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INST SLADEN: Mics are around?
One, two, one, two. All right.
Well, let's see. Before we start, I want too acknowledge that we are on the traditional and unceded lands of the [land acknowledgement].
When I think about land acknowledgments, I like to think about topic that we will cover. In this class we will cover cochlear implants and that makes me kind of reflect on the difficult relationship between Indigenous peoples and the medical systems.
And the inequities Indigenous people have faced.
And our efforts to make some changes and systemic changes in the way we operate.
So we are providing equal services to people across the province and across Canada.
Second thing I want to do is check in, I haven't seen you in so many months. I want to go around and have you tell me where you spent the summer. I want to know where you did clinical rotations and bring you up to speed. We have Candide with us this term.
Perhaps we can start with you Candide.
Give a mic.
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CANDIDE:...
INST SLADEN: Was it all adults and pediatrics? CANDIDE:...

INST SLADEN: Did you see adults and children?


CANDIDE:...


INST SLADEN: Just children, nice. Birth to 18? CANDIDE:...

INST SLADEN: Fun.
Excellent. Good.

STUDENT: I did first in oak bay Victoria and connect hearing. Just adults. And I did second at Nanaimo public health unit, just peds.
INST SLADEN: How did you like private practice.
STUDENT: I liked it more than I thought. I was nervous about the business side but I liked my CE. I liked seeing the patients multiple times in my placement. I got to see them for follow up appointments so nice to start to build a relationship which a lot of kids I



saw, never saw again. Just middle ear.
Yeah.
INST SLADEN: Awesome. Good.


STUDENT: For my first placement I was in William's lake for peds and then second was at Vernon in connect hearing.
INST SLADEN: How was pediatrics. STUDENT: Awesome.
INST SLADEN: Good. You feel swayed towards that? STUDENT: Yeah.

INST SLADEN: Good.
I will say good no matter what you choose.


STUDENT: I did first placement at connect hearing in Kelowna. Only adults. And second placement was at Langley public health.
INST SLADEN: How was that.
STUDENT: Good. The second was only peds so that was interesting. A lot of VRA and CPA and dealing with parents. We thought a parent came in high. That was interesting dealing with.
I was talking to him, and doing case history he is like, yeah, like, he plays with his kid so --



brother so I don't think he has autism but he doesn't need that. I was like okay. I told him his kid had normal hearing and he is like that was amazing experience. Thank you so much. You're welcome.

INST SLADEN: My feeling is if it walks like a duck and talks like a duck it's a probably a duck.
STUDENT: I had a first placement at connect hearing in white rock.
And then the second was Vancouver community audiology so that was like kids with kids and I enjoyed both but I think I enjoyed the peds one more.
INST SLADEN: On broad way? STUDENT: Yeah.
INST SLADEN: How many audiologists there?
STUDENT: Four or five. A lot. And I got to see multiple --
INST SLADEN: A lot of hearing-aid work on the children?
STUDENT: Yeah. Quite a few hearing-aids but more diagnostics I would say.
INST SLADEN: Great.


STUDENT: I did my first externship in oak bay and hearing life and the second at private clinic wild rose audiology in Edmonton. That was a mix of peds and



adults.
Awesome. Great. Actually, I met Andrew JANS from last year? He just started to work there.
INST SLADEN: Alberta?
STUDENT: Yeah. When I started. It was cool to see. INST SLADEN: Nice. Audiology is a good small community.
Half a degree of separation between everyone.
STUDENT: And it was great to see, what level should I be at when I start to work. Everyone was kind and supportive.
INST SLADEN: Good.


STUDENT: I did my first placement at the Fraser health unit in Burnaby. Pediatrics.
And the second was in oak bay hearing clinic.
Private with adults.
Yeah.
I found both really fun.
So I'm really quite open to wherever I go.
INST SLADEN: Yeah. The same as Hannah.
You were there first and then you were there second?
STUDENT: We had different clinic though but same location. INST SLADEN: Great.



STUDENT: My first placement was in Victoria for island health. Mostly peds. And the second was at Costco on willing Don and Burnaby. Fast paced and hand on work. I really liked it.
INST SLADEN: Great.


STUDENT: My first placement was at children's hearing and speech center of B.C. I talked to you about it when I saw you in the summer. It was a lot of fun.
We see the same kids like a classroom kind of.
That's why the same kids and the second one was at coal wood hearing in balance clinic in coal wood area in Victoria. Very busy compared to the first one.
Mostly adults but like one or two kids.
INST SLADEN: The first placement would have given you a lot of hands on experience with children and hearing aids...listening checks and evals -- good. Awesome.
STUDENT: Yeah.


STUDENT: First was in Calgary at hearing loss clinic.
Adults and a couple of teens.
That was cool. We shared an office with ENTs and got to swap patients. And the second was at new west connect.
INST SLADEN: How was the ENT to work with?



STUDENT: Amazing because I got to see people presurgery and post. And sometimes even a standard ear wax removal. Slipped them in and.
INST SLADEN: Collaborative?
STUDENT: Yeah. It was great we can talk in the hall about cases.
INST SLADEN: Great. I love that. I feel like ENTs are more collaborative now than they were when I first started in the mid 90s.

