

January 19, 2026, AUDI 558
INST HERDMAN: Okay. Connected?
All right. Connected.
Good weekend? Awesome.
Enjoy the sun yesterday, right? Beautiful.
Okay. So we will talk about physiological factors. Anything to go over first? Admin stuff?
All good? Okay.
So we will do physiological factors, issues about thresholds and sleep awake, attention and anesthesia and maturation.
A range of physiological thresholds. I like this from Terries book. This is not infants. It's a guest mate or estimate from adults. We don't know the prevalence in infants. We are guessing.
Oops.
But I do like it because it shows -- it has this normal what you consider typical hearing, and that dashed line is summation of all of the different categories in which you place people.
So think about here, what we see is dashed line, we don't see the individual groupings.
These are just us setting criteria and diagnostic test to say this is the group we consider
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conductive. That is what we consider sensorineural. So until you do that diagnostic you just see the dashed line as prevalence. So but you can see the over lap.
So here are typical -- people with typical hearing and here is conductive hearing. Depending on where you put the criteria, remember the discriminable between the two populations? If you put the criteria here at 20, those will be all considered typical hearing and half the population will be considered as not typical. This is for ABR. This is NHL.
So 20 dB NHL is not what we use as screening. We usually use 25 or 30 dB NHL which puts us here.
So we are trying not to capture so many typicals but don't want to not capture sensorineural hearing so we put the criteria usually here at 30 or 35 dB.
Okay.
Issues about sleep and wake.
ABR when you doing...testing when dealing with ABR people need to almost be asleep. When doing thresholds especially and infants. When awake, you get a lot of different noise, a lot of times it's due to muscle in the back of the neck but you have just general cognitive noise there too. Try to eliminate that by getting them to go to sleep.



So we can see the differences. These are simulated ones. See more noise in the awake state and quieter EEG noise when they are sleeping.
So sleep affects the noise but it doesn't affect the ABR. There's no change in ABR when someone is asleep.
Attention. Can attention change the ABR?
Well, this is a study Picton and hillard back in 74, and they did basically said, just ignore the BAAA we are putting in and attend to it.
They looked at the ABR, I will over lap them and attention doesn't affect major components of ABR. Whether you attend to the stimulus or not, doesn't matter.
You really don't need to have issues about attention.
Anesthesia though does have affect.
But most -- this is older research. We don't use ALTHESIN or...anymore. It's usually...and isopropythal(?)does not affect the ABR. I wanted to show you the anesthesia does affect the waive five so here is waive five. This is increasing plasma concentrations of the anesthetic and you can see the change in latency there. A bit but mostly you see enflurane has a huge change. You see a dramatic



shift. If you do waives one to five looking for neurological screening and dealing with patient in the OR, well, you mite want to ask whether they have ENFLURANE or...body temperature makes a big deal.
Hard to see kind of.
But -- I can hardly see it. Zoom up. There we go.
So this is body temperature as we go down --going down in temperature, we can see that at normal temperature we have the nice one three five and as the temperature drops the waive five gets delayed.
So what it really is doing when you do the temperature drop by change in waive five latency, it comes out to about.2 milliseconds per degrees Celsius. Waive one doesn't really change. You so you get increase in the waive one to five. If you do neurological screening and someone is hypo thermic you will get a prolonged one to five because the body temperature is dropped. Usually when people go under anesthesia their body temperatures drops by about one or one and a half degrees. If two degrees they get worried. Close up, surgeon. If you do OR monitoring and you are looking at the wave one to five to see if any affect of the surgeon removing a tumor and you see the prolongation, just look, see what the body



temperature is, know what type of anesthetic they have...the body temperature, so you can use that information. So on the flip side of that -- wow.
Now hyper thermic, may not just be in OR. Febrile fevers. Reverse. So when your body temperature goes up, this is normal body temperature and now at 40, 41, starting to get high fevers here at 42, you start to take acetaminophen or something. You see waive five is getting earlier. Prolonged when the body temperature goes down and gets shorten when you go up in body temperature. .2 milliseconds per degree Celsius. If the patients -- they had a cold, you will be worried about middle ear and do you have a fever?
If they do, doing one to five and it's older adult, and you start to see this wave one to five, seems pretty short it could be they have a fever.
Now you will be comparing those one to fives to norms but now you shortened it. You can a make them be typical nonfailing the screen because of their fever.
So just note that.
Coming back to it, taking a good history is my opinion probably about 80 percent of your job. Take a good history.
It tells you so much information.



The history starts as soon as you make contact with the patient.
So I had a good doctor train me and basically said, half my diagnosis is done by the time they walk through the door.
So they were looking at gait, can he open the door, what motion do they have the hands, were they attending, looking at you, smiling?
All of that, that's information.
They smile and like that, well, facial palsy.
Why coming to me? Are they walking to that side too? Boom. Done.
Now done a diagnostic. Same when they walk through.
Ask them the simple questions. It's really important.
Sorry belabouring that. I've been on the other side of clinicians not taking proper history and they missed things and have to go back or -- luckily I knew what I was doing.
They missed it.
So because they didn't take a proper history. Okay.
Maturation.
So maturation is big because you will be look at



these kids if in pediatrics over time. The maturational changes happen a lot from birth to about two years of age.
So you have amplitudes wave one, two, one two, three, five you can see these are the amplitudes here.
And that's an adult. Here is neonate. Waive one. Nice amplitude but waive five is smaller in amplitude.
Picton book it gives you a list amplitudes for infants and adults. Wave five is about half the amplitude on average.
The other thing you can see, here is newborns, wave one, five, if you track wave five as they get older and older up to adult hood you see it gets earlier and earlier.
It's about around age of two, you see that in the norms, the wave five becomes adult like. Wave one becomes adult like around six -- one year.
So that's because it's the myelination of auditory nerve fibers. Those becomes almost fully myelinated by the time you get to about six months to a year of age. Depending on the maturational trajectories.
Wave five you have a bunch of other neural clusters of neurons, nuclei in the brain stem and all



the myelination and connections. It takes a bit longer for that to mature. About two years of age.
Okay.
So more click ABR maturation.
I leave this up -- this is the FFT. Frequency content of EEG or ABR. Has a lot of lower frequency energy. Not so much higher. Because we don't have a lot of compound action potentials going up the myelin fibers in adult like in adult. We don't have that in kids as much. They have more post synaptic...you start to develop and you start to see the shift into a higher frequency.
So that's where waves one two thee and four come in. You see the nice peeky wave forms. In the infant it's more low frequency and you see that in the FFT here.
Okay.
So here is the table from the Picton where we have premature infants, wave one and full term, pretty much the same.
And then three months and then two years. By about three -- sorry. I had it wrong. About three months of age they get fully myelinated. Wave five you see the same trend and about two years is adult like. This is plotted in age. This is the wave five



latency and you see wave five at 24 months of age is equal to the adult.
So three months for wave one. Two years for wave five.
Now, AGMONT and Salamy have a paper, I forget, 1986, we want to redo this, we have the data. Just waiting for a student do the study.
I might just publish it myself. Where we will replicate this. Have corrected age, waves...these are the normative data that you should use. When you do any type of retrocochlear screening in infants.
Great. How often do you think we need to do retrocochlear screening in infants? We are looking for tumors with that. Auditory nerve fiber. How prevalent do you think that is?
Do babies usually have tumors? Why?


