We hope we can address those as they come up.  We'll move through topics fairly fast as we do so interrupt and we'll add distress them at that time.    Because of the amount of material you may forget at the end.  Again, thank you for your attendance and we'll get started.  I'll turn to time to Jeff.  


>> JEFF HOFFMAN:  Thanks, Terry, it's cigarette to be here this afternoon.  A couple years ago folks approached and said what is audiogram stuff and what's this?  What's that?  What's middle ear stuff you know and things like that.  So Terry and I put together a presentation that really hopefully we're able to explain and some of the mysteries of audiology and we both have various legs of the workshop we have in Nebraska and some of the parents need to understand how the ear functions and what hearing loss is like and we do simulations and things like that.  But so that -- we'll good through some of the basics of how the ear is structured and how it works look at audiogram and different parts of it and also some -- (Off Mic) and do simulation of hearing loss and -- with the hearing test.  (Off Mic) and Terry will talk about different hearing tests and especially that are used with children and we'll look at some of the interventions. 

And so, first of all, what is an audiologist.  You know, audiologists are specialists not only in hearing, but in balance.  And there are different roles audiologists play professionally that includes prevention of hearing loss, identification and assessment of hearing and ballast problems and rehabilitation of persons who have hearing and balance disorders.  And please I think we should all mate little buttons like this, I heart my audiologist.  Ears come in all shapes and forms.  External ear is only a very minor part of the mechanism.  That's what we see.  That's what we think about.  But when we actually look we'll take a look at what actually goes on beyond what we see on the external of our ears.  The ear can be basically broken into looking at a cross section here as if we took a slice through and we'll go through and look at each of these parts and how they work as we go pro aggressively into the auditory system. 

They're basically four parts of the ear.  We have outer ear, middle ear, inner ear and central auditory nervous system.  We'll look at each one of those individually.  The outer ear, one of the major parts is the Pinna.  That's the part that we see.  It doesn't really serve a lot of purpose.  It gathers a little bit of sound.  It is used more to accessorize than anything else.  It doesn't have much of a function beyond that the next part is external auditory canal, ear canal that comes down a little bit.  It's about an inch long and it's the first part is surrounded by cartilage and second part is surrounded by bone.  It kinds of serves the eardrum and tympanic membrane from damage and probably the one thing important about the external auditory canal or ear canal is produces ear wax or Cerumen. 

That serves as a protective function and serves to trap some debris and little cilia moves out the degree of which we can get that ear wax undisturbed.  Don't put Q-tips in your ear or anything smaller than a football in your ear is a good piece of advice.  The ears there's a various degree of projection that some people have.  Lots of ear wax, some people, infants it does get impacted and can be removed.  Some states audiologists can do that.  And when I was in grad school we were trying to figure out how we can market some product made out of ear wax because it is so plentiful.  The last part of the outer ear is the tympanic membrane or eardrum membrane.  It's a thin membrane and serves as the boundary between the outer ear and middle ear and it vibrates in response to sound waves coming in.  And it serves to change acoustical energy or sound wave energy into mechanical energy that gets transferred to the auditory system. 


The middle ear is the next part.  And the most common thing I think that we know about from probably fourth or fifth grade health sessions it contains the smallest bones in the body.  The hammer, anvil and stirrup, or the mallious, Incus and Stapes.    Those are three little bones that are corrected.  Is that still okay?  Volumewise, good.  The three little bones that (Off Mic) not when I turn that way.  I can't do a lot of things with this thing.  Okay.  How is that?  Is that better?  Is that okay?  Okay.  So the Mallieus  or hammer is connected to the eardrum membrane attached to it.  And then that hammer is attached to the Anvil and Anvil attached to the Stapes.  (Off Mic) and that serves to amplify that mechanical pressure that (Inaudible) (Off Mic) also then that Stapes is connected to the part of the inner ear that actually kind of served as energy in further. 

There's another part of the middle ear which has importance especially for young children and that's the Eustachian tube.  That serves to connect the middle space to the nasal pharynx the back of the throat.  The primary purpose of the Eustachian tube is to utilize -- equal lies pressure with the external environment.    So most of us flew on a plane here.  Our ears started to pop.  We chew gum and swallow.  And after chewing gum on swallowing as the case may be that actually opens the Eustachian tube and equalizes the less pressure we have with what the was air pressure and then when we land the obvious (Off Mic) the Eustachian tube the angle it is, it has not quite gotten to the (Off Mic) it gets swollen and doesn't equal lies the pressure.  Sometimes there can be germs or whatever that cause problems.  The third part of the auditory system is the cochlea or inner ear. 

