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7
MEETING

1
2

(8:39 a.m.)

3

DR. BADANO: Good morning, everyone. Welcome to the MXR workshop at FDA. I'm

4

thrilled to see all of these people here and several hundred attendants online through the

5

webcast, that's a reflection of the interest that several stakeholders have in this topic. This

6

is the -- what we call the MXR, the Medical Extended Reality and to just kick off the

7

program, which is packed, we have a great list of speakers today, eclectic and very

8

interesting.

9

I would like to introduce our Office Director, Office of Science and Engineering Labs,

10

Dr. Ed Margerrison, who is not only a great supporter of this program, research at the FDA,

11

but also one of the prime movers of this effort, so Ed.

12

DR. MARGERRISON: Thanks, Aldo.

13

(Applause.)

14

DR. MARGERRISON: Good morning, everyone. I've got the easiest job of the day, I'm

15

here to welcome everyone, and a particular thank you in these times for actually coming in

16

person for those of you who could make it. We really do appreciate it.

17

I just want to take a few minutes before we start the really interesting part of the

18

day just to set the scene a little bit, try and explain why FDA is involved, why we're really

19

interested in stimulating discussion in this whole area, and hopefully to kick off the day so

20

that we can have a really useful and productive day for everybody.

21

We have representatives here from industry, from academia, we have healthcare

22

professionals, and we have members of government, as well, so we really have the whole

23

community represented here from NSF program directors all the way through to people

24

who have actually used this whole technology to treat patients and that's, to me, what it's

25

all about.
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1

It's a classic industry where much of the technology has been developed outside

2

healthcare, outside medical devices, and is now coming into what we see for devices and

3

are beginning to come in to FDA to be regulated. So why are we interested? Well, it's a

4

very interesting area for us because it means that there are companies who are developing

5

technology and developing products that haven't previously been in a regulated

6

environment. So now is the time -- it has a mind of its own, apologies. Now is the time for

7

us actually to get everyone on the same page, have some real discussions about how we're

8

going to develop these technologies, stimulate innovation, and then we can all start actually

9

developing the proper products.

10

So before I go through the slides that you had a preview for, I want to give an

11

enormous thank you to the organizing committee, all their names are up here, they've done

12

an incredible job to pull all this together, including our colleagues from the Office of

13

Communication and Education that you met on the desk on the outside. And a particular

14

shout-out to Andrea Kim, one of the members of the Office of Science and Engineering, who

15

did a lot of the graphics for this, as well. There's been an enormous amount of hard work

16

going into all this and if you run into these people, please do thank them because it's been a

17

huge effort.

18

So to try and put this in a bit of perspective. Many of you may not be familiar with

19

FDA and with CDRH, so I want to try and put that into a little bit of perspective. CDRH

20

regulates all of the devices that are on the U.S. market, as well as all the in vitro diagnostics

21

and also radiation-emitting products. There's about 190,000 medical devices on the U.S.

22

market, and at CDRH we have about 1900 employees and to put that in perspective, it's

23

approximately a third of what Caesar's Palace employs, so I sometimes joke with

24

Dr. Shuren, our center director, that we couldn't even run their kitchens let alone do

25

anything constructive and yet we're coping with all of those products.
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9
We got about 20 -- you can read the numbers just as well as I can. We're getting up

1
2

towards having nearly three-quarters of a million proprietary brands on the U.S. market.

3

We have to oversee all of those and we have to oversee all of the manufacturing facilities

4

worldwide to ensure that those products are safe and effective and are built in a quality

5

fashion. That's the day-to-day business of CDRH.
The interesting part, for me, is actually what's coming next and I have the great

6
7

honor and privilege of leading the Office of Science and Engineering Labs and many of the

8

FDA colleagues that you'll meet today come from what we call OSEL. To put OSEL in

9

perspective, we undertake what we call regulatory science.
We have about 180 employees who are about 10% of CDRH. We do a lot of research

10
11

projects in about 20 program areas and I'm very pleased to say that we started a new one

12

about 18 months ago in augmented and virtual reality and that was very much spearheaded

13

by Ryan Beams that many of you know and, of course, Aldo Badano, who spearheaded the

14

start of this program and is a classic example of where CDRH needs to be ahead of the curve

15

so that as new innovative technology comes in to CDRH for regulation, then we know what

16

questions we need to ask and we don't say go away for 2 years and come back when we've

17

thought about it a bit. We've got to be ahead of that and that's first and foremost what we

18

do.

19

Very specifically, from this future perspective, why are we really sitting in the middle

20

of this? I think the real answer is that it's only FDA that really can sit in the middle of a lot

21

of these discussions. We actually wanted, like I said, to be able to answer, ask the

22

appropriate questions when technology comes in to us so that we're not delaying future

23

innovation. We also do a lot of R&D to streamline future regulatory processes and a lot of

24

this I hope comes out this morning where we are looking in a -- what we call a pre-

25

competitive space. We don't want future products to compete on how well they're tested
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or what test methodology they used, we think that should be a fairly level playing field, and

2

the technologies and products of the future should compete on how good they are for their

3

customer, whether that's a healthcare professional or ultimately, the patient. So one of the

4

things we try and do is to set that level playing field by development of pre-competitive

5

tools and methodologies, we release those to the community, and then everyone can

6

compete on what's really important, making patients better, making the HCP experience a

7

better one for the patient. And that really is all summed up in how we're trying to stimulate

8

innovation in this space.

9

FDA is a very unique organization, we really do sit in the middle of the product

10

development space clearly in the U.S. and, being the FDA, we do find that a lot of people

11

look to us for the lead, so we're absolutely thrilled that we're having these conversations

12

today. I think we're going to hear a lot about "is this the end of the beginning or the

13

beginning of the end," and we think it's probably the end of the beginning. It's now time to

14

really start developing innovative technologies and innovative products.

15

One of the other angles that we need to be careful of at FDA is, and I think it's

16

particularly true of the AR/VR space, we know it's coming, we know it's important, and

17

there are some applications already coming through being developed. But there's many

18

areas that we haven't yet foreseen. For example, we know that there is a lot of use in

19

pre-op planning and things like that, that's coming through, but there's a lot of unknown

20

areas, for example, how are people going to interact with the capital equipment of the

21

future in an OR, as an example; what are all the human factors interactions that are going

22

to go into a lot of this and all the other things that we haven't thought about today.

23

So one of the advantages for us is we're asking you all to help us start understanding

24

these things so that we continue to not be a barrier as we're developing new products and

25

we can get them out to U.S. patients as rapidly as we possibly can. So that's our interest in
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today. I think it's going to be utterly fascinating, we have a quite fantastic collection of

2

speakers, and I'd like you to join me in thanking them for coming and making the effort to

3

come, as well, so thank you all for coming. And thank you.

4

(Applause.)

5

DR. MARGERRISON: And on that, I'm going to hand it over to Aldo who will be pretty

6
7

much the MC for the day.
DR. BADANO: Let's start the technical program, if you want, and I would like to say a

8

few words before we do that, before we introduce the first set of speakers. I think

9

everybody in the audience knows why we're here and I'd like to remind perhaps some of

10

you that if you read the material that we put out before the workshop, we're here to

11

discuss evaluation needs for the hardware, perhaps looking at consensus development for

12

standards, standard methodologies, and to identify where are the challenges and this is the

13

-- I really hope that you will be frank, honest, and a little bit on the bold side and come to

14

the phone, to the mikes, as much as possible because we really want to hear from you. And

15

at the end of the day, in the wrap-up session at around 4:00, 4:30, we will have to come up

16

with ideas to move forward and I do want those ideas to come from you, from the

17

audience.

18

A little bit about the logistic, we have the day organized in morning sessions and

19

afternoon sessions. The morning sessions are primarily dedicated to what we call the

20

technology aspect of this, so we have developers of the hardware and associated type of

21

speakers in that area, and in the afternoon we will have a little bit more of an emphasis on

22

clinical applications and as well as both from the clinicians' point of view and from the

23

companies' point of view, both big and small companies. During the lunch there will be a

24

poster session where we decided to highlight some of our own research and Andrea Kim

25

will be doing that. So I encourage everybody if you have a little bit of a moment between
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1

the sessions and your lunch to stop by and ask questions, and that's on that side on the

2

main lobby.
We've all seen a tremendous surge in the areas of application. I think for this crowd

3
4

today and for those online, you probably have seen most of these, if not more than what

5

I've seen in areas of training, education, data visualization in all fields, scientific and not. Of

6

course, entertainment. And the devices that are developed for this purpose have a set of

7

requirements and those can vary, as you know. It's not a great leap of faith to understand

8

how these things can transfer to the medical applications. You have visualization of data,

9

images or not; you have, as we mentioned, all kinds of planning and training options, but

10

we also have intraoperative and surgical applications that will be highlighted through the

11

day.

12

What I have here, what we prepared for you is these are some of the areas that we

13

have seen devices coming through the FDA regulatory pipeline and these are the numbers

14

that actually you can go into our database and look up a summary of what was the

15

clearance process, these are all K numbers indicating that these are cleared devices or

16

510(k). However, as you can imagine and as you all know, the requirements from the

17

previous slide, how to translate those to medical, it's an area where we still need some

18

work to do and that's why we're here.

19

So the first session will -- objectives will be to have a little bit of an overview of XR

20

technologies and innovation. So, though with the exception of our keynote speaker, which

21

I'll introduce in a few minutes, we really want to focus not on the hype and what's possible

22

if we had an infinite amount of time and resources, but rather on what are the current

23

challenges that are impeding the application of these technologies in the medical field. And

24

I know it's a little bit of a switch for some of you; we always want to emphasize the good

25

things about our technology but really, today I would ask you to concentrate on the
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problems that we have, what is it that we don't know how to do and see if we can come

2

together to make progress.

3

I'd also ask speakers to tell us what they are thinking about in terms of evaluation

4

methods. So we all know that temporal lag or whatever terminology is used is important

5

for many of these applications, but the question is how are you measuring that, how are

6

you making the link between the measurements and the clinical outcome for the

7

performance?

8

So with that, I'd like to introduce our first speaker, it's our keynote speaker,

9

Dr. Rafael Grossmann, who many if not all of you know, and the one thing I would say is I

10

met him and he immediately told me that he was the first surgeon to use the Google Glass

11

in the clinics and I'll let him say more about himself. Thank you.

12

(Applause.)

13

DR. GROSSMANN: Thank you, Aldo. I hope the sound is okay. I'm going to move

14

around a little bit, I hate to be trapped. But it's really an honor to be here, a pleasure to be

15

here, and I'm so --

16

(Pause.)

17

DR. GROSSMANN: I'm so incredibly happy that this is happening, and the reason is

18

that without this happening, I think that this end of the beginning will never be a fact.

19

Having the FDA do this event, it's really a first big step in making this a reality. Not from the

20

perspective of the technology and what's possible, but what can we really indeed use

21

factually to help our patients.

22

I'm a general surgeon, I'm a trauma surgeon. My passion, other than my family, is

23

really caring for patients. I'm full-time clinical. I'm not a developer, I'm not a coder, I just

24

talk to people and care for people. But one of my other passions is really about how

25

technology, if we use it in a smart way, can really change, radically change and improve the
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way we do things, from healthcare to education. So I think that we have a great

2

opportunity here. I was asked to give sort of a review, an overview of what's possible, and

3

then I'm being followed and I'm honored to be followed by these incredible speakers that

4

are going to show the reality of what's happening in technology related to XR in medicine.

5

As Aldo mentioned, I started with Google Glass. I've always been passionate about

6

technology, but Google Glass was the first sort of piece of technology that really blew my

7

mind and when I saw what Google Glass could do, I said I got to use this in caring for

8

patients and telling students how to do things, how to educate them in a better way and a

9

more ergonomic way using technology smartly.

10

So we did an ablation to just basically stream what I was doing from my perspective

11

to a group of students that were sitting, you know, nearby. And it was pretty intuitive, it

12

was pretty easy, it was just an idea of how do I get the students from being behind me

13

trying to see what I'm actually trying to do and how to explain in a better way what I'm

14

trying to do.

15

So it was actually a little bit of a simple thing, but it caught the attention of people

16

because Google Glass at the time was really, really exciting and everyone was talking about

17

Google Glass and then I thought well, how about if we go even further, sort of a digital

18

assistant for surgery, how about we have the technology help us commit less errors, you

19

know, fewer errors, be safer in medicine. That's another aspect of how this is really

20

potentially helping us. And we have come far, you know, from 2013 when I did that

21

operation to where we are now where we are really in a time where things are almost close

22

to being magic.

23

So I'm going to do a quick overview of, you know, the big three concept here which

24

you always -- experts on, you know, augmented reality and virtual reality and extended or

25

mixed reality. Unfortunately, the sound is not working but I'm not sure why. But in any
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case, we're now, you know, augmented reality mostly based on mobile devices, if anything.

2

It's something that is very, very common these days, from any industry, from healthcare to

3

retail to entertainment, it's just taking really a very, very intense focus by right now and

4

mixed reality, which is really what we're going to talk about today. And you know, it's really

5

making that digital world overlap in the real world and interact all together and making the

6

real world in a way better, you know, by trying to use the technology, again, in a smart way.

7

And then virtual reality, which is sort of a simpler way of using these technologies, but

8

nevertheless they're not exclusive of each other. I think that each one of them had the role

9

in how we use them in education and in healthcare, and we've all tried all of these and

10

we're going to have great examples later on of what the real uses are happening right now.

11

So you know, a lot has been written and I think that this is a great source, is a book

12

coming out recently and, you know, we are honored to have Dr. Spiegel here with us. But,

13

you know, I had the pleasure and the honor to read the manuscript and I'll tell you, it was

14

unbelievable and I think it's a great guide to organize your thoughts and your focus on

15

what's out there and what's real and what's not.

16

And a little bit of history, you're all familiar but, you know, back in the 1500s even,

17

you know, when we had in Rome that mix of the real painting with the reality back to the

18

1960s, when we had the Sensorama to mid to late 1960s where the first sort of Damocles

19

AR and IT devices that was so heavy that we had to suspend it from the ceiling, you know,

20

we had gone far. And the prototypes were really almost bordering the funny and the

21

ridiculous, but we had really, really come far from that -- device, the cardboard device that

22

really, in a way, started a revolution in education and in VR to what we have these days, and

23

everyone is talking about it, and the more and more we see all sorts of statistics and the

24

acceptance of VR and, you know, no one can deny that this is really happening and people

25

are talking and engaging in this. And I would walk in the room in Providence and Brown
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University and -- University and saw this sign and it was like a regular coffee bar but it was a

2

VR bar and I personally had never seen these and you enter that and you get your coffee,

3

you put your VR headset and this is about a year ago in Providence, Rhode Island, so it's

4

really becoming a thing of commonality.

5

So talking about value and we're going to have a little display there, value, to my

6

view is related to most advanced VR devices. And I have no conflict of interest, by the way.

7

But the value really is -- the definition is such that you can, in a way -- you can start the

8

video and you'll be showing it when you want. Almost looking through a window. I had the

9

chance to use one of their devices and this is the latest device, but one device about a year

10

ago and the definition is such that I really felt that I was looking through the window and I

11

was looking at reality, but it was not reality, it was virtual reality. So it blew my mind, the

12

possibilities of this type of technology to completely merge and change your brain and trick

13

your brain into the fact that you are in a different setting, a different reality.

14

They are getting more and more renderings of healthcare situations where from VR

15

to XR, you use devices like this to really make real use of what the technology allows today.

16

And I don't know if you are able to see this already but first, we couldn't project it on the

17

main screen, but what he's seeing through a VR headset is really quite, quite amazing. The

18

definition, you can really, really close and just step on where the anatomy is almost bloody

19

and warm to the touch, so well defined.

20

And again, this is just the beginning. I think that the potential for this technology is

21

to become lighter, to become more ergonomic, to become less expensive, to become

22

affordable and common, it's real, and I think that in the next 5 to 10 years education,

23

especially medical education and patient education and planning of surgical procedures

24

with devices like this is going to be a thing of most -- of every day. And I'm going to just

25

maybe step in here, Brian, if you don't mind, but from, you know, the typical flight
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simulator, you know, that we all have probably tried at some point where you do not do

2

something really important until you have tried and trained on that doing something that

3

important on a simulator, I think that we can understand easily that virtual reality is one of

4

those technologies that allow us to become better, to perform better before we actually do

5

the task that is needed to be done. And in healthcare, I know that's very, very important.

6

(Video played.)

7

DR. GROSSMANN: I've seen bad video, but you know, when I first saw this video and

8

I realize, you know, the potential of the mind to be tricked, the potential of the mind to be

9

make believe that that's real, it has incredible potential in healthcare and we'll hear about

10

that quite a bit in just a few minutes.

11

From mobile devices that allow you, using AR kit or AR call, to really show the

12

anatomy in a real way but digitally, I think that we're going in the right direction where you

13

can use even multi-players, medical students all looking at the same body, at the same

14

digital anatomy. Instead of a cadaver lab or a physiology lab, they're actually all

15

collaborating in there with technologies that are handheld, that are mobile, that are

16

inexpensive to this day for most people, obviously not all over the world, but for most

17

people in countries that are somewhat more developed.

18

But actually that can integrate with the wearables that we all have and you can have

19

the heart rate, the inside heart -- rendering in there and so you can just play with it and

20

make it almost playful as well as educational.

21

So you know, I took this little video in the OR the other day and, you know, it was so

22

simple to do and it's almost like a game room, but it was really not. I had my student with

23

me and the student was actually looking on the screen and, you know, I could teach my

24

student better in a real sort of healthcare setting in the way, in the operating room, we are

25

about to operate in that room, you know, the basic physiology of the heart and different
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heart conditions, so again, with a mobile device the student had in her pocket. So it's just

2

fascinating to me that this is not really a thing of the future of the field, this is something

3

that is available today and is becoming more and more available. And as the technology

4

develops and, you know, even do more and more features, you know, it gets almost scary, it

5

really gets to the point where it's almost, almost magic in a way.

6

So what's next and where are we going? And I think that you are -- we are going,

7

you know that this is growing exponentially in a way. You know that in a way the usability

8

factor, the fall factors, all improving, it's all getting to a point where this is becoming part of

9

us just like the smartphones did, you know, almost 13 years ago. We're going to see a

10

paradigm shift, also, not just in the form but in the cost and the size and the weight of these

11

devices making this something that really will transform how we do healthcare and how we

12

do education in healthcare.

13

And talking about education in healthcare, I want to mention Brainlab, Brainlab out

14

of Munich in Germany is really in a way revolutionizing how do we educate patients and

15

providers in regards to surgery planning. We'll have a speaker from Brainlab later, but I

16

think that it is really interacting like we had never seen it before. This may not happen yet

17

inside the operating room on top of a patient, this is to be done before the actual clinical

18

setting.

19

But we are getting there and the definition and the malleability of -- and the

20

correctness, anatomic and physiological correctness of all these images, it's stunning

21

because you can have the actual anatomy of the patient be digitalized by doing an MRI or

22

an MRA or CT or CTA and then bring it to a device on your head that allows you to plan and

23

immerse yourself in reality that will allow you to be better and to traverse that anatomic

24

pathway in a much better way if you already did it in a digital, in a digital form. So it's really

25

happening.
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So when we talk about education and we talk about simulation, you know, it's

2

important to mention companies like Oxford VR and Fundamental Surgery where they are

3

really -- let's see if I can play this video. So where they are really having not just the

4

incredible digitalization of images, but the actual haptics. I think that then in surgery based

5

on anything that is procedural, doing simulation without haptics or holding a stick and the

6

stick be in your hands in the digital world, you have to have the real instruments and you

7

have to have the haptics.

8
9
10
11

So I think that we are to the point where we are creating real devices, real
ergonomic devices that allow us to feel the virtual reality, to feel, to touch the untouchable
in a way.
So I think that Fundamental Surgery is one of those companies that is really setting

12

the stage for that. They build with Hap X, which is one of the top -- out there and then you

13

can have a 3-D printed drill or a 3-D printed saw or any instrument that you're going to hold

14

in the operating room and you can view that instrument ergonomically correct physically in

15

your hand and view that in digital rendering and you can feel the bone, you know, crushing,

16

you can feel the flesh being cut, it's really quite amazing. And this is going to make it a

17

better performer, this is going to make you a better surgeon before you get to the patient,

18

it's going to make you a safer surgeon and that's what it's all about.

19

And the eyeballs, just a brief, you know, show of this. This is a company out of Delft

20

in the Netherlands. It's a glove and it looks pretty weird dimensionally, but when you put

21

that glove on and you can see what the -- the feeling of touching something in digital is

22

something really quite amazing and how to describe. And when you have an instrument

23

that is also digital, not through the printed but digital, you grab the instrument there and

24

you feel the drill going through the different layers of bone, that is really quite amazing. So

25

digital XR, VR, AR, they're all becoming part of surgical instrumentation or the medical
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2

instrumentation these days.
Briefly, I want to show -- another speaker's going to speak about this but, you know,

3

amazing stuff, that using devices like the Magic Leap in the operating room, again, to render

4

those images that are already burned sometimes during the actual surgery, right, and

5

looking at a computer somewhere and diverting your attention from the patient. You're

6

actually right there and the images are in spatial computing right in front of you and you're

7

interacting with those images. So that is quite, quite powerful.

8
9

I know that Atul -- later, he's going to talk about they're doing in Philips with the
HoloLens and it's quite amazing. Again, this is real, this is not just potential, this is not

10

something that is happening in the future, but it is happening now and it will happen

11

clinically on a daily basis, it's going to be part of our daily routines as providers in the

12

operating room.

13

And the benefit of this is impossible to describe. You have to be a surgeon, you have

14

to be a surgeon trying to open a computer in the middle of a case to look at an image or

15

having a nurse navigate for you to understand, having the image in there, I'm manipulating

16

the image with gestures is something that is priceless. And in regards to patient safety -- is

17

something that is really very, very important. And you can bring the digital world and place

18

digital world on top of the actual physical world, on top of the patient, and you can make

19

the radiological images overlap and then you can guide your surgery and make the surgery

20

more precise and make it a little bit safer. So we are to a point where things are becoming

21

almost, again, magical and crazy.

22

This is the platform by Aetna. The beam platform, they have basically teleportation

23

of digital people and data. In the -- world, you can transport or teleport these avatars in a

24

way and you can have a conference room and different avatars conferencing and

25

interacting with real doctor but not physically present. So in the age of the coronavirus,
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right, imagine how we can, you know, improve in a way following patients and doing

2

research without having to transport ourselves or to risk physical contact. So this is

3

something that is very, very new and is still in a -- way almost, as you can see it there, but

4

it's happening, it's happening and it will be more and more common to interact, not

5

physically, not by video conferencing, but be able to transport yourself and whatever data

6

you want to show to somewhere else, to someone else somewhere else in a very, very easy

7

way.

8

And, you know, the amount of data that we're recording, the amount of data that we

9

are gathering makes, you know, the thought of AI, artificial intelligence, you know, from

10

machine learning to natural language process into robotics, all that data can be analyzed

11

and make us even better. So the future is bright and I think that these devices, as I said, are

12

evolving.

13

And I envision today in 10, 20 years when all those devices will be integrated into us

14

and we've talked about, you heard about, you know, the XR contact lenses, Google is one of

15

the people who's developing this and it's very early and there's a lot of talk and very little

16

substance, but this is going to happen, this is real and I think that is going to be very

17

exciting.

