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STUDENT: Do we have access to the slides?
INST SLADEN: I will upload for you when we are done.
Okay. And --
DR. WESTERBERG: There they are. They exist.
INST SLADEN: Thank you for joining us today. I didn't prepare a long introduction and so I hope you will take a minute to share a bit about yourself with the students and these are all second year master's of science audiology students.
And they are enthusiastic to hear what you have to say about implant surgery. Thanks for coming.
DR. WESTERBERG: Young and naive and full of piss and vinegar I bet. My favourite. Thanks. It's interesting seeing the changes over the years.
Sometimes like two people in the room, it's great to see so many people interested in audiology. I think you have one of the best professions. The way the ear works it's super cool and I hope some of that will come through as we go through slides today.
So you know, the -- Doug can tell you about the audiological side better than I can. So today I want to focus on the surgical aspects and some things that
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you probably will not see in your job as audiologists.
When comes to cochlear implantation. I think part of what will come through is the ears, how the ear works, encodes sound and vestibular apparatus. How encodes where you are in space and maintains your balance. You can't live without your ear and I hope you will realize that as time goes on over the next hour and took me a while to figure out what kind of a person I am. So in surgery I don't do...patient don't do well so I sought out a specialty that I operate on young healthy people most go home the same day and most are better when I'm finished and I never have to tell anyone they will die so that's the best subspecialty for me. Any way.
So as I -- I started doing implant surgery in 1996, 7, just over the last 30 years looking at changes I have seen, there's a lot predated of course me doing cochlear implant surgery and if you think of every so often stop and think of the pioneers in surgery and thinking may be this will work and the patients who signed up and agreed to do that on the promise that hey, may be this will work, and we are spoiled in many respects, the people who went before worked out kinks and details about how to do the surgery. And the electronics and device. The first



cochlear implant's I won't belabour but it was a single channel device. The first one in Canada was put in at the hospital I work at, Saint Paul's hospital down town. Until we move to another hospital at least, in February.
Multichannel devices have been around for a while now. I think you all know the importance of hearing. How we learn and communicate, hearing is more important than sight arguably, people may argue but I think everyone in the room would agree with that. I'm one of four surgeon at Saint Paul. The other three are doctor Aaron and Dr lieu and recent grads working part time at other places too and a doctor in Saskatchewan to join us, former trainee.
Sometimes we -- we often interchange patients. Sometimes I will see the patient before the surgery and another will do the surgery. We have a common intake central intake practice. I think you know most about this but you will see the outside part, speech processors, the first processors that we had when I started putting in implants were a body level device. Like the size like your cell phone but it was bigger. It would clip to a belt and when the ear level device came out I thought it was cool but they keep getting smaller. The sound process that transmits the



information through the skin, through the coil, the coil is lined up by mag net on the outside device and the magnet in the receiver stimulater so the information about sound is transmitted through the skin.
And it's may be obvious but power is also transmitted through the skin to the internal device. The internal device doesn't have a magnet. This one you may have heard Doug and I talking about one of the companies has just announced 4 o'clock this morning they released a implant where the mic and power is all implanted under the skin now. That's how tech evolves but...the power and information is -- mic on outside and that information is transmitted through the skin to the receiver stimulater. Then electrode...you probably already know but it's -- it's actually crazy technology. And there's many things about ear that make this technology possible. The cochlea is tonotopic so by where the electricity is stimulated it stimulates a certain frequency and so that's advantage over the ophthalmologist too. It's more challenging for them on many different levels...in terms of the audiological candidacy, Doug could go on that side with you. It's changed over the last few years.
Again, they know that aspect better than I do. If we



look at the -- so the current criteria, moderate to profound hearing loss. When I see somebody -- doing construction work in the operating room here so we have a jack hammer going. The building doesn't come down around me I hope. I want to make sure first of all that there's nothing that will predispose them to infection. When we put hard wear inside somebody, whether cochlear implant or a knee or hip prosthesis if it's infected it's a nightmare. The bacteria form sheets of communities of bacteria on the implant and antibiotics won't get rid of it. You have to remove the implant after so part of the surgical assessment is looking for any conditions that might increase their risk of infection and if those conditions exist we have to manage those conditions before we put in the implant. If there's a closotoma in the ear we will deal with that first and come back on another day and put in the implant. The other thing we want to assess is if they are healthy enough to handle a two hour general anesthetic. The oldest person we have put in a cochlear implant in in B.C. was two months short of her 100th birth day. I wish I had waited two months so I could say she was 100. But the point is the cochlear implant population is become older and older as the years go by. Pose some challenges for



anesthesiologist but they are the doctors who put people to sleep and wake them up after. The anesthesiologist at Saint Paul's put some of the sickest people to sleep...is easier than their other patients. Having said that, one challenge is that the effect of the medication on the brain and some patients have delirium after which poses challenges.
The risk of having a general anesthetic and something terrible happening like you don't wake up again in Canada is less than the risk of you guys if you are driving home from UBC having a serious car accident. Sorry. I hope I haven't jinxed your ride home but the point is general anesthetic in Canada a safer than many other things we do in life. When we do surgical assessment we will do often medical imaging. CT scans of the ears. Using radiation. Like x-ray when you break a arm. It shows detail nicely so you can see the dense white bone around the cochlea. The denser the -- the labyrinth is the densest bone in your body. You see around the cochlea there, and the balance system this is the lateral...circular canal shows up as black and you see the...mastoid there...middle ear space. You can trace the facial nerve. Gives you beautiful detail of bone which is sometimes helpful.
Those are two normal cochleas. And you can see the



grayness of the fluid. The gray fluid is a bit darker than the brain tissue.
That's normal looking cochlea.
But because we are putting in electrode into a fluid containing space we want to make sure that space is open. If you have had meningitis the inflammation that cause the hearing loss in that will often cause scar tissue in the cochlea which progresses to bone.
This is whiter than normal and that's because it's ossified in there. Once this happens you can't get a cochlear implant in.
So if you are in practice as audiologist and you are asked to do hearing test on somebody who had meningitis and don't have any hearing, consider that an oto logic emergency.
These people we try to do appropriate assessment and do the imaging. If there's any signs the ossification happening we would get their implant in as quick as possible. Once it fills up with bone the horse has left the barn and nothing you can do to get it back. MRI scan we do sometimes. That uses a powerful magnet to create the pictures. So you can see how we get beautiful pictures of soft tissue of the brain, fat under the skin. But you can see how the bone, and air shows up as black. Very little