It's a small-shaped cavity.  It turns around about 2 1/2 turns and divided into 3 chambers.  One of which is organ of Corti which we'll talk about in a moment.  And what happens when the cochlea, it's a change of mechanical energy coming in with the middle ear bones and changes energy to electrical signal neuroelectrical signal transmitted to the brain.  This is a cross section of the organ of Corti.  You'll see these green structures are (Off Mic) these are called hair cells or cilia and we have three rose of outer hair cells and one row of inner hair cells, as the fluids pushes (Off Mic) question?  Thank you.  Is that going to be better.  Okay.  Thanks.  Here are micrographs of hair cells.  There's thousands and thousands and thousands of them.  And these are the actual structures that (Off Mic) to electrical energy. 

These often get damaged.  Many of us (Off Mic) they get damaged and can cause hearing loss.  And this is oftentimes -- (Off Mic) that result from problems with the hair cells.  The last part the fourth part of the auditory system is central auditory system.  And that's the VIII nerve or cranial nerve and bundles of fibers that travel up through the brain and it transmits (Off Mic) neural signal all the way up and it continues to process it and it continues to work those impulses and those auditory signals and continues to process them all the way up.  And then eventually it reaches auditory cortex, which is the area in the temporal lobe with where we actually get the (Off Mic) of making interpretation based on our experience and associations with what was -- okay we have a video now.  Let me see if I can get this.   

And we'll see how the sound goes through here.  Sorry for the technical problems I couldn't get this link.  We'll watch the first part of this video that shows --how the auditory -- shows the sound wave coming in and will show the actual movement of the eardrum and there's the middle ear and there's the cochlea.  


>> As this mother's voice reaches her child's ear, the in-coming sound causes the eardrum to vibrate, which then moves three small bones he in the middle ear.  This movement stimulates thousands of tiny sensitive hair cells in the inner ear.  From the inner ear, the sound signal is carry add long special nerve to the hearing centers of the brain.  If a child experiences the sensation we call sound.  To conduct --


>> Thanks Terry for serving with this technical assistance.  Okay so that's how the sound we actually saw a video depiction of the sound going through with outer ear and -- so now we will switch to talking about hearing loss and there's different types of hearing loss and different degrees of hearing loss.  The first one we'll talk about are talk about the general types of hearing loss.  One type of hearing loss we have is conductive.  That's a results of problems in the outer or middle ear.  We also have a sensorineural sometimes called a nerve type deafness that's the result of problems in the inner ear.  We can also have a mixed hearing loss that has components of conductive and sensory.  There could be problems with outer and middle ear and inner ear and that is a mixed loss and we have another type of hearing loss auditory neuropathy spectrum disorder which is more problems along the central auditory system. 

Another aspect of hearing loss is unilateral hearing loss that involves one ear and so one ear has a hearing loss and one ear has normal hearing.  Or a bilateral hearing loss, in two ears.  The key to that type of -- that type of loss is the same and (Off Mic) lesser in one ear and greater hearing loss in another.  We'll bring this into perspective, every year as many of you note we conduct -- okay.  How about if I speak up.  Is that better?  Thank you.  Every year CDC conducts a survey of EHDI programs and part of that survey is not only asking how many children are screened but how many are diagnosed but it's also asking the type and degree of hearing loss that they're finding in newborns.  So, what we're going to look at here are the different types of hearing loss that have been reported to CDC and these are congenital hearing losses and these are the instances of hearing loss at birth. 

So what we have in 2007 is the latest analysis that CDC has on hearing loss.  Marcus Daffney I talked with him yesterday and he said that the 2008 type and degree in laterality results would be ready in about a month or so.  We can go on CDC EHDI Web site and see what it looks like closer and closer to our current time but what we have in 2007 was that 12 1/2% of babies born with congenital hearing loss had conductive hearing loss, hearing loss on or about associated with problems in outer and/or middle ear system.  Most of the hearing lotions that were identified in 2007 were sensorineural.  Two-thirds of those hearing losses were hearing losses associated with the inner ear and remember those -- that organ Corti and little hair cells.  Those -- that's the area that is affected and that's the most predominant congenital hearing loss. 