STUDENT: Because they are young.
INST HERDMAN: They haven't had enough time for mutations to happen. It's very rare.
So pediatric oncology happens, and it's -- they do amazing job there at children's but it's rare to have vestibular schwannomas and there are pediatric cancers due to genetics in utero. Typically, there's a -- there are rare cases where you have -- you can



have tumors in the brain stem and of the nerve fibre but very rare. We tend not to have to use these tables. Last ten years I think we used them twice.
That's just showing that this is another set of data, 23, 24 months they are not significantly different than the adults.
This is just another graph showing wave five latency. For the different frequencies as you get older up to 18 months you see this drop.
Why is this important?
Actually, see this, if you look at the 500 Hertz, I will draw your attention to this, see at very young age, one month of age, it's way up here about 15 milliseconds.
That's wave five peek.
So I will bee labour this point until you are sick of me saying it so you don't forget this and I don't have to hear, 500 Hertz is so hard to detect. You will be experts in detecting 500 Hertz.
Won't have to worry about using chirps or anything else.
Looking at the ABR. That's 15 milliseconds.
That's where wave five peeks for 500 Hertz. Now if talking about 2,000, or 4,000, it peeks



here and they look like this.
Don't look in the window here if you are presenting 500 Hertz. It's here.
That's the problem that we find, that clinicians who are not trained, I hate to say well enough, they are missing some training, they focus their eye there and don't see any of this and go, 500 Hertz, it's not there. So they call things like that no response and go up in intensity, we learned last week, that intensity shifts wave five this way and it gets peek here so that's 500 Hertz at a very high intensity. I see it now because I'm looking there. It was always there.
So, yeah yeah I know, Tony, I know. I have a reason for it.
Never get into this situation that we have now in the world where people think 500 Hertz is so hard to recognize. It is a bit challenging but it's not like let's not do it.
The other aspect I mentioned is here is the FFT of the ABR.
500 Hertz especially. Most of its energy is below about 100 Hertz.
Okay?
Most of its energy at 30 dB which you will



present for threshold, that's around threshold, is under 100 Hertz.
You go up in intensity now you start to get more of wave ones come in and adults you still have energy down here below 100 Hertz but a lot of the energy still have here above 100 Hertz so the issue of what high pass filters setting you use...some parts of the world...still send them out for publication and you can't do that. Reject. They still use it. I don't know why. It's in the literature, like, hundred times at least, I think it's just -- they keep per pet waiting the belief you get a better response by reducing out the noise but you are throwing out most of your response.
So if you look here, you just look at the energy.
The area under here to the left of the green as about the same as there. You are basically cutting the signal in half.
So if you cut the signal in half, that means you have to cut the noise in half so you have to go two squared times your recording. So you have to record four times longer.
Because noise goes down the square root of --one over the square root of N.



So if you cut the signal in half you have to get four times as much noise reduction. Four times more recordings. Just use the proper filter setting.
Just use 30 Hertz so comes down to this. Here is 500 Hertz response.
But this is with the 30 Hertz high pass filter.
Mean you are allowing that energy in. And that is the response if you did a high pass filter of 100 Hertz. That's wave five there. Which one do you want to see?
I think I want to look at the bottom one.
There's a nice wave five there. If you look at the click. Look at the large wave five for the 30 Hertz filter. 100 Hertz filter, it's less than half. Just by using a different filter setting.
So 30 to 3000 or 30 to 1500 should be your filter settings. Rare times where if you do go into BCHP you might see a response back from us saying just change it to 100 to see if it gets rid of the 60 Hertz noise. If you have a 60 Hertz problem. Other than that, don't.

STUDENT: What? Upper level.
INST HERDMAN: 30 to 1500 we usually use for the tone ABR for thresholds.



For click we will use 30 to 3000. And I will get to that sometime today.
Oh, effects of rate.
So stimulus rate is important.
So if we look at click rate, as you increase the click rate, meaning going faster and faster, whaping it faster, you will get a change in the wave five latency.
It gets slower and slower. You get prolongation. You see that in adults. It's pretty stable about how much difference you go from click rate of 10 to 40.
Until you get to knew born but we tend not to test new borns. Within two days. This is one month. That's usually the screening thing. Remember the one three and six. One month to screen. That's the earliest we get them usually. The rate -- is not really affected by the maturation.
It's only really affected within the first month of life.
So usually by the time you get them for ABR testing you don't have to worry about stimulus rate having a different effect due to age. This slide is saying that. Rate changes still exist but they don't have to be different for different ages groups.



Yeah, rate doesn't really affect the waive five amplitude much.
So don't have to worry about that. That was study back in 85.
Oh, ipsi contra difference recordings. We use this for bone conduction. For helping us identify which cochlea is responding. But here is just some data from back in the 90s and showing differences between ipsilateral and contralateral channel recordings in different infants. This is a two week old -- this is wave one, that's wave three and wave five for the ipsilateral channel and he called it ABCDE just to differentiate. This is probably a wave two may be.

STUDENT: One.
INST HERDMAN: Wave two.
Yeah. So this is coming from the contra lateral channel so the recording is not on the mastoid. It's on this one. So wave two when comes in at...vault you can pick up the signal on the contralateral side.
This might be wave five.
But with him recording some other children infants, that's the reason why he called it -- the VC which is contra lateral wave five. This is probably



but there is no definite evidence in the study so he called it D.
But those are probably that.
So you can see there is this delay in the contra lateral channel and the amplitude looks a bit smaller. See that five months of age. Nine months, there's a little shift in delay. Around 12 months of age the wave five in ipsi and contra lateral channel tend to line up.
And that's important for us because we use it clinically. We use it to help for diagnostics to say which cochlea is responding. How do it behaviourally?
What is the simple answer?


STUDENT: Masking.
INST HERDMAN: Masking. Contra lateral masking. If I have a unilateral loss on the rite, my loss is on the right...I put in contra lateral masking. Left masking. We can do it in ABR and we do but woe don't necessarily have to do it when testing infants. If I test the right ear and have two recordings and this side has the larger -- channel has larger amplitude...likely right cochlea is responding.
But we need the other channel to see that. So this is the problem with some places in the world.



They only look at single channel so they can't tell you. Because I can look at the single channel, have cross over activation and get wave five but it's elevated in intensity and they say hearing loss. They have hearing loss but or they might not get hearing loss. Might get a mild loss but it's profound in this ear, have cross over.
So big message, two channel recordings, and I will buck the trend like I told you, always do two channel recordings.
You have the information there. Might as well.
We go to bone conduction this will be more evident.

STUDENT: Sorry, should test by laterally, by masking, yeah?
INST HERDMAN: We don't need to do that.
Because we have this ipsi contra asymmetry, we can use that as indicator so don't need to put in masking.

STUDENT: Yes. Thank you.


