

AUDI 563, September 15, 2026


INST SLADEN: All right. We will go ahead and get started.
I wanted to do a couple of house keeping things first and couple of people mention that they have lab times when they will be gone for CAA.
True for you Candide? Anyone else? Just Candide will move around.
And are there any other -- Catherine? Did you mention you were only on the schedule once?

STUDENT: Hannah.
INST SLADEN: Sorry. Thank you.
All right. Hannah only on once. Candide will be moved. Any other conflicts with your lab times?
All right. If you do --
STUDENT: Looks like Katelyn is on the same day as Candide. INST SLADEN: Is she going to CAA.
STUDENT: No
STUDENT: Two October 9 labs.
Week 8 and 9.


INST SLADEN: Thanks.
Sorry. Two what?
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STUDENT: Two labs October 29 labs, in week 8 and week 9.


INST SLADEN: Perfect. Thank you. This should be November 5.
Thank you. All right.
Just up date on the labs.
Since this is a new agreement with Saint Paul's we have to go through all the levels of decision making like the dean's office and everyone signing off on memorandum of understanding, agreement. And now it's stuck so I'm still really unsure if we will actually see St. Paul's patients. I have back up plans in mind. Who you will see in the lab is a mystery. I'm okay with that. We still have a couple of weeks to get that sorted. Bear with me as we get it all sorted out.
The readings. Let's talk about this for a second.
I was looking through them again last night in an effort to remind myself of the messages and ideas and one thing that really struck me is they are chalk full of foundational knowledge, dense with some important things that are going to stick with us throughout the term.



So for that, I kind of love them as the intro articles to show you this is what cochlear implants are like, current day cochlear implants, even though the Shannon article is from 2002, the messages in the paper haven't changed. Which is strange. Usually they shift but those ideas are still true.
One thing that struck me also is that Matt and also maybe it was mario or may be bob Shannon used the word impairment which we now consider out dated term. I try not to use that word, it's generally not agreed upon within the community of deaf and hard of hearing as a way of describing their hearing differences.
When I see words now that jump out at me and I think, this doesn't land well with me anymore, I stick to the philosophy of if you see something, say something.
I hope that you also adopt that philosophy, that's how culture norms shift, if we start to identify those things that don't land well with us anymore.
From the Carlson paper it also struck me when he referred to the ageing population and of course, you know this well now that the adults are getting older and there's a lot of them.
And when we look at the levels of hearing among adults they decrease as age and the people with



difficulty is higher in the older population. If we tie in the philosophy of hearing level is associate with cognitive decline and adults older...stands to reason we should do something sooner than later with this group of people. If we will intervene with cochlear implants, we should probably do it sooner to help decrease if possible any sort of cognitive decline that will come along side it.
The research on cognitive decline in cochlear implants is like that of with hearing-aids in that it's mixed. Some studies say look you can decrease your risk of cognitive decline if you use hearing-aids and others say no you can't and others says you can if high risk group. Cochlear implants are the same.
Some say you can help to slow this down or help prevent it and others say no you can't. The area is really still young in that way, in knowing how to mediate or intervene for cognition.
My general opinion is if we know the two things are related, I would rather keep my hearing of high fidelity as long as I can. Keep me engage and social and plays a part in my cognition I'm all for it.
So despite the mixed research, that's where I sit with that.
There's a line in here about currently there are



no FDA approved pharmacological...reinstate normal acoustic hearing.
What do you think about that statement?
Does that seem like it's still accurate that you know of?
Are there any farm -- I see jasmine shaking her head? What do you know about pharmaceuticals and hearing level?
STUDENT: Gene therapy.
INST SLADEN: Yeah. Rite. Gene therapy. It's new.
And it's emerging so lots to learn about that but we have the emerging technologies. There's also molecular therapy for people having chemo that helps to slow down the deterioration of hearing when under going cancer treatments. I will go into a bit of that when go in the pediatric audiology treatments of hearing loss.
Matt Carlson and I worked together on Mao clinic. He said during unilateral cochlear implant surgery on adults the time under anesthesia is under two hours and...risk are relatively low.
That's 100 percent true and ties into what we mentioned before, when we think about cochlear implant surgery it's a big deal. Though when a surgeon think ant it, they think, ahh, in terms of all the surgeries



out there, this one isn't so bad but when talking to a patient, it's really important to honour that well based fear about surgery. That's a big deal. We don't want to minimize it to people. Like this is not a big deal. No blood transfusion. We want to meet them where they are.
And if there's a lot of fear around that, talk about it in those real terms.
There's growing research that the number of times a young person has to under go anesthetic can have some long standing consequences. We don't want infants and toddlers to have to be anesthetics many many times. Could be consequences there. When think about lower age limit for cochlear implantation that's a consideration.
Now the lower age limit is 9 months. May be it can go down to six months.
But that's one thing we have to consider with that lower age limit.
One thing that has changed quite a bit is mat talks about candidacy for cochlear implant and one, in states that most insurance programs in the US specify that to qualify for coverage you need bilateral hearing loss...in the ear to be implanted. Lots of things there. We don't have insurance company to



navigate. Implants are approved by health Canada. Every center can decide what their guide lines can be. There's no regulatory body saying you can only do it with these levels. Every center can decide for themselves.
And the criteria for cochlear implants used to be sentence recognition but now it's moved to word recognition. We will talk about why that's a better fit to determine who is a candidate for cochlear implant.
Mat also mentioned MRI compatibility. We will talk about that. That's also shifted. You can now have MRI if you have a cochlear implant. Up to a certain strength. You can't have the strongest MRI because in MRI the magnet started to heat up and wiggle and in cases of cochlear implant original, sometimes magnet would flip on to the side which is painful. Don't want that for patients. I remember a patient come in after an MRI and the magnet had flipped. Standing on its side. You can feel it through the skin and the surgeon came from across the hall. Right. It's on the side.
And gave it a good hard push and pushed it back into its pocket while the patient stood there. Taken aback. What was that? Just pushed it back in place.