About almost 8% of the hearing losses that were reported in congenital hearing losses when we put in were a mixed hearing loss.  Outer ear, middle ear component as well as inner ear component and much smaller percentage about 2 1/2% was of auditory neuropathy spectrum disorder or more central type of hearing loss.  Also, looking at the unilateral bilateral, almost one fourth of hearing losses were unilateral.  23% and then almost three fourths of the hearing losses were bilateral hearing loss in both ears.  Not meaning it is the same degree in each ear but hearing loss in both ears and 3% that was not identified at the time of reporting what the laterality was, whether it was unilateral or bilateral hearing loss.  Just in summary, of the nearly 6,000 babies who were reported to CDC in 2007, born in 2007 and reported as having congenital hearing loss you'll see 1/8 were conductive and 2 does 3 were sensorineural and less than 10% were mixed and smaller degrees were auditory neuropathy spectrum disorder. 

There was unknown category that hearing loss was identified and it was just not identified what type and once again the about unilateral and three fourths bilateral and a few not known.  And there's the mysterious thing audiogram.  Although, results are not necessarily reported to parents early on in forms of an audiogram those parents of a child with a hearing loss become as a child gets a little older, increasingly you see the audiogram and it's something audiologists refer to often and it's helpful to understand not only all of the symbols and things on an audiogram but also how different types and degrees of hearing loss are reported.  


So on an audiogram, on this graph, across the top, we see what are called -- what's called frequency or hertz.  It's often abbreviated to Hz.  The frequency goes from low pitch on the left side to a high pitch on the rite side.  So, sound here at 250 hertz is a fairly low pitched sound and about the left end of the piano where sounds over here on the right are higher pitched sounds.  So just think about a piano keyboard though it's much more expansive than the piano keyboard.  We have frequency that goes across from left to right.  And low to high pitch.  


And then on the left side we have a graph of loudness.  And loudness goes from soft sounds being graphed at the top to loud sound at the got only.  This sin tensity or loudness sounds are presented and then across the audiogram there are little symbols called the threshold.  This is fairly audible barely detected.  A person at the top range is normal hearing range.  So if someone can hear the sound at 250 hertz sound, low-pitched sound it tends off -- if the sound had to be increased at 1,000 hertz to 30 the mark would be placed right there.  The marks are put on audiogram for threshold just detected at different for different pitches.  There's also a parts that is often used as an educational tool for parents and it's called a banana gram for obvious reasons. 

And this basically maps out on the audiogram where the speech energy lies for different speech sounds.  So, we see that, for example, some of the sounds here like M, DA, UM, UL, are a lot more lower pitched than some of the other sounds like Ss, okay, so those last three were the high frequency sounds.  So they're mapped on this banana gram here on the lower left side.  And you'll also see those are quieter sounds than some other sounds.  Some of these sounds (Off Mic) -- those are louder sounds.  So those are more easily detected.  But this banana gram is a nice little tool that can be heard on top of the audiogram so the parents can start to see how children are picking up on speech sounds and how they're seeing different speech sounds.  Another thing that you often see are some different machines and things like that. 

Different -- that kind of give you an idea of what the continuum is.  We see up here that a quiet bedroom at night is 30 to 40 decibels -- teen aimer getting up here in a louder level.    A lawn mower, leaf blower, air planes, loud sounds at 100 decibels.  So -- now, how do we layer hearing loss or degrees of hearing sensations on the audiogram.  Normal hearing is basically considered to be threshold or detectability levels in about the zero to 20 decibels range.  And mild hearing loss is from 20 to about 40 decibels and there are different schemes to categorize and may vary.  40 decibels and severe 0 to 90 and profound hearing loss about 90 Db.  That's a general category any way on how those different types of hearing loss are plotted out on the audiogram.  