INST HERDMAN: Because about 98 percent of all infants have ipsilateral, contra lateral deference. Might get a



one case but we can use that as saying this comes from ipsilateral cochlea because has ipsilateral larger and earlier wave five.
STUDENT: Thank you.
INST HERDMAN: Now, I'm stepping forward in time with the question. So if it happens to be that we can determine because they are older and ipsi and contra lateral channels line up, I will step forward and then we will take a break. Say this is the ipsilateral recording, contra lateral recording, looks pretty much the same. They line up. I can't determine it's coming from the ipsilateral cochlea. From that we can put in masking on the contra lateral side. If this thing stays, ipsilateral dominant. That's when go for masking. It's complicated. We can't do a plateau well you can. You know how long it takes to get a plateau. At least four different intensities. So you are doing that four...that's a waste of time.
So we just do a set masking. The problem with that is it can sometimes wake up the baby so we do the ipsilateral, contra lateral -- if these markers don't give you definitive answer then...while here, we will come back to, if not following, we will come back to that when talk about -- this is the original. With masking it might be -- delay, we get that.



There's a slight delay and it's small in amplitude. That's not to say that ipsilateral cochlea is not responding. It is but we dropped it down to make our decision easy that there's a delay and it's smaller. We can put in suboptimal masking. We don't have to fully mask it out. I didn't fully mask out the contra lateral cochlea.
But I masked it out enough to still have the ipsilateral showing dominance. So that's important, little trick. Little trick. Based on evidence.
All right.
Take a five minute break or do you want ten?


STUDENT: Five.
INST HERDMAN: Five is good. All right. Sarah is saying five. And then we will come back and do the next --where is it?
That one.
ABR generators. [Break].
INST HERDMAN: Okay. On?
Good.
All right. Okay.
ABR generators. I talked about wave ones and



five and you are like oh what does it all mean? We will get into the -- under the hood. Lift the cranial vault and see the gold there.
ABR generators.
So here is reminder of your system. So this is -- you have these slide?
STUDENT: On Canvas?


INST HERDMAN: They are under lecture 5. Under lecture 5, neural ABR. Wait until everyone has it.
Good? Yeah? Okay.
Okay.
All right.
So reminder of the actual auditory system. We have the cochlea, auditory nerve fiber,
cochlea nucleus and [reading].
Auditory cortex.
There's another look at that, okay? Cochlear nucleus, IC, GP.
So the waves one to five will be involving all of these up to...auditory brain stem response, wave forms coming from all of these. We will have to go back and learn about what generates our actual EEG



signals.
Or ABR signals.
This is going back to neuroscience concepts. We have current coming into -- it can be any type of neuron. This is just demonstrate, remind you how excitatory...happen. So we have axonal terminal on the dendrite. Neuro transmitter release. Opening the channels. Sodium comes in. Positively charging inside the cell and current flows down the electric gradient. And then it leaks out through passive potassium leek channels and the current returns.
So that is set up intra cellular dipole. The thumb point in the direction of current and the fingers wrap around for magnetic fields. We have a magnetic field generated here. When we talk about magnetic encephalography we can pick up the...current through the magnetic field. When dealing with EEG, what we are picking up is the extra cellular current. The distribution of charge here. So positive to negative. That creates a external or extra cellular dipole pointed in the opposite direction. Internal to the neuron is...
When we get down to the axons, what we have is the generation of an action potential. So we have all or none event of a lot of sodium rushing in and it can



be back wards but most of the time it's a forward propagating action potential and you can see you have these intercellular dipoles with magnetic field and those go all the way down the axon.
So when recording the EEG, what we are getting is extra cellular dipole event happening...and get the positivity here near the soma and negativity in the dendrites and you pick it up on the recording. This is another look at it. So we have the dipole negative here at the more distal parts of the dendrites and then positive at the soma.
I already talked about open and closed fields.
So what we can do is we are not usually just recording when doing research from two channels, we record from several channels. This is EEG multiscalp set up. 128 channels here.
So what we can do from that, imagine that our head is now the earth.
And a bunch of satellites around here. And this is your neuron.
Little GPS detecter on it. And it sends information to the satellites and they triangulate so it sends signals to one satellite there and one there and there and now it can pin point it. It knows the distance through the signal. This is the neuron in



your head. This is a neuron in our planet.
Everyone has a bunch of neurons. Right? They all have a bit of different GPS coordinates going on. These electrodes are the satellites.
And inside the head are our cell phones. With little GPS tracking devices on them.
In a sense. We can use the information we record on the surface of the scalp or on top to find out where the generators are occurring in the head. This is an area where I'm -- considered expert.
Published a few times on it. It's more complex than what I just told you. There's a whole host of issues with it but for most part we can get around a centimetre so if I use analogy right, you can pin point usually depending whether you have the high resolution GPS system like you are locked into that which can do it probably within one metre, if you are like national security agents and stuff you can get it within a metre, most GPSes are within five to ten metres. Equivalence if we do it to EEG, we are looking at probably a kilometre.
So I could track the neuron within a kilometre.
I could actually do the math but I'm just guessing it's about that. We are not that spatially accurate is what I'm trying to say. If you do FMRI you can get



it within a hundred metres probably.
If you do a high T one then you are probably ten metre range.
All right. ABR, we have the wave one, two, three, four, five.
Where are these different wave forms coming from? We want to know that.
This is Jewett in 1970, in KAT I believe.
KAT or chin chilla but they did electrode intercranial electrodes and stuck them in and to the brain stem and recorded different layers to record the different levels of the auditory system.
And presented the sound obviously. And they can see which wave forms came out.
This was the bottom of the electrodes.
So we are really getting waves -- wave one and

two?



Wave two, yeah.
So this is coming from -- label as wave two,

three, four, the four is equivalent to our wave five in humans. Near the inferior colliculus that's predominantly wave five...they know the electrode location is in and near the inferior colliculus. They suggest it's inferior colliculus and wave three is lower. Lateral meniscus...wave two is likely cochlear



nucleus.
So that gives us some indication where they might be if we do species lining up analogy. We can use issues about tumors to give us some indication of where these waive forms from coming from. This is mid brain tumor diagnosed with MRI. You see wave one and two and wave four and five -- five is absent and four is truncated. This is in the normal ear. The other side.
And you can see wave four and five here were nice and fine.
So you use tumors as a way to say lesion.
Everything above the lateral meniscus is obliterate by the tumor. We will come back to how we will use this information for diagnostics.
But we have different patients with difference and this is mid brain tumor. Sorry this is negative is up, so this is wave one.
That's wave two. Wave three.
Possibly.
Yeah. Wave one, three, and -- that's one, two three and wave five is missing here as well. Not sure. Wave one, two and three were present in both left and right channels.