So we don't have that problem anymore.
There's also mention of pneumococcal vaccine. Mid 90s cases where the person got meningitis after cochlear implant surgery.
There's things you should know about hearing and meningitis.
Obviously meningitis is a risk factor for hearing loss. If you get meningitis you might get hearing loss.
Getting meningitis puts you at risk for getting meningitis again so you can get it several times. If you had once you are at high risk of getting it second time. People with cochlear anomalies are at risk for getting meningitis. It's a complex arena because people who have hearing differences are overall at greater risk for getting meningitis which is problematic because a lot of these people will also get cochlear implant surgery and the surgery is sterile and caution taken for sterile but it can still happen. In the mid 90s some people got meningitis after surgery and they changed...if you get cochlear implant surgery you need to be vaccinated for it. You need a booster before you get implant.
In terms of meningitis also mat made the point it's not predictor of outcomes. That's...generally



true but some things we know about ideology that relate to outcomes. For example, meningitis causes ossification of the cochlea and plaquing of the brain. The people were typical hearing and had meningitis and lost it, you think they will pick it up where they left off. That doesn't happen. Other things co-occur with meningitis and patho physiology of meningitis...targeting the...cells. There's a process called superficial siderocis. It's a disease where you lose the MILIN. The patients also tend to perform really poorly. Superficial SIDEROCISAS?
I think.
I will look it up.
Other demyelinating disease processes like MS or acoustic neuroma...we do know about some things that have lower outcomes.
He does say accurately duration of deafness and preoptive speech scores have the highest predictive value after implantation...clear about duration of deafness depending on when it happens. Say I'm 56 and deafened today.
I fall off a ladder at home. Bilateral temporal bone fractures and I wait ten years for cochlear implant. Ten years of deprivation and the cells can start to die off...if I get a cochlear implant in ten



years, I'm probably going to do pretty well because that duration of deafness is not really that long. In a year is better but ten years is -- I'm okay with that.
If I'm one year old and have bilateral temporal bone fractures and wait ten years for cochlear implant, that's a problem. Because of the critical period of auditory development. So duration of deafness is important predictor but depends when it happens and how old you are.
Early in life, it will not allow for the development of the auditory system but later in life, it's less problematic.
As you read the research, you are going to see duration of deafness all over the place. People want to know the critical number. 12 years? 15? How long before I need to worry. I will show data with you in a couple of presentations. Some studies say 13 years. Some say 25 years.
Overall, our best metaanalysis tell us the longer you wait, the poorer the outcomes.
And the longer the years deprived of sound the poorer the outcomes. If you have an ear that you are considering for implant, keep using the hearing-aid there. Even if not getting a lot of benefit. Keep



using it. Drives the neurons to fire and that keeps them active and working.
Anyone else want to say anything about the Carlson paper?
Anything that you enjoyed or didn't? Okay.
Sverksy. Fun paper also.
Touches on some topic that we have already mentioned.
He starts to make the point really important point about ban past filtering. Do those words sound okay. Low and high past filtering and band pass we are taking the speech spectrum and break into the frequency components. If you have a six...you have only six bands. If you have 22, you have 22 bands.
In cochlear implant, the number of electrodes you have corresponds to the number of bands you have. If done at 12 band filtering process, it's going to correspond to 12 electrodes in a cochlea.
So if I have a high frequency band, where in the cochlea is that going to go? The basal or apical?
See -- basal. Yes.
100 percent.
I also want to point out MARIO mentioned the electrode stimulation happens in a interweaving



pattern.
Because importantly, the electrical stimulation is happening within a fluid filled system. What happens when you put electricity into a fluid?
Moves around.
Fluid is a conductor so if you put electricity into cochlea, it will move around. Won't stay in one spot and just stimulate one population of neurons. It will move around. If you have electrodes, stay with me, four and you stimulate one then two, three and four. By the time you stimulate one and the electrical field dissipates you have two going and that will overlap with one. Same with three and two and four and three.
But if you go, one four two six, and you space them out in this interweaving pattern, it's less likely the electrical fields will overlap and that way you will improve the clarity of the sound.
Now that might sound funny because you might think, does it means the person's hearing -- like all over the place? The answer is no, this is happening at such a fast rate the ear doesn't perceive it as anything other than at the same time. Just one sound coming through. Not a sequenced sound one after the other.



Mario introduced some important concepts like frequency mismatch. Where is it sitting, what frequency delivering. If it's misaligned that's a problem for the person, especially if post linguistly deafened. A child only heard through a cochlear implant doesn't know that's misaligned. For those who lose it later, it will sound strange.
Towards the end, mario mentions that when implant first came around, there was a -- there was and is a philosophy of first do no harm.
Which means if you are unsure how a technology will work, make sure you do it in a population where it's not going to be problematic.
And that really jumped out at me because that's what happened with the first pediatric cases implanted. Not me.
The first devices were implanted in older children.
Like 12. And the children with the least amount of hearing. Not good candidates at all because they didn't have good auditory experience and they were older so past the critical period.
So it's really no shock that the first implanted pediatric patients rejected them and didn't wear them and non-users and the whole implant community got a



bad rap for doing this and implanted them with a device when they were fine the way they were. It's true. It was a huge mistake. It was a kind of a well intentioned mistake, first do no harm but in hind sight that was a problem and it took a long time for the implant community to come back. I can bring some papers. When first came out with their position papers 1995 I think they were vocal about how bad cochlear implants are and that's it's all about making money and the researchers are just in it to get grant money and the manufacturers are just in it make money off children who are deaf and hard of hearing.
And it took decades for the national association of the deaf to come around and say, yeah, cochlear implants do work.
And they are good fit for post linguistically deaf adults or prelingually deafened children whose family's goal is spoken language. Because it provides enough auditory access for them to develop those skills but still really tough politically. And MARIO talks about hybrid device...and we will talk about that in candidacy and outcomes.
I want to touch on his statement about ITB and ILDQs. That also I hope it familiar from your previous work.