detail with that so the two imaging modalities are complimentary to each other.
Sometimes we will just give one. Sometimes MRI scan. Sometimes CT. Sometimes both. Depending on the information we need.
This is a way to sequence with MRI scan depending on the different parameters you can program, you can get different types of images. With this type the fluid shows up as white so the cerebral spinal fluid is white here. And you see the fluid going out towards the ear. See the fluid in the cochlea and the fluid in the labyrinth.
And you can trace the fine black line of the nerves...and they can reconstruct it in different planes so you see how we reconstructed that so if cut in cross-section we can look at the different nerves and internal auditory canal, facial nerve and the vestibular nerve...at the top of the canal and the cochlear nerve...at the bottom. So this is the kind of detail you can get with MRI scan. This is 1.5 Tesla I think. Stronger than magnet the clearer the pictures are to some extent. We have 3 Tesla MRI scans in most of our hospitals which is important when you think about doing MRI scans on patients with cochlear implants. Sometimes you can't do it...I



don't know why -- tangent but if you look at children in particular who are born without hearing you want to do the MRI scan particularly to look to see the cochlea nerve is there. In this case it's absent. If they have profound hearing lass there's a chance there's no cochlea nerve and the cochlear implant relying on the cochlea nerve to travel to the brain, the information that's needed.
So the MRI scans have been helpful in children who are born with congenital to profound...hearing loss. If they have hearing, the cochlea nerve is there. But the question is whether it's there or not...look for tumors in the ear. This is sporadic...you see there's a solid tissue mass there. We thought before it was a contra indication...but it works.
There's some group of patients who are born with a genetic mutation that predisposes them to tumors and NF two they get by lateral vestibular schwanomas. I never have to tell anyone they will die I said, this is the exception. It's a terrible thing. If we cut out this tumor they develop other tumors other places. It's brutal watching them deteriorate over years.
That's part of the reason we would do a medical --medical imaging of the ears, to rule out some other



conditions that may affect the implant function. The next thing is explain things to them, risks, benefits and alternatives, and then they have to decide whether it's that's they want to have done or not. In general when we talk to people about cochlear implants they have two alternatives. Carry on with hearing-aids or have cochlear implant. We don't have other alternatives currently. There's some exciting things happening in that area.
So as audiologist, you will spend if you do cochlear implant audiology, you will talk a lot about that what you expect them to achieve in terms of hearing outcomes. I rely on the implant audiologists more for this probably than the time I spend on this. If you can localize sound you do better in noise as you know I'm sure.
Often our patients are able to use the telephone with cochlear implant particularly in people who they know well so that's excited. Not relying on lip reading. Music is a challenge with most of the implant. Some may be better than others. It may be if it's music which to a naive listener is may be better than the music you are used to listening to when you had hearing but the programming is designed for speech, less for music. Doug can give you



probably better information on that than I can.
In terms of the surgical risks I will show you some video of the surgery if you are squeamish look the other way may be. We have to drill besides the facial nerve. That goes through the mastoid...we can damage that nerve. Either get a temporary or permanent weakness of the face. There's a branch of the facial nerve called the cord tympany nerve. If you look closely through the ear with oat scope you can see that nerve running under the...it is sometimes right in the way and we can't get into the ear without sacrificing it.
So some people will have a taste disturbance. Usually it's temporary but some people complain it's permanent. The risk of infection. Or a risk of surgical site infection in a clean procedure, controlled with no bacteria is roughly one percent. Nothing in life is 100 percent. And again, if you get infection, I usually tell the patient it's a nightmare for us both. The implant needs to come out and the infection will resolve and heal and three to six months later we can put the implant back in again. If you get infection you can get meningitis. There's a scare around 2000, I remember I was at a meeting and there's a lot of people protesting outside the



cochlear implant meeting because around 2000 we had a spike of patients who were getting cochlear implants and getting meningitis.
In retrospect it was probably related to a design of the implant where there was a positioner that left a path way going into the cochlea so the bacteria could get in and cause meningitis but now there's a couple of vaccines we recommend to patients. If they get -- some surgeons say if you don't get the vaccines I'm not putting it in. I figure people can make up their own mind. I don't know the benefit because I think it was more of a hard wear problem than a bacteria problem.
...when you put in the implants there's couple of days they will feel like on a boat or had a few drinks. It's usually to have long term functional balance problems. If you measure they're balance function you can see sometimes abnormalities on the head impulse test where patients really don't notice anything and whether that's a subclinical change or whether it is the patient's have just adapted to it, not sure.
Biggest challenge for me is this one. Loss of residual hearing. If I could put in a implant and preserve...it will open up a whole new world for



cochlear implants surgery. But most of the time I tell patients that you will lose residual hearing in the ear. I tell them and 50, 60 percent of the time we can save that residual hearing at least short term and long term it seems to deteriorate more quickly than...I will talk about things trying to do to lower that risk but now, that's probably the biggest impediment to expanding the criteria. I will show a video. One nice thing about having fellows is you can ask them to do it for you. ...she made this video and I keep thinking I need to up date it but little has changed in terms of the surgery. This one works really well for us.
This is a right ear. So the ear canal is here.
Mastoid tip on the right-hand side. The brain is above on the left side. We made incision behind the ear. Drilling through the mastoid. We have a drill with irrigation. Helps to remove bone dust and blood and you don't see through dry bone so you can see structures on the other side of the bone. Come through the mastoid and into the ant rum. Air cell and at the bottom of that look for lateral semi circular canal and remove the bone so we can see the body of the incus around the corner...once we identify the lateral canal...point to the facial nerve. It's