Ear stimulation but wave five is prolonged. This is rite ponting neucleoma...and again may be that's four and five is kind of absent. Wave one, two, that might be three, and then five is delayed here. This is cochlear nucleus necrosis. It's gone. So from here, we still get waves one and two. So that indicates that waves one and two are coming from auditory nerve fibers and cochlea. We can use lesion to help us identify where the generators are possibly coming from. We will come back to that. TM electrode. So this gives us another piece of information. This is the ABR wave one here. Very small but we put in TM electrode gets closer to the source, the amplitude gets larger. Ads you get closer and closer to the phone, the GPS is better to localize it because the source of the signal is a lot larger.
So it's kind of the same concept.
So here we have a possible origins of the --used to be called brain stem auditory evoked potential. Wave one is spiral gang Lee and cochlea. I like this diagram. Wave one cochlea, wave two is just at that junction where the auditory nerve fiber goes into the acoustic meatus and entering into the cranial vault. Right before the cochlear nucleus [reading] SOC. So ventral cochlear nucleus and...and



wave four is the superior olive SOC...and wave five is this lateral meniscus...so all of this here.
Now we can't use ABR as a diagnostic for saying where the lesion is because there are over lapping contributions. This SOC lateral meniscus contributes to wave three and four...we have better tech called MRI so usually use ABR for screening and then ENTs go, okay, suspicion there's tumors somewhere along the path way. Get MRI and it's definitive. Usually MRI or sometimes CT depending where you are geographically. This is more of that.
Wave one two three four five, and then this is the middle latency responses. These are all auditory evoked potential...NOPO kind of unknown. NAPA is usually [reading] so this is PA is kind of your first almost activation of cortical A one auditory --primary auditory cortex...can be spread. P one and it's called PB primary secondary auditory cortex. N one A kind of unknown -- well, primary to secondary --I won't talk about NB too much and N one C activation we will get to this later when talk about corticals and there's P two and SP and higher orders.
Caveats.
Again I think I mentioned most of these. Overlapping is the a big one.



If you look at overall ABR, this is model based on the Jewett paper of the neural activity from the cochlear nucleus. There's a lot of over lap. Wave three has some contribution from the cochlear nucleus and the super olive contributes to wave...wave five and the lateral meniscus is...the over lap is the issue.
Axonal versus synaptic. Think about it when you are thinking about ABR.
These really fast rapid, peaking responses here, this is four and -- one three four and five, sorry, those are likely axonal. And you have under lying synaptic activation...and the...they all sum up to give this longer duration slower wave form.
So that's usually synaptic and those are usually axonal and you get the addition of those.
Already talked about that.
Vestibular schwannoma. What happens if we put a big mass there and it pushes on the nerves?
The nerve fibers don't like to fire, don't like to fire synchronously.
So you ends up getting wave one and two, two might be affected but wave one tends to stay fine because not being affected by the tumor. Wave two and three will get delayed.



And wave five gets delayed. Delayed and reduced in amplitude. Two things. You don't get a summation of those nice fast action potentials all summing to one.
So imagine you have bunch of little action potentials, sorry.
Action potentials are all or none. Whole bunch in here.
Okay?
If I were to sum that up, I end up getting something looks like that? Right? Now, if I put a tumor and take these ones and I get one here, and I get one there, and I might get one there, may be there's a little over lap there, may be another one there, there, I end up getting something that looks like that.
See the delay? And reduction in amplitude.
That visual help you understand how this -- you gets the delay and reduction. When you think about ABR wave forms, imagine summation of bunch of action potentials and excitatory post synaptic potentials. If you disrupt the synchrony you will shift in latency and reduce in amplitude.
That disruption of synchrony can be a tumor or that you increased the stimulus rate. Now you cause



those things to fire rapidly and not all of the action potentials will happen.
So you have reduction in amplitude and a shifting.
So that tumor will delay and cause a one to five delay. We use that one to five delay as indicator there's a possibly that there's a tumor there.
Good with that? Okay.
So this is a field that you can go into.
And you can make a nice career with it. And help out a lot of great people you will meet. They tend to be aged people. So my age and older. Tend to be about 45 and older. I'm older than 45 but we had that time for the tumors to grow. So baby, very rare.
But as we age, tumors, cells turn over and when they turn over they cause micro mutations and that can end up leading to cancers.
So we can use these things -- use ABR as a way to screen for retrocochlear pathologies like tumors.
So the old term was acoustic neuroma. This is a misnomer because -- well, there are times when you have a true neuroma. The neuron is cancerous but neurons tends not to replicate. Once you get past a certain stage in knew born development you don't have



neurons making new neurons. Rare they end up being cancerous. You can have that. The term is back before we knew a lot about cancer, the best term is actually vestibular schwannoma. The swan cells replicate and turn over.
That's how you end up getting the cancer. So it's the sheathe of the axons, the swan cells.
When they become cancerous, you ends up getting proliferation of the swan cells and then they end up pinching on to the nerve.
Because they encase the nerve.
So this is where they tend to happen. This is the cochlea, auditory portion of the vestibular cochlea nerve and the vestibular portion and that is the facial nerves. This is where history matters.
The patient smiles and like that, they have facial palsy and they have unilateral hearing loss on that side and the gait is over because the balance is shifting or they might shuffle like this.
Because the balance is off.
You just did half your job for you. ENTs will see that. Hi. Hi. Now they know -- but like they can grasp fine so it's not a central thing. It's likely a peripheral phenomenon and they will come to you to get ABR done because the ENT went, either the



MRI is not available in their geographic location or the ENT is wanting to help save money for the medical system. Let's do the ABR -- the patient is that
bad -- affected they will send them to MRI. It's not worth seeing you guys but someone could a unilateral hearing loss and may be not facial palsy and there's a bit of balance. They are 70. Let's get them checked out.
But any way, we will get to that. Getting ahead of myself.
If you see this, there will be pinching on the auditory portion tends to be first and vestibular so you tend to have balance and hearing happen coincidently at the same time. Coincidently meaning at the same time.
All right.
So if they do go do a MRI, or Ct you can see here is this nice large vestibular schwannoma and it's pinching and affecting the cochlear nucleus too.
That's a large tumor but you are trying to detect that with ABR.
Okay.
So high suspicion verses low. If it's high they don't see you. Every couple of years I train ENTs on this. Most of ENTs residents they -- we just send for



MRI. Some are like no, I won't spend that much of taxpayer dollars if low suspicion. So if there's a detection of tumor I will send for MRI but the small tumors we will do the wait and see. Wait and see.
Yeah. You didn't know that. It's conservative way for oncologies too do that. Wait and see approach. If they detect a tumor, surgeons won't go in and potentially cause damage. They will see if it grows. I have a family member with a central tumor in the brain and living a fine life.
Take medication to reduce the size but 40 years

now.



That's the wait and see approach.
Get MRI was ever year now it's every two to five

years. Didn't change. Had the surgeon gone in from the get go they would be on other medications and potentially not come off the table. That's the wait and see approach. Don't be shocked when they are like okay, we will wait and see. Follow you up depending on the type of tumor it likely and follow up in six months, a year.
But if you are high suspicion like the one I told you, facial palsy and everything, you are getting in. MRI and probably surgery.
Probability based on classic symptoms --



tinnitus is the other thing. Word recognition but they will have -- these are just symptoms for auditory -- but they have again a bunch of other risk factors coming in. Criteria for assessing them.
About 19 percent were in the high risk category. 60 percent in this intermediate and low risk, 20 percent. Questions about that?
Need a break before we go? Yeah.
Sarah is the lead today. Five minutes?

STUDENT: Ten minutes.
INST HERDMAN: Ten minutes. All right. Take a ten minute.
I will see you guys 10:20 -- 10:22. [Break].
INST HERDMAN: Okay.
All right.
Was that ten minutes? It was. Missing one person.
Okay.
Were you locking her out?
STUDENT: I locked her out. Just kidding.
INST HERDMAN: Now we will go into set up for doing neurological screening. It's pretty much the seam.