And it's important that you have an understanding of ITDs and ILD because we will talk about them in cochlear implant.
Because your access to those impacts localization and it's an...how well can they localize and what cues are they using?
Because if we know they are using specific cues we can try to capitalize on that and give them as many of those cues as possible.
When you are counselling patient later, and they ask you will I be able to find where sound is coming from after surgery, depending on their hearing profile, that answer will change.
Anything else from this article? Anything you didn't like or that was confusing?
Finally, the Shannon article and I was leafing through your journals and you all hit on the right things.
Which is that Shannon does a nice job of talk about acoustic cues you need for speech understanding. Need access to loudness cues, timing cues and frequency cues. I will rephrase. Not need. You have access to -- typical hearing have access to those cues.
And now I hope you will appreciate that you can



severely degrade the temp cues and loud cues and still understand speech if you have access to a few spectral channels. That's the take away message. As long as you have access to a few frequency channels you will be able to understand speech and I like that.
Specially as a foundational piece of reading.
Because implant do that.
Implant are pretty good at giving you a few spectral channels. Not good at giving you loudness cues, or temporal cues. They do okay, we get the basics but they are not stellar in that way.
I also want to be clear that before we move into all our discussions that you understand what I'm talking about when I say temporal cues. Remember talking about that in psycho acoustics?
I found temporal cues confusing as a student. Talking about frequency and pitch and then start to talk about temporal cues and still using this unit of measurement called Hertz and that sound like cycles per second. Took me a while to get my head around the idea of temporal cues what we were getting at.
Use your imagination. Say this is a word. And the word is flipityjibits.
If you were to sample here and here, here, here, here. If you sample less than 50 times a second, what



would you get? You would get slow fluctuations in the word.
So you get a porosity. Wawawa. That's the envelope of the sound. That's the envelope of the utterance.
If you were to sample more often, actually, let's do it better, here, here, here, here, here, here.
If you do it more often you get periodicity.
You get the period information.
Then if you do it even more detailed, sampling here, you get the temporal fine structure.
So in implant, such a big piece of it, during the band pass filtering envelope is extracted and everything else is discarded. The rest of the temporal information is not preserved. Only the envelope is preserved.
That's a low frequency temporal cue. How does that land?
Okay?
You don't need all of that temporal information to understand speech. Just need the envelope.
And a few spectral channels. If you have the temporal fine structure it gives you important information for advanced auditory skills like music



perception but not necessary for understanding speech in quiet.
Also, bob mentions green wood's frequency allocation. Is that familiar?
Green wood in 1990 proposed a mapping of the cochlea.
Said, this is where two thousand Hertz is.
Along the length of the cochlea. This is where 200 Hertz is. That mapping shows us where in the cochlea specific frequencies are best suited.
I would say that people generally agree with his frequency mapping.
I've heard some rumbles some people disagree but I saw a paper that confirmed his mapping. Most people align themselves with his mapping of the cochlea. We know where specific pitches are heard. The value is if you know where the pitches are, this is my two and a half turns, if I know where -- say a thousand Hertz is, and I know what electrode is sitting there, may be I can program it so the electrode is delivering the right information to the right spot.
So green wood's frequency mapping is important in determining which electrodes are best suit for which spot. Historically they only went in about 360 degrees. The most apical electrode that was may be



delivering 300 Hertz was sitting at a spot sensitive to around 900 Hertz. A lot of misalignment. As you heard, if they are grossly misaligned it will be hard to reconcile that.
The alignment of high frequencies tends to be really good. Check mark.
Okay.
So with that, let's talk about these slides.
I'm hoping that having read those papers you will now have a sense of where I'm going with that.
We talked about this last time that if you lose a lot of hair cells, there will come a point where making sounds louder through a hearing-aid is not helpful and can make things worst. When you lose that many hair cells amplification is not helpful and need to think of other ways to achieve audibility. That's where we land with cochlear implants. People their hearing has regressed to a point aids are not helpful and are unable to access the speech sounds and understand what is being said.
For those people, that get implanted, no longer thinking about the hair cells.
Originally cochlear implants researchers thought we are stimulating the residual hair cells. That's not true. Targets cell is spiral ganglion cells that



lie in the MEDIALIS. That's the bony -- middle portion of the cochlea. As the chambers go up it's the middle portion and the spiral gang Lea cells are there. And tonotopic. If we stimulate ones in the base it will sound like a high pitch. If stimulate ones in the apex it will sound like a low pitch.
We will come back to this so many times because I really want by the end of the course for you to feel solid about your understanding of what -- the way implant work. Typical hearing the sound hits tymp membrane and converted to mechanical energy...and stapes moves in and out and displaces the fluid in the cochlea which moves the stereocilia which leads to electro chemical reaction...and bottom of the hair cells and the nerve activities is taken up the auditory brain stem to the cortex and you hear the sound. If cochlear implant we know the hair cell function is no longer viable so the point is by pass that piece and stimulate the auditory nerve endings...to stimulate those neurons directly and then the sound is taken up to the brain for processing.
Although the implant models vary across manufacturers, they all have the basic operation.
They are going to pick up sound. Digitize the signal.