So when we look at this, not all hearing losses are symmetrical.  Sometimes they have different off often.  If we have someone with a moderate hearing loss we see all the symbols across here in this range.  But sometimes we see people who have normal hearing for some frequencies but may have severe for other frequencies they may be picking up some speech sounds but they may be missing out on others.  That's why a layer in the ban an owe gram can be helpful when you put those thresholds on so somebody can see really there are some sounds people with hearing loss are not picking up at all.  Here's an example of moderate to profound bilateral hearing loss.  You'll see red symbols, red circle symbols.  Those indicate the right round, red, right, round, three R's and these are the thresholds of the left ear.  Red, right, round and blue X's are left. 

So this person at 250 decibels the sound had to be made that, 250 hertz, excuse me, that sound had to be produced at 60 Db before that person could begin to detect it.  And at let's go here to what is that,   000 hertz -- 4,000 hertz in the left ear they can perceive that but it had to be 5 in the right ear.  There's a different between the right and left ear.  If you think of the banana gram this person is not detecting normal conversational speech without amplification (Off Mic) I'll give you a little bit of a simulation here on degree of hearing loss and what I would like you to do is an example of filtered speech.  And put did does give you an idea not only of the loudness that tends to come through but also when there's sound and clarity and discrimination is on.  What I want you to do is play the first sample and write down what you think (Off Mic) and I'll play a second time and I want you to talk with your neighbor on trying to figure out what you heard.  

Okay.  Ready for the first one.  Okay?  This is simulation of severe hearing loss.  -- and showed them to Sally.


>> We have the volume cranked up listen one more time --


>> And -- to Sally.  


>> Share with your neighbor if you got any of those words, if you thought you got any of those words.  You picked up a few things but are not sure what it might have been.  Remember we have the volume cranked up.  This would be barely detect I believe if at all to an individual with this type of hearing loss.  Okay.  We'll dot same thing with moderate hearing loss.  This is the same sentence okay?  


>> Toys on cards and showed them to Sally.  


>> Listen again and write down what you think you heard.


>> Please -- of toys on cars and showed them to Sally.  


>> Get any more words that time?  Maybe got a few more words?  Did anybody get it all?  No?  No?  Okay.  That's a moderate hearing loss.  That's like 55 decibels, 60 decibels.  Mild hearing loss.  


>> Drew pictures of new toys on cards and showed them to Sally.  


>>  I see some head nods.  Maybe we got a few more words on that.  Listen to it again --


>> Drew picture of new toys on cards and showed them to Sally.  


>> Anybody got it?  (Laughter).


>> Hey, that was not right.  Did they get it right?  Did they?  We'll see here.


>> Timmy drew pictures of new toys on cards and showed them to Sally.  It was Timmy.  This is what happens when you lose the speech energy beyond the level of awareness.  But also there's this distortion piece that often but into one of the things and Terry will talk more about amplification.   And the purpose of amplification is not necessarily to return someone's hearing to normal, but it's to increase the loudness of sounds so that it's more audible for them.  It gives them a little more audibility as we went down and you know as we got to that mild hearing loss you're able to pick up a lot more of that.  Maybe not all of that.  Okay.  So, the take-home message here before I turn it over to T Terry is hearing loss is described by the parts affected of (Off Mic) and we have conductive hearing loss, sensorineural hearing loss and mixed loss and (Off Mic) the audiogram is how we graph hearing sensitivity and it's important especially for parents develop an understanding of what that means. 

And that even mild or moderate hearing loss significantly affects the ability to hear speech with which of course young children we don't have any and speech and language it affects (Off Mic) and with that I'll turn it over -- any quick questions?  


>> AUDIENCE MEMBER:  (Off Mic).


>> Okay I'll get one in German next time to learn the language.    That's an excellent point.  Yes, we have that understanding we have that language and we're trying to match versus a young child who does not have any of that and is trying to exact meaning from it.  So any other questions, comments?  


>> AUDIENCE MEMBER:  (Off Mic).


>> As far as a permanent conductive hearing loss that would be one that is conducted hearing loss once again will be the outer ear or middle ear and that is one that will probably not be medically treatable in some way.  It might be atresia in which there's no ear canal at all and it's not one that can be treated medically or surgically.  It would be one there's no medical treatment to that typically.  Very good.  You want to add anything to it permanent conducted to it.  Any other questions, comments?  Yes?  It would come through as a whisper and would be hard to extract that and as you increase the distance from the sound source, that would be even softer and softer and they would miss more open that.  Yes, excellent point.  Other questions, comments?  Terry.  It's yours.  