18

And we don't have sound, but I want to end with this, remember the Matrix when

19

you can take the blue pill and stay in this world and wake up in your bed and nothing

20

happened, or you can take the red pill and then things are going to be really magical. So I

21

encourage you to take the red pill --

22

(Laughter.)

23

DR. GROSSMANN: -- and I'm glad that FDA is taking that step, too, in a way, you

24

know, allow us to take that red pill and jump and make the future brighter by the smart use

25

of technology. Thank you very much.
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(Applause.)

2

DR. BADANO: Thank you, Rafael, for that inspiring beginning of the workshop.

3

What I'd like to do now is ask the AV people to remove that miter. Andrea, if you

4

can ask them to come and take it off. And in the meantime, because we have a little bit of a

5

setup, if there's any pressing questions for Rafael, I think --

6

DR. GROSSMANN: Yeah, that'd be great.

7

DR. BADANO: -- that's okay.

8

DR. GROSSMANN: That would be perfect. Yes, sir.

9

(Off microphone question.)

10

DR. GROSSMANN: Well, I wanted to say at the beginning, you know, I'm a full-time

11

clinical and unfortunately and paradoxically, I'm not using it on patients. And that is a good

12

paradox because, you know, being sort of a little bit of an early -- wiser in regards to this

13

use of this technology and having had the honor of evolving in a way as an adviser and as a

14

consultant, I think that not using it in my daily work tells you about how incredible it is that

15

all these technologies are somewhat available, but you need a change of culture, you need

16

a regulatory culture, you need a local regulatory culture, administrative culture that allows

17

you to innovate and to take the step to be in the forefront, using the technologies to help

18

patients.

19

So in the clinical setting, I'm barely -- I'm not using them anymore. I'm using it for

20

education quite a bit outside of the operating room, outside of the patient setting,

21

sometimes in clinic to educate my patients and to educate my patients and medical

22

students. I'm using it, you know, pretty much on a daily basis from using phones or tablets

23

or the actual devices to explain the positions better to patients, to the family of the

24

patients, to remotely connect with family of the patients. But you know, in the age of

25

HIPAA and, you know, patient health -- you know, it's really difficult to engage. You have to
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be in a center that really has quite a bit of a drive to innovate great products. Thank you.

2

MR. MASTERSON: Excellent talk. Tom Masterson (ph.), RA. I was wondering if you

3

could expand on what do you -- how do you see these extending into behavioral treatment

4

in psychiatry and where the virtual environments may be more complex maybe?
DR. GROSSMANN: Yeah, absolutely. Well, I don't want to expand on that too much

5
6

because I know there's a few people who are going to talk about that. I think that there's

7

no limit in regards to areas of healthcare, areas of clinical care, that this is not possible. I

8

think I know of every area in healthcare, every specialty to healthcare where virtual reality

9

and extended reality is being used and we're going to hear about that today, I'm pretty

10
11
12

sure.
UNIDENTIFIED SPEAKER 1: So how are you working with sterility on the headset
when you're in the surgical field?

13

DR. GROSSMANN: Well, that's precisely, so first of all, you know, in the OR, we -- I'm

14

just going to -- a misconception. I'm not using it clinically on patients, I mentioned that, and

15

even less in the operating room or in the sterile field, but not because of sterility issues.

16

You know, in the OR, we use all sorts of headsets and lights and things that are not sterile.

17

So in the OR you wash your hands, you scrub, you put your gown, you put your gloves, you

18

already have your mask and your hat on, which are not sterile, you might have an earphone

19

which is not sterile, so anything you put on your head does not need to be sterile.

20

But right now it's not a matter of sterility, it's a matter of -- I mean, there's not an

21

infectious concern, right now it's a matter of, you know, we haven't found the right

22

combination of these technologies in the actual clinical setting in the operating room or in

23

procedural settings. I mean, some people is working on that and is doing this, but it's

24

certainly not a commonality right now. But again, the device does not need to be sterile

25

because nothing -- nothing is sterile that is not -- pretty much, in my body, so -Free State Reporting, Inc.
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DR. BADANO: We'll take one more.

2

UNIDENTIFIED SPEAKER 2: Hi, thank you for the great keynote.

3

DR. GROSSMANN: Thank you.

4

UNIDENTIFIED SPEAKER 2: You touched upon this and I want you to elaborate. You

5

talked about how, even though you're a clinician, you're really excited about these tools,

6

you're not actually using them on patients. I'm going to ask you a different twist on it, you

7

talked about regulations, can you speak about how all of these technologies will have an

8

effect on what we call practice of medicine and the line between what is regulated by the

9

FDA versus what is -- what falls under the purview of medical societies and academics, so

10
11

can you address that?
DR. GROSSMANN: Yeah, that's a great question and obviously, I can't expand on

12

regulations because that's not my field, you know, that's why we are here. But I think that

13

we are coming to an age where -- and this is the first step and a great step to really address

14

that issue. I think that unless the regulation becomes updated to the ages, none of this will

15

happen, but it is happening. And I think that, you know, to answer your question or to try

16

to answer your question, I think that the change of culture, including regulation, will -- is

17

happening already and will come to the times when this will be common in medicine.

18

You know, I think about how we integrated with electronic medical records, for

19

example. I think this paradigm is going to be bigger than the paradigm of electronic medical

20

records, you know, 15, 20 years ago because when you look at what Nuance and Microsoft

21

are doing with ambient clinical intelligence where you don't have to put a device on or think

22

about a device or click a million times to do anything with a patient or to turn your back and

23

talk to a patient, you know, asking questions on the computer, where you're going to be

24

talking to the patient and the AI, the monitors, the system is going to catch what you're

25

saying and is going to be smart enough to populate the right EMI with the right
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documentation that is important while you only focus on the human. So I think in a way,

2

technology, advanced technology used smartly is allowing us to regain our humanity in

3

medicine. People say well, that's -- well, it is, in medicine, specifically, and becoming more

4

empathetic with you and look at you in the eye or touching, you know, give me your hand

5

or crying with you or laughing with you if the technology allows me to do so and not have to

6

be 80% of the time on the computer and 20% of the time with you, I'm actually 80% of the

7

time with you and 20% of time with the computer.

8

(Off microphone comment.)

9

DR. GROSSMANN: Yeah.

10
11
12
13
14

UNIDENTIFIED SPEAKER 3: -- Mayo Clinic and we went through the same thing with
3-D printing and regulatory bodies.
DR. BADANO: Sorry, can you get to the phone because the people online will not
hear your comments.
UNIDENTIFIED SPEAKER 3: I think it's a really good question because those of us that

15

are in the medical field or trying to deploy these things across an enterprise, we have to

16

deal with HIPAA. The practice of medicine, of us bringing in a device that we don't market

17

or distribute or sell is completely different than people who are creating a company. So

18

things that we do in the practice of medicine whether it's Magic Leap, HoloLens, my phone,

19

as someone who is an IRB researcher, I'm deploying it in pancreatic surgery with a device is

20

a completely different question than what's a regulated device that I can actually bring in

21

the -- because in the practice of medicine, for those of you who don't work in the hospital

22

field, we can do a lot of things on you that might not be regulated or might never be

23

regulated, depending on the market, and we're doing research or we're just doing what's

24

best for you based on the device that we have, so I think it's a really good question.

25

UNIDENTIFIED SPEAKER 4: Yeah, I think the question is -Free State Reporting, Inc.
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2

DR. BADANO: Can I ask to move on? There will be a panel discussion immediately
after the next set.

3

UNIDENTIFIED SPEAKER 4: Okay, great. Thank you.

4

DR. BADANO: Thanks for your questions --

5

DR. GROSSMANN: Thank you very much.

6

DR. BADANO: -- we'll pick it up later.

7

Thank you, Rafael, again.

8

DR. GROSSMANN: Thank you.

9

DR. BADANO: Let me introduce the next speaker, we're running a little bit behind

10
11

but it's okay. Bernard Kress from Microsoft.
DR. KRESS: Okay. Thank you very much. Thank you, that was an amazing talk by

12

Professor Grossmann, an amazing introduction. So I'm not a surgeon, I'm not in the medical

13

field, I'm an optical engineer. I'm with Microsoft HoloLens, a partner optical architect and

14

prior to this, I was actually the principal optical architect of the Google Glass project

15

starting 2010, so I worked on both devices.

16

So of course, as an optical engineer, I'm going to talk about optics and optics isn't

17

the least significant building block in the mixed reality headset, it's actually the prime

18

building block. Some optics are allowing, of course, the entire display system but also the

19

sensor system, so I'm going to talk about both systems and how they interact and how they

20

can actually provide the immersion and the comfort to the surgeon to be the most

21

productive.

22

So HoloLens is a mixed reality headset for general enterprise and industry cases, it's

23

not a consumer device. We don't intend to market HoloLens to the consumer. First of all,

24

for remote assistance, training and task items, collaborative visualization and contextual

25

data access and this is for general, general industry, not only for surgery or image-guided
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3

surgery, but for general industry.
So the legal team at HoloLens asked me to read this, so "HoloLens is not intended to
be a medical or surgical device" --

4

(Laughter.)

5

DR. KRESS: -- "but our clients prove that HoloLens can be effectively used in medical

6
7
8
9
10

imaging and image-assisted surgical planning." Okay, I read it. Let's go.
This is a video -- I hope we have some sound -- on how HoloLens is used in academia
and also in a clinical environment. We do not have sound. Oh, we have sound.
(Video played.)
DR. KRESS: Okay, so that was an example in academia. There are many startups that

11

are jumping into this field, these are a few, and I think we have a few of these here today.

12

What I want to show, also, is how a large company such as Philips is using HoloLens in

13

surgery and I think we have Philips here, also, today.

14

DR. GUPTA: Don't show all my slides I'm going to show later.

15

(Laughter.)

16

DR. KRESS: It's only a video.

17

(Video played.)

18

DR. KRESS: Okay. So let's talk a little bit more about the display and the sensor

19

architecture in HoloLens v2. Everything that we do is centered on the human. Not only the

20

display, as we will see, but also the sensors.

21

So one of the first pillars of mixed reality is immersion. Immersion has many

22

definitions, we don't have time to review all of this, but the take-home is the immersion has

23

to be matched to what the human can actually sense. And this is a very difficult exercise.

24

You don't want to over-design your head-mounted display, you just want to design it so that

25

it really fits what the human visual system or the human sensory system can actually detect.
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So the first thing is retinal resolution and field of view matching the human eye vision,

2

optical foveation. Well, this is what the human visual system looks like, a left and a right

3

visual field of view and in the center you have about 40 to 50 degrees full angle over which

4

you want to have high resolution. Of course, your fovea is only 3 degrees, but you can

5

move your eyes around plus/minus 15 degrees without eyestrain. That gives you the 30- or

6

40- or even sometimes 50-degree field of view region over which you want to have high

7

resolution. We already talked about -- this morning, you know, they also use optical

8

foveation, so high resolution in the center and low resolution on the periphery because you

9

can't detect it. So the parafovea and the fovea, of course.

10

And this is very, very simple but this is implementable by using different display

11

technologies, not a fixed screen or a fixed micro-display or LED or LCOS, but laser scanning

12

device where the pixels don't exist physically. So you can actually switch on pixels where

13

they need to appear depending on where the user looks at, so you can have optical

14

foveation there. Very difficult to do this with any other display technology. Laser scanner,

15

MEMS-based laser scanner have this possibility.

16

Let's talk about comfort pillars. The device has to be comfortable, especially if the

17

surgeon has to wear it for multiple hours. I'm not a surgeon, but I think surgery can actually

18

last multiple hours, maybe even a day in some cases. So it has to be comfortable. Four

19

different declinations. Wearable comfort, vestibule comfort, visual comfort, and social

20

comfort.

21

Let's start with wearable comfort. The device has to be comfortable to be worn.

22

Size, weight, and especially center of gravity. I would actually say center of gravity, then

23

weight, then size. Center of gravity is very important. Here we have a center of gravity of

24

the device that actually matches the center of gravity of your own skull. So you don't really

25

feel the device on your head. Some other devices have a center of gravity that is very much
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in front of your head and this is very uncomfortable. So the fit is very, very important. On

2

HoloLens you have 2k screens, you have 2k high-resolution screens, you have Surface 4

3

running, and you have an Xbox running with all the sensors of the Xbox running, you have

4

the batteries and everything is sitting on your head and it should not cook up your head,

5

that is really important. Thermal management in a device like this that runs so many

6

sensors, so many displays, so many -- so much compute generates heat and that heat has to

7

be dissipated because you're not going to wear it more than 10 minutes if this surface, this

8

Xbox and these two large monitors, you know, are starting to heat up on your head. So we

9

talked about comfort, comfort has -- wearable comfort has also many definitions, so we're

10

only touching two of them here. So in HoloLens we used very advanced passive cooling

11

systems such as this one here.

12

Vestibular comfort, very important. The device has to be physically untethered, no

13

cable running. Of course, it can be tethered to the cloud and it will be tethered to the

14

cloud. AR cloud, MR cloud is the next big thing. You know, when you look at the Gartner

15

Hype Cycle, they don't even talk about MR anymore, they talk about MR cloud, which is the

16

next big thing.

17

Being aware of the surrounding nurses' equipment is critical in the operation room.

18

Large, natural, and unobtrusive peripheral see-through is required. So forget the display,

19

just switch off the display, you have your device on your head, you want to have a 220-

20

degree field of view, you want to be aware of your natural surroundings in a natural light

21

field way, not in a small field of view stereo display which is really not how we are wired, as

22

humans, but in a 220-degree light field way. And of course, you want to be able to take the

23

headset away very quickly so pivoting visor is very important.

24

Visual comfort. Visual comfort is a tough one and I think there are few other talks

25

that are going to touch this. Non-conflicting 3-D cues. Now, of course, when you put any
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VR headset on or AR headset on, it blows your mind away, it's 3-D -- it's not really 3-D, it's

2

sort of 3-D, it's stereo display. Stereo display is a concept that is about 200 years old, that

3

was the first application when photography was invented, people had the stereo,

4

stereographs with two images and actually, the stereograph of 1850 was actually more

5

advanced than the state of the art in VR/AR today because you could move the focus.

6

Today, in HoloLens or in any other device, you cannot move the focus.

7

So there's a concept that is very important, is the vergence-accommodation conflict.

8

There's a conflict between the vergence of your eyes and the focus of your eyes. Now, in

9

most state-of-the-art AR/MR devices the focus is fixed, usually its 2 m, but you can render

10

information in stereo from infinity to 40 cm. That's usually where surgeons are working,

11

they're working with their hands, their hands are about 80 cm long, so having a focus of

12

2 m is not really interesting. The focus has to be able to change and go to 30 cm, especially

13

for their precise activities, and we're going to talk about this with the sensors.

14

So this is the vergence-accommodation conflict in diopters for a device that is set at

15

2 m so you can operate it. Now, depending on which optometry lab you go, they'll tell you

16

vergence-accommodation conflict of less than one-quarter of diopter is okay, will not

17

produce vision discomfort. You can go to another optometry lab, they'll tell you half a

18

diopter is okay, over half -- you know, this is very subjective. Half a diopter will create

19

vision discomfort. What is vision discomfort? It's subjective. It changes from one

20

individual to the other, but it's somewhere in between a quarter diopter and half a diopter.

21

Now, when you use quarter diopter or half a diopter vergence-accommodation

22

conflict limit, you're still limited with a focus of 2 m which, by the way, is standard in most

23

devices today. You really have problems here when you closer to 1 m. When you have a

24

hologram floating in front of you or on a patient which is closer than 1 m, you have

25

vergence-accommodation conflict and that creates vision discomfort. This has to be solved,
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this is one of the challenge, main challenge that has to be solved for surgery applications.

2

Now, you can use a multi-focus such as Avegant is doing, you can also use varifocal

3

as the latest oculist prototype with switchable liquid crystal lenses. That's the FRL, the

4

Facebook Reality Lab prototype where they have -- this is a VR device, it's not an AR device,

5

so it's not see-through but it can change a focus, which is interesting.

6

So this is not everything. You can use multi-focal, you can varifocal, you can also go

7

directly to the Rolls Royce, which is either true holographic display or light fields display.

8

Now there are not many devices out there today that allow you to have a true holographic

9

or a true light field display on your head. Actually, there are none. This is one of the first

10

that I know, it's been unveiled as the SBAL VR/MR show last month, but it's a prototype and

11

a lot of companies are working there. These devices will solve the vergence-

12

accommodation conflict.

13

So you can have holograms, real holograms, not holograms that are -- so for the

14

rigorous optical engineer, optical engineer, you know, it's -- when people talk about

15

holograms, they talk about stereo images, stereo images, stereo display 200 years old,

16

these are not holograms. When you have a holographic display, a real holographic display

17

or a light field display, you can rigorously talk about holograms. So having holograms far

18

away or close by without vergence-accommodation conflict.

19

Mixed reality comfort is not only linked to the quality of the display, but it's also

20

linked to the quality of the mixed reality sensor fusion and the shortest motion to photo

21

latency. So we talked about latency this morning already, we talked about this latency, we

22

call this motion to photon, motion to photon entering your eye, and this latency has to be

23

as small as possible. Today, you know, we think that 10 ms, the bar of 10 ms has to be

24

achieved. So at HoloLens we're about 9 ms and for video pass-through, for the video feed,

25

if you have a video headset, that latency should be about 2 ms in order to provide vision
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2

comfort.
So the sensors, 6 degrees of freedom for the head tracking, time-of-flight spatial

3

mapping, SLAM, GGV, gesture-gaze-voice, and of course, also other sensors such as EEG and

4

EOG brain sensing and the HoloLens 2 is very well adapted for electrooculogram and

5

electroencephalogram sensing in the back of your head.

6

This is an example of the time-of-flight spatial mapping in HoloLens v2. We also use

7

semantic recognition of what is actually scanned. So you can scan the surrounding, but you

8

can also scan your arm, so we have two different scanning operations. Longfor the

9

scanning of your room so that your holograms can be -- locked on a table, on a chair, on an

10

operating room and then a Short forscanning of the same time-of-flight sensor that senses

11

your arms and your hands for accurate gesture recognition.

12

Artificial intelligence digital networks are used to classify what you sense, is this a

13

chair, is this a table, is this a dog, is this is a human. So we use this in our sensor fusion

14

algorithm.

15

Universal eye tracking is very important and you will see eye tracking in every single

16

mixed reality device today because without eye tracking, you cannot have a comfortable

17

experience. Eye tracking is not only used as a human-computer interface, it's used for many

18

different things. For example, optical foveation, what are you looking at? Well, let's make

19

this part of the space high resolution, what are you looking at? You can use pupil tracking,

20

you can use vergence tracking, you know, eye tracking is really very important for many,

21

many different applications today to render the device more comfortable.

22

And of course, fully articulated hand tracking. We do this with the same time-of-

23

flight sensor, just in a different configuration and different physical configuration in a Short-

24

4 configuration. So many different gestures, I know, recognized in HoloLens v1, there's only

25

-- there was only a few. This is HoloLens 2 and it's a very natural gesture recognition path.
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Okay, so last one, social comfort. Why do we need social comfort in an operating

2

room, you know? Well, I mean, the device has to be small, it doesn't need to look good

3

because, you know, patient doesn't really look at you and say oh, you look weird. No, it

4

really has to be comfortable. But you have other people around, you have the nurses

5

around, you know, and if you can't see, if the nurses can't see the eye of the surgeon or the

6

surgeon can't see the eyes of the nurse when she or he is wearing the device, well, that's a

7

real blocker. You know, if you have a -- not seeing the eyes of -- I think I have a little video

8

here. Yeah, yeah.

9

So in HoloLens you don't see the eyes today, that's what you see, you have -- so

10

we're working on technologies to eliminate this front -- front-projected image and it will be

11

implemented, of course, in the next generations. Not seeing the eyes of the mixed reality

12

headset wearer can result in altered communication between surgeon and nurses. We're

13

human and we're racked over human emotional science faster than all the data, especially

14

for eye contact.

15

So if the surgeon has an "oh, my god" moment, you know, and wants to share it with

16

the nurses, well, the best thing and the fastest thing is the eyes, the eye expression. It's not

17

like wow, I'm going to send some data to the nurses. No, nurses really have to have this eye

18

contact, which is very important.

19

So in conclusion, where are we today with mixed reality hardware? So that was talk

20

focused on hardware. Remember immersion and comfort, comfort in four -- wearable,

21

vestibular, visual, and social.

22

Where are we? Well, there's still a long way to go, we're just scratching the tip of

23

the iceberg today. It's very exciting, but we're still scratching the tip of the iceberg. There

24

is still a long way to go to provide full comfort to surgeons and medical professionals to

25

allow for revolutionary imaging, an implementation tool which will change forever the
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medical imaging field, and many of these challenges are relying on the display system and

2

the sensor system. Thank you.

3

(Applause.)

4

DR. BADANO: Thank you, Bernard.

5

We have time for one quick question while we switch presentations and I'm going to

6

ask the next speaker to come, please. Is there any pressing question before the panel

7

discussion? Please go to the mike. Thank you.
UNIDENTIFIED SPEAKER: I was very curious about the cost of the hardware, so --

8
9
10

which seems unaffordable. When do you think it will come down like the VR headsets
have?
DR. KRESS: It's going to take a long time. Well, you have VR headsets that don't cost

11
12

anything, you can buy a cardboard and it's free, basically. You can buy a Varjo which will

13

cost you $10,000. You can buy an Oculus Quest, which will cost you $500. So you have a

14

range between zero dollar and 10,000, actually even more, so there is no standard in VR

15

today.

16

In AR, it's even worse. So today we do not -- there is no -- actually, there is no

17

market, there is no AR market today for consumer, so we're not even looking at a consumer

18

price point. For industry, the -- I think right now the device is about $3,500. You know, it's

19

a price that will go down, but we're not limited by consumer requirements here.

20

So today we're actually seeing an ecosystem that is building up. People such as

21

companies -- we're seeing this at the SBAL VR/MR show a month ago, we saw this very

22

clearly. There's an ecosystem that is building up organically in the optics -- in the optics

23

field both for display and sensors. To reduce the price of the optics is very complicated

24

optics, the waveguide optics and a sensor, the time-of-flight sensors, by companies that will

25

focus on one particular vertical aspect, horizontal aspect -- vertical aspect, sorry. It's not
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one company makes all, such as HoloLens did with development kit V1 and development kit

2

v2. By the way, these are not products, these are development kits. We don't have a

3

product yet. So we don't have a product cost yet. These are all development kits for

4

industry. This ecosystem that is building up will allow the cost reductions. So Microsoft

5

alone or Facebook alone or Amazon alone or Google alone cannot do this. You know, this is

6

the same problem that industry had 40 years ago with the optical data storage, optical

7

pickup unit, and the CD -- CD-ROM industry. The price of the optics were horrendous,

8

$20,000, 30,000 for an optical pickup unit to read a CD.

9

So industries came together, Sony, Philips, and Panasonic -- at that time there were

10

no Googles or Facebooks -- came together to find ways to reduce the costs of this hardware

11

so that this hardware can be spread over the consumer world so that finally these

12

companies can make some money with the content and here the content, what is it? It's

13

the mixed reality cloud.

14

So yes, you know, the answer to your question is yes. The price has to be reduced

15

but we're not in a hurry to reduce it because there's no need to reduce it now. However,

16

this ecosystem of companies that are getting together and trying to find ways to reduce the

17

cost of these very complex optics is emerging and I think in the next -- in the next 5 to 10

18

years you will see cost reductions of a degree of magnitude or even more than a degree of

19

magnitude.