right here.
Now we will open up a window called the facial recess and that's bounded by the facial nerve...the nerve goes in front of where we drill and the buttress where the incus attached...there that's the round window that's the target where we are going to. If you were here before you may have heard how the older implants were bigger. ...under the temporalus muscle. This is just a dummy implant.
Doctor Lee called it the Brian and everyone laughed and if I called it the Jane everyone frowned but it's the...template...we used to drill right down to the coverage of the brain to try to recess it as much as possible because so thick but now they are thin enough you don't need to drill this far down...hold is in the pocket but I like to recess it. Drill a trough where the electrode array comes off and into the mastoid...on route to the cochlea. See we created the pocket. The next thing is open up the round window, two different approaches we will do and I will show you both.
This is the round window membrane. Facial nerve is here.
Cortical tympany nerve is here. Incus here and stapes to the left. There's a bony lip over the round



window. We drill that away. So it's flush with the membrane. You see the size of the membrane. We can go through the round window sometimes directly. Where we open the membrane put the electrode straight into that. Some electrode are stiff and if you go through in this direction you will go up and hit the basilar membrane, tear it...then you will risk traumatizing the cochlea nerves so some electrodes we will do extended round window approach. Thin the bone anterior and inferior...make it paper thin so when open the membrane we can also flick away the last bit of bone there. Have the bigger opening so the ankle of attack for the electrode comes in parallel more...avoid traumatizing that.
So that's what we are doing here. Extended round window approach. Drilling away the bone.
Anterior and inferior to the round window membrane.
...insert there. If you traumatize it there you will also lose residual hearing. Thinning down the bone as thin as we can hopefully without entering the cochlea.
It's sometimes you get a good view and sometimes it's a limit view, we may sacrifice the nerve...so get the exposure we need. Broken away the bone.
In front of the round window membrane. Open the cochlea. This is a suction I'm trying to keep away



from that area so I don't suck the fluid -- Perry lymph off the inner ear. Enlarging...in the anterior and inferior direction mainly.
To get that angle so when the electrode comes in it stays away from the basilar membrane as much as possible.
Trying to keep the bone away from that, trying to keep the blood away from the -- ear. And bone and blood cause inflammation equalling hearing loss. This is Perry meddle lair electrode. Has a curve and stylette in it to keep it straight. Introduce it into the cochlea...to the left. To follow the path of the basal turn of the cochlea. There's a little white mark. Not obvious on this view. We put in into the white mark about 10MM which is the length of the...cochlea now the tip of this electrode is at the distal end...advancing the electrode off the stylette as it comes off, it curves and follows the con tower of the cochlea. This is a Perry or precurved...held by stylette as we push it off, it curves. When it's in the cochlea, it hugs medialis...which where the nerve endings are so the power requirements are less so may be less current spread people say...then the alternative electrode which I will show you. I like this, once you put it in there the Perry



medialar...less of tendency to push out over time. A problem with other electrodes is probably 10 or 15 percent of the time they back out a bit so instead of having 16 electrodes you end up with 15 or 14.
In this implant, it has a ground electrode up here and there's a ground on the body of the implant. Doug can tell you what advantages this gives better. I don't know. I just stick it in there. You have to figure out what to do with it. There's a bit of redundant electrode. We will coil that into the mastoid cavity and close the incision...six months old whatever the youngest child is now we will get the same implant as the 100 year old patient will get.
Something else. Yeah you can see we put some tissue in there as -- after we got the electrode in.
...so the Perry lymph doesn't come out after wards.
The things that allow us to -- for the cochlear implant to work well is the tonotopic organization.
The challenge is putting electrode into the cochlea and preserving the residual hearing. Part of what we do is trying to keep it as atraumatic as possible. I showed you how we try to open the cochlea and try not to aspiration any fluid out of the ear, try not let light go in or bone dust go in. Part of that is preserve residual hearing...we don't want to



traumatize the cochlea and damage the spiral gang or auditory nerves which we rely on for the cochlear implants to work. One challenge is the spread of the current. You know there's about 3 or 4 thousand inner hair cells which sense sound in your cochlea and we replace those with 22 electrodes or sometimes
12...when I first started doing the implant surgery it was a full band of electrodes. The electrode contacts were going all the way around the straight electrode. The straight electrode then was quite stiff and the electrodes would always catch at the edge of the...as I tried to put it in so always calling down for the audiologist. I have 12. Will that work? No I need a couple more. 15 or 16 will that work? Yeah. Now it's unusual not to get full insertion. ...you see how the electrode contacts...not on the contra lateral...this makes it easier to get the electrode in.
I will show you some...they just in the last year have come out with a new one. So it's now 10, 12 instead of 6, 12. Largely the same but the...you can up grate our operating system on the computer or...firm wear on the camera. The new cochlear device, the necksa has that capability.
Otherwise, the appearance of it looks similar



from a surgical point of view.
So this is the six 12 implant I gist showed you. It has precurved electrode so it has stylette in this that keeps that electrode straight to allow us to insert it. It's inserted...is curves like this.
Again, the guts of the implant are here. Ten array is there. The newer implant have a magnet in a case. I talked about doing MRI scan for patient with a cochlear implant, it used to be that MRI scan was contra indicated but because the MRI scan want to move the magnet in the implant and when that magnet move it was painful for patients but with this new steady magnet the magnets spins around so you can go into MRI scanner with no precautions at all. It's not a problem. All of the new implants have that design.
There's no reason to take the magnet out now.
So this is the 6, 12 that I just showed you. The electrode is straightened by the stylette. You see the white mark there.
As it's going in we...the tip of the electrode is at the distal end. As we advance, it curves, hopefully following the con tour of the cochlea and avoiding hitting the lateral wall...more force. But force equals trauma when inserting it so trying to put it in as atraumatically as possible...as advancing.