STUDENT: My first externship was in Richmond at connect and nice to see everyone. It was cool. To see the private side the sales and all of that. Yellowknife to Stan ton hospital which was an experience I don't regret but I was sleep deprived and bug bitten and ready to come home after. That was a mixed kids and adults.
INST SLADEN: Okay.
STUDENT: Yeah. Cool.


INST SLADEN: I spent a summer in Yellowknife. My cousins lived up there and I went up between first and second year of university to work and make money because the wage was higher.
STUDENT: In audiology?



INST SLADEN: No in a bar. Between first and second year of university. I was not in audiology yet but it's an interesting place culturally.
STUDENT: It is.
INST SLADEN: Good. Glad you kind of liked it. STUDENT: Yeah.

STUDENT: I did my first placement in Edmonton. So public health but kind of bouncing around four different health units. 70 percent pediatrics I would say.
Primarily suspected ASD and the adults were mainly asymmetry sudden losses.
I liked it.


INST SLADEN: Good.
STUDENT: It was fun. And then the second was connect hearing in Langley.

INST SLADEN: Okay. Nice. Do you remember like the -- do the clinics have protocol for the sudden losses. If someone called and said I woke up with no hearing on the right side. Do they have a protocol in place for that.
STUDENT: I spent most of the placement trying to understand a lot of their protocols but it was messy.



Multiple districts but I will say we had a couple patients that we -- got in too late. It was sad. A couple we were a -- there's a triaging system. So we were able to get some in right away. No amplification for Alberta public health either. So it's all just hearing tests.
INST SLADEN: Really?
STUDENT: All the basically all the adults you see are medical red flags. Anyone who is just suspected press KUSIS(?)they send to private clinics.
INST SLADEN: Kids? Hearing-aids for kids? STUDENT: No.
INST SLADEN: Thought we had it bad here in B.C.
STUDENT: There are I think there was one hospital that they did do it. There's coverage I think but for people outside of the city -- yeah.
INST SLADEN: Wow. Okay. Good.
Those placements sound great. Nice combination of different populations and different scenarios and circumstances to work within.
Kind of feel like as you move through the program you get a better sense of who you are as a person, what things you like or don't like. May be you had ideas what private was like or -- but it changes when you get there. I love that. You get a



chance to think about what values and work environments you thrive in, and what is out there. What is the best fit.
I say that because we will talk about cochlear implants but not everybody loves cochlear implants. I love it but some people think it's fairly invasive and it's beyond the scope of what they want to do.
And I think it's good for you to get a sense of do I want to be somebody who does only diagnostics or who does hearing-aid work? Do I like seeing the patients over over again? I love that part of it.
You goat to develop a nice relationship in cochlear implant because you spend hours fine tuning the programming and getting it set up well and I fined that rewarding.
Also. Before you came in we talked about practice(or praxis?)exam I want you to heard from me, that when I came back to Canada, I had to work through the college to get a licence and I found that labourious and difficult. They didn't recognize my 30 years of working as a licensed audiologist in the states. I had to jump through silly hoops. And provide documentation from my training program that I had done clinical rotation hours and that was the 90s. We had only paper copies. I didn't save those. They



were long gone. So I had to get letters from previous directors and trace the course numbers and how they changed over time and syllabus, what they like now.
Speculate what they would have looked like back then. It was really involved.
Finally got the conditional approval and they said you took the practice exam 95 and we don't keep those records so you have to retake it. Are you kidding me? I'm like 55. You will make me retake a exam I took at 25?
So I took it last year and passed. Thankfully.
But I didn't study a lot. I did a lot of practice exams and some of the questions showed up on the actual practice. So that was nice.
And there were a handful of questions that were US policy related so questions related to which part of the IDEA covers children birth to three?
But only a handful of those. If you think about the practice exam versus the Canadian based exam, I wouldn't keep -- I would not let that keep you from taking the practice.
What I -- I didn't look into the Canadian based exam but I hear, the practice is cheaper exam and so I would probably opt for the cheaper one.
There was a lot of hearing conservation on the



exam. And I took that in 94.
But I could think through most of the problems pretty well I think.
In one question I had to calculate sensitivity and specificity. Look at formulas for that. It's not really straight forward scenario. It had long division in it.
Which I was hard pressed to do.
But as -- some things came up in pediatric audiology and cochlear implants, when we get to that, I will high light so you know the things that are being pulled. Not that I'm telling you the questions but I can tell you the general topics.
Okay. Let's see.

STUDENT: Also, I went to a meeting for the SAT(?)counsel and got information on the CETP(?)and I will do a write up and send to the group chat.
STUDENT: Thanks.
INST SLADEN: All right.
You will find the syllabus on Canvas of course. And we will have a TA for this course. It's
ZARA, she's a PHD student. She will assist mostly with some labs that we will do.





it.