20

DR. BADANO: Thank you, Bernard. Let's thank the speaker again.

21

(Applause.)

22

DR. BADANO: Thank you very much. Let me remind the people in the overflow

23

rooms that there are at least, I see maybe 5 or 10 seats available here in the main

24

auditorium if you want to come over, and please do go to the microphone for questions for

25

the people online.
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Our next speaker is Hiroshi Mukawa from Sony.

2

MR. MUKAWA: Okay. Good morning, everyone. I'm Hiroshi Mukawa from Sony.

3

Today I'd like to -- oh, okay. I have been working for AR graphic development at the

4

commercialization for roughly 15, 15 years now. Today I'd like to talk about our recent

5

work related to reduction of registration error due to head motion and the evaluation

6

method for -- AR head-mounted space.

7

Okay. So frankly speaking, we are not so familiar with the medical XR applications

8

but we believe registration accuracy would be important, also useful for some AR medical

9

AR applications.

10

Here is a conversion chart between optical see-through reality systems and video

11

see-through reality systems. Obviously optical see-through AR systems have some

12

advantages such as wider see-through field of view, also more accurate depth perception of

13

a real object and also a high image quality of real object.

14

On the other hand, as for the registration accuracy between real and the virtual

15

object, and also occlusion expression optical see-through systems have poor performance

16

compared to the video see-through systems. Okay, but we think both of those functions

17

are important, but I think registration accuracy is more immediate issue.

18
19
20

Okay, so maybe my talk is too much technical, I'm trying to explain as
understandable as possible.
The registration errors can be broken down into three elemental errors. First one is

21

positional and temporal and optical. And the registration error and optical error were

22

closed by those factors listed here. And it is not so much difference between optical see-

23

through systems and video see-through systems in terms of those errors. However, as for

24

the temporal errors due to the user's head motion, there is a big difference between optical

25

see-through systems and video see-through systems. So for rest of my presentation I will
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explain how we reduce it as well as how we evaluated it, quantitatively.

2

Okay. And the temporal registration error is mainly caused by system latency and I

3

will explain the mechanism in our next slide, but this is a video capture a few of our actual

4

optical see-through head-mounted display prototype before introducing latency

5

compensation technique.

6

So the white cube here -- oh, sorry, white cube here -- the white cube here is a

7

virtual object and the background is real scenery. So ideally, the white cube should be

8

pinned to the background even during the -- we had the head is moving. But as you can see

9

here, the cube is not stable at all with this typical system latency. So we have to introduce

10

some compensation mechanism to reduce temporal registration error.

11

Okay. With this slide, I'm trying to explain the mechanism, how the system latency

12

affect the temporal registration error. So the horizontal line expresses the time according

13

to the signal processing flow over typical AR head-mounted display. Starting from sensing

14

and the -- of course, the permission and the prediction, rendering on display. And the

15

vertical axis expresses the position and rotation of our user's head.

16

And this green line expresses the actual user's head motion. And uptime TG, a

17

system calculates the user's head pose and also predicts the user's head pose in the future,

18

the future at time of TD. The TD is the timing of proton emission from the display panel.

19

Then the system starts rendering the virtual image based on the predicted head pose. Then

20

finally, the display. However, the predicted position has some error from the actual user's

21

head pose. And temporal registration error is mainly caused by the gap between actual

22

head pose and predicted head pose.

23

To reduce the gap, it is obvious that we have to minimize the period between -- the

24

period between -- oh, sorry -- periods between pose prediction time TH and photon

25

emission timing of TD. I personally call it as a prediction photon latency. But I'll say the
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motion to photon latency from here to here, but I broke down into two parts, otherwise

2

from sensing to start rendering and from start rendering to display, I create prediction

3

photon latency and this is very important latency to minimize the temporal registration

4

error.

5

Okay. So how can we -- okay, we use -- we used temporal -- sorry. We used the

6

time lapse technique here. And the time TH teaches just after rendering completion. So at

7

that time, user's head pose is recalculated using the latest sensor data. Then system

8

predicts the user's head pose at the time TD, photon emission timing. After that, the

9

system time warps. In other words, transforms the -- in the image based on the newly

10
11

predicted head pose.
We need to look sometime to recalculate the render in the 3-D graphics from the

12

scratch spanning 30 to 50 ms, but we can -- we can transform, we can shift, we can skew,

13

expand shooting the already rendered image pretty quickly, like less than a few

14

milliseconds. Of course, this is not perfect, but it works fine because now the prediction to

15

photon latency becomes shorter. Right. So also because prediction to photon latency

16

becomes shorter, the gap between actual head pose and the predicted head pose also

17

becomes smaller and that end up with the smaller temporal registration error. Okay. I

18

don't know if my explanation again, will explain, but this is basically the mechanism, how

19

we reduced temporal registration error by introducing the time wrap technique okay.

20

Okay, so this is a typical system configuration of AR head-mounted display, and we

21

allocated time warp broke between rendering and display as I explained. So we also then

22

developed custom resources it consists of a ARM-core based CPU which runs Linux and the

23

vision for sensing unit here which runs a proprietary real-time OS, GPU and –display

24

controller and the tracking and the time warp functions implemented in the VPU, vision

25

processing unit, to minimize the latency and times it all by controlling the memory access.
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Okay. And we prototyped optical see-through AR head-mounted displays by using

2

those -- as shown here. The threshold for the measurement setup over temporal

3

registration error. Now, we used six axis vibration generator to simulate the user's head

4

motion. The AR HMD prototype and the high-speed observation camera were attached to

5

the dummy head, which is fixed to the six axis vibration generator firmly. And the HMD

6

prototype is set up to display virtual object. In this case, green points like this. And those

7

points are initially positions are determined by AR marker here.

8
9

And the high-speed observation camera, which is running 936 frames per second
that captures the green points on the head-mounted display and also it LED lights around

10

the error marker simultaneously okay, this is an actual evaluation condition and the -- you

11

have our head-mounted display prototype here, high-speed camera, and the success is by --

12

on the far side we have an error marker and the LEDs as real objects. Okay, and we rotated

13

prototype around the three axes. Yaw, pitch, roll goes like this, so this is -- this stimulates

14

the actual user's head pose.

15

Okay. And this is a slow-motion video captured by observation camera. The bright

16

spot, eight bright spots around this image is coming from the LEDs and the dark spots are

17

from the HMD virtual image.

18

So by analyzing the video, we get this experimental result. They are two graphs and

19

those graphs showed the temporal registration error between real object and the virtual

20

object. The horizontal axis expresses a time on the virtual axis, it expresses position of a

21

real object and virtual object described in an angle. And the blue line here expresses

22

trajectory over real object and the red cross here means position of a virtual object. So by

23

introducing our latency compensation technique, we could reduce temporal registration

24

error from roughly 0.83 degrees to 0.7 degrees for it to becomes this content.

25

So also please look at the -- I think it's -- okay. So please look at those videos,
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actually -- the white cube now pinned to the background, completely. So left, as

2

mentioned, our latency value is roughly 3 ms to 4 ms based on that. So I think we need this

3

kind of level, the time latency compensation to really pin the virtual object while someone’s

4

head is moving.

5

Okay. So I think the summary. So we have developed latency compensation system

6

for optical see-through head-mounted display by using the time-warp technique on the

7

custom SoC, also, we developed various methods of temporal registration error and we

8

found that our latency compensation technique can be reduce a temporal registration error

9

-- okay. That's it, thank you.

10

(Applause.)

11

UNIDENTIFIED SPEAKER 1: And we have one question.

12

DR. BADANO: Is there any one question for the speaker before the panel, as we set

13
14
15

up the next speaker?
DR. BADANO: I have a question. The test method actually assumes that the object is
static, but in fact, that -- if that's a patient, it's going to be moving and deforming.

16

MR. MUKAWA: Yeah, that's a good question. So this is our first trial to make sure

17

the -- to static object. We can read that and make sure that the virtual object is perfectly

18

pink, but we are now working for a moving object, moving --

19

UNIDENTIFIED SPEAKER 2: Right.

20

MR. MUKAWA: But in this case, we should have a higher frame rate camera. So if

21

that is running up the 30 Hz, 60 Hz, that won't work. So we have to use the high refresh

22

rate camera to do that, but we are doing that.

23

UNIDENTIFIED SPEAKER 2: Great, great. Thank you.

24

MR. MUKAWA: Thank you.

25

UNIDENTIFIED SPEAKER 3: Your prediction to photon you said you're using -- in your
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prediction to photon, you were skewing or shifting and expanding. Did you compare that

2

result with a non-skewed version after the -- so compare that to a nonmoving target

3

because the graph that you showed us with the predicted, it's -- I'm assuming you used the

4

skewed results. So how does that compare if you were to --

5

MR. MUKAWA: Okay, thank you for the question. So the eyes are -- in the video to

6

compare, but the result, those are transformation as skew -- shift. The registration error

7

maybe definitely 10-times larger, 10 times larger than the result. Those are transformation.

8

You're asking if we do not do any shift, skew, shrink, expand, that kind of a quick

9

transformation over the virtual image, right? Yeah, if there's no such operation, the

10

registration accuracy is roughly 10 times higher than the result those operation.

11

DR. BADANO: Okay, thank you. Thank you, again.

12

MR. MUKAWA: Thank you.

13

DR. BADANO: If you can just -- we can plug in the HDMI directly, if that's okay with

14

you. Yeah, thank you. I apologize for that. We seem to be missing one presentation, but --

15

(Pause.)

16

DR. BADANO: Our next speaker is Vinay Narayan from HTC.

17

(Pause.)

18

DR. BADANO: Display port to HDMI. If anybody has one, adapter, display port to

19

HDMI. I apologize for that.

20

(Pause.)

21

DR. BADANO: This will be a last speaker for this session and then we'll go into a

22

panel discussion and that's going to take us to the break. We're good. Yeah, we're good.

23

Just keep these here just in case.

24
25

MR. NARAYAN: That's really by design. I was trying to get everybody more
immersed and connected, so mission accomplished. Good morning, everyone. It's my
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pleasure to be here. My name is Vinay Narayan. I run the overall platform strategy and

2

developer community for HTC Vive . I've been involved with the XR industry since the birth

3

of really what we've been doing in the VR space. In fact, we actually started off in AR and a

4

lot of the challenges that we saw in terms of building -- the ability to build products that can

5

scale in a meaningful time frame really made us switch our priorities to virtual reality. And

6

really, a lot of those learnings is kind of how we've governed how we build products today.

7

And a key component of that, while I've been intimately involved in the development of the

8

hardware, but one thing we really realize, as we've gone forward, while the technology is

9

super critical, how it's implemented and used is even more important.

10

So what I'm hoping to do today, there's been some amazing presentations today,

11

especially some of them can be really in-depth into some of these concepts, I hope some of

12

the takeaways from me to you is how can you evaluate future hardware products, right? A

13

lot of the landscape and the nuances can change, but one thing you'll notice, that there is

14

no one size fits all and there may never be, so how these products work in your ecosystem

15

is really important.

16

So the hardware landscape is rapidly evolving for a variety of reasons and one of

17

those reasons being we're finally at a point right now where things -- development's being

18

stable, we're in the third cycle of some hardware iterations and it's much more than just

19

HMDs. What we see is a large mix of different HMDs on the market, HMDs being head-

20

mounted displays, and when we think about these technologies, we're really just thinking

21

about the headset but, in reality, they're far more complex than that. There's a lot more

22

components in terms of that development.

23

But one thing you will notice is everything on the left is available to consumers and

24

that's a key component to development. When you're looking at advanced technology,

25

especially technology that can be deployed in many different verticals, you need a common
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foundation and a common base that includes development, best practices, that includes

2

technology stacks. Things need to work really well. And actually, one of the reasons why,

3

for augmented reality, why HoloLens is one of my personal favorite platforms is while their

4

hardware technology is best in class, they've really figured out how to incorporate workflow

5

into the headset and that's why consumer-based VR headsets, while they can be enterprise

6

in nature, have that foundation in common.

7

But PC-based VR can be pretty complex and that's why the all-in-one category is

8

really taking off, all-in-one being headsets that do not require a PC, all the onboard

9

computing is there, as well. And of course, console is exciting but it's definitely a very niche

10
11

market, really right now relegated to just gaming.
Interesting about the many brands that are making these headsets is they're not

12

your typical device manufacturers, not all of them, right, they're also not your typical

13

enterprise companies. Of course, there's some exceptions in there, but it also goes to show

14

kind of how early the industry is. There's still a lot opportunity for more and more

15

development.

16

I think the other key thing to note, too, is a lot of these companies that have these

17

early XR products, they have some sort of existing competitive advantage, either the ability

18

to R&D pretty quickly, to manufacture pretty quickly, and so we are all learning together

19

how to deploy products into enterprise, I think with the exception of a few.

20

So one other key component, though, to HMD or to VR landscape is the input

21

devices. We focus a lot of our attention on the headsets, but the reality of it is when you're

22

talking about mental engagement or immersion, the ability to use not just your hands but

23

also other aspects of your job function, the input devices are equally as important. They

24

not only extend the usability of your products, but the ability to plug into an existing

25

workflow or an ecosystem is equally as important. So we'll spend some time going through
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the framework of how to evaluate what are the main categories of input devices, as well.

2

And so this kind of a framework, really, of looking at how we're looking at, as well as how

3

the industry is looking at, the various components to input devices to VR. Of course, on top

4

you have your HMD, but these different areas of input, eye, hand, feet, brain, mouth, and

5

body, they're all very important components.

6

When you're designing an HMD, or an HMD platform is probably a better way to put

7

it, you have to take into account those considerations. You can take the approach of "I'm

8

going to build it all" or enable an ecosystem where others can actually build on top of. And

9

that's really one of the core hallmarks of HTC, is that we really believe that while we can

10

help spend all the time creating the platform, we think the community, the practitioners are

11

the ones who are really going to be able to create all the additional experiences to go

12

deeper into the technology set.

13

And so that starts with hand tracking. I think hand tracking is one of the areas that is

14

both hardware centric but also software centric, it's also extremely important. When it

15

comes to the main HMDs on the market, we all have some level of hand-tracking

16

technology. There's been some great examples earlier about why not using controllers

17

makes a lot of sense. While in the gaming space you kind of always want that feedback, in

18

the non-gaming space it's actually critical.

19

Controllers, while they're great for haptic feedback, they can be limiting. They also

20

require some onboarding and they require you to take your hands away from something

21

else, which we realize is, is a major friction point. And so there's several products out there

22

on the market that do that really well and then HaptX, there was a great example earlier

23

about HaptX, that's the device that actually lets you feel the -- actually tension in your hand,

24

you can feel the bones, you can feel muscles, you can feel many other things, textures as

25

well. So there's opportunities there for software solutions for hand tracking as well as
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2

hardware solutions.
The other thing that's also pretty interesting is locomotion. Locomotion is also an

3

area that is very much in its infancy, but what locomotion allows you to do, oftentimes we

4

have to traverse ourselves into very large areas. Now, you can trick the user by using

5

software tools where they can actually do minute turns without realizing it and all of a

6

sudden you've walked the entire room while you're in your 10 x 10 space. That requires a

7

lot of software optimization or creative thinking, but sometimes you just want to get into

8

the real world and spend more time developing that space, so various locomotion systems

9

allow you to do that. They've been great for rehab, they've been great for having a

10
11

controlled environment in that space, as well.
And equally as important, too, when you allow someone to move naturally, and this

12

is why sometimes software tweaks are not always ideal, you can also see the things that

13

you're actually trying to diagnose or really understand.

14

And then an emerging area, too, is BCI, which is brain control interface. This is an

15

area that very few people really understand or really know about, but it's actually really

16

coming about pretty well. So using EEG sensors, there are a few companies that use brain

17

control interface, I believe this one is Neurable. They are a Vivex company, which is our

18

incubator, but the great thing about Neurable and brain control interface devices, they go

19

pretty deep in many different regards.

20

So in one aspect is there's the diagnosis aspect, so understanding what's actually

21

going on from that level, the level of engagement, complexities, there's a lot, many great

22

things you can measure, but also from an input standpoint. The ability to think to do things

23

is also -- the ability to measure intent is also really important. This really helps to eliminate

24

some of the friction you have about navigating through a particular environment but also

25

what the person's actually doing. In a surgery standpoint, too, you can also measure
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cognitive load. What procedures, not just in the procedure, itself, but the overall procedure

2

from getting from the prep, from the actual surgery to post-op, everything from that -- for a

3

journey, what's actually taxing the surgeon or the practitioner. And I think that's where you

4

also start to find opportunities to optimize. And a key difference or a key observation, I

5

think, when you look at the overall medical industry is there are many parts of the journey

6

that you're able to solve for, you don't have to have a technology or a product that solves

7

for all of them. And with BCI, you're really able to kind of diagnose or pinpoint what that

8

next area is. And we're just getting started.

9

And BCI, one thing to note, while for many of you it may be a new concept, these

10

products actually work extremely well and it's something to take a good note here, the next

11

couple years, especially.

12

The other thing is also lip tracking. Lip tracking is surprisingly very difficult and why

13

is lip tracking really important? For one thing, we talked about being engaged with

14

somebody, whether it's in a virtual training environment or also creating a model. Mocap,

15

for example, is using lip tracking, it's very expensive, very time consuming, and only a few

16

companies can do that really well. But with lip-tracking modules and other technologies --

17

and we have some with HTC, as well -- you're able to do that very quickly and very

18

efficiently.

19

Now, why is lip tracking important in general? Well, if you think about

20

communication, we talk about eye engagement being a very important factor, but also lip

21

movement, as well. Sometimes you have language barriers, sometimes you have

22

understanding barriers, but the ability to actually understand what somebody is saying is

23

also really important. We see this a lot in remote training. When you're trying to train

24

users in different parts of the world, different cultures, even here in the U.S., different parts

25

of the country words sound differently because we speak them differently, and lip tracking
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really helps to reduce miscommunication errors which actually are a very common problem

2

in training scenarios.

3

Another area that I really like a lot is these full haptic suits and this particular

4

example is the Tesla suit. It's much more than just haptic feedback, but haptic feedback is

5

actually really beneficial. It's also a platform that allows you to do all of these different

6

motion capture biometrics and you don't have to use the HMD. I like a lot of solutions that

7

don't require an HMD because you can use them for -- they're extensible, you can use them

8

for very different scenarios, and then you can use XR when it's most relevant.

9

The thing about a lot of these body capture suits is -- it has to do, really, with the

10

software solution -- is the ability to process the information that you actually need, that's

11

what makes a really good product, in general, but especially when it comes to full body

12

capture. And this has actually really been great in rehabilitation, as well. It's not just to

13

monitor how somebody is moving, but what happens when you actually have physical

14

stimulus from haptics? What happens when you have acute visual stimulus from the HMD?

15

When you start to combine all those different aspects and different modalities in one

16

solution, it's pretty powerful.

17

And I use a solution term purposely. We work a lot with enterprise and we work a

18

lot with a lot of advanced enterprise users, and they don't really always care how well the

19

technology performs, they just care how well a solution performs, how easy it is to use.

20

And so those are also key aspects of when you look at the hardware ecosystem, all these

21

things you need to be able to plug in. When we look at the hardware ecosystem, we not

22

only look at it from you're going to use a whole bunch of different input devices, we also

23

understand you're going to use a lot of different HMDs in this space, as well. And that's a

24

very key consideration is that you're not going to use one HMD type, you may use a PC-

25

based VR multiple and we've seen plenty of images of that, so how they tie in to the back
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end or the software solution is very important and you're also going to use many different

2

input types. So you may use PC-based VR for more complex -- such as compute reasons and

3

it means use all-in-one for the patient.

4

In terms of general technology trends, actually what's really going to evolve, the

5

headset industry for the next few years, these pillars will pretty much stand true for a while

6

and I'll got to go into each of these four.

7

In particular, eye tracking. So eye tracking is something that HTC is also very excited

8

about. We actually have an eye tracking-enabled product in our Vive headset. So when we

9

decided to move into eye tracking, an important thing for us was we didn't want to build a

10

brand new headset that forced you to replace your existing headset, so we used our

11

existing Vive platform and added the eye tracking feature and that was it. And while from a

12

product standpoint sometimes you want to create something new, you want to market it as

13

something new, but the reality of it was there are many instances where you use a regular

14

Vive next to a ProEye and it's important for us, as we build these products, that you don't

15

replace your existing investment. And that's also a really key consideration when you

16

consider hardware as a platform, is how do you extend the capabilities without having to

17

replace the capabilities.

18

So with eye tracking there was brief mention about fovea rendering earlier. Fovea

19

rendering, so there's fixed fovea rendering where you just have your highest resolution in

20

the center and there's actually dynamic fovea rendering, which is actually where you're

21

actually looking. That is important, especially when you're looking at very specific details

22

but more importantly, it also helps the HMD and your software solution to optimize how

23

much rendering -- processing power you actually need. What fovea rendering is going to do

24

for the end user, it's going to allow you to not have -- not need as much complex hardware

25

so you don't need as expensive or as robust PCs to be able to run that, but it also allows
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lower power consumption, which is down the road, is going to reduce the form factor for

2

headsets, as well.

3

And IPD, it's something that's overlooked a lot. We all have different IPDs, right, so

4

this is between our pupils and that actually does impact how well you can actually focus in a

5

headset. All headsets have some sort of manual adjustment, but no one really knows their

6

IPD, no one really adjusts that IPD, but with eye tracking it automatically adjusts.

7

And then also, then, it really results in authentication. All eye tracking solutions are

8

not all created equally, but with the ability for authentication and actually be able to read

9

biometrics with eye tracking, now you don't have to actually sign in, you can actually pass

10

that experience with a headset on to another user and they can authenticate in that process

11

and equally as important, there's different steps and stages, for example, where you may

12

need to access different parts of data. If you're signed in to some sort of security database

13

or authentication database, then you can actually sign in using just your eyes. And that's

14

actually super helpful, especially as you're dynamically trying to create different

15

experiences.

16

And they also do hand/eye coordination. If you've ever tried to throw something in

17

VR, it's actually really difficult, right, because in the real world when you throw something,

18

your body adjusts to where you're actually going to throw, but in VR it's always a mismatch.

19

And so with eye/hand coordination with fovea rendering and eye tracking, it's actually not

20

fovea rendering, but with eye tracking you're able to actually target and create the intent as

21

you deliver on that intent.

22

And actually, accessibility. This is one of the areas that I think is actually the most

23

exciting thing about eye tracking, it is actually the easiest thing about eye tracking, is the

24

ability to navigate just with using your eyes. One of the examples we use quite a bit is we

25

have -- for major league baseball, we have a baseball simulator game. You can actually get
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pitchers from -- actual MLB pitchers, you can switch through stadiums, but the reality of it is

2

you're in a position with the baseball bat squatted and if you've never played baseball, then

3

someone's actually going to help you in the right stance, but you don't want to drop your

4

bat, so you can go use the controller to change the navigation. When you're in the right

5

position, you can use your eyes to actually do everything your controllers can do from an

6

input standpoint. That's great, not just for the MLB experience, but any time you need to

7

use your hands for other things or you get to be in a very prescriptive kind of situation.

8

And that particular level of IO then also replaces many other things that we haven't

9

even thought of that you can use eye tracking for from a menu and navigation standpoint.