>> TERRY FOUST:  Thank I, Jeff.  You know, just with your comment I think that is a really good point in reference to this example.  Because hearing loss is not only is the sound quieter but it's degradation of the signal as well.  And so it could be like vision.  It is not just that you may have difficulty seeing at distance and you need a lens to bring the refraction to that point you may have a stigmatism or other factors and so that's the same thing with hearing loss.  It doesn't always need to be louder but the clarity vary from person to person as well.  So thank you that's a great point.  And thank you Jeff for the introduction.  Is everyone doing okay at this point in the afternoon?  It was about this time in the afternoon about a year ago that I was presenting in costa Rica to a group of audiologists there and we had gotten to a point where we did a demonstration and then taking questions. 

And I was going up and down the aisle and handing the microphone to people.  And they were smiling and really engaged and I thought, wow, they're really alert for this time in the afternoon.  A colleague of mind was helping me with the hands-on demonstration and I noticed that she would not look me in the eye.  And it was -- we were also filming it so it could be on the projector life to see.  It any way we finished the demonstration and I'm walking back up and look down and my zipper was completely undone.  And I went behind the podium continued to talk zipped it up with one hand and I didn't confirm my colleague on why she had not helped me out.  So anyway, I'm okay today.  So, we wanted to now that you know some of the anatomy and physiology, you know, for example, what types did we talk about that Jeff just talked about? 

We have what?  Conductive hearing loss.  Sensorineural hearing loss and what?  Mixed.  Yeah.  Mixed it has components of both kinds.  Uh-huh.  So now, we're going to go into the testing and diagnosis.  And I know that this can be probably the driest part of our presentation today.  I want to make sure we talk about it in terms that everyone understands.  Please stop me if we have not done that.  So what types of hearing tests are you all familiar with.  Throw some out?  ABR.  OAE.  Timps.  Pure tones.  Great.  You got all the basic categories here.  So Whoops -- okay.  I went too far.  Oh,, okay, I'm sorry.  I have two sections with JC guidelines and I thought I skipped to the second one.  So just quickly since we're here at the EHDI conference I wanted to take a quick reference check to joint commissions guidelines. 

This is what really we're all looking for in EHDI are the time frames right here.  The one, three, six model.  By one month screening process completed.  So that's not just the initial screen in the hospital but that's also completing the follow up screen right?  And okay, by three months we want to have our diagnostic evaluations completely done and we want to have hearing aid fit if necessary and six months enrolled in early intervention services.  These are guiding principles as set forth by the joint commission.  Now why the rush?

I think everyone knows that we know the earlier the better.  But we also know just from very concrete research that looked at imaging studies that myleniation and developing of synapses occurs especially between in that first year and it's really complete by age three.  And we also know the more stimulation we provide the better and fatter that development occurs.  And we know that if we he patch an eye, for example, that you can lose vision in that eye.  And we also need to get the stimulation to that auditory system as most optimally as we can.  Okay.  Here is where you were right on with the four main categories of tests.  So, let's talk about each one of these.  We'll talk about Tympanometry, otoacoustic emissions, ABR and behavioral tests which include pure tone.  Would this be better if I clipped it.   

I feel like I'm getting the -- some noise with the air.  Is that -- is that better?  Is that better?  Is that okay.  Great.  Okay.  So we have each one of these in order here.  Before we do, we've separated them out by objective tests and behavioral tests.  So our objective tests are ones that we're not relying on for a response for -- child.  So pure tone the example you gave me would be what we require you raise your hand in response to hearing the sound and we go as low as we can and find the lowest level for a consistent response.  So objective tests do not require behavioral response so which do you think fall into subjective category of the four.  So we put these in this category if they don't require banner response and tell us information for the status oto free system and these tests include Tympanometry APR and look at different parts of the auditory system. 

So if we took Tympanometry that's going to look at middle ear function.  OAE looks specifically at outer hair cell function and then ABR looks at pathways central pathways of the brainstem cortex.  We will talk of each of these in more detail.  So with Tympanometry, how many are familiar with the terms of flat Tim?  Okay.  So maybe just to make it rail simple if we put a probe in the ear there's a tone and that probe has to fit pretty carefully.  We'll bury some ear pressure in there -- air pressure and that goes in and there's a tone as we put pressure from positive to negative it should move maximally and back.  And we get a graph of the movement of that eardrum.  Okay?  Now if we put that pressure are in and don't get movement that's what we call a flat tympanogram.  Why might that be and why can't we move that system.   