Usually put it on the forehead. This is the change. The vertex is now vertex. It's split into the two channels. And you have the left mastoid and then the right mastoid for inverted.
And then inserts, left and rite. Now the stimulus parameters, we use 1 micro second. Click is around [reading] which is about equivalent to --
110 -- you have a minus 30, so 80. Usually present between 60 to 80HL -- normal hearing level and at a rate of 19 per second. You can do slower at 11 per second but if you remember, I will draw it again to help you if you don't remember, because neurological screening we are looking for this 5 -- this 1 to 5 distance. Right? So we need to get a wave one and a five.
So if we look at amplitude of these components by STIM rate, wave 1 goes like that, actually steeper.
This happens to be about 20 per second.
And that's 10 per second. But wave five looks like that.
And that's around 40 to -- actually. That's about 80 per second.
So that is wave one and that is wave five.
So we can record here. But the amplitudes are about the same.



Or I can double the stimulus rate. Amplitudes are the same but I doubled the stimulus rate. So what it mean noise floor? Goes down by one over the square root of two. Down by 1.41 faster. I want to do the faster rate.
So you can still present at 10 per second or you can present at 20 per second. This takes you 1.41 times longer.
At ten.
So just choose the faster rate. The other thing about that is the amplitudes are the same and the latencies are the same, between ten -- so that means latencies between one and five are also the same.
Don't have to worry about...you can use the norms at ten per second when you record at 19 per second or...you need too record both rare and con. Clicks go in. Gets nice ABRs at one two three four five and looking at the one to five. This is the incidence from Terry's book or another paper. This could be ARNY star but I think it's Terry's Picton. The incidence of a ABR types. The wave one to three delayed...one to five delayed, one to four are absent and you are only left with waves five. That can happen.
No waves at all.



Waves one are present so this is the case with the cochlear nucleus necrosis and waves two to five are absent.
And then -- oops. This is the key.
Five percent within normal limits. Why is that? Has nothing to do with ABR.
Why would five percent of your population that have acoustic -- vestibular schwannomas have something within normal limits? What do you normally set as criteria. How do you determine if the person is diabetic or?
STUDENT: By comparing to a normal.
INST HERDMAN: Okay. So compare to normal. What do you use?
STUDENT: Healthy ear population.
INST HERDMAN: And how do you determine whether the someone is unhealthy versus healthy.
STUDENT: Test at different rates?
INST HERDMAN: No. I'm just saying how do you determine if someone is healthy versus not healthy? Compare to the norms.
How do you compare to the norms?
Give you a hint. Trying to trick? No. No trick.



Here is some value of X.
Here is the percent of population.
How do you determine whether someone is not typical?
You set a criteria.
This is the criteria. I will call these people unfortunately atypical.
But I also have another population to look at. This within normal limits, this abnormal.
What is this population here?
Would they be considered within normal limits?
What percentage is that usually? Five percent.
Because I set this to be 95 percent. Depending where you set the criteria and yeah?
STUDENT:...
INST HERDMAN: This is the alpha error. This is specificity. I will go back. I will say this is what we usually do. This is 95 percent. That's the alpha.
So we might capture 5 percent.
And then this is usually works out to be about 5 percent depending how separated the population is but it can be also two percent and that's 98 percent.
But it all depends where you set this.
That's what I'm trying to get at. With this certain criteria that was set in this paper, 5 percent



could be within normal limits so you can just absolutely miss some people.
Because you set the criteria different.
So comes down to a clinical decision. Do you want to capture more normal, typical people, by setting the criteria here so you really capture everyone but you get a high false positive rate?
Or do you try to find a sweet spot where these ones you pick up, may be two percent but they have very small tumors and so you just follow them any way? Then you might want to put your criteria this direction more. Or if do this way you get more --it's just balance.
All right.
So neurological ABR screening. We can look at the waves one to five interpeek latency. That's what IPL stands for. Between peeks.
We can look at the one to three and three to five, we can look at the one to two. The two to three. Typically the one to five is the most discriminative. Highest...that's best for screening.
We will come back to that in a few slides here.
Here is the issue about effects of rate. I already talked about. Doing five per second, ten, 20 per second. That's five per second. Sorry. That's



10 per second. 20 per second waive five doesn't change nor does wave one amplitude, it also doesn't change. Around 20 per second gets you the optimal recording.
Other thing, needs to use rare and condensation, it will come up in testing assignment and it will happen also in clinic.
You need to put rare and CON because if you look here, here is wave one, that's two, three, oh, is that four?
Or is that five?
Well if it's four that means that's five. If I did one to five on this, they will be all classified at abnormal.
Hold on. I remember Tony saying something that four and five can over lap. Yeah. They can over lap. So if you put in condensation click you get wave one, two, three, oh there's wave four, there's wave five.
It's not this one down here.
So then you do a measure between one to five and they are not abnormal. They are just fine.
So you need to determine where wave four is and one way to do that is to change the polarity of the click. Not every case will have this nice four five separation here. Do I have examples?



No.
I will draw them up.
A lot of times you will see wave one two and it will look may be like that.
That's a 4.
That's a 5.
This is what you hope for. Okay?
That's a nice four and five. But you can also get this.
One, two, three, and then you can get a four and then five. When you see the shoulder, it's likely a five. And that's a four. This will to say the condensation one, if you look and do the rare, and it looks something like that, you are not sure where to mark five. Here? If you do it here, might make them normal. If there, might make them abnormal. Do rare and CON.
While I have you, I know it comes up in another slide, the other aspect of this -- let's say I'm not sure, it's a bit uglier. The neat thing about something you learned about, stimulus rate. I present this at 20 per second. What happens if I go to 60 or
70 per second? Especially wave four?
They reduce in amplitude. So wave one is



basically -- goes away. Wave three goes away. So does wave four. It's fast action potential ones and left over with the post synaptic potential of wave five...if this happened to be wave four and wave five is over here, what you ends up seeing is a flat response then a blip.
So then I would actually label this as wave five. That's wave four.
Oh that's wave four. Now I do...puts them as abnormal. I have a tumor somewhere. Possibly upper mid brain and we saw results like that. If I go back, this far, oh, too far.
Right?
One two three, if you call that five, you might make them normal. The that's a four. This is five here.
Same thing.
One, if I mistakenly say that's wave three and five, within normal limits. Five is here. By doing a rare and con you can distinguish if that's a four five complex. Important do the rare and con. If that doesn't work, if rare and con don't split four and five, decrease rate. Rate should drop four out dramatically and you can start to see wave five. You have two tools. Rare and con polarity rate.



To find four, five. Okay.
These are not the norms you use but these are norms from SAPELs. He did a nice job separating rare and con. For one and five and one to fives.
I leave this as homage to him and to show he collected this in his lab and it took him a while and several thousands of dollars to do.
So he could use these norms in his lab and consider it -- this was his clinic and he was a clinician and he was starting, he went I want my own norms, okay, go ahead and collect them.
How much would it cost you to get good enough norms? How much patients would you feel comfortable with to get normative values? Start there. Ten?
20?
I got 20. Anyone want to go lower or higher?
How many norms would make you feel comfortable so with the next patient you are like I can distinguish if they have the tumor or not?
STUDENT: None.
INST HERDMAN: Higher? STUDENT: 500.
INST HERDMAN: 500.
How about a thousand?