There is a text for this course. If you want


My philosophy around text books is they are

expensive and they often don't hit the mark in terms of contents I want to teach. Either it's not deep enough or they teach it so deeply it's more than we need so if you think about the text book, think about what kind of learner you are. And if you are the kind of learner that likes to read about a topic and then come to the class and hear about the topic, if that's what your learning style is, I recommend getting it.
The chapters from the textbook are not required readings. They are suggested and optional. The required readings are the papers I put on Canvas.
So I'm putting up several papers that I do --would like you to read and they are required. I have chosen them because they introduce the topic in a way I think is helpful for student learners and every couple of weeks you will be submitting a journal related to the required readings which is just the papers.
When I say journal, what I hope you will do is write down two or three lines from each paper about what the big take away was.
And it doesn't have to be elaborate or a deep



dive into the methods. Just a few lines about what you thought the big takeaways were from the paper.
I put those into the week by week outline.
In the first required -- set of required readings, there's papers by mat Carl son and SAVERSKI and bob Shannon. For this set only, I do want you to read them in order. So start with mat Carl son then SAVERSKI then Shannon. They build on each other.
There will be a midterm. We will do it in class.
There will be a final that will be online. I will to the same in pediatric but I think the mid term is also online. I want you to start to practice take the praxis.
Which is online exam multiple choice where you have scenarios and possible answers. I do that to help prep you for that exam which you will probably take towards the end of your program. Close to when you finish your academics or rotations so the content is fresh in your mind. I wouldn't wait a year to take the praxis. I would take it as soon as you can towards the end of your program.
The labs are something new.
And for transparency, I'm still working out some of the minute details.



The labs have come about because in your requirements the college asks you get a minimum number of hours in cochlear implants.
And I could bring in a patient and we could do programming with that patient together, but I think it's more helpful if we do some lab hands on work.
Saint Paul's as you probably know, has a five year wait list for cochlear implant program. From the time you are referred to the time you get implanted is about five years.
It's about two years just to get in for candidacy evaluation. There's a bottle neck there and I talked with Joan, the practice lead and said it might be fun for the students to see the candidates at UBC. It will free up some candidates trying to get into Saint Paul's and gives you hand on experience with testing a person with a severe to profound hearing loss or asymmetric or single sided where perhaps you tested a lot of people with typical hearing or mild to moderate hearing and now testing someone with much more hearing loss and also work through the test we do in the candidacy assessment.
So the lab is seeing one adult patient in the lab time, and doing a comprehensive evaluation that will end up with a candidacy determination for one or both



of their ears.
That person will always be an adult.
They will then be seen at St. Paul's to review the test and talk about options. It's a place for you to get experience with candidacy and for the saint Paul's program to off set some patients to us.
So I tell you I'm still working out details. We have to have agreement between us and St. Paul's. Has to be reviewed by legal. It's all being done. I'm confident it will be settled by the time the first lab is here. September -- not a lab this week or next week. September 22 I will train you on how to get set up for the lab.
So we don't need to see a person then. The first patient to be seen on sight will be September 29 hopefully. In the schedule of events, the break down, organized you into pairs. For the last three weeks you are into three people per patient because that's the way the numbers worked out.
And so each of you will see two candidates each.
After doing the assessment, you will write a report and we will use a saint Paul's template and I will work with you for edits and we will send the report to St. Paul's within two weeks of seeing the candidate. I want to assure you this is a low stakes



experience. I will be with you the entire time.
ZARA will be there too.
So for some, pure tone air and bone conduction she will be there primarily and I will be there for aid speech testing and pro mic measures. The other good thing about seeing candidates is it causes you to draw on all those skills because we have to get pure tone air and bone conduction on the day of testing and then we have to program a hearing-aid for the hearing loss on that day. Do probe mike to get prescriptive targets and aid and speech...testing...each ear by itself and the ears together. The reason we spend so much time getting up dated measurements on the day of testing is because we are moving through a serious consideration. We are talking about sending the person to the OR. We want to get that right. Don't want to rely on test results from six months ago and just assume they are accurate. We have to get levels today to know what we are facing so we can make appropriate recommendation.
My general philosophy about implant surgery is if you can choose a non-surgical option you should do that. If you can find their hearing-aids are grossly under fitted and they will benefit from newly programmed hearing-aids that go to target, do that.



Don't send them to the OR if you don't have to. If their speech perception is low through their
hearing-aids cochlear implants are a great option but if you can choose non-surgical options do that.
Skip down to week by week -- so again, for example, wolf and Schaefer text those chapters are not required but these are. It's the same for all of the readings. The chapters are optional.
The syllabus is -- we will consider it a draft.
Again for transparency. Doctor west burg and tobia. West burg is the CI surgeon at Saint Paul's... have loosely committed to doing presentations. If that's shifts I will move topics around. Consider it probably second to last round of a draft.
Thoughts? Ideas? Comments? Okay.
Oh yeah. I forgot. My kids. It's their first day of school. Sawer wants to be a actress, singer or gymnast. She is -- her -- science is her favourite subject. News to me. Pizza is favourites. He wants to be a soccer player. Favourites is gym and PB and
J. He is obsessed with soccer and this year, FIFA and we looked at tickets early on and like no, way too expensive. There's no chance we are sending Reese to a FIFA game. Enthusiasm and he was excited and we