Then we just slide it off of the electrode.
As -- once fully in we pull it back a bit. Hugs the MEDIALIS get contacts close to the nerve endings where we want them to be. This is the six 3, 2, the newer one is 10, 3, 2. This has precurved electrode but to straighten it, it's a sheathe. You pull the electrode back into the sheathe which then straitens it. The sheathe goes into the basal turn cochlea...nine or ten MM longs so when in the cochlea the distal end is at the distal end of the basal...as you push it through the sheathe it will curve and follow the con tower of the cochlea. Because there's no stylette it's thinner than the other one that I showed you. They can make the electrode thinner and thinner we think is less traumatic so the advantage of of this one is hopefully better hearing preservation than the 6, 12. It's not without its challenges but hopefully that's the case. See how we pull it back into the sheathe. The sheathe has a collar...when doctor Lee and I first start doing these we did the extended round window approach but she saw...we put it through the round window and found actually most of the time we get angle...so the same here. The right ear the facial nerve and cochlea...you see that flange there. The flange will go right up against the



cochlea. Once it's against the cochlea, we will hold the sheathe stable with a left hand here and with the right hand we will push the electrode through the sheathe and as comes out of the sheathe it will curl and follow the con tower of the cochlea. You see how slow we are inserting it. It's not -- you introduce it into the cochlea, if you introduce it quickly you will get a hydraulic pulse into the cochlea. Like the water going through the hose, has to go somewhere.
Give it time for the Perry lymph to...needs to come out so you don't rupture the basilar membrane from the hydraulic pressure so we introduce it slowly to allow Perry lymph to egress around the electrode and avoid the hydraulic pulse.
Once this marker lines up with the sheathe marker, then we are holding the electrode with the right-hand and now we will pull the sheathe out of the cochlea.
And we are going to leave the electrode in
there.
Again, trying to do it slowly to avoid trauma
around the...side of the cochlea.
Again just holding with the righted hand, pulling the sheathe out with the left hand. You will see when comes out there a slit in the side of the



sheathe that allows the electrode to disengage from the sheathe.
Now the electrode is in the cochlea and pack it like we did before. The final type style of electrode is the 6, 2, 2, or 10, 2, 2 series. That has a straight electrode. Not precurved. When it's in the cochlea it's not around the dialis it's...it's along the lateral wall of the cochlea. This is a lateral wall electrode. The advantage of this is it's quite a bit skinnier than the even the 6, 3, 2, than I showed you. You can put it in through the round window membrane...don't have to drill the extended round window approach. You can start it in. Because it's flexible it will follow the cochlea going through, we wander if the hearing preservation...you have a foreign body in the body, your body doesn't like it and form scar around it. May be that fibrosis that results in the residual hearing...but again, it's just straight electrode, just introducing it into the round window membrane there and the markers on it -- surgery is just cut by numbers. Once it's in there, we pack it. Here you have to make sure when you coil the...the forcers are that it's being pushed into the cochlea to prevent it from pushing out over time after. Remember how I said sometimes the electrode



egress and come out.
Again, the in terms of the other up dates, advancing cochlear implants, the processer, this is the original speech processer from the original cochlear implant done in LA.
The processer that I originally worked with in the late 90s is this body level processer. When the ear level processer came out I thought it is cool but now so small like a button on the side of the head.
Again that's the stuff you would be...more than I. If you look at the hearing results, before surgery, you get typically less than 20 percent...improvements over three months are marked. Whether you look at sentence...words and noise.
At 3 months mark you notice the biggest adaptation but it will improve for even 12 months or even longer after. Often when you get a new -- up grade the speech processer with new tech you can get another bump in speak understanding too. It's crazy people talk about how it sound like Mickey Mouse or robotic because it is computerized and your brain adapts and I tell patients, the hearing they have with hearing-aids is natural to them but if you and I heard with their hearing-aids we wouldn't understand anything. But just adapted to that loss over time,



they have. And same, they adapt to the sound of implant over time and it becomes natural to them. With each new implant, new tech, new soft ware we get a bump so we need harder and harder tests to measure their speech...to avoid get a ceiling effect.
What I talked about so far was cochlear corporation devices. I was trying to find a video of the MED-EL device but can't find one on the weekend when I put this together but MED-EL has advantages in some respects. Remember how the cochlea is tonotopic, each person's cochlea to some extent is unique but your cochlea at birth is pretty much the same size as it is now. Your cochlea is different than the person's beside you to some extent. MED-EL has a number of different electrodes all with same number of contacts on it but spread out over different length.
They started to -- with x-ray or MRI scan before the surgery, measuring the length of the cochlea, just with a math algorithm they have, then chosen the appropriate length cochlear implant, electrode array. We put it in.
And after we do another x-ray and they can measure where the electrode contacts are in the cochlea relative to the different frequencies so that you program the implant based on where the electrode,



what frequency you expect that electrode to be stimulating. And Doug can probably tell you more. The argument being that if you align up the frequency stimulation with the appropriate frequency sensory nerve it will sound more natural and there's some evidence I think showing that patients prefer this anatomy based fitting. A bit of a pain because you need a high resolution scan before the surgery and scan after the...which we don't need for clinical care but it's kind of cool and exciting to see that happening. Each -- this is cochlear corporation's data I got from the internet. Tried to find more recent but couldn't find it on the internet. [Reading] has had better reliability to the point now I say patient always say how long will this last?
Greater than 99 percent are still working in adults in ten years. Children fall...higher failure rate but in adults, greater than 99 percent are still working at ten years which is crazy cool.
We have looked at expanding the criteria, for cochlear implants.
When I first started we funded for six a year then bumped to ten a year and then thought we had it made, funded for 25 a year. Now fund for 76 a year. Talking adults here.



Children's hospital they do additional 40 implants give or take.
And we always used to just put one implant in.
If you think about all the benefits of having two ears, in terms of sound localization and better hearing in noise, all the things you know about, we came to realize that patient will do much better with two cochlear implant than one. Last year we did about
110 implants. Over 300 people on the wait list now it's astronomical. Probably greater than five years unless you are a high priority. It's bad in B.C. currently. Out liar in the country. Worse than any other province in Canada. By laterals in adults and started to do cochlear implant for single sided deafness. And for acoustic neuromas and trying to pick and -- some people have hearing in one ear and happy. They don't care about having bilateral hearing but the person who needs to have hearing on both...we start to expand the criteria. The limitation for expanded criteria is hearing preservation. If we can predictably...so a novel things people look at is covering electrode array in this case a steroid, I said when put in the implant sometimes we preserve the hearing immediately after surgery and after weeks or months the hearing gets worse because of scarring or