Would a thousand be comfortable? Would you be comfortable if you had a thousand?
Okay. Let's go 500 at least. 500.
That's a patient. How long does it take you to do click ABR? By the time you set it up and everything. Half an hour. So you have 250 hours of your time. How much do you pay out per hour?
Do you know? 150 dollars. How much money is that?
Quickly.


STUDENT: 37 thousand 500.
INST HERDMAN: About 40 thousand dollars to get your own norms. Or you can look it up in a book.
What do you want to do? Spend 40 grand or just turn to the book and look it up?
I say this -- but clinics do this. Spend money and record patients and they will go with that. But their norms are spread out.
So they are not accurate.
This is based on I forget how much it was. You can look it up but it's more than a few hundred. So look it up in a book. Don't need to collects your own norms. Other people say collects your own but if you change the stimulus parameters so much it's



questionable -- then you need to collect your own norms but you should do a research study on that and spend money on that. As clinician you probably wouldn't.
You have other things to do. I was going to say better.
Sure. Better. I'm a researcher I can say that.
Better things to do. These norms are solid and have been done many times. Cam bell is not the only one. There's another. Mentioned in Terry's book.
Picton book. Another study and the norms are pretty much the same.
Okay.
So from any of this, this data, this is showing what the averages are and then the standard deviations. You can use this to calculate the upper limit for the normative values. The norms will be given, the norm values, what you consider abnormal and normal.
So this is 5.63, and this is 1.69. Actually, I will do 5.63 minus 1.69. What is that? 4 -- 3.94?
Right?
Oh God. I'm doing terrible math here. That is 4.
Take that over.



Right?
Yeah. Because then that is -- 384? Here.
I want you to get the right number.
I will have to do another calculation in my head and I don't want to mess it up.
Calculator. Okay.
So we have 5.63 minus 1.69. 3.94.
That is the average. If we look at the population and this is normally distributed, this is
3.94. We were going to set the criteria, remember that criteria line?
This is where it comes down to what percent do we want?
Now, there are different ways of doing it, you fin out the population you look for. The acoustic neuroma population or you set I don't want to have high false positive rate. So we can set to 95 percent. That's 2.5 standard deviations.
Ish. Close.
So I can take 2.5 standard deviations. I know what the standard deviation is because it's given.
The standard deviation -- not given. Sorry.



There it is.
I had to go to the next slide. 3.95 is what they figured out. So there must be a -- it's 3.95.
So I can then use the standard deviation of.23 plus 2.5 times 0.23.
So if I go back to the calculator, clear that,
2.5 times.23. That's 3.95 plus 0.575. Upper limit.
4.525.
That the my criterion value.
Anything above that, I consider abnormal.
Everything below that, I consider within normal limits.

STUDENT	2.5?
INST HERDMAN: Standard deviations.
That's one standard deviation.
STUDENT:...
INST HERDMAN: So I could change this and like, you know what? I don't want five percent false positive rate. I only want one percent. Which is three standard deviations so times it by three. Add that and get the larger standard deviation away.
So that's how you can get the upper limits.
CHAPPA is the other one.
Stockard and CHAPPA upper limits. These are the



upper limits for chappa and stockard. Around 4.5. If you have a value beyond...it's likely they have some type of tumor and that's a positive screen. They failed. Positive test.
So that's for adults.
And there's a mean for females and males.
But overall they just lump the male and females into one.
There's a deference which we will talk about momentary. Infants because wave one and five at different ages, remember wave five changes with age, you need different norms for that. So premature wave one to five, these are the averages...you set that.
2.5 times that plus that will get you the upper limits and do the same for three months and two years.
These are the norms from the AGMONT and Salamy and yeah, so just coming back to this, so you have a case, the [reading] within the 5.2. Not have to worry about it. But the waive one to five in the other ear is well above the norm. Likely tumor. MRI, yes tumor. Another measure -- that's one to five in single ear. If you can't get wave one, too small, they have some hearing loss, you can't get it but you can get clear wave five, if you can get the clear wave five you do interaural difference of wave five and in



this case, it's 1.59. Use that and compare to the norms. If can't get wave one, you can use the interaural deference or put in TM electrode and do electro cochleography. We...do the demo lab for someone not sensitive when they put in ear impression blocks. Now getting towards the wave one generator.
So the amplitude is larger and we should be able to see it.
So how this works is there are two difference ways of doing electro cochleography. This is surgical. Only surgeons are allowed to do this. Only surgeons can puncture skins. And nurses. Only surgical team can do the transtympanic. They take big needle, pop it through the TM and put it on the promontory of the cochlea. And this is a spring to keep the thing from bouncing back and forth. Puts tension on it. That gets it near the modiolus the cochlea to get wave one. Large response. Or what you are allowed to do, look in the ear, make sure there's no wax that would be blocking this, you can stick electrode which is a thin wire and on the end is gel or cotton wick and it's floppy and you just insert that in, hits the TM, gel and now you have a close approximation to the -- close proximity to the generators of waive one.



And then put it with insert ear phone tip to lock it in. You can do that. Can't do cerumen management. I can teach you and you can do the electrode on the TM but you can't remove the wax. I don't know why. Doesn't make sense but I train you to do TM electrodes and may be I should check again, you are allowed to do it. Okay? Just don't jam the thing up there.
I had a -- years back, had a student who was working in the lab and he went through a clinic in Toronto and they had a TM electrodes always there when doing neurological screening with adults because this is so fast. Stick it in and ended up reducing about
20 minutes of recording so if they couldn't see wave one right way, pop in, good to go. Five minutes later the test is done rather than 20 minutes to get the signal to noise high enough so I agree with that because you get right up to the generators. This is the difference you can see. So this is kind of ABR --this is to do with wave five interaural level deferences.
This is the mastoid recording. Can't see wave one. May be there. Not sure. This is the TM electrode. Nice huge wave one. And wave two and flipping of it. You can definitely see wave one with



the TM electrode. That's why we do that. This is not interaural. Sorry. Just example.
Here is probably wave five.
And then bang, TM electrode. Huge wave one.
Popping one of those in -- when I do it, I will talk to you, but it's really get the electrode, stick in, put in insert, tape, done. 30 seconds max.
And that's another example. Finished off with this and then we will take another break and I assume Sarah will say ten minutes.
Okay.
So of the performance, think about detection performance, you want to detect tumors. So you want to get the best sensitive measure for it.
Sensitive and specific. So the best discriminator. Going to tumor detection shop and say I want the best discriminator you have. Wave one to five is the best. Sensitivity of [reading].
That is huge.
That is almost unheard of in most medical tests.
Just from a male's perspective, there's a certain thing you get for prostate. PSA value you get from the blood. Sensitivity is 90 percent.
Specificity is 70 or something like that. Stopped doing it. When we put you on the table -- because of



complications healthy person dies on the table as much time as we lose a patient because didn't detect them early. That is a equal test of just don't do the test. This 98 percent sensitive and...you will get few false positives while you detect almost everything. So really good. And important.
If you can't get wave one and you can't get TM electrode in there, the next best is wave five interaural latency difference. So wave five -- if you get nice clear wave five and that's also they don't have bilateral tumors that you have a normal ear, if you have a normal wave five within normal range, and you see the wave five looks prolonged in the other ear, you can do a calculations of interaural latency difference, and if that difference is greater than the norms you get a sensitivity and specificity of 90 and...percent. Still pretty high.
STUDENT:...one...
INST HERDMAN: You can do -- sorry. Mike.
I will repeat. Can you -- you can go.