10

And that is something, too, from a hardware integration standpoint. When we built the

11

Vive ProEye, we actually partnered with Tobii, Tobii's one of the leading eye tracking

12

providers out there. We also worked with Nvidia, one of the leading GPU providers, to

13

make the integration of eye tracking super simple.

14

In terms of just regular gaze tracking, it's 5 minutes. Within 5 minutes, a very junior

15

developer can integrate that into their experience. And all of those key considerations are

16

very important for deployment.

17

Here's some visual examples of what eye tracking really looks like, maybe were from

18

heat mapping to foveated rendering. And so some of the products out there in the

19

marketplace that actually do this really well, Vive ProEye, the Pico Neo 2. Of course

20

anything Tobii does in this space has actually been great from a hardware and software

21

solution, as well. And with Qualcomm. And I'll talk about the Qualcomm solution, which I

22

think is one of the most exciting pieces to the overall VR hardware landscape.

23

So when we look at inside-out tracking, that's another area to really consider. Most

24

PC-based VR headsets are outside-in meaning you need external trackers or external

25

sensors, right, so some sort of level of base station, and while that's good for high-level
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accurate tracking, it's also very complex, it's cumbersome and can potentially get impacted

2

by interference. So now we're definitely moving away from outside-in to inside-out,

3

meaning you do not need any additional tracking modules. And that's also something that's

4

coming about its infancy. Inside-out tracking requires really advanced computer vision

5

algorithms, so things that can improve over time, and so those are things to really consider

6

as you're looking at these other hardware ecosystems, as well. That's one area that I think

7

is going to really reduce the complexity of VR HMDs, is ability for accurate inside-out

8

tracking.

9

So it's much more than just understanding where you're at in a room, it's also

10

understanding what objects there are, avoiding those object, but also be able to integrate

11

hand tracking, as well.

12

And so one other key area in consideration is actually also 5G and I can go pretty

13

much at length about 5G, but I want to just kind of touch on this at a high level. What 5G

14

essentially allows you to do is decouple some of the complexities that you have in the

15

hardware ecosystem. It allows you to offload some aspects to the cloud but also bring

16

some of that into edge compute, as well.

17

Currently, the 5G technologies that are available, Nvidia has a very advanced 5G

18

edge solution, as well. There are various 5G hubs that are actually physical -- almost you

19

can think of them as wireless WI-FI routers but, of course, with 5G architecture and 5G, the

20

way to think about it, it's not faster 4G, it's a component, but it's more of a multi-lane

21

highway where not only you have many different vehicle types, but you also have different

22

vehicle categories that are designated for that type.

23

So if you look at it from an IOT standpoint, you can actually have devices on a

24

particular lane that are high priority, right, so you can actually designate that. There are

25

things that actually require high power or high bandwidth or low latency/high bandwidth,
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high bandwidth/high latency all in the same pipe and that network infrastructure is

2

intelligent enough to actually figure that out. So it's kind of a key reason why 4G to 5G

3

transition has taken so long, because the infrastructure required is pretty complex. But as

4

you can imagine, when you have basically a smart WI-FI connection or a smart data

5

connection, there are things you can actually do with that.

6

And then the XR 2 chipset, it's one of the areas -- it's one of the areas that I'm most

7

excited about because I think when you look at all the things that we're trying to solve for --

8

in an HMD, we want a smaller HMD, we want an HMD that has a lot of onboard processing,

9

we want an HMD that is able to do computer vision, can figure out 5G, and more

10

importantly can apply to many different headsets. When you have a common architecture

11

like this, and this is for all-in-one base headsets, right, multiple base headsets that do not

12

require a PC, when you have a common architecture, that means your software that works

13

on one HMD can work on another HMD with very minimal change.

14

And this is critical because the products that you're -- the experiences that you're

15

building today on the products you build today need to deploy on the products for

16

tomorrow. They need to scale, however, on products for much further out than that and

17

these are really key important considerations that the XR 2 platform really allows you to do.

18

And those are some of the key areas that it actually allows you to do.

19

So seven concurrent cameras, which is pretty complex, the ability to process that

20

information. True mixed reality, the ability -- depending on the hardware mix, so you see

21

components that are mixed reality, AR and VR. The XR 2 chipset can actually work on any of

22

those different ecosystems. And of course, with 5G, high resolution up to 8k, and also voice

23

UI and context awareness. That's the AI stack that XR 2 really does extremely well. A lot of

24

your complex AI processing, when it happens on the chip, really reduces the latency and the

25

R&D knowhow to make it happen because now you're talking about APIs right at that point
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and that's actually super exciting. This was just announced a few -- a couple of months ago,

2

maybe. Maybe about a month ago. A lot of us in industry in the space as partners have

3

been aware about it for a while, so you're going to start to see a lot of those products start

4

to hit the market in the next year or so, potentially in the next 2 years for sure.

5

So what's next? I think when you look at hardware opportunity in general, any sort

6

of low-friction user experience is really the path forward. I mean, that really ultimately

7

ends up being the game, whether you're going to decouple the workflow so you have a

8

particular product in that spot or you have a workflow that incorporates as many different

9

HMDs, right?

10

But also the ultimate important consideration is a successful hardware platform is

11

part of an ecosystem and also enables an ecosystem. We have plenty of partners that use

12

competitive products side by side and we work together to make sure that experience is --

13

that works together really well. But we also know that there's going to be many different

14

inputs in hardware integration that we'll never be exposed to, and when you've evaluating

15

different hardware platforms, that has to be a key consideration. Is it a closed ecosystem, is

16

it an open ecosystem, can I build on it today and can I deploy on it tomorrow are key

17

components. Thank you.

18

(Applause.)

19

DR. BADANO: I'm actually going to ask all the speakers for the first session to come

20

to the panel here and we'll go ahead and start the panel with your question, if you don't

21

mind. That's fine. And that could be to him or to any of the other speakers.

22

UNIDENTIFIED SPEAKER 1: Okay.

23

DR. BADANO: You can have a seat there, thank you. Go ahead.

24

UNIDENTIFIED SPEAKER 1: Okay. So you mentioned adding eye tracking inserts to

25

an HMD, so can those inserts be prescription? And if the answer is yes, does adding the eye
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tracking change the classification?

2

MR. NARAYAN: So now we're of the classification, but are those eye tracking

3

modules prescription? So not yet. Actually, there's the add-on modules, there's one from a

4

company called Seven Events (ph.) and they're, at this point, just the ability to track your

5

eyes, so they don't change necessarily the focus or how the image is -- aside from resolution

6

itself, the focus aspect of the resolution. So I think there's definitely opportunities,

7

especially with companies like Seven Events in who are smaller companies that actually

8

know eye tracking really well, same thing with Tobii, I think the important aspect of that is

9

the ability for companies to create these specialty products and then their ability to actually

10
11

integrate in a seamless manner to existing HMDs.
DR. KRESS: I would like to add to it, that when you wear prescription glasses, the eye

12

tracking can be a little more challenging and this is something that we're working on. Of

13

course, a camera is between your eye and your prescription lenses and depending on the

14

strength of your prescription lenses, the eye tracking might work a little bit less, in a little

15

bit less optimal way, so that's a big problem.

16

DR. BADANO: We've been a little liberal with the time and allowing the speakers to

17

go over a little bit, so we only have about 5 or 10 minutes for this panel discussion. And our

18

committee has actually -- we were thinking about what to ask this distinguished lineup

19

here, but the one question that we thought that was going to be important for this

20

particular session was what experiences from other fields than medical can be extended or

21

applicable to the development of medical applications in this particular field? And anybody

22

want to address that?

23

DR. GROSSMANN: I can just think of what I've seen in the media industry and in the

24

performing arts and how can they -- motion tracking and bringing the physical to the digital

25

in a very magical way. How that can be really useful in medicine, thinking rehabilitation,
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physical therapy, occupational therapy, how are those -- the ability to track the physical

2

world into the digital, I think that it's pretty interesting for me, as a healthcare provider.

3

MR. NARAYAN: I think the automotive industry is also a pretty good one. They have

4

so many different disciplines, they're so distributed, they have to solve also very expensive

5

problems. And so in the XR space you have many different subject matter experts with

6

many different models with high resolution, differences of opinions that not only have to

7

collaborate to solve a particular challenge, but also that -- those data assets actually move

8

work downfield, as well. So you can have those assets in this for design all the way down to

9

the manufacturing line, all the way down to the showroom, and so that level of integration

10

really helps to extend the value or the impact of the initial investment of actually putting

11

anything into XR.

12

DR. BADANO: Let's take a question from the floor.

13

UNIDENTIFIED SPEAKER 2: Can you talk a little bit about how your companies are

14

thinking about answering the questions of consumers or patients about potential health risk

15

of the platform itself, like digital eyestrain or having to wear, basically, a radiation pack on

16

your head and how you're thinking about it and how you're testing for it and how you

17

recommend folks like us who develop software that uses your technologies to actually

18

communicate about those potential risks?

19

DR. KRESS: Yeah, so I'm going to take this. Visual comfort, as I showed before, is

20

very important and eyestrain can be a big problem today with the technologies that we're

21

using today, which is completely different from what we're going to use in 10 years, light

22

field displays, for example, or true holographic displays. Today we don't advise, for

23

example, kids to use these devices because they might -- it might impact the development

24

of their eyes, their visual system. Stereovision is a very crude way to represent 3-D data

25

and you only have part of the 3-D cues. Of course, you want to have all your natural 3-D
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cues addressed in a headset, but today this is impossible. So there's still a lot of work to be

2

done there in order to address the vision comfort and make sure that there's no eyestrain.

3

MR. NARAYAN: Yeah, I'll defer the official answer to Bernard because he had the

4

great legal disclaimer earlier, so -- but I think from a general standpoint, of course when it

5

comes to usability studies, a lot of these VR products, aside from being around for the last

6

30 years, they're really -- they're used a lot in the research institutions, they're used a lot in

7

major consumer spaces. So in terms of repetitive use, gaming, these are areas that also

8

there's been a lot of studies done both from the companies that make the products, as well

9

as other agencies, as well. So while it may be new to certain aspects of enterprise or

10

commercial use, a lot of these products have been used very heavily for extended periods

11

of time with a lot of movement, especially in the gaming space.

12

UNIDENTIFIED SPEAKER 3: Just a question for -- for the whole panel, but I think

13

Hiroshi and Bernard are probably the people to answer it. Why do you need lenses and why

14

can't you account for prescriptions? There are only three variables per lens and as many as

15

three lenses.

16

DR. KRESS: Yeah, that's a good question. Well, in a VR device, in the first VR devices,

17

as you may remember, the Oculus DK1 and DK2 had a few different lenses that you can put

18

in, you know, depending on your prescription and today, as we've seen in the latest Oculus,

19

you can actually change the focus of your image. Astigmatism is a problem. Astigmatism is

20

something that is a little more complicated than just a spherical diopter.

21

But if you go to optical see-through, you have not only to compensate the digital

22

image, you also have to compensate your optical see-through and very often, these are two

23

different optical trains. So the optical train to the digital display system is different from

24

the optical train to the world, so you have to compensate both and that's where the

25

difficulty arises. So it's a little bit easier in a VR device than in an optical see-through mixed
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2

reality device.
MR. MUKAWA: So I think this can depend on the use cases. The whole V-to-V space,

3

I think it's reasonable to make an element display which can be applicable for the people

4

with -- but for consumer at the end of the day, which we are aiming at, is kind of an

5

embedded prescription lens with the AR display functionality. There are, I think, many

6

companies who are working on and the -- it is really a customized product. So at this

7

moment -- but if we get the visibility among the consumer space then maybe, I don't know,

8

5 years, 6 years, we're going to have that kind of a product, I mean -- prescription lenses.

9

MR. SOUTHWORTH: Hi. Mike Southworth from SentiAR. Thanks, panel, for great

10

presentations. My question is a little bit broader. How do you see the unique needs of

11

medical devices fit in with the overall hardware needs for other industries that you're

12

serving whether it's automotive or consumer?

13

MR. NARAYAN: I think, when it comes to the medical industry, I think it's a

14

combination of things. One, I think that we understand that there's a big need and a big

15

opportunity there. Someone has to define the requirements. A lot of us that -- especially in

16

this stage, we have key partners that ultimately help you to drive to scale, so their

17

requirements is what drives a lot of your roadmap. It's also a big reason why it's important

18

for us to be at these type of events where not just the presentations are important, but the

19

conversations are also really important.

20

There are overlaps. I think partnerships are also really important. Rather than

21

building everything on your own, there are companies that know how to make medical

22

devices, they know how to do IO or the input that's needed in this space, and the ability to

23

partner with them, I think it's really important. So there's a key aspect of defining the

24

problem and the market opportunity for the problem, identifying what that solution can be,

25

do you build it yourself or do you find a partner to be able to build it with or integrate onto?
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DR. KRESS: Yeah, the key requirements for a device that has to be worn by a soldier

2

in the field, as you know, there's a big echo from the governments to use these devices in

3

industry. By the way, we just got the largest purchase order ever in the history of AR/VR for

4

defense. It's not for enterprise, it's not for surgery, it's not for consumer, it's for defense.

5

So the requirements are very different. And also for heavy industry, it is very different, we

6

see very different requirements from heavy industry to architecture, to defense, to

7

universities who are using this device to teach, to surgery. Surgery is really a niche

8

application, it's not a main application, it's a niche application, but it's the application sector

9

that sometimes is the most demanding in terms of requirements, especially when you have

10

to use it for a very long time, it has to be very comfortable.

11

DR. GROSSMANN: You know, also in -- even in healthcare, within healthcare, within

12

one industry, there's so many different needs and you will need very different details in the

13

same device if you are, let's say, in clinic with a patient or you're in surgery with a patient or

14

doing a procedure in a cardiac lab or you're rounding, which is another thing that people

15

don't talk about, using, for example, a head-mounted device during the daily rounds. So if

16

that's happening all over the world, you know, you're seeing it in patients, the patients in

17

their beds, and if you could integrate EMRs to, for example, you know, head-mounted

18

devices instead of people carrying laptops or moving this big computer on wheels, and so

19

the difference between one area and the other are dramatic.

20

MR. NARAYAN: I just want to add one point to that, as well. So building products,

21

while difficult, is still very doable, there's still a straightforward path, so the requirements

22

path. The bigger challenge is actually the market adoption, right, it's the regulatory, it's

23

knowing that if we build the solution we can actually sell it. And that's a very key

24

consideration, so that's why I even think of this summit here today, we know that the

25

medical industry is a very difficult industry to penetrate even when the market opportunity
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

59
1

is pretty high. So I think from a business -- there's a product and hardware engineering

2

standpoint and there is a business standpoint. Right now, I feel like the business standpoint

3

may be a harder thing to sell than the engineering side. Thank you.

4

DR. BADANO: And that is something that we will have to continue discussion. I think

5

I need to end it here. I want to give people the opportunity to stretch, use the facilities to

6

wash your hands and come back --

7

(Laughter.)

8

DR. BADANO: -- promptly at 11:00 so we can start the second session. Thank you.

9

(Applause.)

10

(Off the record at 10:48 a.m.)

11

(On the record at 11:03 a.m.)

12

DR. BEAMS: Okay, I'm going to go ahead and start the next session, so please take

13

your seats. So we already heard a lot of wonderful talks this morning to kind of try to --

14

that started to lay the landscape of what's out there and what's possible with these devices

15

and in the next session, so this is Emerging Technology Session II, we're going to be hearing

16

more from some universities, professors, and also standards about some of the things that

17

are still coming.

18

And so before getting into it, I wanted to quickly highlight the OSEL Medical

19

Extended Reality Program. As this started about a year and a half ago, as Ed mentioned --

20

really, the motivation for doing this was the same as what we have for this workshop -- is,

21

as we heard today already, there's a huge range in devices being developed primarily for

22

entertainment applications and then they're being translated into medicine. And then,

23

since these are being applied to a wide range of applications, that brings with it different

24

assessment challenges for each of these areas. So the challenges for developing and

25

assessing something in therapy is, of course, going to be very different than what's required
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for surgery.

2

So to try to address this problem, we have assembled a nice team of people and

3

then we're trying to tackle these different factors, and I'm going to be talking a little bit

4

about the image quality measurements we've been doing. Kim Konston, this afternoon, will

5

talk about the human factors and some of the sensor work.

6

So just to highlight a few of the types of questions that we're starting to look at, so

7

one of them is the angular dependence of the resolution across these displays. So this is

8

just an example, like if you think about a digital pathology image, this could be a surgical

9

image, this could be lots of different things, and if you start out with something that has

10

very uniform resolution across the image, then you bring it into the device, suddenly that's

11

no longer the case and you have this angle-dependent resolution and then that brings new

12

questions as far as how do you make clinically relevant decisions when you have this

13

variation in what the image looks like.

14

And then from an assessment challenge, this actually becomes a little bit more

15

complicated because how you go about measuring that also changes what results you get.

16

So if you take a wide-field image versus doing angle scanning, you get different results. So

17

there's been similar work done by Richard Austin and John Penczek and there, John will be

18

talking some of the standards work that's being done to just try to understand what is the

19

best way to measure these type of parameters.

20

And so just to continue with examples of this same digital pathology picture, another

21

thing we've been looking at is the chromatic aberrations in virtual reality. So since these

22

are generally pretty thin, inexpensive lenses that comes at a cost as far as the optical

23

performance, one aspect of that is the aberrations. So the way this manifests is you can

24

have a different magnification for the RGB components and so if you start with something

25

that you have, say red and blue alternating bars on one end and then you go outside
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towards the edge of the field of view, that's no longer the case. So if you think about that

2

in a medical incidence, if you had some kind of, like again, this digital pathology image and

3

then you go out to the edge, you end up with this rainbowing effect that could obscure your

4

lesions or something you're interested in.

5

The last thing I want to mention very briefly, which has also been touched on this

6

morning, is the importance of the eye box, measuring the eye box and centering both the

7

measurement system and the user to this. So what is this, meaning what is the range over

8

which you can put this thing on your head and see the images that you're intended to see?

9

So here's an example. If you start with it centered on the top and then on the bottom, if

10

you shift off, and this could be representative of someone with a different IPD or something

11

like that and suddenly the image quality has greatly decreased.

12

And there's a lot of different methods out there for trying to understand this.

13

There's not really consensus on which method is the best. And in this example we just

14

looked at how the resolution can be used to do this, which has been done by other groups,

15

and then compared it to using the aberrations and basically found that the centering we get

16

using aberrations can be much more sensitive.

17

So with that, I would like to transition into this session. So we already heard from

18

the morning a lot of the overview of the technology and I think with this next session we're

19

going to start to hear more about what types of technology and applications are in the

20

works. And so these are some of the objectives just to be thinking about as you hear the

21

presentations that hopefully will also inspire some questions and further discussions.

22
23

And with that, I would like to introduce our first speaker, Professor Hua Hong -- or
Hong Hua, sorry, from the University of Arizona.

24

(Applause.)

25

DR. HONG: Thank you very much for the introduction. Can you hear me? Good
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morning, everyone. I want to thank you for the opportunity to speak hear today and I'm

2

going to talk about some of the current research challenges related to XR devices and

3

evaluation approach. And myself has been working on the development of variable displays

4

for over 25 years and my research group has been focusing on a wide variety of optical

5

technologies that enable the variable displays. In the past 20 years we have been working

6

on different optical technologies that enable compact, high-performance variable displays,

7

we've worked on a variety of applications and developed systems for them, and I'll mention

8

two of the medical application examples. And then we also have done technology

9

development to enable more realistic rendering of visual cues, for example, occlusion

10
11

problem and trying to minimize discomfort problem relating to varying displays.
Variable displays can have many medical applications. Image-based guided in the

12

surgery -- image-guided surgery is one of the examples we have today and I'm going to

13

mention two examples that we worked in the past. One of the first examples was almost 10

14

to 15 years ago, I collaborated with a neurologist at the time. She had been prescribing eye

15

track-based desktop display systems for patients like, for example, ALS patient who used

16

their control of muscle controls and they have to rely upon eye movement to communicate

17

with their caregivers.

18

So one of the projects that we worked on at the time was trying to develop an eye

19

track HMD system and the associated communication software to enable them to type a

20

simple message through their variable display. And of course, these days, as you've heard

21

from several of the talks this morning, eye tracking is one of the essential components of

22

many of the VR/AR devices, so this doesn't seem to be an academic research effort

23

anymore but, however, there is a community that needs to use this device for the daily

24

basis as a communication device.

25

In a more recent application that we worked on was a collaboration with a Canadian
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company to develop assistive eyewear technology to enhance vision for people that are

2

almost blind, legally blind, but they have some residual vision. So the technology enabled

3

them to be able to wear them and be able to see their surroundings, being able to -- and

4

improve their quality of life by giving back some ability of vision.

5

And of course, as you can see, variable displays can have medical applications and a

6

lot of medical applications. In the meantime, variable displays can face medical challenges

7

and so one of the major challenges that I personally believe is the vision discomfort is going

8

to be a key obstacle in the area of spatial computing and it doesn't matter if this is for

9

consumer market or it's for enterprise or for medical applications.

10

And because the device is something that is for surgical, for operation room

11

application, it requires a long term -- use a few hours or, to my personal interest, I'm

12

interested in this problem, was inspired by seeing like the picture showing on the left and

13

today it's very common, you see a group of kids gathered around the tablets and tend to

14

play games together, right? And what's going to happen if we tandem everyone, every

15

VR/AR device? They're going to wear that for a long time, a couple hours a day, to play

16

games and what are the consequences do we do to their vision system? Many of you

17

probably are aware of this myopic epidemic problem. Are we going to use AR/VR devices to

18

accelerate the problem?

19

And so my focus today, I'm going to -- next, I'm going to transition to talk of a few

20

technologies that I have been working on to kind of address some aspects of problems and

21

I'm going to shift my gear and focus and talk about the challenge and the gaps.

22

So there are many factors that contribute to visual comfort and for example, image

23

quality, artifacts, and so on. The problem that I'm going to particularly talk about is

24

vergence-accommodation conflicts. I think Bernard, this morning, mentioned very briefly

25

about that issue, but I wanted to dive into a little more details. What essentially that means
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is when we look at the real world, the natural 3-D environment, for example, when you look

2

at a Rubik cube and a beach ball and in a real world, your eye have two actions. When your

3

interest is on the beach ball, your eye focuses on the beach ball and then at the back of

4

your retina, then you see a sharp image of the beach ball and the Rubik cube far away looks

5

blurry. If you shift your focus of attention on the Rubik cube and then you see the opposite,

6

then your eyes starts to accommodate or change focus on the Rubik cube and then the cube

7

becomes a sharp image and the beach ball becomes blurry.

8
9

So during that process there are three things that happen, there are two ocular
motor cues occurred. One is your vergence, basically your left eye and your right eye

10

turned toward the point of interest and in the meantime, your ocular lens or your eye lens

11

change the optical power to accommodate or to focus on the point of interest, and these

12

two ocular motor cues in your vision system is tightly coupled together and they focus at

13

the same depth. In the meantime, the lens stimulus that drives your accommodation is the

14

retinal blurring. And when you see a blurring, your eyes tend to change accommodation to

15

make it sharper.

16

What happens when you apply this relationship, accommodation vergence as a

17

function, you see a diagonal line with a -- stretching from near-to-far, from far-to-near.