Process that signal.
And by process I mean they will do a band pass filtering operation break it into its frequency components. That information is going to be transmitted across the skin on a radio frequency.
Received by the internal stimulater.
That information is taken down the lead wire to the electrode array and the contacts will fire.
They will put out bits of current.
And that little bit of current is just enough to drive the neurons to also fire.
And the neurons will respond.
The radio frequency carries the signal, it also carries the power.
So without the coil on, there's no power.
There's no electricity inside. If the coil is not on. It has no power source.
Patients have told me that when my device is off, I hear something through the implant.
Do you think I'm picking up a radio station?
The answer is no, there's no possible way. The radio frequency is not that strong.
And you have to be in close proximity for the coil to work. Without electricity going go through there's no way the device is causing them to hear.



They can have phantom sounds or tinnitus or auditory hallucinations. But there's no way it can generate stimulation without the coil.
Okay.
We will come back to this and build on this
more.
Now is a good time to introduce you to some
terms that we will use.
And the terms you know already but they vary as we apply them towards electrical hearing. We have acoustic hearing which is way that people typical hear.
And we have electrical hearing which is through a cochlear implant.
And a lot of what you know about acoustic hearing will apply.
Though very slightly.
When we think about threshold, with a cochlear implant, we are finding threshold for each contact that the person has inside their head.
And we are doing that in a way similar to a hearing test. Stimulate on the contact.
And if they say, yes I hear that, we drop it down to the point they don't hear it. Then we raise it back up again. The deference is that I'm finding



their threshold using electrical stimulation. I present and give bits of current to that contact and then dropping it down to find what is the smallest amount of current required for that person to just barely hear it.
So similar to acoustic hearing, I'm finding their threshold.
But that threshold that I set is going to be used in their programming. Meaning all the sounds come through the implant will always be louder than their threshold.
Because I want sounds to be audible. But I need to figure out what that threshold is first. And it varies across patients.
Depending on a host of factors like how many spiral ganglion cells. How long deafen. How close it the contact to the gang Leo cells. Their body physiology. How salty. What prescriptions they take. All of that will influence the threshold values we find.
In addition to the threshold values, we are also going to look for upper limit of comfort.
And you know this from audiology because you measure these in patients. Loudness discomfort levels. You call them that?



STUDENT: Generally.
INST SLADEN: I think people use different terms. Right?
UCLs. Upper comfort levels.
So in cochlear implants, we find their threshold
value.
And then we also take the current, say this is
the current here, we take it up, and up, and up. And we ask them to tell us to stop when it's getting loud.
And if they tell me to stop here, I mark that as their upper comfort level.
We do that on all the contacts.
So we end up with a threshold value and comfort value for each person.
This is going to create their electrical dynamic range. The difference between threshold and upper comfort. Like your acoustic dynamic range. If you have typical hearing your acoustic dynamic range is around 110 dB...probably. Same with cochlear implant. They will have electrical dynamic range. All the sounds that come in will fall between this.
Which is why it's so important for us to map it out, we need to set what these levels are accurately, so there's an accurate way for the sound to be heard.
If I set this threshold value too low, below the true threshold, now soft sounds will go way down there



and they won't hear them because they need the sound to be up here for it to be audible.
We will come back to that several times. I will skip.
This is slide 8.
And is the biphasic pulse with a positive and negative phase.
And out of every contact, for every point of stimulation, it's going to be a biphasic pulse.
Which looks strange to us.
Since we are used to looking at sinusoids and speech wave forms that have this sinusoidal pattern, right?
Now we are look at something very square. And digital looking.
And that's okay.
It's okay for this to come out of a basal electrode or apical electrode. Doesn't matter what this looks like. What matters is the neuron we are stimulating. Even though at the base they get biphasic pulse and at the apex get the same...it will sound different because stimulating different neurons.
Basal are high pitched...what comes out of each contact is the same. Biphasic pulse. Where it lands, stimulates that's the driving force. The person



hearing it differently because where it's stimulated.
I will jump back to the term slide. And so with the biphasic pulse we have amplitude. How tall is the pulse.
And we have pulse width.
Which is how long is the pulse.
So amplitude here, and the pulse width here. This is micro seconds.
And this is micro volts.
We will get back to that part.
Each pulse has amplitude and pulse width.
The positive and the negative phase are necessary to off set the charge.
Because if it was always a positive charge, that can cause tissue to heat up and cause tissue damage.
So we need off set the charge to off set any sort of heating up that might occur.
Because this charge would build up. That would get warm.
So positive and negative phases to off set the charge to avoid tissue damage.
These terms will be new and novel but it's important to start to use them now because they come up a lot.
And they refer to the phrases or branding for



the manufacturer's ways of coding sound.
When we think about coding system or a speech processing strategy, we think about all the parameters that can be involved in that specific way of coding.
Coding sound.
Each manufacturers does it differently. These acronyms refer to the coding strategies used by the manufacturers. So you will see them a lot.
Referenced in -- so many research papers and they come up in random places.
So it's important to find them now.
Even if the way they are operating doesn't seem clear yet, that's fine, I just want you to recognize the acronyms as new acronyms that describe each manufacture's strategy for coding sound.
Ace is [reading].
All the of the devices that are available can do CIS type coding.
[Reading].
Only used by MEDEL. [Reading].
Only used by MEDEL.
We will look at those here shortly.
The other thing I want to not may be introduce but be clear about is analog and digital. When think