Infection, yes, we may have a fluid build middle ear space that won't allow that to move.  Okay?  All right?  We also have other conditions and move on.  This talks about the equipment that is necessary.  It's really actually kind of complicated and you have to have a pump and microphone that produces sound and measure that movement and measuring device and so forth.  But, what's -- what you really need to know is that we want to move this system, the id middle ear system and see if it's -- if it moves normally.  If it doesn't, there could be some possible reasons.  Let me give you an example.  If there's a hole in the eardrum or perforation that drum won't move, will it?  Because the pressure will go through the hole, right?  So in that case, we measure, oh, we're measuring volume between the end of the probe and clear the middle ear space and we know by looking at that measurement that we have a perforated eardrum. 

There's various things we can look at in the Tympanometry gives us information.  And one other thing we use it for is how many of you have a good reflex on your knee?  When checked.  Raise your hand.  Do you?  We check a similar thing call the acoustic reflex.  When that probe is in there again what are we pressuring we can measure movement of the drum, right?  And so when we put in certain tones when we get to a certain loudness, we should see a contraction or reflex.  Okay.  An acoustic reflex.  So it goes in at 70, nothing, goes in at 80, nothing, might go in at 90 and we get that reflex.  Okay?  And we can measure that.  That reflex is important because it gives us information about reflex arch or some neural information.  Okay?  And so we can get additional information from Tympanometry by measuring acoustic reflex as well.  

Okay let's move to otoacoustic emissions.  Several people shouted that out as a proper test and put it in the objective category.  Simply otoacoustic emissions are response to middle inner ear to sim place.  We can measure that.  So as Jeff mentioned, actually, maybe I'll go ahead and show this clip here real quick.  If you can get that ready.  So very similar we have a probe that fits in the ear canal and we put its sound in and in a normal, healthy ear responds too that sound and we can measure that response and that's is acoustic emission.  What can interfere with that.    Any ideas?  We talked about Tympanometry.  Any disorder there we identified with Tympanometry could interfere, right?  Because that pathway may not be clear?  Wax plugs could keep us from getting emissions, so there's factors there. 

I'll continue this clip that we started to show you and this will go through the measurement of otoacoustic emission.


>> OAE screening we first take a thorough look at the outer part of the ear to make sure there is no visible sign of -- or blockage.  A small probe is then placed in the ear canal that deliveries a volume sound stimulus into the ear.  A cochlea that is functioning normally will respond to this sound by sending the signal to the brain.  When also producing acoustic emission.  This emission is analyzed by the screening unit and in approximately 30 seconds the result is displayed on the computer.  


>> Okay.  That's --


>> Or a --


>> TERRY FOUST:  This a simple explanation of an otoacoustic emission.  Again what is it quick it looks at what,  what part of the ear?  Inner ear.  Yeah.  Inner ear.  Tympanometry looks at?  Middle ear.  Right.  Great.  Okay.  One more -- oh, sorry there.  Okay.  One more is auditory brainstem response testing.  We also refer to any type of nerve conduction studies and things like that as potential testing and we do a lot of different kinds.  I used to work in the operating room and earlier part of my career doing various types of tumor resections or spinal fusions and things.  So we would measure the potential toll amount of sensory stimulation such as legs, for example.  So that the patient didn't wake up paralyzed.  We would monitor path wades and make sure during the course of the surgery that things went well and paralysis was not a side effect of the surgery. 

We do the same thing with auditory system.  We monitor it and can stimulate the auditory central auditory pathways and what we look for, is we can see at various spaces different wave forms, okay?  So for example, we put some electrodes on the head.  And we measure the small electrical changes that occur when we introduce the sound.  And at the different levels of sound.  And this slide just has various different types of evoke potentials that we look at.  ABR brainstem response at number two is the one that you're most familiar with and the one that is most commonly used.  And now, this talks about the various spots along the auditory pathway and that's what we look at.  We want to welcome at little wave forms or peaks that match or correspond to generator sites.  And so for example, the first few waves that we would look at on auditory brainstem response would correspond to what is occurring through the auditory nerve. 