18

What happens to today's HMD system? In most of the HMD systems today it's unable to

19

change the focal depth. It renders content on one-sixth focal depth and the result of that,

20

for example, if your display screen, like Bernard said, is typically set at 2 m away, then only

21

the range showing on the -- within the range of the blue arrow, you can have minimum

22

vergence-accommodation conflicts problem, and in that broad range showing by the red

23

arrow, your eye suffers some different levels of conflicts.

24
25

Then historically, there are lots of studies looking into the potential psychophysical
conflicts, for instance, when you don't have appropriate focusing cue rendering in your
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system, for example, you have distorted depth perception, you have visual fatigue and

2

diplopic vision or degraded ocular motor response and so on, in our applications because

3

the focusing cue in the real world is so abundant, it always drives your eye to change focus

4

and therefore, I believe the conflict in cue in AXR systems is becoming a more dominant

5

issue with the discomfort issue.

6

In the last 10, 15 years there are actually lots of efforts put into this topic and

7

developing technology that enable an HMD system to be able to render a focusing cue to

8

the optics. And so this article basically had summarized a variety of technologies and so in a

9

quick snapshot, I put them into four different categories. For example, some of them I

10

called extend depth field displays, basically by -- view display is one of the common

11

approach. By using pinhole optics principle, that allows you to make your display have

12

infinite or a very long depth of field so that eliminates or limits the need for

13

accommodation action versus varied focal or multifocal, I'll give some examples on the next

14

slide, and then head-mounted holographic display or light field display.

15

And so in the class we have worked on a variety of these different approaches. For

16

instance, about 10, 15 years ago we build this first prototype varied focal plane display in

17

which we inserted a liquid lens in optics so that it can change the optical power. In the

18

meantime, the system built a binocular eye tracker that tracks the vergence point of your

19

eye, so basically change the dynamically matched focal adaptive display with your point of

20

interest.

21

And you can -- instead would render a single focal plane, you can do either time

22

multiplexing or visual multiplexing, rendering multiple or a stack of focal planes across the

23

Z, so that you can slice the Z direction or render the Z direction through different focal

24

planes, so one at a time, so that you can render a continuous 3-D volume. In this case, it's

25

independent of your eye tracking capabilities and you can always see a correctly rendered
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

66
1
2

focusing.
An alternative approach to that is, instead of rendering the 3-D volume at a different

3

focal depth, you can render the light rays maybe from each point of the 3-D volume as if

4

they're actual physical imaging lines. So in this case, when your eye is accommodating at a

5

particular point, for example, the blue tip of the Rubik cube, all the rays coming from that

6

direction will come into focus and form a sharp image at the back of retina, while other

7

points far away or closer will form natural blurring. So this more like -- I tend to say this is

8

more like a geometrical way to render the holographic image, render the waves from

9

optical waveform, by example, the different rebounders coming from the space.

10

And also, at the bottom I showed a few examples of the different approach to

11

implement that and as you can imagine, because in this case you need to render 40 light

12

field, you need to not only provide a spatial sample there, but you also need to provide the

13

angular sampling of these rays. So then you have a bandwidth limitation with today's

14

technology. So therefore you always have to have a tradeoff between how many ray

15

directions you sample and how accurate spatially you can sample.

16

So we have done quite a number of studies to investigate the best -- the optimal

17

sample and strategy of this type of technology and based on some of the recent studies, we

18

built a prototype and we demonstrated in optical layout you saw on the top left, you can

19

see the main engine on the left is a micro-display in combination with an array and a Class

20

A aperture array and it created an engine that renders a 3-D light field -- 3-D light field.

21

And the 3-D light field is then optically magnified by the relay group and an eyepiece

22

group and the relay group had a tunable lens integrated in between so that we can actually

23

dynamically change the volume or the position of the 3-D volume in space. So that system

24

allowed us to render a 3-D light field system that able to render content from 30 cm away

25

to a few meters away with the constant angular resolution and spatial resolution about
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three -- which is kind of comparable to most of the AR devices available today. And the

2

video on the right side shows the light through the rendering stack for a 3-D object and the

3

one on the left is I'm trying to show you the spatial resolution exact.

4

So now I'm going to jump gear to talk about what are the challenges and gaps. So

5

we have a prototype that demonstrates light field works, but how far have we been and

6

how much further do we need to go?

7

So one of the first challenges that I wanted to mention is the technology complexity

8

and the readiness. It's still very challenging to implement displays that will render both

9

high-quality images, which is essential, and high accurate focusing cues. The example I'm

10

showing here is a comparison or as a benchmark comparison is the light field print

11

developed by Intel, and you can see the camera is changing different position and you can

12

see the natural focusing cue as if they are real 3-D scene.

13

But the thing I want to point out, this is not a dynamic display. The face of this print

14

was a lithographic plate with an equivalent pixel size of 1 µ. So that gives you a pixel

15

density of 25,000 PPI. Now, today's micro-display technology is capable of offering that

16

type of resolution. And also, the lenslet array was a 25 mm lenslet array that allows you to

17

have about 40,000 pixels under each lenslet and at every single camera position there are

18

10 x 10 views entered into pupil of the eye, or the pupil of the camera. So that's why you

19

have that high resolution but also smooth rendering of 3-D volume.

20

And in comparison to what we have built, the system I showed you before, in terms

21

of optical quality, we get a comparable optical quality at the same view distance. At 300

22

mm away view distance, we have about three arc minutes angular resolution, which is

23

comparable. And what's not comparable was in our system we have a much deeper depth

24

volume from very close to very far, but the quality of the blurring cue that you saw on the

25

top left of the photograph compared to the light field plane, the blurring cue you can see is
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-- has a lot of artifacts. The reason is because we only have 2 x 2 view encircled by a 3 mm

2

pupil versus we have 10 x 10 view encircled by a 3 mm pupil. So the angular sampling were

3

not enough.

4

How does it take for us to get to what we have today, which is represented by the

5

blue dots there, to something higher in the resolution system or a wider field of view

6

system? As you can see -- and even if we just wanted to scale the 3 arc minutes resolution

7

to 1 arc minutes, it takes about 9,000 PPI display technology. If we wanted to triple that

8

field of view, it requires 28,000 PPI display system. So that basically means there is a huge

9

gap between the technology available today to what drives the system to a high-

10
11

performance system.
The second aspect of the challenge is calibration. Some of the speakers mentioned

12

about just trying to get the low registration errors which essentially rely upon accurate

13

calibration, and that's a single-focus HDM system. But if you have a system either have a

14

varifocal or have a multifocal or even for light field rendering, that requires you to have

15

multifocal calibration, multiple viewpoint calibration, and user-dependent calibration and

16

that whole calibration is -- and the gap, there exists no established guidelines or equipment

17

that allows you to do all of this easily.

18

Another challenge is we don't have good guidance. How good do we need to render

19

the focus cue in order to be comfortable? And usually there's always a tradeoff between

20

the complexity and the quality of the hardware and the quality and the accuracy of the

21

focusing cue can be rendered through the system. An example I'm showing here is just the

22

stacks of the number using sample on effects of the blurring cue or a combination cue.

23

Evaluation. Just a few words. In order to evaluate the system, you need to -- in

24

many of the systems, you cannot directly measure one -- the image quality like a

25

conventional HMD because the end result is integration of these many different views at
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the back of your retina. So you actually can -- you need to evaluate them at the perceived

2

retina image quality, you need to evaluate whether they actually can effectively stimulate a

3

combination response, you can -- you need to evaluate the image artifact, so whether the

4

image artifact is causing you further discomfort problem. And then you need to measure

5

whether you have the correct level of vision comfort or discomfort or fatigue.

6

Evaluation methods varies differently. One of the approaches that we have in taking

7

was build simulation engines and then simulate what your eye sees and then change to

8

simulate how your eye would respond to it.

9

Others have been taking a psychophysical study approach, measuring how your eye

10

accommodates response change with a different focusing cue level rendering, or to

11

measure subjectively your level of comfort. And then there's another way of measures,

12

measure task performance difference for different focusing cue rendering approach.

13

And all of these approaches, there is -- there exists no scientifically approved

14

guidance or protocol how to effectively measure visual comfort. What is visual comfort,

15

how do we measure it, how do we connect to the engineering quality with the

16

psychophysical quality that we're looking at? Engineering gaps, of course, there is no

17

scientific proof the protocol, how to quantify focusing cue through your vision system.

18

And of course, my last -- yeah, last one is -- as I mentioned before, my long-term goal

19

is trying to understand how they -- an AR/VR device have the developmental consequences

20

to young viewers, for kids that have -- stick to their VR headsets for a long time.

21

And then not only focusing cue, it's not the only cue that contribute to vision

22

discomfort. This is another thing that we have been working, occlusion problem. And as

23

you can see from the picture, when you have a system doesn't render correct occlusion cue,

24

you mess up the visual system, as well, and the picture is showing you change your visual

25

perception.
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So that ends my talk. Let us develop the technology, but let's not develop
technology that involve other kids' eyes.

3

(Applause.)

4

DR. BEAMS: Thank you very much for the presentation. I think in light of time, we'll

5

just transition. The next speaker is Christoffer Hamilton, who's coming from Brainlab. If

6

you want a mike, walk around and you can do that or you can --

7

MR. HAMILTON: Okay, thank you, Ryan. So I'm Christoffer Hamilton from Brainlab,

8

a medical device manufacturer, and we'll go directly to what looks like -- and this is my

9

world, this is where we are. So we're in the operating room, we have a surgeon, this is

10

neurosurgery, he's operating, and our device is on the left with the two monitors and on the

11

right monitor you can see our surgical navigation software. And in the introduction, Ed

12

talked about interaction with capital equipment, you know, how can head-mounted displays

13

interact with capital equipment, this is what we're -- where we are and why we are also

14

thinking about it. And the picture neatly sums up actually why I'm here. How can we make

15

this better for the surgeon?

16

So just a quick intro to Brainlab. Brainlab is a medical device manufacturer, we're

17

based in Munich, Germany, so we have all our development in Germany and in Israel and a

18

large U.S. office in Chicago, and the products that we create are not just in surgery, not just

19

neurosurgery, we do spine surgery, ENT surgery, and also radiotherapy treatment planning

20

and positioning. So we're familiar with a wide range of different clinical use cases. Some of

21

them profit from head-mounted displays more than others.

22

And as a manufacturer, we create both hardware devices that go into the operating

23

rooms and we also do a lot of work with medical image data. So we take the image data,

24

like MR and CT images, we analyze them, we do anatomical mapping, and out of the data

25

we create three-dimensional models of important life organs and these we then display to
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the user. And this is going to be important later on. And you see on this screen, also, that

2

you use it both in radiotherapy treatment planning as also in pre-OR planning or in actual

3

image-guided surgery.

4

So to begin with mixed reality, we're really into this. We created our first application

5

for real usage, it got FDA cleared about 6 weeks ago and it's basically a medical viewing

6

application. So what we did is we took an existing viewing application, you may be familiar

7

with PACS viewers in the office, and we extended it with the Magic Leap. So we took many

8

basic functionalities we kept on the desktop on the computer, so for instance, like patient

9

search, data search, some interactions we do with mouse and keyboard, and then when we

10

come to the final viewing page, this would be a classical image viewing, we then connect

11

this to the mixed reality headset and actually move everything or copy everything from this

12

screen to the three-dimensional space that the mixed reality device has created.

13

And what's really nice about this is that we have collaboration, not only -- so all the

14

four people on the screen, they see the same virtual content, the same virtual skull inside

15

the room at approximately the same place and in addition, on a second screen or on a

16

normal computer screen you see the same content.

17

So Aldo asked us in the beginning he'd like to talk about, also, challenges and one of

18

the challenges with head-mounted display is obviously the image quality. So if you look at

19

this, I would say this is like current standard for image review, you have a flat panel LCD

20

monitor and when -- we're thinking okay, how can this move to head-mounted displays? I

21

came up with an analogy that also nicely shows why head-mounted displays are good and if

22

we step like 20 years back, this is things we had in the operating rooms.

23

So this is actually boom-mounted, boom-mounted so you can move the entire

24

platform with two screens. And just by looking at this image, you think okay, it's obvious

25

that flat panel LCD monitors are much better in the operating room than these huge
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monitors. And if this is what the operating room looks like today, the question is okay,

2

when can we replace these monitors with head-mounted displays? When will people look

3

at this image and say oh, was this what they had in the operating rooms 10, 15 years ago?

4

So in order to do that, we looked at image quality and this is no scientific scale, this

5

is just my scale of different requirements on image review. If you're a radiologist, you're

6

familiar with it. I mean, there's diagnostic reading, you have maybe the highest quality

7

requirements on mammography and on some -- on the other scale you don't have so much

8

requirements on the image quality.

9

So what we did is we used our software and the Magic Leap device to evaluate it in

10

different lighting conditions. We're very fortunate, we have a professional photo studio in

11

our basement, we just have to take the elevator down to do light tests. In different light

12

conditions you can measure it, you can compare. And we also have -- we have operating

13

rooms, so we have -- they're not real operating rooms, there are no patients getting surgery

14

there, but we can simulate the lighting conditions of real operating rooms. So we have real

15

operating lights, we have all other different parts. So we use this together with our viewing

16

application and test patterns to actually compare different lighting conditions and what --

17

where can we use these devices and what can we get out of them.

18

And on my very non-scientific scale, this is somewhere around what -- I would say

19

this is maybe where we see an estimation of the headsets, but this is -- this is not a truth,

20

this is more an estimate and I think we'll see where research brings us on this. Of course,

21

this is a question for everyone, I guess, is when -- is this a direction where the headsets are

22

moving? Are we going to expect this or not?

23

So far I've talked about image viewing and -- but this is just one of the first steps for

24

Brainlab. There are great advantages to using the head-mounted displays for viewing. It's

25

very, very excellent three-dimensional impression, I don't have to tell you this, you're
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

73
1

probably familiar with that, but also the collaboration is -- the collaboration around real 3-D

2

is very unique.

3

Of course, we want to go further. You saw the image at the beginning. We want to

4

enable a display of important information at the surgical site, to the surgeon, many

5

different contents and all of these contents have different requirements also, as well, on

6

the quality of the display and on the quality of the latency.

7

And of course, we're an image-guided surgery company, we want to overlay medical

8

image data onto the patient. And this is important for us, also, because we have the

9

capabilities with our medical image processing to get the 3-D objects, to get the 3-D content

10

that is important for these visualizations. If you want to move beyond pure image

11

reconstruction, you need three-dimensional content to display.

12

So let's talk a bit about the overlay. This is, of course, where we want to go. We

13

have the content to our anatomical mapping and this is just an example of a spine, a spine

14

model, where you have segmented vertebrae and the idea is really, of course, as you move

15

around this model as the surgeon with the headset, it stays in place.

16

And Hiroshi talked very well about this topic, especially the temporal problem. Of

17

course, we have -- there are more issues. Of course, the device needs to track, needs to

18

know its position in relation to the patient anatomy. So there were some talks, if you think

19

about a device, you might -- and the inside-out tracking, that gives you the relationship to

20

the room and if the patient is mobile, you have that relationship, as well, but there might

21

not be the accuracy that you need for a good overlay. And of course, if the device knows

22

where the virtual content should be in the room, it must also be able to display this to the

23

user. Previous presenters talked about the eye-tracking capabilities.

24
25

So this is really the challenge, how can we get these overlays on top of the patient
anatomy? And one important question is, so what accuracy do we actually need? So we all
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

74
1

assume we need perfect accuracy, but if this is really use case dependent, if you think about

2

soft tissue surgery, you could think about liver surgery, the pre-op image of the liver doesn't

3

correspond very well to the liver when you're in surgery because the liver is a moving

4

object. The skull, you have the same skull, you know, you have the same bone in surgery as

5

in pre-op CT scan. But with the liver, it's soft tissue, it moves. So if we superimpose the

6

liver as opposed to a bony structure, we might not need or pretty certainly don't need the

7

same accuracy.

8
9
10

So I created another non-scientific axis on the requirements on the overlay accuracy
and actually, we think that commercial headsets go pretty far on this line for medical
applications.

11

And this is also something that we think is important, that there are clear lines of

12

establishment of when do I need which accuracy, and it's also very important to transmit

13

this information to the surgeon or to a user because he might be using different products in

14

different cases and he has to know very well what kind of accuracy the specific product

15

claims for the overlay.

16

Okay, one final topic that I have is if you -- if we -- I talked about image quality, I

17

talked about the overlay, and what we're seeing is that there are kind of two different

18

categories of devices out there. You heard about the -- I'd say I'd call them consumer

19

devices, even though Bernard said they're not for consumers, but I'd put you in that bucket.

20

But the point is really, on the left you have the large-scale manufacturing, you have

21

-- if you think phones, maybe a good analogy is phones. If you think there was a very good

22

reason to use a mobile phone, a smartphone in the operating room, you might take one

23

from one of the established manufacturers, they have a large-scale production, they have

24

small sensors, they have a great screen. And on the right of this, the phone analogy would

25

be a medical device company that creates its own phone and of course, the volumes are
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much smaller, it would be bought here, it would maybe not have the same quality of the

2

sensors and the quality of the display. And what we would like to have, of course, is we

3

want to have the best of both worlds. We want to have the image quality, the performance

4

of these devices that are created in large numbers, together with all of the requirements

5

that we need to use them in surgery.

6

So, Bernard, you said your lawyers told you to say that HoloLens is not a medical or a

7

surgical device, so let me talk to the lawyers. But this, I think, is a very interesting topic to

8

discuss on how we can get there. Thank you.

9
10
11

(Applause.)
DR. BEAMS: Thank you very much. We have time for maybe one brief question
while we set up the next speaker so, Nassir, if you could come up.

12

UNIDENTIFIED SPEAKER: Thank you for that presentation. I wonder if you could talk

13

a little bit about the adoption of the technology. You showed that you're all over the world,

14

basically, and I'm curious about global adoption and then adoption in Germany, specifically.

15

MR. HAMILTON: So we brought out the product pretty recently, it's a 510(k)

16

clearance, like I think 6 weeks ago and European clearance a bit earlier, so the interest has

17

been very high, actually, for the product. We have one installation in Germany where a

18

surgeon purchased it and started writing us e-mails 6:00 a.m. about how great the product

19

was. So it's a bit -- but it's a bit too early to talk about the adoption. It's also a bit too early

20

to talk about where it's used most, so is it pre-op planning, is it in discussions with

21

colleague, is it more in teaching or is it in discussions with patients.

22
23

DR. BEAMS: Let's thank the speaker again, and then the next presentation is from
Professor Nassir Navab from Johns Hopkins University.

24

(Applause.)

25

DR. NAVAB: Thanks a lot for inviting me, it's a great honor to be here and I'm very
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happy to discuss. So we do a lot of things, I try to go fast because as usual, I'm academic

2

person, I talk too much, I think. So these are a lot of work that we've done partially in

3

Munich and on top you see a view of our group also at Johns Hopkins, so we are at both

4

places. I would say 70% or 80% in Munich and 20% at Johns Hopkins.
And just to start with, you know, augmented reality in medicine, as an academic, I

5
6

start to tell you a little bit. You know, similar to deep learning that people like Geoff Hinton

7

or -- you know, LeCun or Bengio started in '90s, but they didn't have the right power of

8

computation to bring their magic ideas to happening and it happened 20 years ago.
Similar to that in medical augmented reality, things started in '90s, so probably

9
10

Henry Fuchs and a series of his Ph.D. students, from one we also heard recently, had started

11

with great ideas in '92-93 but to do the full AR at that time with dynamic imaging and etc.,

12

but the power of computation and quality of tracking was not allowing them at that time to

13

do.

14

In '95 there were magical things by Eddie Edwards and, you know, Dave Hicks and a

15

collaboration with Kings College and Zeiss. In 1995 they integrated the display into Zeiss

16

microscope and they went to the surgery room, they even did this brain neurosurgery,

17

superimposing those blood vessels that you see in blue onto the patients, into the

18

microscope, and the main issues they faced at that time, one of the main issue was

19

perception. The surgeons were seeing those blood vessels, even though they were very

20

nicely computed, they were seeing it floating, therefore the integration of the whole thing

21

into the system was very difficult, but they did amazing work in '95 and '96.

22

Kikinis and also MIT Harvard at that time, in 1996, they put external cameras, there

23

you see Oriana Bove doing neurosurgery with subcranial position of segmented elements

24

from MR. This is again '96 in Harvard, in Brigham and Women's Hospital.

25

In '98 at -- research, we started to attach a camera and by construction within the
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CR, co-register it with the X-ray and then create the first joint X-ray optic imaging at all time

2

with no tracking or calibration recorder. I talk more about that because in 2010 we brought

3

it to 40 real trauma surgeries. We started with the very great work of combining display

4

and ultrasound back in 2000 and also Masamune and Fichtinger, they did a very interesting

5

setup. I'm now -- okay, we'll talk about it. And then DiGioia and Kanade in 1998, they also

6

did what we call AR window, they positioned the display different, the surgeon and the

7

patient, and did augmentation on that semi-transparent display back

8

in '98.

9

In 2000-2001, Fraunhofer in Darmstadt took that idea, turned it into a product called

10

Medarpa, that they were doing that -- included very similar to the Zeiss concepts but on a

11

variable magnifier and he called it Value Scope (ph.) and was able to superimpose, but at

12

that time he was really suffering for maxillofacial, which needs a lot of precision, you need a

13

lot of tracking, which was making it not precise enough.

14

Frank Sauer and Ali Khamene and the team at -- Research, end of '90s, created this

15

amazing video see-through head-mounted display which was some of the dreams of Henry

16

Fuchs, but now at that time the power of computation display was good enough to do that.

17

And then also, in -- but the problem of depth perception existed and integration into the

18

workflow. At Irkart (ph.) in Suswork (ph.) also, they started to use external cameras and did

19

some very nice augmentation at that time.

20

So I'll go a little bit into detail of some of the things which went into the surgery in

21

2009-2010. One was this concept which was developed in '98-99 and published in '99,

22

actually, by us. So what we did, we thought okay, inside the X-ray, inside the orthopedics

23

(ph.) scenario and spine and trauma, we viewed a major -- X-ray. So can we have X-ray and

24

optics co-registered at all time and the idea was to attach the X-ray -- a camera into the

25

X-ray source and with a prism combine this and this, we published it in '99. And this was
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the very first -- videos that was allowing you to see X-ray and optics at all time co-

2

registered, and you could actually fix the X-ray and continue bringing your hand in because

3

there was no optic anymore. This was back in '98. It took a long time to set it up, to

4

validate it, there were some -- a series of publication on that, to integrate it into the

5

workflow and make it robust enough to go through 40 surgeries in 2009-2010, trauma

6

surgeries.

7

And what was amazing was there were 14 surgeons who did 40 surgery and 10 of

8

them had never seen the system before entering the operating room. When they entered,

9

the surgeon, the head surgeon, Dr. Oiler (ph.), told them, you know, now you see your X-ray

10

but when you stop your X-ray you can see your hand and you can do the surgery. All the 40

11

surgeries went extremely successfully, they were very, very happy with the whole thing.

12

This was, of course, published and you can find those publications now.