thought you only live once and only comes to your home town once in a life time so Steve and Reese went to the first game. Canada versus QATAR. And it was a blast. Can't afford college but at least he got to go.
I may have disclosed this before in AUDI 562 but reminder, I bring my own ideas and thought processes to the topic and I'm CIS gender white female and I want to acknowledge I will share a lot of data with you and a lot of that was collected by white middle aged men using young typical hearing often Caucasian college student populations not representative of the different populations and I say that because the more visibility we bring to this idea then the more opportunity we have to shift our research and produce research that's more inclusive and diverse.
Okay.
If you will join this Slido.
And write down for me one goal, expectation for the course.
I'm asking this because it taps into a philosophy around student learning which is that student learning should be driven also by your goals. I have my agenda what I want you to learn and I want to know what is on your agenda, what you want to learn



from the course. And I will pull from what you tell me and I will put them on to the syllabus somewhere.
These are all anonymous.
I love that you are tapping into these ideas.
Because regardless of where you land in your career, you will need to know who is a cochlear implant candidate? Who is not?
You want to refer the people -- if you don't work with implant you wan to refer the people who are likely candidates to get evaluation. If you work in private practice you will likely see someone with cochlear implants and hearing-aids on the other ear. How balance that. If you never see a cochlear implant patient for programming you need to know how they operate so you can help people who come...who should get a cochlear implant...
I must have made it as a work cloud.
I didn't mean to make it as a word cloud.
I hope the next one is not a word cloud. I guess we will find out. List for me also one thing you know about cochlear implants.
One thing you think is true about cochlear implants.
There's an electrode ray. Yes. Right.
It can be difficult to adjust to. Yes. Three



companies approved by health Canada. [Reading].
Requires surgery. Yes.
Invasive procedure but quick. I would agree with that.
Recovery takes time. Yes for sure.
They can be magnetic, yes. There's a magnet involved.
Outcomes are not guaranteed. Yeah, for sure. I want to say a few things about those ideas.
The surgery is invasive. The surgeon has to make incision behind the ear and drill until they get to the inner ear -- sound really involved to us. A surge would tell you it's a pretty straight forward thing. They are basically conducting...mastoid ectomy. There's not a lot of loss of blood. The patient is not anesthetized for a long time. You don't have to be fully anesthetized, you can have it done under local anaesthesia. Side bar, when I was at Mao, we would remote to the computer in the OR and the nurse would put a device on the head and I could connect to the computer from my office and test the electrode array and make sure it's work and run evoked potentials...so make sure it's being stimulated.
Didn't have to leave my office. They can just page me and say ready for. They paged me one day and put me



on speaker phone usually...this time the surgeon who called, said hey Doug, Collin here. This patient did not want a full anesthetic so they choose a local and they are awake and they have asymmetric hearing loss and they can hear everything we are saying which is --like, I think my jaw probably dropped because I was not expecting the patient to be awake and, B, I didn't expect them to be able to hear me for sure. You have to imagine that's probably a pretty uncomfortable situation because if they had asymmetrical hearing they can probably hearing the drilling and OR noises. Some -- I had never done intro operative monitoring on a awake patient before and the parameters are different when you have awake person with you. I thought it would come on really loud and be uncomfortable so I said to the patient, hey, I will do some work with your implant. You will hearing some funny sounds. Let me know if it's too loud and I will stop. Usually with this response I will start loud to get a big response and then drop the level to find a threshold. I flipped it. Started soft and increased it until I saw a response and stopped as soon as I could. I didn't go as far as I would have. The surgery is invasive. Be prepared a surgeon will tell you it's not so bad. You just do this and put in a



device. Sounds invasive to me. And also I don't like to down play it for patients. They come in and pretty worked up. You don't want to down play it. It's just a -- it's nothing.
It's a big deal.
There's a magnet on the inside. And on the outside.
And the only point of the magnet is to keep it on your head.
That's the only thing it does.
It's not a battery. Just a magnet to keep it on the head. If you can't have magnet on the body because you need MRIs you can take the magnet out and use sticky tape to keep the coil on your head.
Patients have done that. And patients with conditions like -- where there's repeat MRIs.
The outcomes are not guaranteed. This is really tough because when we look at research, of course we are driven by group changes. Right? What is happening at the group level.
That's going to be our evidence based motivation.
We know at group level most patients do pretty well and have big improvements in their ability to hear speech. Some don't.



Some don't get much better at all.
And for reasons that we don't fully appreciate.
As we get into the course I will speculate what some reasons could be but we don't always know if someone won't do well so it's important to let people know an average this is how well people do but we can't guarantee what will happen with you. Every case is different.
Recovery time is variable. Some people say, I was up and walk the next day. I didn't feel a lot of pain. Other people have balance issues.
Those typically resolve within a week. Some people have new tinnitus after surgery some people have a resolution of that. The common occurrence after surgery is a loss of taste. Temporary and it comes back. A few cases the taste didn't come back. They are really small.
All right.
That's a fun picture of me at 26. And my first ever cochlear implant patient.
I have her permission to use the photo.
And I probably had no business programming a cochlear implant. I got very little training before seeing this person.
And now the implant company send a