Wave III is further up in the system which corresponds to a part we call the superior olivary nucleus and so on.  The wave we're most interested in is wave V inferior coliculus of the midbrain.  We particularly watch that particular wave and the threshold search and try to find the lowest level of sound that we can get a response.  Okay.  So really what is auditory brainstem response?  It's simile where we measure the response of the central auditory pathways to sound and we can actually father information and give us wave forms and get information on how quiet a sound and also look at the time offing Of sound.  And that's important us to for a couple reasons.  Let me give you one example.  What if we are testing a child who has a ear -- ears full of fluid.  Okay?  And I can look at the timing and see perhaps a delay that gives me a clue. 

We use further neural studies for children that might have hydrocephalous.  If their Shunt is not working and increase in pressure we may see delays on these wave forms.  There's other clinical uses for it as well.  We have sound inner ear right here.  We already talked about you know the outer canal and we can have -- or wax that can be a problem.  If that goes through the middle ear system here are the three bones and it stimulates the cochlear and inner ear.  Okay?  This is where we have fusion of -- and this is where what?  What test did we talk about?  Right here is what looking at with inner ear, OAE and outer hair cell function right here.  Okay.  So, we're right here at number three.  The sound by frequency and then exits the auditory nerve and nerve goes up through the system.  The system is quite complex. 

But it passes from the cochlea through the auditory nerve to the brain and then it goes to the brain getting decoded all the way to the auditory cortex.  Okay?  And that's what we look at with ABR.  Okay and we talked about this that we use it for two things.  We look at nerve conduction delays and we look at it to estimate the threshold of hearing.  Right now F. we were to test you using pure tone audiometry which would be programs with ear phones on we have you raise your hand and find the lowest level you can hear and respond to the sound we would be within 10 to 20 dB.  It's about that range of behavioral test of pure tone test.  So this is example of ABR threshold is.  We mean finding the lowest level we can get a consistent response on ABR.  This is 50 db.  We have wave one, two, three, four five and which wave do we most commonly look at, wave V. 

As we go down the first waves drop off.  Wave V we can follow down.  And also, what did I talk about the timing as we get quieter,  it shifts out.  So you can see latency or how long it took wave five to get shorter than down here at 10 dB and this one is out.  That is a normal delay adds we get quieter.  As we get louder it should get faster.  So 50 dB, 30 he we dropped,  20 and 10.  This patient has what?  Normal ABR and corresponds to normal hearing.  This is another latency intensity function where we got latencies get later and wave forms get smaller and we followed it down this with one with mild hearing loss now and louder intensity right here.  We're at 50 okay and now we're at 30 and we're not -- and 20 we don't have repeatable wave form.  And we think we got it here at 30 and it's absent at 20. 

Okay.  So we have mild hearing loss here on ABR.  Does that make sense?  Does it?  Okay.  So why use ABR?  We don't have factors that we have to deal with with behavioral testing and quite frankly we can't test and get an ABR with awake, moving child, 3-year-old moving along round.  We have to have them quiet because ABR picks up electrical artifact from muscle and things like that.  So once -- really this first one you need to take in consideration that this fourth bullet that we have to test in sleep or sedation and we have to balance that sedation with how it might affect auditory brainstem response in the particular test we might run with that.  Okay?  But the major objective is advantages and it's objective test and we don't rely on behavioral type of response to get it.  Yeah?    

Okay.  We are getting close to time.  So I'm going to talk here quickly about behavioral tests and try to move on.  Our behavioral tests we already mentioned they're what?  Pure tone audiometry and if a child is young for that we have other methods where we introduce sound with speakers and reinforce head turns.  So we call them visual reinforcement audiometry and we have condition play audiometry where we use toys and puzzle pieces various things and we put the sound in and the child provides a conditioned response.  Okay and sometimes they have them give me five and we make it a game and if they are able to independently raise their hand consistently we can do more of a standard hearing test that way.  Okay.  I referred earlier to the joint commission on infant hearing standards that guide a lot of our work in EHDI. 