fibrosis...steroids...if we cover the electrode with it, so weeks or months after the surgery it slowly releases that in the cochlea, there's indications that the impedence of the electricity transmission is better. Probably related to less fibrosis and hearing preservation rates over time are better probably.
Doesn't prevent you from losing it at the time of surgery but...after the electrode is...covering them with some growth factors to try to draw the nerves to grow to the electrode contacts too. Pie in the sky at this point but exciting development too.
Just today, MED-EL announced the cochlea implant -- where the battery, mic, everything is enclosed under the skin so that you can go swimming and still hear. You can have a shower and hear and sleeping and hear a fire alarm. With the speech processer at the outside you take it off at night.
...I have seen data at meetings...works as well as with the external speech processer. Again, it's nobody sees it. Great for children. They don't get teased about having this thing on the side of the head and they have hearing all the time. Comes as a cost. Rechargeable battery in the device as life span of about ten years. Like a cell phone over time it stops holding a charge and you need a new battery or in this



case it will be new implant. If...sealed so the body fluids can't get into it, if the body fluids get into implant it means the device will fail so usually so can't just open it up put a new battery in, because you will break the...seal so that's a challenge. Once the battery stops holding a charge they would look at speech processer on the outside. That's cool.
Another thing, I said two option are using a hear aid or cochlear implant.
Just in the last few years, there's another option.
Genetic engineering so children born with mutation in...oto...which is a gene that encodes the communicating channels between cells.
So if you have a mutation in this gene cells don't talk to each other well so they take the gene and cut it in half. It's too big. Attach it to...put the -- fuse the cochlea with the virus and the gene.
The gene is incorporated into the cells and children born with hearing loss three quarter progress to normal hearing in six months. That's crazy cool.
Awe. I never thought I would see that in my life. The thing with that is it's very specific problem. So the anatomy is all there. The cells are there. But they can't talk to each other. Conexin, that's a



common genetic mutation causing hearing loss...they have a gene for conexin and looking at doing the same thing for children with conexin mutation and you don't need cochlear implant. You just...the gene fix the problem and for the rest of their life they have normal hearing in theory which is great. You will go out of a job.
I won't spend a lot of time...if you don't have cochlea nerve you can't do cochlear implant.
This device looks like a cochlear implant except electrode array is this paddle. We can put it on the brain stem where the cochlea nerve goes into the brain...and also tonotopic. So you can use the different electrodes contacts to stimulate different frequencies in the brain stems...we have done two and three now in the province. Mix results.
Doesn't work near as well as cochlear implants, because we do it for patient with neuro fibrosis...type two, tumors in this area and distorted...hard to get it in the proper position.
Hopefully I give you a taste why I think the...cool.
And the way the ear works the way it senses is absolutely amazing.
To be able to do the testing you do and understand where the problem is and allow us to try to



fix the problem I think you guys have a cool job. Sometimes I wish I was an audiologist instead of surgery. Questions? I don't have anything to go to so I can stay.

INST SLADEN: Thanks very much. [ Applause ].
I think we could make you an honourary audiologist. I have the power.
I have a couple of questions if you don't mind.
We have talked about device selection how we leave it up to the patient. Important decision. Not like a hip replacement, this is a relationship with company for their entire lives. Any medical conditions in which you tell the patient this is really the best device for you?
DR. WESTERBERG: There are.
So you saw that six one two implant has the stylette at the center. If the cochlea has a bit of scar tissue, sometimes you have a ram the electrode through. Which you can not do if doesn't have stylette. I need that stylette for some conditions. If we really want to preserve residual hearing like some with the auditory neuropathy...the thresholds are really good and you are scared about losing those,



then I might be inclined -- MED-EL electrode array is like a floppy noodle. The it's really challenging to direct it into the cochlea. Once you get it started, it just -- it's atraumatic electrode so hearing preservation may be better with the MED-EL.
The other thing we had, I can't remember if we talked about it, somebody with single sided deafness, we put in a cochlea corporation devices and the magnet is in the case, but if you shake the implant, you can hear the magnet moving around. This patient who had normal hearing in the other ear kept hearing the magnet rattling around and drove them crazy but the MED-EL -- doesn't seem to have such a floppy magnet.
...we took it out...if they have alternation of the cochlea, so sometimes instead of having the snail, they have a common cavity, so the nerves instead of being in the center are around the outside so some lateral wall electrodes are better...also pushed to the outside where the nerve endings are.

INST SLADEN: Yeah. Okay.


DR. WESTERBERG: And the one other condition you probably know about oto sclerosis you get a new bone growth around the cochlea. It's not hard white bone it's a



spongy bone and the electricity will flow through that bone easier than the dense bone and the facial nerve is close...the electricity will leek out and you get facial nerve stimulation from the lateral wall electrode more often than...oto sclerosis we prefer that.

INST SLADEN: Good point.
I like also you mention about gene therapy and curious how you would respond to a family that said, should I get gene -- wait for wide distribution of gene therapy or get a cochlear implant now? How should families navigate the emerging technologies.
DR. WESTERBERG: I don't know. Up until last year I said -- if you are always waiting for the newest iPhone you would never buy an iPhone. The cochlear implant we have now are really good but this gene
therapy when I saw it for the first time, I thought --it was unbelievable. Not like a subtle improvement of ten or 20 dBs, like from severe hearing loss to almost normal. Not in everyone but that's for a specific mutation. CONEXIN just starting the trial now. And then they will do efficacy. I expect result from that in a year or two.
Problem with children, if you wait a year or



two, that's going to cause too much trouble so certainly in children, the quicker get the implant in the better. I wouldn't wait with children. I -- if born with hearing loss and you don't put the implant in...it won't work later...leave the other for the gene therapy. Neuro connections don't develop right but in adults --
INST SLADEN: Agree.
DR. WESTERBERG: It's a long time --
INST SLADEN: For sure. Agree. Ten or five years ago if somebody asked, what is the likely it hood of gene therapy working in...it's not. Not in humans but it's been explosion in the therapies. If you have questions, please think of one. I have one more. I have never seen a image that like you showed showing the cross-section of the vestibular nerve and facial nerve and auditory nerve. MRIs you can tract the nerve in a sagittal view but the across section I have not seen. Was that a human example?
DR. WESTERBERG: Yeah. That's from clinical MRI scan.
It -- the part of -- they used to be like a snow storm. You are squinting and trying to look side ways you can kind of see the nerves but with the newer --stronger magnets and soft ware for manipulating the data you get from the scan we get clearer pictures.