about analog signal it's continuous signal. One that's not spaced out by its presentation but is continuously operating.
Whereas a digital signal is discreet points in
time.
And this comes up for us because some of the
first implant work was done using an analog signal. Electrical stimulation always going and it wasn't this spaced and -- space and time.
But we have moved this discreet signal with more advanced processing.
But this movements from analog to digital exist with cochlear implants too I want you to know that.
Okay we talked about pulse. We will come back to this many times.
And then the last thing before we take a break is reiterate what you have heard from the papers, is that we have the acoustic cues that are used in speech processing, and now we will use them in electrical hearing.
So the frequency cues that we use are going to be conveyed in cochlear implants by stimulating places along the length of the cochlea.
By having multiple electrodes we are able to stimulate in the basal region, mid region and apical



region and the person can hear mid and high and low pitch because we have them placed along the lengths of the cochlea.
Loudness cues are conveyed by moving the electrical stimulation from soft up to medium up to loud.
So the more current that goes through as you increase the amount of current you cause more neurons to fire and as you cause more neurons to fire, the percept is increase in loudness. Increase stimulation leads to increased number of neurons which leads the person to hear it louder.
The more neurons you hear, the louder it sounds.
The more neurons stimulating the louder it sounds.
The temporal cues are preserved by extracting the envelope but then also using really fast stimulation rates.
So the implant is putting out these pulses inside the cochlea at a fast enough rate that it's preserving this amplitude envelope and the person is hearing that fluctuation in sound but it does that by stimulating at very fast rates.
Most implant stimulate about 900 pulses per second per channel. 8 channels is 72 thousand pulses



per second. A lot of stimulation going in. Preserving the envelope.
All right. Before I pause, thoughts about all of this?
All right. I trust you will ask a question if you want clarification or slow down something.
I believe in organic class work so if something is unclear or we need to spend more time on we have a lot of time. We can spend all day on it.
Okay.
We will break for ten minutes and come back at
10:35.
[Break].
INST SLADEN: Okay.
Also, FYI I will stop five minutes early. I have some IT people come to help trouble shoot one of the computers up stairs at 10 -- sorry, 11:15.
Okay. We have these three acoustic cues that we now need to somehow preserve for electrical hearing and I want to talk about each in a bit more detail.
I think this first one you have a good sense of now. We have incoming speech waveform and the system is going to do band pass filtering process on that and break it into the frequency components. Here is [reading].



And from that band pass filtering, we extract the envelope of that sound, so it looks a little different across the band pass filters because different amount of energy in the frequency regions and then this information will be used to modulate the biphasic pulse.
So if there's a lot of information in this frequency region, this pulse will be tall.
Hi, thanks. Does it have to be redown loaded?
OTHER SPEAKER: Probably the version of office. The online...in the browser.
INST SLADEN: Working there.
OTHER SPEAKER: You will see the feature. The feature doesn't exist in the --
INST SLADEN: Desk top version? OTHER SPEAKER: As far as I know.

INST SLADEN: Won't take long, guys.
You are so smart. Thank you.

OTHER SPEAKER: You're welcome.


INST SLADEN: Okay.
Here.



Okay.
Did that work?
I shouldn't have let him go to soon. Geez LOUISE. Seriously?
Yeah. Wait. Wait.

STUDENT: Go to --
STUDENT: He is out of sight. INST SLADEN: That's okay.

STUDENT: See the settings? On the left.


INST SLADEN: There we go. One two, one two.
One two, one two.
STUDENT: Says reload to apply the up dates.


STUDENT: Thank you, I'm blind.
INST SLADEN: Takes a village, right?
And one two, one two.
I will ask him to come back. Thank you for trying.
Okay.
We will keep going for now. May be -- oh, wait.




[ Laughter ].
Oh it's working on my computer.
I'm getting the captions on my computer.
Let's see if it just stays while I'm connected. One two, one two.
Yay.
Poor Andrew. Oh well. He will get steps in.
Okay. If there's energy in the band pass filtering it will determine how tall the pulse is.
So more energy, the taller, the louder it is. So no, I won't jump ahead yet. Leave it there.
How many energy is in the band pass filter will modulate the height of the pulse.
To be clear, if you have a sound -- if you pure tone that comes in, and the pure tone is 120 Hertz, it will go to band pass filter one and go to electrode one. If 140 Hertz it will go to band pass filter one and electrode one. So the frequency resolution is not really high. Chunky. So all the sounds fall between
100 and 300? Go to this one electrode. So you lose a lot of the frequency selectivity or specificity.
And no matter how much training you get, you won't be able to tell the difference between like at
200 Hertz tone and a 250 Hertz tone. It will only



stimulate that one electrode. You can see a constraint.

STUDENT: This might be silly but does the width of the filter, does it -- you know?
INST SLADEN: Sorry. Yes. Cut you off. Does the width of the filter change along the electrode array. Yes.
It's fairly broad in the lower pitches and get narrower in the...is this the same across? 300. Yeah but it's not that way and I can show you examples in the programming soft ware you can change the width if you wanted to. People rarely do that.
Unless they have a good reason to make it wider or shorter.
There's a new program from MEDEL they take a preopt x-ray and predict which array they want and do anatomy based fitting and look where electrode array is sitting and try to determine which frequency should go there and it's common to change the spacing or width of the filters.
This is just the same thing but explained in a different way. Imagine we have the outside activities, and the inside activities.
So here is the AUDI input and the transmitter coil [reading].



Hi.
As soon as I sent that, it started to pop up.
OTHER SPEAKER: Great. INST SLADEN: Sorry.
OTHER SPEAKER: That's the best type of problem. INST SLADEN: I owe you one. Thanks.
Coil the internal receiver stimulater. And then the array.
So here we have the sound saa.
And it band pass filter, this is nice example.
Shows you what it looks like with different energy across those filters.
Like, one where you have no energy at all.
So this shouldn't be stimulating much at all on the inside because there's no energy on the input side. ...this is reflected in the envelope that extracts.
And then also by the pulses that are modulated by the slope and the height of that envelope.
So there's a lot of energy here. A lot of energy here.
Not much energy here. Not much energy there.
So the height, amplitude of the envelope is used to modulate the height of the pulse that's going through the electrode array.