representative to work with you over over again to make sure you are competent. I went down to MIAMI. Three day training and went saw my first patient and I think back about those first few patients I feel a bit of regret.
So you can see I have my hand on this interface and this is the interface that between the computer and the implant processer this is on the desk. It's a body worn processer she worn in a harness in the back. Goes in the back because we didn't want kids to spill on to the processer. They were not water proof at that point. I have a hand on the knob. This interface had LEDs on it. When I worked with one contact, that would flash to tell me I was on the right contact. The knob I would use to turn the stimulation up and down. She would put a peg in the bucket every time she heard it as soft level. She is wearing a device with the mike on her ear. On a cable under the shirt and here and then hooked into a processer.
At this time, every single contact had to be set individually and there were 22.
Because this was a cochlear device. We had to get a threshold level, the softest current needed and upper level stimulation, the most current possible for



it to get way loud. Current devices, the electrical delivery is stable and fairly uniform across the contacts so you don't have to do it on every electrode anymore. You can do five and interpolate and fill in the missing ones and it does it accurately. We will get into that more deeply.
I want to tell you a bit about where cochlear implants came from.
None of this will be on praxis but I want you to have a sense of the history because it's fairly long and the first evidence of somebody using electrical stimulation is BOLTA who took two electric rods and put in his ears and stimulated them and said he heard something like boiling soup.
And I have to imagine that was not a smart thing
to do.
Especially if you can hear something bubbling.
Probably wasn't good for his ears.
Beyond that, we can look back to some very early days. 1957 they showed they can stimulate the auditory nerve with placement of electrode on a nerve that had had to be resected because of acoustic neuroma. They took out nerve and put electrode on the part of the nerve that was still in place and stimulated it. That person could show evoked



potential.
1961 doctor house from the house institute in California used a single wire and put it into an opening close to the round window.
And somebody that was profoundly deaf that wire protruded from the skin so could connect to it directly and stimulate that person's auditory nerve. That device was explanted because of infection.
Doctor house stayed working with cochlear implants and became one of the pioneers. They...one electrode inside the cochlea.
And it had what we call a percutaneus plug.
There was a device sticking through the skin and you can snap into that device. The nice thing about percutaneus plugs is you can access the implant directly but the bad thing is a lot of people got infections and tissues and scars would develop around the plug and so many had to be explanted very soon.
All of them have been explanted at this point.
It was nice because you can connect directly. Now we have a scenario where you have external piece that transmits across the skin on a radio frequency and that's good but it brings some problems.
You can only stimulate so many bits of information at a time.



And you have to worry about thickness between the internal and external device. If it's too wide you can't make a connection.
1976 doctor bilder published a report. Within the research and industry of cochlear implants it's a famous report because first report to demonstrate the patients who got a single channel cochlear implants had improvements in communication.
Now these patients were not hearing anything that was really speech like but rather they were hearing the rise and fall of speech.
And so when put together with lip reading, their ability to understand what was said went up just because it was coupled with the speech reading. With the auditory only condition they didn't understand anything but if they can see your lips moving they can see the rise and fall correlates...and speech reading goes up. But it shows the patients with no other option could get a single channel device and improved their overall communication skills.
1984 doctor house and urban...[reading].
I believe they have all been explanted at this
time.
In cochlear implant work, there are very few
times where there's been like a big jump in technology



where you would say to a person, hey, there's something new coming down the pike. It's worth getting explanted and reimplant. This is one of the those times. The movement from a single channel to multi channel was such a leap in performance that it was really worth patients having a second surgery getting the single channel device taken out and having a multi channel device put in because we expect performance to be so much more superior.
1977 [reading].
That device is now known as the MEDAL system. At the same time [reading].
He created the cochlear device.
So finally, and 1986 doctor merzenich [reading].
Called that system the CLARION and now known as advanced bionics device.
These are the three names that you should know. In cochlear implant work. Because together,
they are given credit for modern day cochlear implants.
Doctor Blake will son from RTI doctor HOCHMEIER from Austria and Clark from Australia.
He is given mostly credit for developing a system that was part of the advanced bionics device and the MEDAL device and cochlear device. Made in US



and Austria and Australia...these are the three devices approved by the FDA and health Canada. There are other cochlear implants systems not approved by FDA and health Canada. You don't need to know this but one is called NEROTRON and it's more economic device to make and it is manufactured by a fellow named VANG ZHANG(?). He is a famous scientist from California. There's another one made by -- what is the name?
I have to think of it. Fully implantable device.
They have implanted probably ten I think patients. All the hard ware is implanted under the skin. I will show you that when we get into it.
The website for each of the manufacturers are
great.
Each one has resources for audiologists, for
patients and families, and if you are looking for an answer about the device, I would definitely consider going there.
Remember also that each device wants to sell its device. Each device will high light features that make theirs different from the others. As we talk about the signal processing and how the devices work, you will see that truly they do have some important



differences. At a foundational level they all do the same thing. All take sounds, convert it to a digital signal, send it to electrode array in the cochlea and that delivers electrical stimulation. All are working with that paradigm.
The parameters for which they do it vary. They will build their philosophy on those parameters and you will see how they diverge.
Just another couple of historical pieces. This is a pedestal. Early.
So see it's poking through the skin and you see this would have been the female part, that's the male part. This would plug in. So you have direct access to the device sitting inside the head. This is the early internal device looked like. Here is external piece and there's a ground electrode and the array that went into the cochlea, and only had a single channel on it.
And the wearing configuration kind of evolved over time.
Early on, we had these hard wired devices that had something sitting in the ear to help stabilize it and we had head bands that go over the head.
Then as time moved on, the head piece became magnetic piece that sticks on the back of the head.