In fact some MRI scans now you can actually see scale media...you can see the subdivisions of the cochlea on the MRI scans.
So they are getting better and better all the
time.
INST SLADEN: Amazing. Historically in cochlea nerve deficiency...a surgeon would walk me through, they showed me and I don't see anything there. You can see a wisp of a nerve or a bit of a nerve but hard to see one way or another but in this picture seemed it would be quite clear knowing there's absent nerve or some nerve present.
DR. WESTERBERG: Yeah.
Yeah. The one I showed you, there was no cochlea nerve and if you stuck a cochlear implant in some kids it would work...that's a challenge. Still trying to figure out.

INST SLADEN: Yeah. Good. Questions?


DR. WESTERBERG: I was either really clear or worked them silly.
INST SLADEN: One question.


STUDENT: Hi doctor Westerberg, thank you. I'm wondering



about wait list for Saint Pauls. I know you are going to the new hospital and do you anticipate any lessening of wait times for people getting implant?
DR. WESTERBERG: Not because of moving to the new
Saint Paul's. Over the years there's different...one was access to the operating room.
The old Saint Paul's we have 15 operating rooms.
The new one I think 20 with the different procedure rooms throughout the hospital and obstetrics has one for...so we will have more surgical capacity. There's only me for a while but now we have four surgeons so that's not a problem. Another bottle neck which we are currently struggling with is audiologists. We have a total of ten and a half audiologist I think at Saint Paul's now. Not half a person but not work full time. Eight do cochlear implants. Some do general audiology and a biggest bottle neck, Canada health care is publically funded. So illegal for me to charge for insured service...which is great patient's don't need to sell their car to pay...the government restricts how many funding they put into in this case cochlear implants. So last year we did a little over
100 and 300 on the wait list...so we could buy more implant the wait list will be 75 years in B.C. Which is an interesting problem to have. Still probably not



serving everyone in the province who would benefit from...I think the estimates are 25 or 30 percent of people who are seeking cochlear implant of those who would actually benefit from them. So the current limitation is funding to the program. The hard ware.
And no matter how many different ways we try to get blood from the stone, we have had lean...thology people come through the clinic and the audiologist are really efficient. May be some ways of stream lining the tests. May be they don't need to do all the tests but there's not too many other areas we can save money. We just need more money to buy the hard ware. Each implant is about 18 thousand dollars. The current fellows from Singapore they pay 30 thousand for the same. 200 kilometres south of the boarder you will spend about 30 thousand dollars for it. Same implant. Double the price of what we pay here. So the new Saint Paul's will help a bit with surgical capacity. Doctor lieu is part time there and he works at Richmond. Look at increasing surgical capacity by operating in Richmond...and so we are look at expanding some surgery there. We need to do five to 700 cochlear implant a year to get wait list down...so keep the wait list down. Don't have the capacity to do that...



INST SLADEN: Lots of work to do.


DR. WESTERBERG: Yeah.


INST SLADEN: All right. Other questions?
Different mic.


STUDENT: Thank you doctor Westerberg. We talked about totally implanted CI. Is there a time line for the expected day for that to come out or year?
DR. WESTERBERG: Every prosthetic device has to go through health Canada approval process. They look at the data, and studies to show if it's safe and effective. They have submitted to their approval. Expect to be approved next year, 2027.
Again, I was saying the implants I have shown you today, cost 18 thousand dollars give or take.
The new one that totally implanted device is more than 30 thousand dollars. Closer to 40 thousand probably.
So does it means, we do instead of 100 implants we do 50 a year? Does it mean -- if you have a cataract, and the doctors fixing that...standard lens the government pays for but if you want the fancy lens you have to pay the extra money -- now the



government -- lens or whatever, so do we do that? Charge a patient 15 thousand for the up grade to a totally implant device? I don't know. On the one hand it's exciting but on the other hand it's a challenge I don't need now. Wait two years for assessment by our audiologist...for assessment and then wait another two years for surgery or if single side deafness wait five years for surgery...now 7 years from the day you were referred to the cochlear implant program. Like, that's negligent. Yesterday I saw a guy with profound hearing loss and dementia. He can barely make out what I was saying and I bet cochlear implant would alter...help mitigate his cognitive decline but he will be waiting two years, three years for the implant. That's just wrong. So like how do we offer fancier implant when people are already waiting too long for a regular one. You know?
I don't know the answer to that.


INST SLADEN: All right. Well, thank you very much.
Really appreciate you taking the time top speak with us.

DR. WESTERBERG: Always a pleasure. Thanks for having me. INST SLADEN: Thanks.



[ Applause ].



INST SLADEN: All right.
Sorry for going long. And take ten minutes. Then come back please. [Break].
INST SLADEN: Do you mind to get the -- Suzanne's not here yet. Thanks. Might have to go outside and give --get off my lawn.
Get away from our classroom.
When Steve and I lived in Minnesota, it was a small town half way between where I worked and he did his PHD, where we lived was home of a college, two colleges, real close to Carl ton and every weekend we had have college people on our lawn, drinking beer and sitting on the yard. I was always out there, get off my yard.
He always teases me. Old before my time.
Questions about his talk? Sorry the videos didn't work well. He described moving bony structure off the facial recess before you could see the pick moving the bony structures off so it was misaligned for a fair bit.