13

Then in 2012 at Johns Hopkins, when I moved also to Johns Hopkins together with

14

Dr. Greg Osgood and his team, and with the support of Siemens, we started to do cone-

15

beam reconstruction and attach a 3-D sensor this time to the detector instead of an optical

16

camera to the X-ray source. And now we don't need any more kind of tracking, we can just

17

have the 3-D coming from 3-D sensor, optical 3-D sensor, and the cone-beam

18

reconstruction from X-ray and then you can have now external and internal together and

19

then you bring your hand -- X-ray is not functioning anymore, but when you bring your hand

20

in, now you can see the clouds of point, you can see your tools, so there's no need to really

21

reduce there to preoperative data. This is really all intraoperative 3-D, intraoperative 3-D

22

optics. And here you have Alex Johnson, one of the really good surgeons working with

23

Dr. Osgood, that did a lot of testing, so this is authored in many publications between 2012

24

and 2015 and in this time, 3-D plus X-ray.

25

Now, to my knowledge, this is the very first augmented reality solution which got
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FDA approved in 2011. It got CE certification in 2009 and FDA approved in 2011. This is a

2

gamma probe which we developed with a company out of our -- University called SurgicEye

3

where actually the gamma was moving and was tracked, so when we were reconstructing

4

then you can see the nodules directly on AR or VR and the surgeons could do the surgery.

5

This was certified thousands of surgeries and it was used in thousands of surgeries in

6

Germany, Italy, a few in U.S., in Russia, in France.

7

And this was the display. We never called it AR. This was just a user interface and it

8

was effective, but much more in acceptance because they were not facing with anything.

9

This was just a user interface, they could see the nodules there or they could see it in VR. In

10
11

VR, they had measurements and in AR, they had the intuitiveness.
Later in 2012, we had a publication where we compared hundreds of this where we

12

logged all the information and then we could actually say in which phase, based on the

13

expertise of surgeon, whether they use AR, how long do they use VR, how often they switch

14

between AR and VR and all this, which were really, really great.

15

So then at Leiden, Professor van Leeuwen and Dr. Thomas Wendler brought the

16

same system into laparoscopy and later, together with them and Intuitive at Johns Hopkins,

17

we brought it to drop-in probe in -- with da Vinci, which was about a year ago, actually in

18

patient done again by the group of Lyden in real patients. So these are some of the ARs

19

which have been actually used directly on patients during the surgery.

20

Now, things that can come up and can change is that what you see in how we want

21

to see how to integrate AR into the procedure, one of the things would be HMD and in this

22

case would be HMD, which is totally in sync with the robot. In this case, the robot which

23

does the X-ray has also a HoloLens attached to it because -- it's very funny, but the reason is

24

that they can act as, you know, a slave and master and this would allow us to do a lot of

25

new things now. So some of the things we can do is actually now we can visualize to the
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doctors during the surgery the sequences that they actually acquired, and we developed

2

this concept that in '98 we developed in industry, we called it flying frustums and now we

3

brought it to X-ray where the doctor can actually see the frustum, see the first at each point

4

that they take the images. They can actually manipulate those images intuitively and they

5

can actually see the physics. Now they have many, many applications. I show you a

6

Panashare (ph.) publication that we tested the categories with Dr. Greg Osgood and Alex

7

Johnson. This is just a concept with -- showing the basic concept, the manipulation that you

8

can do with the physics of X-ray inside your HMD.

9

(Video played.)

10

This is Alex Johnson, he was telling after surgery for -- it would be interesting for

11

teaching and training to see the spatial temporal acquisition that was made during that

12

surgery. You can also start to put them together during the whole thing or even creating,

13

you know, a kind of quadric panoramic. Now we have motion learning which puts them

14

together, but you can also do quadric.

15

You start to see the physics of what's happening and in regard to the patient, you

16

will see in a second, you can also ask your assistant, then you ask for a given X-ray image

17

that you took 20 minutes ago, then this assistant would see it and now can align the see-

18

arm to the exact same view that was used for that, that procedure at that moment of time.

19

So again, AR fully changing and modifying the workflow.

20

And then they can start to reconstruct or combine it with our registration or

21

intraoperative cone-beam CT and allow them to do, you know, for example, the insertion of

22

-- alignment of that with CT. Now we are combining, in this case the CT visualization, the

23

X-ray and the VRR, what we call the deep VRR, deep learning for dynamic development.

24

Now they are doing intraoperative planning and we are generating those VRRs of this

25

registered X-ray so they can see when the direction of -- where the direction of those
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alignment would go once this is done. Now you will see in a second Dr. Osgood is going to

2

choose the entry point and deep-seated target and then it starts to do an alignment. How

3

much time do I have? Two minutes. It's going to be very challenging. I think I could go 2

4

minutes more, if possible.

5

So Dr. Osgood, you will -- what you will see is that he is defining on those two X-ray

6

images, he's defining his entry point and deep-seated target and once he does that, he

7

looks back at the patient, in this case our phantom or cadaver, and then he would see right

8

away what he did in 3-D with entry point and target point within the frustum. You will see

9

it in a second, he will look back to the patient. I'm sorry, the video is a little bit long, but

10

this is actual process that we are visualizing here. So he defines those targets in two

11

X-rays. Now he looks back at the patient and now he could see the entry point that he

12

designed now, the assistant calculates that shows him the frustums and now he can do the

13

alignment, he can do his planning, then he can take the real, you know -- and start aligning

14

it. You will see him go down and up to see the full alignment and then he will do the

15

insertion. You can see this later. The time is short, so l try to go faster.

16

Now, until now what I showed you was augmentation without artificial intelligence,

17

a little bit of artificial intelligence in tracking, but now if I do a simple classification in X-ray

18

and optics, thanks to motion learning, then I can go from the left-hand side to the right-

19

hand side, this spot we call relevant space AR, which should be the future, where instead of

20

just putting different modalities on top of each other, at each of the modality we have a

21

classification running with motion learning and then we can only -- we can define the factor

22

of opacity such that the relevant element from each modality, whether it's X-ray or optic,

23

would be visualized based on the field. So you will see what is on the right-hand side.

24
25

And just to finish, I'll tell you two new directions. Also, when we go to microsurgery,
like eye surgery and included OCT, now none of the existing tracking systems or things
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would work because we are talking about micron and now the advantage is that we have

2

actually the real-time OCT. I don't know why the video is not working. We have the real-

3

time OCT. So now Dr. Zapp from our hospital is doing, actually on a pig eye, a surgery all in

4

real-time virtual reality in the OCT, at micron precision. So if you have the real-time

5

rendering of the clinical data in, you can do that.

6

But the last thing I want to tell you is that if you put everything into the visual

7

domain, then you are overloading. So you're also moving towards translating some of this

8

information like the computation from OCT into music.

9

(Video played.)

10

DR. NAVAB: So in this case the system detects that it's getting into stressed layer of

11

retina and then changes the music slowly. This is just to give the awareness in which layer

12

they are and they don't need visual augmentation. We are doing a series of work in that

13

direction and a large set of it at Balgrist Hospital, orthopedic hospital, there to transfer

14

some of this information, not always in visual, but also in acoustic.

15

So there is a website you can go, medicalaugmentedreality.org. You have a lot of

16

papers, a lot of videos, a lot of information there and every 2 years we have a summer

17

school with 24 surgeons, 24 from industry and 24 from academia. Last year was an amazing

18

experience and we will do it again in 2021 and I invite all of you to participate. Thank you.

19

(Applause.)

20

DR. BEAMS: Thank you very much for the nice presentation. I think we'll move on to

21

the last speaker, so John Penczek from NIST, and then we'll have time for questions for

22

Nassir and the other panelists.

23

DR. PENCZEK: Good morning, everybody. My name is John Penczek. The slide says

24

I'm from the University of Colorado and the National Institute of Standards and Technology.

25

I spend a lot of my time doing standards on optical measurements of near-eye displays, I'm
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going to call it near-eye displays just to narrow it. So Ryan asked me to give you kind of the

2

broad scope of what's currently out there on the international standards world on

3

evaluating near-eye displays. I got a lot in here, so I don't expect to go into detail on all of

4

it, but I'm hoping that you have this as reference material for later on. You can deep dive

5

into it later.

6

A little background. So the World Trade Organization basically recognizes these

7

three big players, the ITU, which basically looks at color spaces, ISO looks at more human

8

factors for displays, and IEC is more on the hard measurements and the quality of the

9

displays. These other groups, CIE and the International Committee for Display Metrology,

10

are more supportive. CIE does a lot of foundational work on photometry and color imagery.

11

So it's kind of hard to read from here. Let me start off with ISO. So the ISO, there's

12

several documents that have been published, I highlight a few of them here. A lot of them

13

are fairly old, 2008, but there's more on additional display measurements, 303. ISO 9241-

14

303 is kind of a fundamental document that talks about terminology and requirements, so

15

where 305 is more measurement methods. There's also a stereoscopic display performance

16

that was more recent at 9241-303, and some guidance for stereoscopic images there. So

17

visual fatigue is becoming an issue that started cropping up in the stereoscopic world but

18

now I think there's some relevance here for near-eye displays.

19

And so ISO is kind of just actually going into the near-eye display world, so they're

20

kind of lagging, I guess, the industry as most international standards do. However, IEC has

21

been more forward looking, there's a few relevant technical committees that I cite here.

22

You see 100, which is more broadly into audio and video systems. They did a little work on

23

this topic. You see 124, a recent newcomer, more globally looking at wearable

24

technologies. But the one I'm going to focus most of my attention on and the one I've been

25

heavily involved with is IEC 110, specifically in Working Group 12, which has published a fair
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amount of documents recently in the last 2 or 3 years, actually. So it's kind of hot off the

2

presses and we'll see a lot of new information from them in this presentation.

3

More in depth here on what ISO is doing, specifically in the Technical Committee

4

159/SC4, Working Group 2. The 303 documents that I talked to you about really sets the

5

guidance on fundamental visual requirements. These were mostly originally written for flat

6

panel displays and CRTs, but there is an informative section. So remember, this is 2008, so

7

many of these didn't real start booming back then, but they were looking forward and they

8

did mention a few things about eye relief, convergence, disparity, so there's some

9

informational information there.

10

The 305 document lays out kind of the measuring methods but still, in 2008 there

11

wasn't a lot to go on, so it's fairly lean. They touch on distortion, focal distance. They

12

called it qualifying viewing space. We call it today, eye box. So the same kind of

13

terminology.

14

A more recent publication on stereoscopic displays using glasses talks a little bit

15

about non-uniformity in the luminance and now looking at intraocular differences in

16

luminance and intraocular cross-dots. So some relevance there to the current -- any of

17

these situations.

18

This is one I found particularly interesting, I actually work in this group. This is fairly

19

recent. Their focus is visual fatigue for stereoscopic images and they identified several

20

deep parameters, intraocular geometric differences such as vertical line of rotation,

21

magnification differences. It's kind of highlighted there on the bottom. So when the left

22

eye and the right eye don't see exactly the same thing geometrically, that can induce visual

23

fatigue. So they set some guidelines or some thresholds of what might give you visual

24

fatigue, so I think those are relevant to this community. There's also photometric

25

differences, luminous differences between left and right eye.
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On the IEC world, more specifically TC 100, a foundational document which was

2

published in 2018, so this is fairly recent, goes into sort of the broad strokes of the

3

principles, the terminology, classifying any of these technologies, so just laying the

4

groundwork for everything else. It talks about virtual image optics and some simple things

5

like what is -- you know, what is the eye, what's the geometry of the eye.

6

So we had to lay down some geometry in order to do the measurements so we had

7

to say okay, the eye relief is to the vertex, the front of the cornea, where the pupil or the

8

entrance pupil for the eye is 3 mm behind that and then the center of the eye is 10 mm

9

behind that. So these dimensionalities make a difference in your measurements so that's

10

why we had to identify them and, as you know, it varied from person to person, but we

11

needed kind of a standard eye to go base our measurements on.

12

It also defines some of the optical parameters that we may want to measure, so field

13

of view, distortion, luminance, contrast, color, modulation, transfer function, eye box. So it

14

kind of gives you an outline of that and kind of outlines the kind of geometry of the

15

situation.

16

So one key point that also is discussed and this is the concept of an eye point. So the

17

eye point that you see in the lower right here is basically the center of the exit pupil of your

18

near-eye display. So that's where you want to put your pupil of your eye, centered about

19

that. So it's an important point that unfortunately is still relatively not well defined because

20

everybody uses that eye point as the reference for your measurement, the evaluation of

21

your near-eye display. I'll dig a little deeper there in a second

22

But the other point is in evaluating a lot of these parameters, like field of view and

23

eye box, you're doing some scanning. So you've got it highlighted there that you're

24

scanning from this eye point over this virtual image space and you're usually doing that at

25

an angle. Now, how you scan makes a big difference. Are you scanning from -- by pivoting
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

86
1

off the pupil? So I'm going to run long. Are you scanning about the pupil point, is that your

2

pivot point or are you scanning about the center of the eyeball?

3

So let me show you the difference kind of here in pictures. So if you've got your

4

near-eye display in front of your eyeball, on the top row there, the natural motion of the

5

eye gaze is to rotate about the center of the eye. As you do that, what you see is the pupil

6

offsets from the axis so you get this offset as you're scanning. However, most people use

7

pupil rotation, so your pupil is rotating about the center -- I'm sorry, you're scanning about

8

the center of pupil, which is really an unnatural act, and you'd pop your eyeball out of the

9

socket if you tried to do that, but that's what people do typically using cameras because it's

10
11

convenient to do that.
I want to kind of highlight the problem here more directly. So above in the top

12

picture you see an AR device. The black spot behind it is the entrance pupil of the

13

instrument and the light you see around that is the light box or the eye box of the device.

14

So what happens in the bottom picture, the green is the eye box, so the device -- and if you

15

want to gauge to one part in the virtual image just off to the side, you can see that offset in

16

the pupil on the bottom.

17

Now, as the pupil is getting offset, there's two -- several things happening. One is

18

that that offset is now going off axis and you're getting all of these aberrations that are off

19

axis. The other thing that's happening is it's starting to go off the eye box. If your field of

20

view is large or if your eye box is small, you can run right off your eye box when you're

21

doing the measurement. So that's actually -- these two types of scaling are kind of

22

described in the standards and allowed in the standards but one is, I would think, more

23

natural than the other.

24
25

This other document talks -- is actually the first standard on the optical
measurements. It talks about the coordinate systems, so we use a spherical coordinate
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system. It gives you the options for pupil rotation scanning and eye rotation scanning and

2

then talks about the generic -- you know, every display you measure color luminance, color

3

gamut, contrast. However, what's specific for any of these is, of course, the field of view,

4

eye box, pixel density. And the thing I want to point out is field of view can be -- an eye box

5

can be determined several ways. In this particular standard, they determined -- it's

6

determined based on luminance. You'll see later it's determined in terms of resolution or

7

Michelson contrast. So there's different ways for the same -- different ways to measure the

8

same metrics, so you have to be aware of that.

9

This goes into the image quality. A couple parameters or metrics you can use,

10

distortion, Michelson contrast, focal distance is defined here, and field of view based on

11

Michelson contrast versus movement in space and eye box versus Michelson contrast

12

versus luminance. So highlighting that there can be differences for the same parameter.

13

This standard is more specific for AR devices, talking more about their transition

14

properties, specifically the spectral transference, the color differences between the object

15

and when you put the glasses on, do you get a color shift? Do you have stray light

16

introduced by the glasses or the Michelson contrast difference as you put on the glasses, do

17

you lose resolution from the object?

18

So there's also instrument requirements that these standards go into. Some of them

19

are kind of common sense, it has to be compact so it can fit in the glasses, spectral accuracy

20

because as we go into lasers we need more precision, so we need spectral radiometers,

21

spectral measurements.

22

But I want to highlight the need for the entrance pupil needing to be on the order of

23

2 to 5 mm. Only 3, 4 years ago you couldn't buy this thing. There were no conventional

24

photometers, colorimeters that had that, they were like six times bigger. So people were

25

trying to use these instruments for this application and getting crazy results. So only
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recently are these things becoming available commercially.
Some implementations. The simple implementation is you just stick a camera in

3

front, but remember this can't simulate eye rotation, so be careful of that. That's why some

4

people are taking their cameras and putting it on a robot or some kind of positioning stage.

5

You usually need like five axes positioning to do the scanning. I won't go into the details, so

6

you have to be careful of the resolution and how you do the smoothing of the camera. You

7

can see that in the slide.

8
9

So what are we missing still? There's a lot that's been done, but what are we still
missing? So my opinion, there's still things that are not well defined, like how do you focus?

10

Everybody says go to the best focus. Well, how do you physically do that and what's the

11

algorithm you use to do that? Everybody's got a different algorithm. So things like that,

12

focal distance, yield curvature, latency was talked about here, that's still missing.

13

And a lot of the standards, I guess, from my opinion are based on consumer

14

requirements, not really professional requirements. So the guidance that these standards

15

may have may not be as -- may be lacking for your needs, for example.

16
17

And there's new technologies coming out in eye tracking, retinal projection, light
field, so there's still a lot of work to be done. Thank you.

18

(Applause.)

19

DR. BEAMS: So thank you, John, for the nice presentation and update on the

20

standards. If I could invite John and then the other speakers from this session and with

21

that, we'd open our -- so everyone has time for lunch, the discussion will be a little bit

22

shorter but we have about 10 minutes. So if anyone has questions, please make your way

23

up to the microphone. I guess while people are thinking, so we heard a lot of great

24

presentations about both where the standards are and some of the new ideas that are

25

coming about. So one question I have is with these new technological developments, what
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do you see as limitations for implementing them in medicine? Like, what are the some of

2

the gaps in current technology and what challenges would that open for evaluating them?

3

DR. HUA: Well, personally I don't have a whole lot of experience of integrating a

4

documented technology for medical applications, but from experience of developing this

5

technology and so, for instance, when I talk about how to use the new technology to adjust

6

the vision discomfort problem and this technology introduce so many different variables,

7

like, for example, even John mentioned, for conventional display, just measure the focal

8

distance image quality is difficult.

9

But then introducing light field display, then it's a different -- add additional, actually

10

many dimensional quantification problems. Like even just coming to how do you actually

11

accurately quantify the accuracy of your light field because for medical application, for

12

surgical application, the accuracy image quality is essential. But the rendering of the light

13

field depends on so many different variables and even if your technology reached to the

14

point that you render high-quality light field, but that high quality depends on your

15

calibration and that's one of the challenges that I mentioned. But doing all these

16

calibrations in a surgical procedure probably is very difficult and how do we develop a

17

procedure that can leverage -- you can do pre-operation preparation versus optimization

18

during the procedure, which seems to be a very big problem.

19

DR. NAVAB: Just a quick different view from my side and other aspects. We were

20

talking a lot here in the hearing today about augmented radiology in general for medical

21

application. What I want to say, from my point of view, we will not have the same devices

22

used for radiology and nuclear medicine, I mean diagnostics and surgery. These are

23

completely different playgrounds. Also for education we would have a different. We were

24

talking about the price, the price matters only for education and also for, for example,

25

general diagnostics in different radiology rooms. In an operating room, if you're in a spine
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surgery operating room or a vascular suite, there is nothing less than 50k or 100k. There is

2

no need to have a 2k device in a spine surgery room. What we need there is a device which

3

is a perfect fit into the surgical workflow needs, a perfect fit. And I don't believe of one

4

HMD for all the surgical applications. I believe there would be specialized surgical

5

augmented reality displays for particular field of surgeries, but they have to be perfect.

6

They don't need -- the doctor does not need to check his e-mail or website or whatever on

7

that. That device would be in an operating room from 8:00 a.m. to 8:00 p.m., it would be

8

used only for that purpose of that particular surgery, but these are very, very different

9

requirements, so we should not -- I don't look at the same solution for teaching and training

10

for radiology and then for surgery. For me, these are three different fields, three different

11

sets of requirements to each sets of -- different sets of solution.

12

DR. PENCZEK: May I just add one comment, I guess, to the question about the gap?

13

For me, as a measurement person, I think trying to define image quality, you know, it's a

14

squishy word, right? And I think that's still not well defined. It seems like the vision

15

scientists haven't coalesced on what that means yet, so I still have yet to see kind of a

16

standardization of what is good image quality. So once you tell me what it is, then I can go

17

and measure it, right, but I think that still needs to be firmed up.

18

DR. BEAMS: Thank you all for your answers. Go ahead from the floor.

19

DR. MARSH: Yeah, I have one question for Nassir. Jay Marsh (ph.), Mayo Clinic. And

20

I've followed your work for a while kind of from afar. You know, you've got -- and there are

21

other people in this room that have been working in this space for a long time and have

22

made incredible advancements and yet, where I work in the operative room, none of these

23

advances actually reach me, you know, because instead of creating an AR spine device, I get

24

a million dollar Mazor robot with an OR, right, because that's what's reimbursing in there.

25

Can you discuss some of the challenges -- it's a similar challenge, I think, from going to
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bench to bedside but like, in this realm particularly, where the technology is there, the

2

computing power is there, the ideas have been around for quite some time and actually

3

bringing to fruition what your university and Johns Hopkins has to actually get that -- the

4

challenge is to actually get that in the da Vinci robot, actually get that into my OR where it

5

can be meaningfully used because there's a lot of great science that never makes it to

6

patient care. Like, we don't do breast surgery like that in the U.S., right, we don't do any

7

lumpectomies like that at the Mayo Clinic or breast surgery and yet, it exists. Maybe you

8

can talk to that and kind of bring some of this back to reality, like what are some of these

9

challenges and what realistically is a path forward of ways we can get some of this tech to

10

the doctors?

11

DR. NAVAB: Thanks a lot for the question. I actually do partial answer to that and

12

I'd let Christoffer because I think this is awfully good for Christoffer. In a sense that when

13

we started, or I mean folks had started or others in our little hospital labs with our fundings

14

of different national fundings, we are working usually with one or two medical doctors and

15

we go for exploration of novel ideas. Then we need the companies, and together with

16

surgeons and together with people like you to bring it into products. I mean, in the case of

17

breast that I showed you, there was a company created and there was, you know, a product

18

with certification out.

19

In other cases, for a period of time I think there was a problem of acceptance or

20

getting used to it. When I was at Siemens Corporate Research in 2001, I had the big group

21

of augmented reality, we had like nine HDMs and we were doing a lot of things. But then

22

they actually hired a company to do a market analysis and say when augmented reality

23

would be coming at its height and me, being in the middle of the field, I was seeing it very

24

close, but those guys who did the study were much better than us and they told us that it

25

would be 2014. Unfortunately, the conclusion of Siemens was to reduce down their activity
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on that for at least 7-8 years, which I think it was mistake, but this is a lot of things.
So what is happening since 2014 and since the investment of Microsoft and, you

3

know, Facebook and Google and others, in billions into AR technology, now there is an

4

opening for also us to -- and the surgeons who believe that they can use it, they can buy it,

5

they can pay for it. So I think it's now we are going to an accelerated phase, which was not

6

possible 15 years ago, 10 years ago. Neither the surgeons were ready to take it because

7

they were not -- this concept of AR was not yet something that -- you know, Google Glass

8

was not there, people were not seeing it as something natural, so it was more like space

9

research and now, Dr. Cedak (ph.) asked why don't I have it. And also companies sees that

10

they can actually include it and get advantages.