And the processer was a large body worn thing that looked like an old cell phone. As the tech improved the processors got smaller. What really improved was the battery tech. Here the battery is this half. Now the battery is only this piece of it.
So the battery tech improved and got so small you can fit it into a large bulky looking behind the ear device.
And now they are much more sleek.
Here is a MEDAL behind the ear processer with the coil and cable.
This one is cochlear corporation and that one is advanced bionics.
There are also off the ear options. These --this is the off the ear option for MEDAL and this is for cochlear, and this -- advanced bionics doesn't have this option, their off the ear option is that larger one which is the only water proof system made.
And so if you had a patient who lived and died by being in the water, if that's where they found their happiest moment or professor swimmer or sailer, needed a water proof one I would steer them here.
And they can choose to get that water proof one.
They would have to wear the processer on arm band or hat.



But they can also get a second processer that fit over their ear.
The internal device, that's a MEDAL internal device, has the magnet here. This is titanium, encases all the electronics. This coil here is the antenna that picks up the radio frequency.
Then there's a lead wire that goes to the electrode array and this part goes into the cochlea.
Okay.
Let's pause there for ten minutes and at the same time I will pass around the devices and you can look at them as you go or as you come back. I will pass around the MEDAL internal device and external devices.
You can not hurt these so feel free to play around with them. The MEDAL sound processer.
And the cochlear American's device. And the air sound processors.
Okay. So we will come back at 10:37. [Break].
INST SLADEN: Okay.
Did those devices make their way around?
Did everyone have a chance to put their hands on
it?



STUDENT: Sorry.
INST SLADEN: Yeah? Okay.
You will notice that on the cochlear device, it's a fairly small looking processer.
The battery is on the bottom.
This doesn't doesn't come off because it's a
demo.
This one is longer because this a battery clip
that holds two 675 batteries. If going camping and no access to charger they can get this and clip this in. Know when you put the clip into its sleeve, you can no longer easily pull it out.
So and you will learn these tricks as you get into it, if you want to change the batteries you need to have it on the processer then you can pull the sleeve easily off but otherwise it's hard to get your nails in there to pull it out. I will pass this around again. I want you to try put the battery on to the processer.
The way that I do this is I look at the battery sleeve and it's got holes because these are air activated batteries. Need air. So the holes go towards the back of the processer. This is the back. This is the part that sits on the ear.
Line those two up like that, and slightly turn



the air holes towards you and you will feel it slip into its lock and then lock it. Like this.
Line them up. Turn it towards you until they lock together and then locks, and then unlocks.
Practice that a few times while we talk. Please.
As we start to think about cochlear implants, it's also important that we think about the kind of people we are going to be evaluating so when you are seeing patients for candidacy assessment you want to build up a clinical profile about what that person's hearing is like. Think back to the picture I showed you of the first cochlear implants patient. She was congenitally deaf wore high-powered hearing-aids. In an oral program but didn't get a lot of audibility through hearing-aids because there was a lot of hearing loss and she was five when implanted.
What do you think about that profile?
You know some really important things about her.
No hearing since births or very little. Now five years of age.
Gets a cochlear implant.
What are some things you know about her profile that would influence your counselling to a family or your decision to move forward with a cochlear implant?



What are some things you know about her profile?


STUDENT: Language delay?


INST SLADEN: Language delay. Yeah. This is five years of age person and hasn't had a lot of audibility...likely some language delay. Because five years old, and they are likely past those really plastic years, when you think about auditory plasticity greatest in first three years, extends beyond that but highest in first three years. Now play a lot of catch up. If spoken language is the goal we have a lot of work to do to catch up.
So the important pieces to think about, when did the hearing loss begin? How long has it been there?
What are the ages involved? Five years of deafness from birth to five is a lot different than five years of deafness between 20 to 25. If you are 20, you have established auditory path ways and auditory cortex that's used to responding to sound and you lose hearing in both ears...that's different than someone who is prelingually deafened and hasn't had decent auditory experience in those really critical years.
When I say building up your clinical profile I want you to give thought to the ideas we talk about that



relate to speech understanding.
So for example, you might see somebody who has had a largely conductive loss progressive, otosclerosis and getting worse and invading the cochlea. And getting worse and worse but they have had 30 years of this hearing loss. How much was conductive? And how much was sensory neural? If largely conductive I'm less worried. If it was 30 years of sensory neural loss I'm more worried.
Loss of audibility and loss of a sound that has fidelity. You have good fidelity when it's conductive just a matter of getting to the cochlea. But if it's...there's distortions. Can't get to with a hearing-aid. The degree of loss, mild moderate severe to profound...if it's a moderated low frequency loss, rising to mild high frequency loss they have audibility of consonants and probably low audibility of vowels -- vowels are more powerful...now seeing us for cochlear implant, well, we are not going to do much favour restoring high frequency because they get that with the con figuration of the loss...let's say it's normal through a thousand and drops at 2 -- they don't have access to sound from 2 thousand and beyond, they cants hear the consonants and that carries the intelligibility of speech. Building that clinical