Any thoughts about what he was saying?
We are going to talk more about surgical considerations just us in a couple of sessions so we will come back to this.
And doctor tobia will present at the end of the term about pediatric considerations.
So we have more to come on that.
I want to talk about electrical impedence and introduce you to some ideas that con train our work in cochlear implants. The first thing I want to introduce is the word telemetry. It means there's communication going from one device to another.
And early in cochlear implants, the telemetry was one direction. So information from the outside was going to the inside.
So the sound processer was sending information to the internal implanted device. Then with technological advancements it became bi-directional. So the outside was sending information to the internal device and the internal device now sent information out to the external sound processer.
And that is really nice thing because it allows us to -- this really quick and easy way of knowing that everything is in place, everything is work properly. If I see there's communication both ways, I



know both sets of hard ware are working properly. If I lose the connectivity then I have a problem with the hard ware or the tissue, thickness of skin between the two pieces is too large, and it's not able to reach each other. Or it can mean something is broken on the inside. Loss of connectivity is kind of the start of trouble shooting. Is it hard ware? Can I fix it by replacing the battery or external sound processer.
Distance? Press on the coil, sometimes if you have a really large person that is implanted and the thickness is wide, if you have them wear a head band for a week, it puts pressure on the sound processer and having that add bit of pressure will thin out that spot and get better connectivity.
It's important to then stop wearing the head ban, if you get the thickness too thin you can break down the skin. Want to be careful about that stuff.
Okay.
I told you before that when you look at the out put of the electrical array you get biphasic pulse.
And the unit of the biphasic pulse is NANOKULON and it reflects the charge of the pulse.
When you look across devices, and you look at the programming soft ware, the MED-EL device shows you the true NANOKULON that's going through the system.



Whereas the other devices are showing you an arbitrary clinical unit. And if you want to refer to how much current is going through a device, you should refer to it as clinical units. It's not dB, it's not NANOKULONs, it's this new arbitrary thing called a clinical unit. To get to the true number of NANOKULONs you have to dig deeper into the system and extract some important things related to the biphasic pulse, impedence and the battery.
You will never to know the formula. I just put it up there. You don't need to know this formula, just for your reference. You know impedence as flow of energy and...a barrier to measuring electrical information from a contact like with ABR, to the person's auditory nerve and auditory brain stem.
And impedence with cochlear implant thinking about things on the inside of the person's head, cochlea, surrounding the electrode array that are adding to the impedence or making it worse.
By adding to the impedence, it slows down or prevents the flow of current and if it does that, we get high impedence value and that can affect how well we are able to program the device. I will illustrate this to you shortly.
So if we imagine we have electrode array here,



and the neural element here, whatever is in between those two things, is going to affect the impedence.
And the impedence is measured in ohms, unit of measurement is ohms. The things in between it are things like electro lights, fibrous tissue, [reading].
Macrophages are white blood cells that target foreign debris and ingest it. When device is implanted and there's no current coming through the internal device, right after you are implanted you don't get activated for weeks, sitting quietly, these things can build up around the electrode array.
And as you start to stimulate the electrode array, some of this will have blown off because you you have a current coming through and a current will find the path of least resistance so it will create a path way towards the neural elements.
The fibrous tissue is what doctor Westerberg referred to with scarring.
So fibrous tissue or fibrotic tissue, it's basically scar tissue and in its early stages it can look like fibrosis, thread y, and he talked about using a stiff array to push through that fibrotic or fibrosis in somebody with otosclerosis or scar tissue at the entrance and once you get past it easier insertion but may need rigidity to the electrode array



to push through it. Meningitis, you may have early fibrotic tissue in the cochlea and you need a stiff array to get through the tissue. And as it continues to worsen, it becomes more ossified and harder to get through and eventually just ossified and there's no way to get electrode array into that kind of cochlea.
So we can think about the type of things that may affect impedence. Under factors [reading].
Environment. If the electrode array is in the package and no fluid...you can squirt saline into the packaging, close the circuit. Now the impedence is low. Closed circuit, nothing slowing down or increasing impedence. Pharmaceuticals. Hormones.
Middle ear affusion. That can affect impedence. Changes metabolics in the cochlea. If it makes it more conductive impedence goes down. Vice versa. A patient had a shunt...when the shunt would slow down and get blocked the impedence would go way up and as a result the amount of current needed to hear would go way up. She would have big fluctuations in the programming needs. We created lots of different programs she could use so she wouldn't have to come in every time there was a change in the shunt activity.
She lived in north dakota so getting there was hard. If unused or disabled channels, then those materials



are going to build up on the contacts and impedence will go up. So any electrode that's not used or has been disabled impedence will go up. Once you turn it back on, blows off debris the impedence will go down again. Related to factor time of day. If the device is off all night and put it on, the impedence goes up because debris on the contact. Once starts to work again and the current is moving things through, blows it off.
In the cochlea America's device, he mentioned, there's a couple of different grounds. There's a ground electrode around the casing of the internal device...and implant under the muscle...I could explain to you why multiple grounds. What he talked about with redundancy. If one ground is bad another to use. I may have shared a story with a patient complex and had really a tough time with their skin, always getting scabs and the skin breaking down. One day they had a large scab here, close to where the device was sitting, and I sent them to the neurotologist who did the implant, was across the hall. Hey Doug, I took the scab off and the extra cochlea ground electrode is poking through the skin. Do you need that? Kind of. But if I don't have, another ground I can use. He cut it off and shoved



the rest of the wire, being crass, but under the skin and stitched it. I just moved the ground electrode to the casing. So the device didn't need to come out. I just went to another ground.
When you test the cochlea America's device, when do impedence test it will test the ground for each contact if common ground but if mono polar it only tests the ground. That's important to remember when you select what test to do. You want to do common ground test to test each contact as opposed to the mono polar is the ground only.
I will show you what it looks like shortly.
When impedence is measured, the device puts through a pulse. The pulse is coming down and there's measurement made here.
And then here again.
Biphasic pulse up. Third measurement made and then a fourth one up here.
So measures at four different time point along the biphasic pulse and takes the value from all four and then averages them.
So in the cochlea America's device it's 25 micro second pulse and 80 clinical units. That's...80 is good place because the person probably won't hear it. Unless very low stimulation levels. When do electrode



impedence test I say I will do a measurement of the internal device to see how working. You may hear something like a keys of a piano. But don't need to do anything. Sit quietly while it does the test.
The impedence results are going to show us in ohms what the outcome or impedence is. If between [reading], that's typical impedence. Good impedence.
If it's more than 20 thousand Ohms, it's open circuit. And if it's less than 565 thousand Ohms it's short circuits.
Open circuit would happen in the example I said if you took the electrode, device before implanted, and just measured impedence, because it's not a closed circuit yet, no tissue surrounding the contacts, you will only get open circuit on all the contacts.
And if you squirt saline in, it will show you normal values really low. If the electrode array goes in and folds over on itself, in a scenario, the tip of the array get caught and folded so contacts are touching each other it will cause a short circuit.
In both cases, you turn those contacts off because no longer working the way they should be and we don't want the person to hear something that's odd or have an odd percept. So short circuits and open circuits we turn those off. If the electrode array is