STUDENT: Actually, I ask can I -- can we test or use the interaural...deference for one to five waves between two ears?
INST HERDMAN: You can but you have already done the



detection.
So can you use the one to five for left ear compared to the right ear, well you have already done the detection. It's already done. I don't think that will bring any improved detection. It might but I don't know a study that did it. Good way to think about it. It might improve a bit but you are already pretty sensitive and specific with that. Neat way to think of it. Best, good.
And ten minutes. See you at ten after. Now you can't blame Sarah.
[Break]. INST HERDMAN: Okay.
Ready to go?
The next part I will go fast through a bunch of slides because you will forget most of the information any way.
Okay.
So wave one interaural -- sorry when you don't have wave one, and you can't get TM electrode use the wave five interaural latency difference.
Wave one is often absent so this is evidence to show this is the pure tone averages for their hearing levelling doing behavioural audiometry. ABRs with wave one you can get some cases with PTA being as high



as 90...this is a good time when you can even go okay, they have a pure tone average of more than 70, maybe have TM electrode waiting and put it in, if don't have that, interaural latencies differences then.
Okay.
Already talked about this.
There was something about saying that you should correct for this after 55 dB. Here is the evidence.
If you want, I won't spend time on it. But you don't need too do it.
Okay?
So you don't need to correct.
The criteria for interaural latencies differences is greater than.4 mill seconds. If this distance here is greater than.4 milliseconds, then it's positive test.
They failed the screen.
The issue with interaural latency difference, don't try to measure wave five that's not really measurable. It needs to be quite distinct wave five peek. Okay?
To be able to measure this interaural latency deference. You should be able to clearly define the waive five. Clearly see a wave five peek or just picking noise and it can lead to being abnormal or



normal.
This is issue -- wave one being absent. This is PTA and the ABR being completely absent after about 75 or 85 dB or it's ambiguous. That's possible.
Unfortunately you will work in the realm of 55 to 95 dB. That can happen.
Try your best to get everything.
These are certain things I will leave for you. They will become clear when we work through the
SimHERA cases.
Mid brain tumor. I don't know why these slides are in there again. Here is nice case showing typical hearing. Okay?
But they had a vestibular schwannoma confirmed and you can see the prolongation of their left ear.
So even though the left ear and right ear had normal audiograms...[reading] looked typical, but the left ear you see there's prolongation of the wave --so the one to five is delayed.
So it was at 70 and 90 dB.
So clear indication of abnormal one to five in the left ear.
And then you say, abnormal finding. ENT for discussion of results.
And ENT would take that and go, okay, given all



the other symptoms, that's a pretty big prolongation, MRI. Coming back to the issue of wait and see here. I'm not providing you with clinical information. ENT will tell you but yes, it can be wait and see so detecting very small tumors less than a centimetre.
That's a tiny tumor. Stacked ABR is better method.
I mentioned that to you before.
But when you do look at small tumors -- less than one centimetre, using conventional methods of just ABR with click, may be a TM electrode on that, 82 percent sensitive so you are not missing out much.
Whereas, stack ABR I think is 90, 95 percent sensitive. What will you do with them -- one centimetre tumors are usually not surgical.
So benefit would be you know, you track. However stacked ABR is time consuming.
For some reason, I copied slides. Am I going back wards?
Okay.
Meaning to be here.
This is a cross-section, if this is, it's a cross section of human auditory meatus, so there's the meatus, the bone, and this is the auditory nerve.
And you can see vestibular portions [reading] and here is the cochlear portion of the nerve.



Now, the neat thing about the way that it comes from the modiolus, is I will show you here, is that the one two three kilohertz, sorry, regions, go back, two kilohertz, one kilohertz is embedded...the high frequency tend to be on the outside of the nerve, wrapping of the nerve. So if you get any vestibular schwannomas happening they will impinge on this so here, so you get a high frequency hearing loss.
That's a sign of vestibular schwannoma.
So the brilliance of some researchers and clinicians, if that's the case and we have high pass noise derived brand procedures doing in the lab, if we can take all of those different ABRs coming from deferent places along the cochlea and line them up, in time, and then we add them all together, we will get this very large wave 5.
See this? Because we basically have taken the lower frequency regions and shifted them in time to sum up to the peeks of the high frequency regions. So you sum them up and get normative values from 500 patient, say.
Not patients. Normal. Normal hearing individuals.
And then this is the stacked ABR for the normal. And you can see them all stacked up here because



you shifted the latencies and here is tumor...the wave fives are absent and lower frequency still remain but the higher frequencies become absent because the tumor is pinching in on them. So the amplitude is smaller. Compare this to that. If outside the normative range you say abnormal finding. Likely tumor. That is stacked ABR approach. Dealing with amplitudes.
[Reading].
That's just the graph that you can look into. I will by pass it.
So for detecting smaller tumors, usually better than the standard conventional method. However, it is promising however only really for these small tumors.
And I will go back up to here. To get these measurements the stacked ABR, you have to do one two three four five different ABRs.
So your five times more time to collect the

data.



To get results.
Or you can do one recording.
So yeah, it might be 12 percent better detecting

small tumors but it's going to take you five times the duration of a session to do it.
So for medical management point of view, you can fit in five more cases.



See the problem there?
To detect 12 percent small tumors which is wait and see approach, if you are the manager of a clinic you can see five more patients. More likely to pick up the ones in the moderate what is a better balance? In medicine, in health care, it's all about the balance of trying to figure out, you have a certain small amount of money and resources to make the most effective change.
And help.
And so the decision in that case is don't do the stacked ABR. It's too costly compared -- so you have the cost of not finding someone because they are on wait lists.
If you had all the money in the world, do stacked -- and time and resource, do stacked ABR, detect 12 percent smaller tumors. Because you don't want to be the person with the small tumor.
STUDENT: Are stacked ABRs something we will do in lab in this class.
INST HERDMAN: No.
Because I don't think it's cost effective given our medical system here.
And the clinics in BC, they don't do it.
STUDENT: Sorry. We don't learn it in the program at all.



INST HERDMAN: No. This is it.
You won't -- this is what you get.
If you want to learn it, you can see me and talk about it, and I can teach you how do it but yeah.
No.


STUDENT: Can -- doing the test of ABR by chirp instead of stacked ABR?
INST HERDMAN: Yeah. The question is can chirp, chirps aligns it as well, yes, I believe there are one or two papers that have shown you can do chirps kind of like a stacked ABR.
Yeah.
But I don't know whether they have a big enough population to get normative values.
Correct me if I am wrong.
Something you can find if wants to Google that on the break, they can.
Here is the issue with the wait and see. Over all growth rate for nonsurgical patients is about one centimetre. [Reading] have slow growth rate. They don't really grow and they regressed. You can get regressions of tumors.
So post opt growth rate is [reading] so surgical tumors regress [reading].