profile, what the hearing loss looks likes, how long and what ages when it started.
We talk about age of onset and refer to these ideas of pre and post lingual. Pre is the on set was before language. Which is generally around three.
So in the literature you will see that prelingual is defined as hearing before three --hearing loss before three years of age.
If someone came and say I had hearing loss from birth, you want to follow up with, well, do you know if it was mild or severe when you were born. That interacts with the age.
So if someone said they had prelingual moderate loss and then it was in the range of severe at ten, that's a much different profile to consider.
And it's not that people with prelingual hearing loss won't benefit from a cochlear implant but depending on the age of implantation we need to think about expectation differently...identified at six months and implanted at 12 months, we still take advantages of the auditory plasticity. If identified at six months of age and come to you at 7 years of age it's a much different scenario.
Talked about hearing-aid history in those general terms and then we also to consider



non-auditory factors like cognition. Do they have cognitive decline? Cognitive decline is not a reason to exclude someone from cochlear implant. I would argue it's a reason to advocate for it. We know cognitive decline can get worse if isolated.
Sometimes it's hard to disentangle what is a loss of audibility and what is cognitive decline. If a person doesn't respond to your verbal commands, did they not understand because of cognitive decline or did they not hear because of loss of audibility. The point cognition becomes important is knowing can they handle the cochlear implant. Can they charge it and put it on properly and remember to wear it. If those are in question, do they have support systems like family members or nurse -- long term care employees that can help them with taking care of those devices.
I put in oral motor conditions because often times for children who have severe to profound hearing loss they have co-existing conditions that can involve aural motor apraxia. If the family said we know they have severe to profound hearing loss and the goal is achieve spoken language. Do they have the mechanism to support that? That includes the...I want to spend some time talking about audibility of speech and you have all been taught that we have this very convenient



speech banana that shows us where speech sounds fall and that we have low pitch sounds like ah and oo and high pitch likes SS and TH and silent TH like, like thistle. It's air over teeth. Soft and high pitched.
This one is not so bad. Shows you phonemes.
In some of the more simplified versions we have even narrowed it down to what we call the Ling six sound test. We ask a person to tell us if they can hear the six sounds.
But that's also a pretty broad way of thinking about speech sounds.
It's a nice easy and quick test of audibility but it's not very detailed.
But it's convenient. For the six sound test.
When we think about a more detailed analysis of where speech sounds fall, we often consider the early work of Fletcher and Ling, where they looked at the energy from varies speech sounds and how they fell on audiogram.
What I want you to note is that it's not as simple as vowels are over here, and consonants are over here. In fact, if we look at the M sound, it has energy across the frequency range.
Do you recall from Laurie an's class talking about SII? And when I think about SII, I think about



it as kind of one component of a large umbrella topic. The umbrella topic is audibility index theory. It started as articulation index theory and grew out of the work of Alexander gray ham bell when tried to figure out what speech sounds need to come through the telephone.
And as that theory grew, it moved from articulation index theory to speech intelligibility index.
So I would put articulation index and speech intelligibility index under this umbrella term of audibility index theory. Which is the theory that speech perception is directly related to the proportion of the speech spectrum that's audible.
And the importance of that work is that it allows us to predict from mathematical model how much of the speech is going to be understood or recognized.
And that's obviously become very useful for hearing-aid work for setting prescriptive targets and for measuring hearing-aid function.
And for unaided pure tone threshold, we can use SII to estimate how much speech recognize they will have. If they have unaided SII of.6 we expect them to get about 60 percent...here in B.C. you know probably qualifying -- that pediatric audiologists are guided



largely by the SII, unaided, for knowing when to fit children with hearing-aids and SII of less than.8 will guide them to fit a hearing-aid on a child. You can fit a child with more than.8 but that's the general guide line.
Okay. Again, audibility index is the umbrella term and AI and SII are the specific indexes driven by ANSI standards.
Now again we have AI which has a value between 0 and 1 and if we look at the total articulation index or SII, it's a sum of the proportions of the audibility parts of each frequency band weight by each band's importance. This relying on...knowing that each band or frequency region of speech carries a different amount of weight.
So for example, here we have frequency on the X axis and importance on the Y axis. And in the lower pitches, there's very little importance.
Or weight to those frequency regions but in the higher frequency regions, we have a lot of importance or a lot of weight given to these bands or these frequency regions.
With a highest amount of weight assigned around
2 thousand Hertz.
And that the weighting function changes based on



the speech stimuli. So here in the dotted line we have non-sense syllables and in the solid line we have average speech.
How does that sound?
Is that ringing some familiarity? Back to amplification?
Some?
I like to think about this first when thinking about cochlear implants.
Because it's really this piece of audibility that's kind of leading us to the situation where we will consider a cochlear implant. We really want to consider what is their unaided audibility and their aided audibility and is that enough for them to understand speech?
And in some cases it may be enough but the person may need to work really hard. If you have aided SII value of.5. You should get about 50 percent correct on a speech recognition task.
But you might have to work really hard at it.
So when you think about cochlear implants, we think not just about how much audibility do they have and is it enough? But also how hard is that person working to maintain the level of.5. They may be really putting out so much cognitive effort that it's