I'm going to move quickly through these.  But they provide us with some governing guidelines that we try to use in making sure that we provide appropriate pediatric diagnosis and management in hearing impaired kids.  One of the key things we have separate protocols for different environments.  And one of these examples is that in the NICU that we do it is recommended we use ABR as first step screening there.  And we'll go ahead and go through.  A couple other things that maybe noteworthy is sometimes we have programs that when the baby refers they only rescreen referring ear and recommendation is that we rescreen both ears even if only one fails the initial screening, also you might feel this first bull set funny but we had programs that were consistently rescreen and rescreen and we don't want to pass the baby that really shouldn't pass" occasionally that happened often enough that was a concern. 

I already mentioned this one.  And I'm going to go through these.  Now I'm going to talk about just the evaluation protocol that is recommended by the joint commission.  And so here's the initial test battery.  We want to have a use a combination of these test that we just talked about.  So we want a physiological objective measure and then we want to get behavioral measure to confirm those as soon as we can with age appropriate test methods and they need to be completed in both ears regardless of the screening test.  Now there are different recommendations for different ages.  And so these are the recommendations for birth to six.  And I'll let you look at those for a moment.  I'll go to six to 36 months.  And go ahead and see if we can spend the last few minutes on treatment intervention.  Treatment intervention for hearing loss. 

We have some different things.  Of course we always want to if we can -- if there's medical intervention that can bring hearing up and improve that for the child that's the first thing we want to do.  Jeff mentioned example of a child that might have Atricia in a closed canal.  If the rest of the sim is working maybe that can surgically -- and that canal opened up and don't have to do anything else.  They could have conductive loss due to large perforation and if that's patched and those types of things to alleviate that problem F not we want to work with amplification and in some cases cochlear implants.  And then FM systems are something we recommend educationally.  And okay.  If you remember when we were looking at one, three, six guidelines to start we want to be sure that once they're diagnosed we have confirmation of that loss. 

And then this slide here talks about hearing aids can be fitted as young as one month of age.  We're actually saying they be fit sooner than some centers in cases.  But the rule there is what?  We want to provide that amplification and stimulation as soon as possible.  Hearing aids.  There's -- there's different considerations that we make in fitting infants with hearing aids.  And it can be challenging and I think that's one reason that we do recommend pediatric audiologists with experience with hearing aid fitting.  Ear molds you know need to be changed frequently because these babies are growing so fast and so that's not something you would have to worry about with an adult population for example.  We need to have flexibility in the hearing aid because as we monitor and as we get more information about that baby's hearing we may be making changes to settings of those hearing aids okay? 

And the child may have -- we may identify them and they're in the mild moderate range and we may find they're progressing and we want a hearing aid that has flexibility so the family doesn't have to turn around and buy another set because we failed and didn't have the ability to be (Off Mic) and those kinds of considerations.  This just gives you an idea of how hearing aids work.  Very quickly they all have basically these four parts, microphone, amplifier, battery and speaker that deliveries power to the ear.  Cochlear implants here quickly.  Cochlear implants are being done not only in one ear but two now.  The criteria has changed and continues to change.  These are the most current assessment criteria we have right now.  They need to have demonstrated lack of benefit from amplification.  Right now the FDA screens is for 12 months or older. 

Some can happen younger and of course can happen in cases where you know that's under experimental status and other variables.  The degree of hearing loss right now is bilateral, severe to profound.  Can't have medical complications and then they do need to have commitment to treatment rehabilitation in the family support and realistic patient so usually there's a complete team that does analysis not only just of hearing but the other family factors and motivation and resources and support it takes to be successful.    


This gives you an idea real quick you have the internal part implanted and you can see this is threaded through the middle ear system we talked about and right into the cochlear and the electrode is coiled around.  When this is the speech processor that you will see behind the ear and it goes up and through the skin.  Speech comes into the processor and goes through the wire and is transmitted through the skin and that is stimulated and stimulates different points and frequencies.  Again just another graphic of that.  


Just want to quickly end with FM systems.  These are frequent modulated system.  It increases signal to ratio.  If you in the blue shirt had FM system and I had the microphone you're getting signal direct to you and it comes out any of the background noise and other things like that.  It allows us to keep a constant level of communication and auditory amplification without interference from other noises and sounds.  And so, these are really great for classrooms and other areas where there's a lot of background noise and sounds.


>> Okay.  


>> Our time is up.  And so, I would be happy to stay around for questions and things.  We hope it's been helpful as an introduction to audiology.  If you have questions contact your local audiologist.  Thank you.    

* * *
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