So vast majority of patient over 65 don't require intervention.
Specially if they have small tumors. You can spend all this money and resource finding a small tumor yet I hate to say this but they will die before it becomes a problem where they need surgical intervention. It would take 30 years until they need surgical interventions. Most people don't live to 95. The age of death expectancy is about 85 now.
Might be 87.
So again, it's count numbers and medical management and all of that.
So you are really only looking for the moderate to severe cases.
So that comes into a discussion of ABR versus MRI. This is where the ENT residents come in and we will just go MRI. Only looking for moderate cases any way and the ABR will detect that and I won't waste time, I need to get MRI any way because they need surgical. There was a nice resident who did study this and said most moderate cases you don't do surge on them for ten years anyway so save money and tract them. Do ABR. Ten years of ABR for the price of one MRI. Thought that was smart of him.
So the issue, now, sorry, I have to change this



cost. This is probably ten years ago.
ABR cost I think is 170 now. MRI cost are 1200.
About 1200 to get an MRI done.


STUDENT: In our country same --INST HERDMAN: Is it?
STUDENT: About that. The cost same as each other. INST HERDMAN: The MRI? The same as ABR?
STUDENT: Just a bit --
INST HERDMAN: How much is MRI? STUDENT: In dollars, I think 75. INST HERDMAN: 100?
STUDENT: No. 75 dollars. It's --INST HERDMAN: Cheep.
If we had that system here, then this slides is irrelevant.

STUDENT: Yeah.
INST HERDMAN: ENTs would send to MRI with one caveat, up there, what is a big caveat?
See if you can pick it out of the slide or even just think of it. Think of your privilege where you are now.
Where are you now?



In Vancouver. How many MRIs are in Vancouver.
Two. One is clinical there. You can walk over.
What if you live in Terrace?
What if you live in Fort St. John? Fort Nelson. How close is the MRI?
Prince George.
Nine hour drive. Two hour flight. Not very close, are you?
So you can do -- but in terrace, there's someone who is audiologist that can do...ABR. Neurological screening. It's cheeper and it's there.
And you can track them.
Because if you are someone older, and you don't want to drive in the snow to Prince George, come back in six months or two years. Geography matters in B.C. You don't have access all the time to MRI and there's a wait list.
Do you know? Depending how -- they do base it on how much you actually need it.
So they have a rating scale of high demand, moderate to low. This is low. So probably look at a year and a half.
That's a lot of stress for a patient.
So just do the ABR. So ABRs are still --neurological screening ABRs are still needed in my



opinion. I had ENT probably retired now, quite a few years ago, 15, went to meeting with ENTs and we talked about this. He is like in five to ten years ABRs are obsolete. And we are still doing that. So his prediction was wrong.
I wish he had -- I wish his optimism had paid off where we can have MRIs everywhere and look into the human body and wouldn't need this and get definitive diagnostic all in one but MRIs are expensive and don't have the money, the health care money to do it.
So yeah.
So ABRs still prevalent and still going strong.
Just briefly, you can use it to track things like MS, although it's not used a lot for that.
Relapsing remitting MS. You can use it in geographically distant locations but they do CT scans or MRI for MS.
And then issues with comatose patients, you can do neurological testings them but doesn't mean anything. Just says the brain stem is active. A lot of end of life stages is to say, yeah the brain stem is still functioning and you can do cortical auditory evoked potentials but just say cortex is receiving sounds. I was on a thesis...they do full EEG on



patient end at life and comatose and see how the EEG changed over months and doesn't really tell you much but the neurons are firing away and people are hopeful and families are hopeful that hey, I see a response in the cortex, does it mean they can hear us?
Technically that part can hear the sound but does that mean they hear you? Great thesis and wonderful the families and patients gave that data to science because we can -- I can now depart that knowledge to you. The cortex can hear you so yeah if you are in the state and they ask we can do cortical...potentials...that part of the brain heard it. Just know that.
Yeah. So that is where it can be somewhat useful but -- interoperative monitoring is used all the time...you will do this. Sit in OR. Do click ABR. And you say, nice waive one...post intubation still look good. Open the crania. And still looking okay.
And then they dissects the tumors and all your wave forms go away. And tumor removal. Closure and they don't come back. That's okay. That's what happens sometimes. Sometimes they will go away and then come back.
And you are there just to help guide the



surgeon. If they ask, yeah, wave five, if start to drop. Wave three -- five is gone. You are saving life over limb. Saving the life because it might be pinch -- pinching into -- pushing into the brain stem.
And anyone remember from 402 reticular activating system does? Keeps you up.
Meaning, keeps you vertical. Activates you.
So it's in the brain stem in the center. If you have pressure pushing on that...then coma.
So surgeons are trying to save people from going into comas and stuff. Trying to save the patient from further complications. You are there and it's usually not audiologist. Sometimes audiologists will go in and becomes part of your career. It's rewarding because you can help the surgeon guide. Pulling on the nerve too much.
Okay.
That's it for neural. I was going to do NSD stuff but I see the time. May be quickly.
Where did it go?
Did I not down load it? It was on for today.
I will do a quick and then we will come back to it for -- there we go.
I want to cover for neurological screening for



infants but we will come back to this. You can sit back and don't worry about notes.
Just want to foreshadow so -- for ANSD. We will cover that later in the term. I will pass all the stuff about ANSD. Just to link it so you have idea for what we are doing clicks -- for click ABR protocol, for infants now, trying to screen for whether they have ANSD or not. And for tumors too.
Same protocol pretty much. [Reading].
These are the recording parameters. Recording window is [reading].
This is changed slightly.
But pretty much the same. Record two reps of rare fraction [reading].
So this is just an example of that. So this is for infant.
Wave 1 probably wave 3, wave 5 and we have two replications of rare and that's the average. Two replication of con, and that's the average and then we do alternating.
That's actually where we get the one to five

from.



Don't take the one to five from the rare or con. We do it from the alternating. We will see that

with the SimHERA assignments. Mark wave one and five



and take the difference and say this is abnormal or within normal limits?
And this is for the right ear. See there's --looks like waive one. Wave three. This is a cochlear micro phonic. And I will tell you about that. This is wave five. There's not a wave one. Only a waive five. When talk about ANSD we can be fooled by what looks like ABR wave forms but it's a cochlear micro phonic. The protocol is pretty much the same. I will show you how do the displays. I wanted to show you that.
Protocol is pretty much the same but we will get different information about cochlear micro phonics and other things.
Still a screening.
Other questions or anything? Before I send you off for lunch and we come back at 1.
Just curious who is not coming back because they already do it? Everyone going to be here?
Okay. Cool.
I wonder, I do have it here but I wonder -- if anyone try computers?
In the computer lab? I know someone said one was working.



STUDENT: One works.
But the other ones don't.
It's not the same login for all the other ones.


INST HERDMAN: SimHERA slash -- SimHERA doesn't work?
Okay. I will talk to Andrew. We will meet in

here.



Does anyone have a computer that works? No?
That's why I was wanting to go there. How many people need another computer? Someone else?
It's okay. We will meet there and you can be on

that computer. But then I need one. I will talk to Andrew.
I don't have a computer. Okay. Let's meet in the computer lab.
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