going into the cochlea and the surgeon can't get it all the way in and there's contacts sitting in the middle ear, those also will likely not have any tissue surrounding them or they might be up against the cavity wall which is mucous lined so might be a closed circuit but you will get really high levels. May not be more than 20 thousand Ohms but may be high and atypical in all the other contacts that you have.
In that case you may turn that off too. If things are atypical, I don't need that. It will just create difficulty in programming.
Okay.
This is a older picture but still good. Talking about freedom processer. That's an older processer now.
The current processer is N8 so several generations beyond the freedom. These are the contact going from low frequency to high frequency.
And in the cochlea America's device, the highest frequency channel is called number one.
And the lowest frequency channel is number 22 it's reversed with the other devices. The others start at one and go to high and they flip it, just to make it confusing. When talking to a surgeon about electrode number I try to avoid the number because



it's flipped across devices. I will say the basal end or apical end or contact in the middle. In this example, we have each contact showing us as a bar.
Within each bar two horizontal smaller bars. Lower is threshold value. Upper is comfort value.
In this case, the audiologist took the stimulation level up and up and up and at 110 clinical units the person said I can hear that. Found that yes this is where it should be. 110. Leave it there.
Then take the bar above it, and go up and up and up and ask the person to say when loud enough. Oh yeah, good there. Don't go further. You stopped there.
Now 157 clinical units. The dynamic range is the difference between 110 and 157. That's their electrical dynamic range. In current devices usually the level follow a pattern. This is flat. Usually like this, up and down or may be have some go up but usually follows a pattern. If I track and do every fourth contact I can usually see a pattern.
This smaller fainter horizontal line is called a compliance limit.
Yeah. Compliance, there.
Compliance limit means I can't take the upper level beyond that.
Well, I could.



But it's not going to get louder.
Because that's the compliance limit of this contact.
Meaning that within this contact, I have this room between here and here to operate. If I go beyond that faint line, any change in current is not going to have a change in percept.
It's just going to stay as loud as it was at the max compliance.
So the compliance limit says, hey, can't go beyond this line. This is your limit.
The compliance limits are set by the impedence so how much impedence is there but also by the power.
So if you have an example with 3675 batteries versus you had...higher compliance with more power because more drive. It can put through more power using batteries so the compliance limit will go up. Where the compliance limit falls will be determined by what is the impedence value.
Is it high or low?
And what is the battery source? What is the power source?
Okay. This is a figure of an impedence test using the Cochlear America's device. Low up to high frequency contacts here.



Here you see the results of four different impedence tests.
The blue -- let's start with X.
Was on January 24, 2019. Impedence is high. 16 thousand Ohms. Comes down here and back up. Way up here. Back down.
And then January 24, 2019, same day but after I stimulate the device. This person came in for activation. Impedence is high. Activate. Came down within an hour. Now I'm blowing off the debris and came back two...and it's the red line. Down further.
And then in March 14, two months later, now down at 8 thousand Ohms. So quickly impedence levels will change as the current find it's path of least resistant blows off debris it will improve. Better impedence, higher compliance. And that will all impact where the person's levels fall within the --within each contact. Where I said the threshold and comfort levels will change based on impedence levels.
Now, if I go to the numerical table I see what the actual value is for each contact. Number ten has a value of 90 thousand Ohms [reading].
So that's definitely high impedence value.
And definitely more than 20 thousand Ohms. So I call that open circuit.



And I'm going to turn it off.
So in the programming, number ten will be deactivated.
Nothing will come out of number ten.
Any frequencies that were allocated toward number ten are reallocated to the adjacent contacts. It's reallocated somewhere else. Not lost.
Contact number one, is the most basal contacts.
It's the one that's going to stimulate the highest frequency possible. Sitting at the very bottom of the cochlea. This is the apical end, this is the basal end.
Now when they came in, in January, the impedence was here. But the end of the day it was here on the same day.
And then they were telling me number one doesn't sound good. That's common in cochlear implants.
Number one is the most basal and people usually say it's really high pitched and sometimes piercing.
Sometimes they will show you a physical like response when you are stimulating it so I often turn it off.
Not a pleasant sound. I turned it off in this case. The impedence went back up. When came for the January
31 st visit and also in the March visit.
So the impedence was high. Activated the



contact. Came down. Deactivated the contact and it went back up again. Number ten and one are both turned off. Not worried. Still have decent frequency separation and yes.
I will do this last one and then stop. This person came in February of 2007. Then didn't come back until May of 2018. That's not a good idea.
They should come in more often.
So you can see in 2007 electrical impedence here. Couple of blips. Who knows what is happening there. May be this contact is sitting up against a bony structure or may be something is going on metabolically. Whatever, it seemed to resolve and flattened out. Some people will say if you have a jagged pattern, there may be air pockets around the contacts. That's why it's larger. Recently, may be it's air pocket. Others say that's physically impossible. Surgeons say there's no way you have air pocket inside the cochlea. It's a fluid filled system.
So I don't know.
But sometimes you see blips.
Other times there was a device showed a lot of jagged patterns and became known as device failures.



Usually they will even out like this.
Okay. 2007 and then 2018. May 9. And again may 9 in red and in July, so it stayed very consistent across time.
But just demonstrate that even after more than a decade there's still some change in the impedence pattern.
Okay.
Questions about this so far?
Electrical impedence compliance. We will spend more time on this. Next week I want to bring up Cochlear America's soft ware and go through examples.
Okay.
...Hannah I think you are up for lab this week?
Excellent. See you there.
I did revise the syllabus so I will put it up later today. I have not yet. I think that's all I know. That's not all I know but that's what I will say for today.
Interest in seeing the cochlear implant surgeries up close? In the room? Didn't hesitate. Your hand went up.
He's offered it before. I think it's a good to get is sense if you like that environment or not...
Others don't.



It's kind of interesting.
He would be a good surgeon to work with. He is very student oriented and doesn't have much of an ego to contend with. I can ask about that.
STUDENT: Thank you.
INST SLADEN: You're welcome.
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