In some coding systems, the electrode array fires on every round even if there's no sound coming in.
In other coding strategies, if there's no energy, then it doesn't stimulate.
So it varies by the coding strategy. And we will get deeper into that.
Now, when you took psycho acoustic I expect you would have learned that pitch is heard in acoustic ear but two mechanisms.
Rate pitch which is how fast neurons are firing.
And place pitch, where along the basilar membrane is max displacement.
So there's two mechanisms. Rate pitch and place
pitch.
We know from cochlear implant research that rate
pitch doesn't work well.
If you take a single electrode and you vary how many times per seconds it's firing, the person will hear a difference in pitch, they will hear a difference using rate pitch up to about 500 Hertz.
And then it just plateaus.
We see examples of this from fang's zang's work. He took different participants and stimulated contacts that were apical and basal.



And varied the rate at which the electrode was firing. People heard different pitches up to about 3 to 500 Hertz and then they plateaued. So varying the electrode using rate pitch doesn't work well. We can't use rate pitch in cochlear implants. It's not like we can just take a high frequency contacts and stimulate them faster.
And the low frequency contacts and stimulate them slower.
That way of conveying pitch doesn't work. In contrast, we have to take advantage -- not contrast but as a solution, we have to take advantage of place pitch.
We have to place electrodes at multiple places along the lengths of the cochlea in order for the person to hear different pitches.
All right. Loudness cues. Okay.
We hear soft sounds, loud sounds and the difference between our threshold hearing and our upper level is our acoustic dynamic range.
And in electrical hearing, we measure the person's threshold and we set their upper limit of comfort and that creates their electrical dynamic



range.
And loudness varies between those two spots. With electrical hearing as mentioned, the more
neurons you stimulate, the louder it sounds.
So if you have a louder pulse, a higher pulse you get more neurons and louder sound.
The amount of loudness that you can put through is going to be constrained by the impedence in the system.
And this is the first time that we have come across impedence in this context. You know it from electro physiology as the levels that you look at when putting contacts on for ABR or evoked potentials and you need good impedence to get a good signal. Need to be good contact between the electrode and the person's skin. If you have lotion or make up or other things that are on your skin, that going to make the impedence go up or down?

STUDENT: Up.
INST SLADEN: Yeah. High impedence is bad because don't have good contact. Similar with cochlear implant. Electrode that's inside the cochlea and there will be impedence there and impedence will be things that are working against the flow of energy.



So anything that works against the energy moving out of the contact will be affecting your impedence values.
So for example, if the contact looks like this, may be here and here, and it's right up against the MEDIALIS, against the bony structure, the impedence values will be high.
If it's a bit further away, like out here, and there's all this nice fluid around it, impedence values will come down.
The amount of current you can put through will be impacted by the impedence. A high impedence means you won't be able to put through as much current. So the loudness can be limited by your impedence values.
We will spend more time talk about impedence
too.
Now in people with typical hearing, we have a
pretty wide dynamic range with a lot of steps so about
200 discriminal steps. Moving from very soft to very loud is 200 different levels that you can perceive.
But with electrical hearing, the dynamic range is really narrow. Between the threshold and the comfort levels, this range here is really small.
So it's really narrow.
So people with cochlear implants have an average



between ten to 20 dB electrical dynamic range with only 20 discriminal steps.
But that's okay, because remember the loudness can be sacrificed or degraded and you can still understand speech. Loudness is good for like quality of sound and hearing the difference between soft and loud, but you don't need really good resolution to understand what is being said.
Also, you can imagine that in order for sounds in the environment to fit into the electrical dynamic range, there will be a lot of compression.
So as we get deeper into the way the system works we will see that sounds in the environment have to be compressed quite a bit in order to fit into the fit ear.
Okay we talked about this pretty well that temporal cues can be talked about in terms of the envelope periodicity and temporal fine structure and the device will extract the envelope and preserve that and used to modulate the loudness of the pulse.
We also mentioned temporal fine structure is nice for advanced auditory skills like music perception and music enjoyment.
And for understanding speech and noise, voice pitch is also improved through temporal fine



structure.
It's also worth noting that in humans, we think about temporal fine structure and about phase locking and phase locking is something that occurs with people with acoustic hearing. It's not something that occurs in electrical hearing.
All right.
As we move further into this, I want to think about the sound coding by breaking it into two categories.
Let's think about what happened on input side and the output side. Input side, we will have a lot of things that are similar to what you found with hearing-aid work.
And then on the output side, we will think about the electrical stimulation, what is happening with those pulses.
The first thing that we have is compression on the front end.
We will find compression on the back end as well but we first experience it on the front end. Cochlear implants are not as advanced as hearing-aids in the way they deal with front end compression.
Hearing-aids, you have the option of adjusting the compression band by band.