just draining them.
Okay.
Now, just for kicks and giggles, you know that you can calculate your SII values by using a count the dot method and I often share this with educators.
Or teachers of the deaf and hard of hearing.
Because it's something they can do on their own. Don't need our fancy computers or formulas to calculate SII. They can do it by taking a child's unaided audiogram and calculating what their AI is.
Now, they can also look at the aided audiogram but we temper them that's not a gold standard for fitting hearing-aids.
Although you will see it's fairly common in cochlear implant because we don't have promic measures with cochlear implants. One of the only ways of verifying that the implant is set properly is to put them in the sound booth and measure their sound field threshold with the implant on which is basically a functional audiogram.
Limited but again it's kind of one of the only things we have in implant work.
Okay.
So again, AI theory tells us that speech perception is directly relate to the amount of



frequency information that's available to us.
Based on those weighted functions.
And in this work by Ching et all we can see AI theory audibility index theory work really well when you have moderate levels of hearing loss that as you increase the amount of information, here is the AI value on the X axis and performance on the Y, as you increase the amount of frequency information performance goes up and up and up.
Just as AI predicted. Use of AI gets confusing. Are you thinking about artificial intelligence. Work well but at 95 degree of loss it works well early on but plateaus. Doesn't fit the prediction. So the real performance in the dots doesn't fit the predicted function.
And then with 100 dB of loss it fits well early on but then is actually roles over.
That's an important piece. It's rolling over.
Meaning, that more information, more frequency information is making performance worse.
So providing amplification is not just not helping, it's also making it worse.
So there's a limit. Right? You can provide amplification and help them hear speech better but there's a limit.



And at some point you will not be helping them and you will make things worse. You will see this in a practical way when you do real ear on somebody with a severe to profound hearing loss and all of a sudden you see the targets are below their hearing thresholds.
Because the targets know that, the targets know that if you give them amplification here, it will be so distorted it won't work out well. So the target is actually below their hearing threshold.
Have you had a chance to see that in pro mike measures? The first time I saw it I thought something was broken. They won't even hear this. Because the prescriptive formula knows you shouldn't amplify in that frequency region.
So what is happening there, we don't entirely know but we have some hypotheses about what is going on.
The most obvious thing that is probably happening is that there's internal cochlear distortions. The structure of the cochlea, outer and inner hearing cells are such if you try to make things louder it's causing internal cochlear distortion and causing a loss of perceptibility and loss of recognized speech. We know that in typical cases that



high frequency loss occurs first, so the loss is usually greater in the higher frequencies and has been there longer.
So again, for me this pulls into this idea of building the clinical profile.
If they had hearing loss at 2 thousand Hertz since they were 20, and now they are 60, then that band which carries a lot of information and weight has had all these decades of really poor audibility.
And it's going to be more difficult for them to hear when those regions are stimulated.
In addition, we will have a loss of neural fibers and specifically what we refer to...ganglion cells. The high frequency region the basal region will be tough to stimulate. Contrast with the sudden on set hearing loss person...the time duration there is really important in they were implanted quickly and electrical stimulation will be pretty good and stimulate those high frequency regions.
You have likely come across this term of dead regions before and dead regions can occur generally when hearing loss exceeds 70 to 80 dB and so those regions are not going to be well suited for amplification...and there may be regions in the cochlea there's not enough neural survival for



electrical stimulation to occur.
And because of all this, it's difficult for the cochlea to extract the spectral and temporal cues.
That's important piece because the spectral and temporal information is important for speech understanding, but also for some other tasks like localization, complex listening like speech and noise, music perception, voice information, if you lack those spectral and temporal details those areas will also go down.
Okay.
So any thoughts about this?
I'm hoping that some of that is review but also high lights for you that we get to this place with hearing-aid work where it exhausted all our options and we know that hearing-aid can only do so much and amplifying some regions is not going to be helpful if the hearing loss is exceeding 70 to 80 dB. And those are the people I want us to start to think about, oh, somebody who might benefit from a cochlear implant.
Looking again the clinical profile. If they have good hearing in the lows, but no hearing at one thousand Hertz and beyond they don't have access to the...that will be problematic for speech understanding. Historically those people were not



considered for cochlear implants. We thought they have all this low frequency hearing but we know now that in a lot of cases you can put implant in and you might preserve the natural hearing and then the person can use electrical hearing in the highs and low natural hearing in the lows and by putting the two things together can hear speech really, really well.
When those people come across your desk with the asymmetrical losses or precipitous losses...don't discard them from thinking about cochlear implant work.
Okay.
Any thoughts? Disagree?
No.
Some people no matter what you say you will not get them out of their high-powered hearing-aids. Even if you know, you are such a good cochlear implant candidate. They may be really secure in their
hearing-aid use and don't want to diverge from that.
All right.
The more you know. Okay.
Then we will stop there and pick it up next
week.




STUDENT: Thanks Doug. INST SLADEN: Thank you.
I have all the devices?
I meant to show you you can also pop these out.
We will talk about this when get to the surgical features but the magnets used to be popped out regularly. If someone said I need MRI suspecting a tumor the surgeon would make incision and pop out the magnet, sew back up, put in the MRI...then carry on.
Now the magnets are constructed in a way more MRI friendly. Up to a 3.0 Tesla which is the strength in MRI.
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