11

So my hope, but also my belief, is that you will see a lot of things that we have been

12

doing or we are doing transferring very quickly in the next few years. Actually, we are now

13

-- as I'm talking to you, we are working directly with Stryker, Autrex, Zeiss, Siemens,

14

different partners, and many partners come to us and the idea is to do that. I mean, I think

15

it's a little bit is not -- I mean, it's very hard to go from bench to bed. Then the society is not

16

yet, you know, looking forward to it, they see it very far and where industry thinks, you

17

know, who has invested billions so I go towards it? Now, the first companies did billions

18

into it, I think everybody else will do. Now one question. I mean, I think you can answer

19

also because this is --

20

MR. HAMILTON: Yeah, of course, we're the ones coming next in the chain and I

21

completely agree with Nassir also about the acceptance, about understanding the

22

technology. It's very difficult to explain it in words or in PowerPoints. This technology, you

23

often have to wear it and see like almost final application to really understand the

24

potentials. And also the last slide I showed, so like how can bring high-quality devices into

25

the operating room? Like Nassir mentioned, like the print devices or even some devices, so
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how can we do that regulatory and legally, that's also an important step to get these

2

devices on the market.

3

DR. BEAMS: I think we have time for one more question.

4

UNIDENTIFIED SPEAKER: Thank you, panelists, for your time and your presentations.

5

You know, given the diversity of perspectives we have on the panel and the state of affairs

6

of, you know, lots of consensus on standards for extended reality applications for medicine

7

and solutions, do you think it's worthwhile for companies who are developing solutions to

8

focus more on challenges that prevent these applications from being adopted in medical

9

use, such as workflow integration, as you mentioned, Nassir, across the -- you know, 15 or

10

12 studies that you have published there or focus first on, you know, standards and making

11

sure that image quality is given, you know, more importance prior to workflow integration?

12

DR. NAVAB: I can give my feedback and maybe others could give their feedback. I

13

think this is -- we have to go in parallel into this front because it's really -- I think people are

14

ready to accept it, so I would -- I was talking to some of the friends from FDA last night. You

15

know, AR has advantages. One is intuitiveness and bringing it simply into the workflow,

16

which sometimes people confuse it with quality and precision.

17

These are different things and that's why I think AR, even if it's not perfect, it can be

18

-- we can start with, as companies, bring it into products. We don't need -- and sometimes

19

people, including me, get upset when the claims is beyond what they can do. But if the

20

claim is matching what they are doing, I think we are ready to have a lot of products in AR,

21

for example, in surgery, without the required precision. So we do it for workflow, you

22

know, improvement of workflow, making it more intuitive, making the documentation

23

easier, the teaching easier while, together with companies, people are working on getting

24

the precision or the quality of image they need. So I think we can go in parallel and there is

25

the market now, there will be developing further market with different requirements as we
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

94
1
2

go on, that's what I believe -MR. HAMILTON: Yeah, so I think you have to do both, but I would maybe do the

3

workflow a second priority because you don't want to have a great workflow that ends in

4

something that's not clinically valuable. So I think you have to do both parallel but maybe

5

always have this in consideration, what's the actual benefit for the surgeon or for the

6

physicians?

7

DR. PENCZEK: So maybe I can say that, you know, standards are a lagger of

8

technology, they're not leaders so they have to follow the market. You can't build a market

9

on standards, but standards do try to ensure quality. So when you have a market, that's a

10
11
12

way to get high quality.
DR. BEAMS: Okay, thank you all for the good questions and I'd like to thank our
excellent group of speakers for this session.

13

(Applause.)

14

DR. BEAMS: And yeah, so enjoy lunch and we'll start sharp at one o'clock. And

15
16

there's also, as a reminder, a poster outside if you're interested. Oh, 1:30.
(Whereupon, at 12:35 p.m. a lunch recess was taken.)

17
18
19
20
21
22
23
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AFTERNOON SESSION

1

(1:32 p.m.)

2
3

DR. KONSTON: So good afternoon, everyone. My name is Kim Konston, I'm a

4

biomedical engineer within the Division of Biomedical Physics within the Office of Science

5

and Engineering Labs, and I'm going to kick off our afternoon sessions today in medical

6

applications.

7

So you heard in the morning Ryan Beams talking about FDA research efforts in

8

characterizing image quality and display performance, and we also heard from a number of

9

presenters talking about evaluation challenges for these devices in medical applications. So

10

this afternoon's sessions, we're going to switch gears and talk about medical application

11

opportunities and challenges.

12

We have several great speakers lined up from industry, academia, and critical

13

institutions that are really going to help us round out this workshop. So I'll be moderating

14

the first session and my colleague, Kyoko Fujimoto, will moderate the second session.

15

So before we get started, I just wanted to briefly discuss some of the other research

16

efforts going on in our OSEL MXR research program. So Ryan had mentioned that I'd talk a

17

little bit about human factors and sensor performance research that we have going on but

18

first, talking about human factors and usability. This concept is really applicable to all

19

devices regardless of risk and complexity. Although more in-depth processes may be

20

required for higher-risk devices, understanding how a device impacts the end user and

21

whether the end user finds benefit in a medical device is certainly a relevant question for all

22

stakeholders.

23

So our goal in the human factors space is to develop quantitative objective

24

assessments of device benefit and device efficacy to facilitate the review. But we really
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needed to know where to start, what are the gaps in usability assessments for this

2

technology at this point. To help answer some of those questions, we first conducted a

3

systematic review in usability assessments for AR and VR, and because there are so many

4

applications in this technology space, we needed to first narrow down what we wanted to

5

focus on. So we decided to narrow it on investigating usability assessments for the use of

6

AR in surgical applications to see if there were any gaps in usability assessments that may

7

impact use-related safety and device efficacy.

8
9

So we ended up finding some of these articles on the topic and categorized the
usability assessments and the results of that are shown here, and what we found is that the

10

majority of studies assessed the impact of the technology on the user by looking at task

11

performance, very generally the user experience, and also looking at the time to complete

12

certain tasks. Very few studies have really investigated some of those physiological loads

13

such as visual, cognitive, and physical loads and how they may impact the user. And these

14

also have more implications with potential use errors.

15

So we decided to focus an initial study using an AR surgical application on looking at

16

those three different loads. So we decided to use a simulated surgical task called a

17

ventriculostomy. I think I'm pronouncing that correctly. So this is a task that requires a

18

surgeon to place a catheter into cerebral ventricles to drain excess cerebral spinal fluid.

19

A research team is currently developing a more realistic head phantom that has

20

mechanical properties similar to that of brain tissue to better simulate this task, as well as

21

develop an AR program that uses the HoloLens so that we can overlay images, 3-D images,

22

onto the phantom. And the end goal here is to see how these loads, how the physical,

23

visual, and cognitive loads differ when somebody is performing this task with AR and

24

without AR. And because performance is something that is -- was identified in our

25

systematic review as being captured a lot, we're also going to be evaluating a few metrics
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related to performance.
So we also have some research efforts into characterizing sensor performance for

3

different clinical applications. There are many sensors on these devices, but we're

4

narrowing our focus initially to understanding accuracy of sensors that are used to track

5

motion of objects or motion of people. How these motion data are being used in a medical

6

application will dictate the necessary accuracy, but it's important for us to understand what

7

those limits are, especially given the fact that a lot of these headsets that are being used in

8

clinical applications were originally designed not for that purpose.

9

So a research goal here is to assess accuracy of position for the HTC Biotracker

10

system, starting with that one, compared to a gold standard system such as the OptiTrack

11

passive marker system. We plan to extend on existing literature in this area by assessing a

12

number of different movements that are expected to be encountered with medical

13

applications such as upper limb reaching tasks, some torso movements, and also capturing

14

accuracy while people are walking around, and we're able to do that with a VR-enabled

15

omnidirectional treadmill from Infinadeck.

16

So in just a few short minutes that I've been up here, and over the last few hours in

17

the emerging technologies and methods sections, we heard a lot of different applications of

18

AR and VR technology and that's one thing that we really wanted the speakers in this

19

session to also emphasize. So one objective of this session is to understand the breadth of

20

clinical applications. We also asked the speakers to identify clinical implementation hurdles

21

and understand how these technologies potentially impact the end user or the patient.

22

We also want to get an understanding about how the impact on the patient and the

23

end user is measured. What are the current assessment methodologies and what -- where

24

are the gaps and where do we need to generate awareness of gaps in this assessment

25

technology, assessment methodology?
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We also want to develop an understanding of new or modified risks that might be

2

associated with these kinds of devices and especially with the human factors and usability

3

background, more on those use-related risks.

4

So with that, I'd like to kick it off to our first speaker, Dr. Atul Gupta from Philips.

5

(Applause.)

6

DR. GUPTA: Thank you very much, Kimberly, and thank you for all being here. Good

7

afternoon, everybody, it's always a challenging time to talk after lunch when people are

8

tired with that post-prandial haze, jet lag, a little bit of heat in the room. Fortunately, it's a

9

warm day here in Washington but hopefully, I'll try to wake you up and I know the other

10

speakers later this afternoon will, as well, sharing a bit of the breadth of some of the clinical

11

applications in AR for medicine.

12

And in fact, I wanted to spend the next 15 minutes sharing with you what our vision

13

is at Philips, of how we see AR devices playing a role throughout healthcare, and then zoom

14

in on our first use case which will be in the image-guided therapy space, and explain a little

15

bit about the minimally invasive procedures, the challenges that I have in that environment

16

and how we seek to at least, in the first go-around, solve some of those problems.

17

So at Philips, we strive to make the world healthier and more sustainable through

18

innovation and in fact, it's our goal to improve the lives of three billion people a year by

19

2030. And what people may not know is Philips is a pure health technology company, so

20

the old Philips of consumer electronics and light bulbs no longer exists. Every product we

21

make is health and we're an innovation company at heart, and we see augmented reality,

22

mixed reality, playing a huge role in -- throughout the health continuum. And we have

23

businesses and products in many different spaces of health. We have products for healthy

24

living, we have products for prevention of disease, diagnosis of disease, certainly for

25

treatment, which is the piece I like because that's where I spend most of my time, and even
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

99
1

in home care, which is growing dramatically, especially in the United States. So I wanted to

2

share with you just a few examples of how we see just how AR could facilitate the world of

3

healthcare in the near future.
So if you look in the top left-hand corner you see a Sonicare toothbrush and today,

4
5

already, we can -- we have sensors in this toothbrush and you can look on your iPhone and

6

you can see what tooth you missed and how hard you're pressing. Not hard to imagine how

7

you can supplement that with a pair AR headsets and put that on a 5-year-old who's looking

8

in the mirror and she could see her virtual purple teeth turn white. Easy things that we can

9

think about doing with AR.
Or if you look in the bottom right-hand corner, that's a radiology reading room. I

10
11

was just having a discussion about this a few minutes ago. There are many companies

12

already looking at how do we facilitate the diagnosis of disease using AR. Today I look at a

13

CAT scan, there might be a thousand cross-sectional images and I have to convert that into

14

a 3-D model in my brain. Or maybe software companies have made that into a 3-D model

15

but it's on a 2-D screen. Wouldn't it be better if we can turn it into a hologram to facilitate

16

better diagnosis of disease? And certainly people are working on that, but that's an easy

17

future.

18

Or in the top right-hand corner you can see telemedicine, we have a growing

19

telemedicine platform. And here you can see two elderly individuals communicating with

20

their physician, basically through a tablet-like device, just a simple webcam, and we have

21

some wearable sensors that they can use to track some of their vital signs. Not hard to

22

imagine how you can take that to the next level with a virtual holographic patient visit.

23

I'd like to zoom in a couple of other areas that I think are particularly interesting.

24

Many of you may know about one of our products called Lumify. Lumify is a portable

25

ultrasound, we call it POCUS, point-of-care ultrasound. For those that know real
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ultrasound, in the old days they were these big refrigerators and we've shrunk that whole

2

thing down basically into the probe, so the whole ultrasound is now in your hand and we

3

call it "bring your own device" and you plug it into your own tablet or your phone. And here

4

you can see an example of a Lumify being used, for instance, in Sub-Saharan Africa, by a

5

midwife as she's scanning this pregnant woman. And if you can see the top right-hand

6

corner of the tablet that she's looking at, there's a little view port in there, a window where

7

she's communicating with an obstetrician another continent away and that obstetrician can

8

see that ultrasound in real life. Wouldn't it be great if we can supplement that with AR so

9

that we can also put virtual holograms on top of the patient and the obstetrician can guide

10
11

her through where she needs to hold the probe, at what angle and how hard to press?
Or if you look at defibrillators, AEDs, hopefully people are very familiar with products

12

like HeartSmart, an automatic external defibrillator. Almost every concert venue, school,

13

airplane, this very building, will have an AED and they're quite easy to use, they prevent

14

sudden cardiac death. But even still, I think we can make them even more intuitive to use if

15

we imagine putting an AR headset into these defibrillators and then when you open up the

16

box, you put on the headset and it will guide you through this process of Step 1, place the

17

pad; Step 2, check for the rhythm; Step 3, press this button. And you can even supplement

18

that with computer vision so that it can track your compressions and see if you're really

19

delivering a hundred beats per minute or if you need to slow down or if you're even

20

compressing hard enough.

21

So these are many use cases that we dream about and we think are very doable

22

across the health continuum and there's many, many others. I want to show this one in

23

particular, because a lot of people think that AR is science fiction, we see all these cool

24

videos, it's way out there, it's all futuristic. It's happening already. Now, it may not be

25

happening already as a regulated medical device, but people are using it in healthcare.
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These are images that were given to me 1 week ago. So we all are familiar with the

2

coronavirus epidemic and these are images from Wuhan. And so in the top right-hand

3

corner you can see the beginnings of the construction of Thunder God Mountain Hospital in

4

Wuhan. Now, China was fantastic, they built not one but two full-fledged hospitals within 2

5

weeks. And so there you can see a CAT scan, the Philips donated CAT scan that we put in

6

there. The roof is not even up yet. CT is a very good way of making a diagnosis of covid19.

7

It's earlier, in fact, than the swab tests. But it's not enough for industry and healthcare

8

companies to just give equipment, there's a whole host of education that needs to occur to

9

get people to adopt and learn how to use these technologies.

10

And so just a few days later, you can see the bottom left-hand corner, that's now

11

that same exact CAT scanner now looks at a real CAT scan bay with a roof in a hospital and

12

they're actually scanning a patient. But what you see is that radiologist and technologist

13

are wearing an augmented reality device and communicating with our Philips team as they

14

guide them through the acquisition parameters and the protocols and the procedure cards

15

and what we found was (a) we are able to deliver this healthcare very, very quickly and also,

16

of course, more safely. So I'd point out that AR is already happening and we shouldn't

17

forget the role of education if we want to improve outcomes.

18

But if we want to think about medical devices, we at Philips, I believe that image-

19

guided therapy, for reasons that other people earlier this morning also said, is going to be

20

the first entry point for AR.

21

What is image-guided therapy? Well, this is the world that I work in when I'm

22

practicing clinically. We do minimally invasive procedures. Basically, it's a fancy term for

23

modern-day surgery. We navigate little devices, catheters, through the body and we use

24

imaging to help us get to the point of treatment and what you'll see is we're all looking at

25

different screens, there's five people in this room in addition to the patient, and we have an
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incredible amount of healthcare data now that we need to use to guide us, and our solution

2

up until now has been to give everybody their own screen or maybe make a big gigantic

3

screen and just chop it up into 16 different little windows. Not a perfectly optimal solution.

4

And what are the kind of procedures that we do in image-guided therapy? Well, surgeons

5

use these rooms, interventional radiologists and neuroradiologists use these rooms,

6

cardiologists will use these rooms.

7

And so at Philips, we have rooms that we build, Azurion, like this room coupled with

8

medical devices and software across a whole host of areas. So these rooms will treat you or

9

your loved ones for things like coronary artery disease, opening up a blocked artery in your

10

heart so you don't have to have bypass surgery or a vascular intervention so you don't have

11

to have an amputation, or to replace an aneurysm in your aorta.

12

Electrophysiology, we have solutions around atrial fibrillation to stop that irregularly

13

beating heart, or structural heart disease where we can replace your aortic valve or your

14

mitral valve.

15

Neurology, we can navigate little catheters through the groin up into your middle

16

cerebral artery in your brain and extract that little tiny clot, not much larger than a grain of

17

rice, that can cause devastating effects for stroke and we can reverse that stroke if we do it

18

early enough.

19

Oncology, we can guide catheters and probes and we'll see examples of this later

20

today in this session, of other people that do this to kill tumors in the liver and in the kidney

21

and in the lung.

22

And even spine surgery, which we saw earlier this morning from Brainlab and

23

replacing pedicle screws and we can do kyphoplasty and vertebroplasty procedures where I

24

inject cement to repair these back bones. And the magic is every one of these procedures

25

that we do are done through incisions not much larger than a pencil point. And so what
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that means is, for society, we can improve patient outcomes at a much lower cost and with

2

a lower risk. No longer do we routinely need general anesthesia, no longer do we have 3

3

weeks of admission in the hospital, no longer do we have that blood loss. Patients

4

sometimes go home the same day for some of these procedures. And most importantly, it's

5

not just a replacement for surgery, there are many new treatment options for patients that

6

were not possible before, things that we could do with image-guided therapy that are

7

simply impossible to do any other way and that's -- I think it's extraordinarily important for

8

us to continue to innovate in image-guided therapy.

9

So what are some of the challenges? Why do we need AR? What are the problems

10

today when we're working in this space? Well, I already alluded to the fact that we're all

11

looking at different screens, but it's not just the screens. We spent a lot of time this

12

morning about displays. For me, it's also about controlling this room. You know, I have my

13

hands on a catheter or a wire that's very precariously poised in somebody's carotid artery,

14

for instance. I don't want to let go of that catheter to start touching joy sticks and buttons

15

and keyboards and mice to operate this fancy room. So I wonder, wouldn't it be better if I

16

can use new ways of controlling the system, voice, gesture or gaze?

17

And finally, we have 3-D anatomy, we're all 3-D objects and yet we're visualizing that

18

3-D anatomy as we try to navigate the body on these 2-D screens. It's very old school, it

19

takes up time when I'm trying to struggle to figure out am I supposed to go inside or

20

outside. I can't see that on a 2-D screen.

21

And so really, the three big challenges that we see today are, of course, the multiple

22

sources of data, as we also heard this morning, and it's not just adding extra screens to the

23

mix, there's some ergonomic component, you know, there's the team of technologists and

24

nurses and physicians that are wearing heavy, heavy lead and now we're straining our necks

25

while wearing heavy lead, looking at these screens with glare on them from far away. There
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has to be a better way. As I said before, the system controls, these are very busy

2

environments, I don't want to have to reach across things. By the way, it's also not as

3

sterile. Even though we do cover these things up in sterile drapes, maybe we can do it even

4

more sterile to control our systems.

5

And then, for instance, if I'm doing a hepatic arteriogram, trying to do a

6

chemoembolization procedure killing a liver tumor, and the interventional radiologist in the

7

room that I've seen will know exactly what this is, you know, we can -- this is like human

8

GPS. We know on our 2-D screens if I have to go up or down, left or right, but it doesn't tell

9

me if I have to go in or out and we spend a lot of time wasting time and also radiation dose

10

trying to see which way to turn on 2-D screens. Holograms would make this so much better

11

for the patients.

12
13
14

So how do we see AR supporting in these specific challenges? And there's many
others, but we see these as the first challenges we want to tackle.
So we saw some videos this morning, and I want to put a little bit of a voiceover for a

15

prototype that we built over the last couple of years with our Azurion interventional

16

platform. Now, this is a work in progress, obviously, but the first use is we want

17

supplementary personalized displays for all.

18

So here, in the very beginning of the case, I'm trying to gain access to the common

19

femoral artery, it takes me about a minute. I don't need the whole ultrasound there

20

through the whole procedure, I just need that image there for 1 minute. Now, this is in

21

addition to the master medical diagnostic quality image screen that still exists in front of me

22

and behind me, but I want to see just that image ergonomically friendly. And the nurse

23

doesn't care to see that, she wants to see the heart rate and the O2 saturation and when

24

she moves around that patient, she wants to be able to have it follow her, which does not

25

happen today. So everybody gets their own customized personalized displays that are a
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supplement in addition to the existing master medical screens, which you can see behind

2

me, as well. The same screen still exists behind me and in front of me, but I may want to

3

have a customized extra display and I may want to have my fluoro and my live

4

hemodynamic monitoring and an old CAT scan and I may want it to follow me wherever I go

5

at all times. So you get an idea of how we're thinking about using virtual screens and

6

making them customizable for everybody.

7

Three-D imaging is extraordinarily important. This is a video shot in our research

8

facility in Cambridge, Massachusetts and here I'm simulating doing a chemoembolization

9

procedure. So again, this is that whole story about I need to navigate that hepatic artery in

10

3-D. I'm not losing my existing functionality on my medical-quality display, but I'm sure

11

supplementing it by seeing this hologram and now I know exactly how to go. And I may

12

want to control it with voice commands because after all, my hands theoretically are busy

13

with that catheter and that wire. So I can just simply say rotate, zoom in, zoom out. I may

14

want to actually reach out and grab it, as well. It's still another way of controlling this as

15

opposed to using mice and keyboards and buttons. It's not replacing it, that will always be

16

there as a failsafe backup, but this is just another way of doing it.

17

And as I said, our hands are busy, really busy and sometimes they have two

18

individuals doing procedures. So, you know, it's like flying a kite and you have hands on

19

catheters and wires and we just don't want to let go of those to touch the buttons. The

20

buttons still exist to my immediate right there, but I want to use voice commands to pop

21

out this holographic aorta. And we want to have some shared visualization, shared

22

holography, so that both people operating on the patient can see the exact same thing.

23

Just like when you're in a plane and a pilot and a copilot point to the runway, we want to

24

make sure they're both pointing to the exact same thing.

25

Image review, this is a big deal. You could think of this almost as a glorified remote
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control. Again, my hands are busy and I would love to be able to pull up the pictures that

2

I've taken, and the medical data, by giving voice commands or gestures. Or maybe even eye

3

tracking. And so we've implemented some eye tracking using this technology so that I can

4

look at the left renal artery and stay zoomed and it just zooms up because my hands are

5

busy. Or I can select a button just by looking at it.
And the mobility, untethered workflow, that's very important as we start to do

6
7

newer and newer procedures. Here you can see, for example, I might be gaining access to

8

the right common femoral artery and then I need to go over to the left foot to gain access

9

to the posterior tibialis because we're doing a revascularization procedure on this left leg.

10

Today when I do this, I walk around the room and then I have to crane my neck to look at

11

my master medical display, which is still there, or reach across the patient to start pressing

12

the buttons or access the mouse. I could still do that, but we see a way of making it better

13

by adding an extra way of doing it, by having the virtual screens and controls come with

14

you.

15

This is just a few of the ways that we see AR playing a role in the future and so we

16

were asked to say well, what are your hurdles, then, towards clinical implementation?

17

Well, for Azurion AR, so that's what we're calling this work in progress, we define AR

18

functionality not just as the visualization, not just a hologram and a 2-D screen, but it's also

19

the voice, the gesture, and the gaze control and we see it as an addition, a complete

20

addition to all of the existing interventional suite screens and all the existing interventional

21

suite controls. It's not replacing anything.

22

In some ways you can think of it -- and this will make all of the headset

23

manufacturers in the morning upset and I don't mean to say it this way, but in some ways

24

you can think of the headsets as just another mouse or a keyboard or a display. You know,

25

mice were really an amazing thing when they first came out and now we don't even think
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twice about what brand or what we're using and we just all know how to use it, and I think

2

that AR headsets, both for displays and for control, will be perceived that way by all of us

3

very soon. And so if it's just an extra keyboard or an extra display or an extra mouse, that's

4

how we think about it because it's not replacing any of our primary displays or our controls.