And in cochlear implants, it's applied to the entire spectrum. So we can't change the front end compression from one contact to the next. It's always the same.
And generally, cochlear implants systems use about one to three ratio.
Now, implant processors do have dual action compression, fast attack and slow attack.
And so the fast attack works on louder impulse sounds and the slower a attack works on conversational speech.
We do not have control over this in the implant program.
We do have control over the gain.
So the gain is how much is -- similar to a hearing-aid. The gain you can apply to a channel, and on the front end of the implant system you can adjust the gain to give a boost to different speech sounds.
If the person is sitting with you in the programming session and having a hard time hearing the difference between S and SH, you might increase the gain on the frequency regions that are responsible for conveying S and SH. And in most implant programming rooms we keep a sheets that shows us the frequency region that's responsible for S and for SH so we know which bands to



increase the gain on.
All implant systems have what is called input to the dynamic range or IDR for short.
And the purpose of IDR is to take all the sounds that occur and push them into the electrical dynamic range.
So the IDR is considered the front end sound window.
What is the window of sound that I will capture? How will it fit into their electrical dynamic
range.
The size of the IDR varies across devices.
In some devices, you can adjust it and in some
you can't.
The IDR can also be changed by what is referred to as a sensitivity dial.
A sensitivity dial moves the IDR window up and
down.
So for example, if this is the range of sounds
in the environments going from 0 to 100 plus, we have soft sounds like leaves rustling and loud sounds like a plane going by, we have a sound window, the IDR, which could range between 40 to 75 dB. It will capture sounds between 40 to 75 dB loud. Sound above it will be compressed and sounds below it will be



admitted. We won't even process those sounds. Just discard them right off the bat.
So if we have this sound window, and we want to capture speech sounds, I probably want to capture sounds that fall above and below about 60 dB SPL. Conversational speech when just a few feet away is around 55 to 60 dB SPL and some are softer and some are louder but probably fluctuating around that level. You want to capture sounds around conversational speech so you capture the soft speech sounds like S and TH like thh and F the silent F and louder sounds like the vowels and GA and KA.
The sensitivity dial takes this sound window and moves it up, or down.
So if I'm trying to hear somebody in the back, I want it to be more sensitive, pick up softer sounds.
Because they will be coming from further away. Softer by the time they get to me. Or in if a cafe and I want to hear Hannah but not people in the back, working on the assumption people in the back are softer, and I want to hear Hannah who is closer and louder, I make it less sensitive so now I'm picking up her voice but everything that's softer is being discarded.
So the sensitivity feature is fairly powerful in



the way it can be used to pull in the kind of sounds you are trying to hear, whether they be softer sound or if trying to exclude softer sounds and just hear the louder conversational sounds. We see it here. X axis and here is loudness. IDR is fixed level of 40 dB. 40 dB wide window and that window can be made more sensitive and pick up softer sounds or less sensitive and omit the softer sounds.
The default sensitivity setting in the cochlea device is 12.
So it's 12 because that was the calculation used for listening with six feet of distance. The mic sensitivity dial 12, assuming six feet of distance it will pick up sounds starting at 25 dB.
And sounds below 25 dB will be discarded.
You can make it more sensitive, it will pick up softer. Make it less sensitive and it will make it louder.
As a side conversation, in a lot of examples that I give for how the programming works I will default to cochlear Americas. They have the majority of the market share around the world. The cochlear implant patients, the majority have cochlea Americas and the others are MEDEL is...you should start with one manufacturer I think.



And get really good at it. And then learn the others and get really good at them too. Because cochlear has the majority of the devices it makes sense to learn how to works with cochlear and apply that information to the other manufacturers.
MEDEL and advanced bionics...I won't use theirs as...the default is 12. This is an example of showing how the sound window captured has to compress everything to fit into the electrical dynamic range.
Obviously the wider the dynamic range the more intense the resolution you will get. The more narrow, the more compressed. The same sound window and compressing it a lot or compressing it less.
All right. Let's say that again but in a different way.
So here we have audiogram showing us the sounds in the environment.
And typical hearing people have thresholds of 10 and they are loudness discomforts is around 100 or
110. The acoustic dynamic range is like our hearing dynamic range. I can probably hear sounds in that range too. The IDR window, some device with a window goes up to 80, that's an example of the advanced bionics. Capturing all the sounds and compressing it to fit into the electrical dynamic range.



And sounds below that are omitted and sounds above that are infinitely compressed.
So then the question becomes, well, what is the optimal IDR. ? How much sounds do you need to capture in order to understand speech? Remember here that the original intent of a cochlear implant was to allow someone who didn't have aidable hearing enough sound information they can hear speech. That was the primary goal, to hear speech. Music perception, enjoyment, localization, sound quality, those things were not really on the radar. The primary goal was to say, this is where speech is, and this is what we want to preserve so the person can communicate. That's the primary goal.
That's what went into developing the IDR.
The developers want to say, this is where speech falls. This is how wide the IDR need to be.
That original work came from early researchers like Fletcher who said speech tends to fluctuate over a range of about 30 dB so you need to capture speech but nothing else.
Why would you want to capture things below that.
That's background noise. Just capture the speech signal and keep that pre served so the patient can hear only speech and everything else is less



important.
But then other researchers said it's not 30 dB. And in fact, the way speech falls differs by this stimuli you use. Whether you use conversational speech or non-sense speech, the way speech fluctuates in loudness varies across stimulation types so cocks said 40 to 50 dB. ZANG said...and 36 to 53 for vowels.
And then other work by -- said it was speech level would increase as performance gets better.
So one pivotal pieces of research was Dawson look at varying IDR windows and its influence on speech perception. 9 participants using this device.
And they fit them with deferent IDR settings and also using threshold levels that are set by measuring that person's threshold or reducing that threshold.
If you artificially widened their electrical dynamic range did that do anything to performance with other IDRs. Here we have percent correct scores for CNC words. 45 dB SPL, 55 dB SPL and KUNY sentences. City of New York sentences. Used with implant patients because we need easy sentences. Now sentences are more difficult because implant patients do well so need that to track performance. We see IDR of 31 dB,
46 dB, and 55 dB.



56 dB. 31, 46, and 56.
31, 46, 56.
As sound gets louder, and signal gets easier, the IDR needed change.
This doesn't surprise me. Sentences are predictable. You can get it right with narrow IDR. You can fill in gaps. I'm more struck by more difficult sounds like single words where you only have a CNC words like ball, dog, jug, pat. That's a tough task. No context. But we do see moving from 31 dB IDR to a 46 dB IDR showed a big gain in performance.
And really didn't change much for moving up to
56 dB IDR.
That is true for softer sounds, less true for louder sounds. If you want to be able to preserve soft speech you need a wider IDR. Can't rely on 30.
This was important at the time because it --this moment in history, the IDR was 30. It was the default IDR on device. Showed us in order to hear soft speech we need a wider IDR.
MEDAL and advanced bionics to a greater extent took a different philosophy than cochlea American and said we won't limit the amount of speech sounds that a person has access to. We will give them as much speech sound as we can and let the person sort out



what is speech, what is not speech.
And I kind of agree with the philosophy. If you want them to hear everything, music and birds and other things with good fidelity, give them a wider IDR. At presents it's 45, the default IDR with meddle is 55. And the IDR with advanced bionics is default of 70 but it can be moved up to 80.
So cochlea it's 45, meddle is 55, and IDR default is 70 but it can be moved up to 80.
Okay.
I will pause there. Almost 11:15. This next parts requires more time. Thoughts on that so far? Please.

STUDENT: Just looking back on that study, can you go over why they did the reduced threshold one?

INST SLADEN: Sure.
So let's say my true threshold is here. But you wanted to know if having a wider IDR interacted with having softer sound levels. So let's say you artificially reduced the thresholds to here. May be that interacts with the width of your IDR. If you capture more sound and sending it to their true electrical dynamic range or artificially increased



dynamic range can there be interaction...with reduce IDR didn't have much difference for the louder ones. Here it did. We have softer speech. Even with wider IDR you have softer sounds going to this point which is probably becoming inaudible.
The study also kind of -- not kind of, the study also drives home this idea when we measure thresholds, we should set them at point where the person can truly hear it. If you artificially lower thresholds it can have negative impact on their ability to hear soft speech.
Other thoughts? Please.


STUDENT: For the CNC word 45 dB SPL, is the difference between 46 dB and 56 dB is that significant?

INST SLADEN: 46 to 56? No.
STUDENT: Between the 31 dB --INST SLADEN: Yeah.
STUDENT: Okay.
INST SLADEN: Please.
STUDENT: I just have a question about choosing which manufacturer when you get the implant. My understanding is that it is up to the patient to some degree with some information but do -- does the



clinician talk about IDR is high level for the average person. How do you provide the information to the patient to help them make the right choice for themselves?
INST SLADEN: Yeah. It's a really important question. I want to spend more time thinking about it.
The general philosophy around implants it's not the same as hip replacement. The patient will have a very important relationship with their manufacturer.
Device up grades.
Technology coming down the pike.
What is the implant company doing to improve the overall system the patient might be able to take advantage of in the future.
So like for that reason, we think oh this is something the patient should have strong hand in.
As the doctor audiologist I shouldn't make that decision. This might be something about this device over that one the patient finds important and the there's value systems the patient brings that I can't understand. For example, the patient comes in and true blooded American. Only wants the device made in USA. Only one. If that's important them, they should get that. If they feel good about the operation and process, they should get the one that makes them feel



good. If they want pink, meddle. I can't make that decision for them, I don't know what is important to them. Some patients will say, I looked at all the research and literature and I don't know. Can you please help me decide. We have a conversation about what is important to you.
What do you do in your daily life? Are you someone home and watching TV? Are you someone out? Do you want to put it on and go or do you want to have control over all the features and all the bells and knobs and whistles? That will lead to a decision, oh this is the right fit for you and this is why seems like the right fit for you.
STUDENT: Like hear aid counselling.
INST SLADEN: Yeah. But I think the audiologist brings a heavier hand. Like I think you should get that one too -- I never do that with cochlear implants. I do a lot of cochlea American so you should do that. Or a price discount. May be a heavier hand in hearing-aids sales.
We try to be hands off in cochlear implants. So the decision comes from the patient.
And that's a general philosophy. Not everyone does that. Some surgeons only do cochlea Americans. So if they go to that surgeon they will get that



device.
STUDENT: In states or Canada? Surgeons in Canada --
INST SLADEN: Might be some programs in Canada that are still device specific.
Ontario only did cochlea America for a long time. With a good reason. They got a price discounts. Because they had a limited number of funds that allowed them to implant more people. So it was a good use of resources.
That's how the single sided deafness program took off. They just used cochlea Americas...went to the single sided deafness patient. Some surgeons and audiologist in the states...because he only does about ten a year. To get good at something you need to do more than just ten a year. He didn't want to spread himself across different devices and only become moderately good at it. There's skill sets for each manufacturer. If you know you will only do ten, choose one manufacture and do it well instead of doing all three and doing them moderately well. Candide.
CANDIDE:...


INST SLADEN: Yeah. Good question.
I think what you are saying is some implant manufacturers are aligned with specific hearing-aid



manufacturers.
True.
Cochlear is aligned with resound and advanced bionics is aligned with Phonak and...that means that if you have a meddle device on one ear and sparky on the other you can stream to both devices. You can use a Phonak on the other side but you can't stream directly using their accessories unless you get another piece of hard ware like a T loop or coil and put both devices into T loop and stream to that loop and you can get signal to both ears but if you want to stream directly you have to use the hearing-aid they are aligned with.
Yeah.
Good questions.
Okay. Sorry. I have to run. I will see you guys Thursday.

STUDENT: Thank you.


INST SLADEN: You're welcome.
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