5

And we don't modify our interventional system in any way to make this happen. We don't

6

have to do any modification on Azurion.

7

We saw a lot of hardware vendors this morning, we did not see a lot of other

8

hardware vendors that weren't here today, but we all know that this space is moving

9

extraordinarily rapidly. And next year when we have this exact same meeting, we're going

10

to have all sorts of new technologies, I think, with headsets. And so that means, for us,

11

both as physicians but also as industry, I think we have a need to maintain compatibility

12

with multiple third-party AR headsets because what might work for one use case in a

13

vascular procedure might be very different for what we need to do for a spinal procedure.

14

And so we have a need to maintain compatibility with a lot of different headsets optimized

15

for that use case.

16

And so our proposal would be to think of it in three buckets. You have the capital

17

equipment, the interventional suite, the Azurion, you have the headset, and then this third

18

bucket, which is the AR software. And the Philips AR software is a standalone product and

19

that's uploaded into the third-party headset and that's completely separate from the

20

interventional system or the headset. We treat them as separate objects.

21

And so the headset manufacturers who, as we saw from the legal disclaimers this

22

morning from Bernard, they have no interest and this cannot be used for medical, so they'll

23

continue to retain responsibility for the normal headset things that they do, battery life,

24

you know, mikes, speakers, and we would assume full responsibility, industry, whoever

25

makes the AR software, for compatibility testing to make sure that our AR software works
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flawlessly with both the headset and the interventional platform and that includes through

2

every single update. So as the headset manufacturers do a firmware update, it's our

3

responsibility to make sure that our software continues to work perfectly and seamlessly,

4

and the same thing with on the Azurion for hardware and software updates.

5

I want to close with a bit of a visionary film. So this is what we see as our

6

interventional suite of the future. This is where I believe I will be working in my lifetime

7

and in fact, almost every single technology, I'm not going to point them all out, but every

8

single technology that you see on this screen are things that we're working on at Philips

9

today.

10

But the truth is, is that we spend a lot of time making sure that we're not creating

11

technology just for technology's sake. We're not looking to make cool videos and not have

12

it used. Every product we make at Philips has to address the Quadruple Aim. That means

13

we need to improve patient outcomes, we need to reduce cost, we need to improve the

14

patient experience, and we need to improve the staff experience.

15

I believe that AR, certainly for image-guided therapy and many other areas across

16

health, absolutely fulfills that. But we can't do it alone, nobody can do it alone, and that's

17

why I'm extremely pleased that FDA has brought all of these stakeholders here together,

18

because it really is going to take all of us collectively, meaning academics, industry,

19

physicians, technology companies, regulatory bodies, and even patients who I think might

20

be joining today, all of us have to work together to figure out how to responsibly accelerate

21

AR because collaboration is really the only way to lead to the best innovation. Thank you.

22

(Applause.)

23

DR. KONSTON: Thank you, Atul. So our next speaker is Christoph Leuze from

24
25

Stanford University.
DR. LEUZE: Thank you very much, so thank you much for having me, and also these
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amazing talks during the day. I want to talk about two specific applications that we are

2

working on at the incubator for medical mixed and extended reality in Stanford. The first

3

one is a skull-based surgery that we performed and tested on cadavers. The second one is a

4

noninvasive brain simulation method that we're testing on actual volunteers. In the end, I

5

will talk about some accuracy measurements that we perform.

6

So for the skull-based surgery, we are working on the retrosigmoid approach. So the

7

retrosigmoid approach is the most common approach to remove a vestibular schwannoma,

8

it's like an approach where you access the skull from the back of the head. It allows it to

9

really easily access the brain stem or cranial nerves. Thus it is, however, very important to

10

have the mouse, it's very important -- do you see my mouse? No. It's very important that

11

you avoid the sigmoid sinus. So the sigmoid sinus is this blue venous structure there, that is

12

like a large drainage of blood from the brain. So if you place your craniotomy window

13

behind the sigmoid sinus, that's why it's called retrosigmoid approach, you want to make

14

sure to not accidentally damage that.

15

So during that approach, we now actually developed a quite simple application

16

which is sort of a shape-matching game for clinicians. So you have a pre-acquired CT scan

17

where you segment the skin and the bones and the sigmoid sinus and then the clinician

18

takes the CT scan and aligns it using landmarks like, for example, the pinna of the ear. Then

19

he can change the rendering to look inside, show the skull or also show the sigmoid sinus.

20

Here, the clinician is wearing the Magic Leap headset, he sees now the sigmoid sinus

21

in the location of the head and he marks where he plans later in his craniotomy window.

22

Then he opens the skin flap to prepare for the actual drilling of the bone. And one more

23

important thing -- can I pause this here quickly? No. One more important thing about

24

rendering. So this was done in collaboration with Alejandro Gomez, he's from the -- and

25

that is the rendering plays an important role, it can also have an important impact on how
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you perceive the depth of your hologram. It also makes an important role that you might

2

want to change the rendering to something like this or one of the following that has less

3

occlusion, which also makes it easier to interact with your content.

4

So once he marks the craniotomy, then he actually takes off the AR glasses and

5

starts the actual procedure. Now he moves to bone flap and then we have one final image.

6

After the surgery, we see again a view through the Magic Leap, so we have a camera behind

7

the Magic Leap lens and you see the sigmoid sinus right next to the craniotomy window.

8

We also performed that for another approach where we opened the anterior table

9

of the frontal sinus and tested it on multiple cadavers and the accuracy that we achieved

10

was 1.4 plus/minus 4.1 mm. So we measured the accuracy by taking a post-CT scan after

11

the surgery and then measuring the margins between the craniotomy window and

12

important anatomical features.

13

The next application I want to talk about is now not in cadavers anymore, now we

14

are moving to actual volunteers. It's a very low-risk application, so we can actually test it on

15

volunteers without any lasting damage.

16

So repeated transcranial magnetic stimulation on short CMS. It's a noninvasive brain

17

stimulation method and currently, clinically, it's mainly used for the treatment of

18

depression. So during that treatment you have an electromagnetic coil, you place that close

19

to the head and that allows you then, with the magnetic field, to induce currents and

20

stimulate the adjacent brain tissue.

21

An important variable that you have to control for the treatment is obviously where

22

you place the coil. So the focal point of this coil is roughly the size of a quarter, so it makes

23

a big difference if you place it at different locations of the head. So here you have a head

24

segmented into different function areas. For the depression treatment, you want to place

25

your coil close to the dorsal lateral prefrontal cortex. You don't want to place it somewhere
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else because it doesn't have the same effect on the symptoms. The problem with dorsal

2

lateral prefrontal cortex is now, first, the clinician, he can't look inside the patient's brain,

3

he doesn't know where it is and also if you stimulate it, you don't immediately know

4

whether you hit the right area. There is, however, an area where the clinician immediately

5

gets feedback whether he hit the right spot and that is the motor cortex because if you

6

stimulate the motor cortex, then you can induce a twitch in your muscles. So it's nice

7

feedback on figuring out whether he hit the right area.

8
9

And this is also actually currently used in the clinic as the main targeting method. So
the main targeting method in the clinic right now is that people move with the coil around

10

the head until they find the motor cortex and then, based on a generalized brain -- they

11

move 5 cm forward in the hope that you hit the right area. Sometimes they have measured

12

different skull sizes, which makes it a bit more accurate, but it's not so accurate that

13

researchers would use it.

14

So researchers in a research setting actually use these new navigation approaches

15

where you have an external tracking camera, you have displays, you have the clinician looks

16

at his displays, then he has a coil with marks attached, you have to -- and patient with

17

markers attached to the head and he tries using the display to steer the coil to the right

18

location. It's a highly accurate setup.

19

Unfortunately, it is very time consuming for it is very frequent treatment schedule

20

that you have in the clinic. So the standard treatment schedule and exam for the TMS

21

treatment is a treatment every day for a whole month. So every day the patient comes in

22

and you get your 30-minute treatment session, so you don't want always have another 5 to

23

10 minutes just to set up the treatment. And that's why we are working currently on this

24

augmented reality new navigation method where we want to make the treatment both

25

accurate but also faster than the current clinical approach.
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I'll show you again a video with a video shot through the Magic Leap headset and in

2

this video, here we also use an external tracking camera that's directing a marker attached

3

to the patient's head and in the beginning, we have this marker through calibrated external

4

camera with the Magic Leap camera.

5

Once the external camera is calibrated, we then again let the clinician do some of

6

the work. Similar to the skull-based approach, he now places virtual feducials around the

7

patient's head and once the virtual feducials are placed, then you can -- which is the meta-

8

imaging data of the patient's head to the patient, which allows you to, for example,

9

visualize internal anatomy. You also saw once it's aligned, it is then attached to the

10

directing marker so when the patient directs his head and the position, the pose of the head

11

is updated. You can also track the coil and, for example, show the function networks that

12

would be activated depending on a certain coil position.

13

Because this marker-based approach is also like not ideal, we want it to be as easy

14

and fast as possible. We are also working on a head-tracking approach and the head is, of

15

course, the perfect organ for that because you have features, facial features, that allows us

16

to calculate the pose, so we use that as well as the tracking approach.

17

Now here we see the actual experiment, actual stimulation experiment and for these

18

experiments that we are testing on volunteers, we are always aiming for the hand knob

19

area in motor cortex because this is a clearly defined area that we can target during our

20

procedure.

21

So in the beginning, the clinician, again, he aligns the virtual head with the real head.

22

Then he sees the hand knob in the motor cortex overlaid. He will soon see an inlay image.

23

And actually now I need sound, it seems like there's hardly any sound. Can you make the

24

sound a bit louder?

25

(Pause.)
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DR. LEUZE: Okay, perfect. So on the left you see now what the clinician currently

2

sees, you see this little green sphere which marks the hand knob area in the motor cortex.

3

That's what he's aiming for. It also shows the distance of the motor cortex. And what it

4

looks like is you have a 3-D stick coming out the coil, you aim the stick into the little sphere

5

so it's a very easy targeting technique.

6

On the right you see the hand magnified because once the clinician stimulates, if

7

there the stimulation was accurate you should observe a twitch in the hand. And you saw

8

also immediately with this tracking approach, we were able to accurately target the hand

9

knob area in the motor cortex.

10

Now, this video that I have shown just before was a very trained clinician and he has

11

done this very often and we also tried it with a first-time TMS user. So Supian (ph.), she's a

12

computer vision scientist in our group, never held a TMS coil before but she's very good at

13

aligning virtual content with real content and here again, she aligns the head and then aims

14

for the motor cortex and this shows you, that is like this augmented reality in medicine

15

generally can make some techniques available also for people with less experience because

16

it's much easier if you see the actual anatomy of the patient.

17

Now finally, just two slides about accuracy measurements. The first one is for

18

testing the accuracy of certain tracking approaches. We tested them with this external

19

tracking system like the OptiTrack system that you see in the left image, and also with some

20

simple caliper measurements, and what we did is place the overlaying virtual rendering of

21

this mannequin head onto the real mannequin and then after moving the mannequin

22

around for measuring the distance between certain length marks on the virtual head and

23

the real head, which gives us a very good estimate of the accuracy. And that approach is

24

MRI based, where it took two MRI scans, one before the procedure where we take an MRI

25

scan to make a virtual rendering of the subject's head, then you place what you see here
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with the screen spheres, we placed these virtual markers on this rendering of the head and

2

when the rendering is aligned with the patient through the AR headset, he sees -- like the

3

AR user sees these virtual landmarks on the patient's head. Then user takes MR-visible

4

feducials, so little oil caps, little capsules filled with a water mixture, he places them directly

5

at the locations where he perceives these virtual renderings of these markers. Then you

6

take another MR scan where you now see on the very right where you see the locations of

7

these MR-visible feducials and if you compare that against the first one, if you -- them

8

together, you can exactly measure whether your capsules were placed accurately at the

9

locations of these virtual markers.

10

And yeah, finally to sum up. So the manual alignment can be very powerful. It

11

depends very strongly on the accurate depth perception, which so far we like the Magic

12

Leap more with these multiple focal planes, it has a shorter focal plane than the HoloLens.

13

And swimming is also very important, so the inside-out tracking is also very important for

14

that. Perhaps the HoloLens might have an advantage, we are currently testing that. And

15

it's a very powerful technique to also allow less experienced users to perform complicated

16

procedures. Thank you very much.

17

(Applause.)

18

DR. KONSTON: Thank you so much, Christoph. Our next speakers are Dr. Amitabh

19
20
21
22

Varshney and Sarah Murthi.
DR. MURTHI: Hello, I'm Dr. Sarah Murthi, I'm a trauma surgeon at the University of
Maryland in Baltimore.
DR. VARSHNEY: And Amitabh Varshney, I'm a computer scientist by training and I'm

23

also the dean of the College of Computer Mathematics and Natural Sciences at the

24

University of Maryland, College Park, and together Sarah and I have been working on using

25

a lot of techniques for VR and AR for a number of clinical interventions and healthcare and
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education.

2

DR. MURTHI: And we plan to move quickly. So we are looking at AR for EVD

3

placement, which was mentioned earlier by Kimberly, external ventricular drain placement,

4

and I'm actually doing some work with ultrasound and AR also, and I love the Philips

5

systems, I'm just saying that.

6

So to clarify a little bit about what external ventricular drains are, actually I want to

7

take a second to explain to you the number of places that procedures are done in a

8

hospital. So we've talked about an operating room and an IR suite. There's another place

9

that they're done which is much more dangerous than any other place and that's out in the

10

hospital in general, so an emergency room to intensive care units and the hospital floors,

11

you're doing procedures all the time and those are where the greatest risks to patients are.

12

External ventricular drains are one of those procedures so believe it or not, they're

13

just placed in a regular old room and you take a neurosurgeon who's got a great sense of

14

anatomy, he's looked at a CAT scan and -- he or she. She has to then reconstruct that CAT

15

scan in 3-D and imagine that CAT scan in the person's skull and they basically do the

16

procedure blind to which we call anatomic landmarks in surgery, but that surgeon is

17

remembering what they saw in the CAT scan.

18

The EVD placement is fraught with errors, there's a 22% miss rate and you can have

19

bad vascular injuries from it and it's a very invasive procedure. So we're looking at whether

20

you could project a CAT scan, as has been talked about, talked about earlier, into the skull

21

and do a safer EVD.

22

So this is our -- you have to both project the CAT scan and also project the needle

23

into the CAT scan, so you can't actually see the needle after it's passed through the skull

24

into the brain tissue. And so the part that Dr. Varshney's team in College Park has been

25

working on is how do you project the needle using a HoloLens system? Right now we're
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using cameras that track the needle itself externally and eventually it will be correlated with

2

the CAT scan so that you could actually see the needle passing into the CAT scan.

3

DR. VARSHNEY: And this is showing some of the challenges in tracking using the

4

HoloLens system because it using infrared dots and that becomes a very hard thing, to track

5

something very thin and precise, like a catheter, and that's why camera-based systems are

6

much better at doing this tracking where a camera can look at a catheter. We have added

7

three small bags, red, green, and blue, to help distinguish where the catheter is. And we

8

look at the perspective foreshortening to look at -- to identify the orientation and the

9

location of the catheter.

10

So one of the things that is also very important in this is to track the accuracy of the

11

catheter tip. So for that, for 2-D, we could track using just a simple grid that you saw here.

12

However, 3-D tracking is important, so for this we 3-D printed a gadget like this, which has

13

these spaces that are firmly within 10 mm each and in this, we were able to find

14

submillimeter accuracy of the catheter tip as measured with our system.

15

The other thing which is very important about this is the latency and in this, we

16

compared -- to the HTC Vive tracker that we had and with respect to that, we were able to

17

get about 95 ms latency and most of that is because of the camera processing. This was a

18

very low-end $35 camera we are using, so clearly if you were to improve that, a lot of the

19

latency could be further reduced.

20

DR. MURTHI: To add this summary, I would like to say I think being smart about

21

which procedures we look at first, procedures that have inadequate imaging, procedures

22

that have high error rates, procedures that can be improved upon by imaging, I think is the

23

first place to start.

24

DR. VARSHNEY: This shows the camera, it's a Logitech C920. So in some ways what

25

we have shown here are the very first steps towards the operating room of the future and
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this is what we see that operating room to be.
DR. MURTHI: This is similar to Dr. Gupta's vision for an IR suite except it would be in

3

the operating room and there's different kinds of equipment that would be attached and

4

sort of different imaging that you would do. The IR suite, you're using images to guide your

5

procedures that you're acquiring at the same time that you're doing the procedure. In the

6

operating room, often you've done a procedure beforehand and you're using images that

7

have already been done and try to project them in. And so it's just -- it's a similar version to

8

what Dr. Gupta already presented.

9

We are also looking at VR to reduce opioid use and to provide a novel form of

10

analgesia. We have a partner named Dr. Luana Colloca in the School of Nursing and then

11

we've done a series of clinical experiments trying to understand how VR reduces pain

12

perception.

13

I think we're all aware of the opioid crisis, about 300 people die a day, so while we're

14

standing here probably 40 people died during this conference as a result of opioid

15

overdoses at a cost of $75 billion annually. So a better way to treat pain would save money

16

and save lives. If VR is part of that solution, then getting that to the patients is essential.

17

But to do that, we need to better understand how VR works. To explain our

18

collaboration a little bit, it's between College Park and Baltimore and so part of what we're

19

trying to use is our assets in Baltimore. So this is the School of Music, it's the opera group

20

in Baltimore and they are performing an opera, which we filmed in VR and then are doing a

21

series of patient experiments to determine if that reduces pain perception.

22

DR. VARSHNEY: So one of the things which is very critical in this mitigation of the

23

perception of pain is to create environments that are engaging and interactive to the user.

24

A lot of the virtual reality scenarios, as well as the use cases that have been created today,

25

are created by hand-drawn characters. One of the things we wanted to do in this was to
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have cinematic quality realism, both visual and auditory, and therefore what we did in this

2

case of the opera performance is capture it to multiple 360-degree cameras and this shows

3

you some of the cameras and if you -- these were all synchronized. And one of the

4

challenges in the creation of these kinds of setups is that it takes a long time to be able to

5

stream such content, to be able to compress this content, and that's where a lot of the

6

research that we've been working on in the computer science department at College Park

7

comes into the picture, where we are looking at how do you acquire, compress cinematic

8

quality-like feeds from multiple points of view more effectively so that it can be streamed

9

onto the reality headsets.

10

DR. MURTHI: Our yellow light is on. So we constructed these different

11

environments and then we took them into the lab, a sort of bench-to-bedside process, and

12

these are the different experiences that we put patients through to kind of understand

13

which parts of VR it is, is VR better than a 2-D display? I think a little bit later somebody's

14

going to talk about -- Mr. Powers is going to talk about how we get a good control for VR.

15

So we brought patients into a lab, put them in these different experiences, and determined

16

whether they had decreased pain perception.

17

And we randomized the experiences they had and they had a button they could

18

press when they sort of perceived pain, and it was a very formal study and they could select

19

their pain intensity when they started perceiving pain, so it was both the onset of pain and

20

then the amount of pain they could tolerate that was assessed.

21

And then afterwards they were asked about their experience of the pain, did they

22

mind the pain or was the pain tolerable and we found an interesting -- an interesting but

23

obvious point, which is that all of the most effective VR modalities for reducing pain was

24

something called the Ocean. It's a commercially available sort of calming environment. It

25

turned out opera actually, when you looked at people overall, increased pain perception.
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(Laughter.)

2

DR. MURTHI: We now call this opera effect. But in the subgroup of people who like

3

opera, it decreased pain perception. So you have to like the environment you're in, which

4

actually was another finding in this study. I think we mostly think of VR as distracting, like if

5

VR distracts, that's how it treats pain. Not what we found. People were perceiving pain

6

because we could tell because their heart rates elevated and they started to sweat, they

7

were perceiving the pain. They just didn't care about the pain because the VR environment

8

put them in a more calming, soothing environment and their parasympathetic pathway was

9

activated. So maybe the VR is -- it's not simply distraction, it probably has to do with that

10
11

sense of aversion and being somewhere else and not minding the pain.
And so now we are also starting to do a series of human experiments where we see

12

if it decreases pain perception. Nick Morris just got a grant, so we have one of our

13

neurologists got a grant to look at it in headache pain and subarachnoid hemorrhage. So

14

we actually have trauma doing this, as well.

15

So in conclusion, I think mixed reality has a huge and very important set of -- I think

16

it's the future of medicine in a variety of ways. I do think it is the future of visualization for

17

procedures and techniques. I think looking at a camera behind your back is stupid and that

18

if you can see the patient and see the images, that's got to be better. I think I would start --

19

I would actually start outside of the operating room and outside of the IR suites because I

20

think those are the safest places in the hospital, and go straight to where patients are

21

getting injured in these sort of bedside procedures. And I think that it could be part of the

22

opioid -- of addressing the opioid crisis.

23
24
25

DR. VARSHNEY: We have two more seconds left. So we are also using VR/AR for
medical education and anatomy. Forgive me. Thank you.
DR. MURTHI: And bio-prevention.
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(Applause.)

2

DR. KONSTON: Great, thank you. So we're going to switch up the agenda just a little

3

bit and have Dimitri Amiras, who is joining us on the phone from London, present his slides

4

and then we'll have Brennan come up.

5

Dimitri, can you hear me?

6

DR. AMIRAS: Yes, I can hear you fine.

7

DR. KONSTON: Okay, great. Just let me know when to advance the slides.

8

DR. AMIRAS: Oh, okay. Hi, everyone. Kimberly and others, thank you very much for

9
10

allowing me to do this remotely from London. So I'm a radiologist, so I work at St. Mary's
Hospital in London. I also am -- clinical lecturer in Pillcorridge (ph.), London.

11

If you'll go to the next slide, please.

12

As far as disclosures go, I'm a paid speaker for Microsoft and for Canon. And if you

13
14

go to the next slide.
So for those of you who probably don't know where St. Mary's Hospital is, you may

15

recognize this picture. That is Prince George and that is the Duke and Duchess of

16

Cambridge after George was born. And this actually is a view not too far away from where

17

my office is and it's the only time we ever see cameras and sending people outside the

18

hospital and -- but just around the corner from there, if you go to the next slide, is this plot

19

and this plot is dedicated to the discovery of penicillin. Now, penicillin was discovered

20

outside one of those windows that was left open and some fungus landed on a Petri dish,

21

strangely, and that discovery was made in 1928 and it took him a further 14 years before

22

technology had advanced far enough so that it could be used on a patient and save lives.

23

So I think we're in a similar kind of realm now where we heard about -- Nassir talking

24

about the development of augmented reality in medicine and I think now we're getting to

25

the point where technology could be used on the patients and I'll show you some examples
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where it has been used on some patients to improve their lives.

2

The other thing to note also is that it wasn't penicillin but streptomycin was the first

3

drug that ever went through a double-blind, randomly controlled trial and I think that's also

4

pertinent to medical devices.

5

So if you move on to the next slide.

6

And so not wanting to simplify surgery too much, if you can see the surgical devices

7

-- I'm not sure if the slides advanced. There we go. So on the left-hand side you can see

8

these very early surgical devices and those of you who go to the operating -- you'll see that

9

actually things haven't really changed very much, there's sharp things, there's straight

10

things, there's hammers and -- but really, the devices, apart from a few drills, haven't

11

changed very much. It was only when, in the Renaissance period, that we -- people were

12

actually allowed to start dissecting human bodies or allowed to, they starting dissecting

13

bodies that we had a real advancement in surgery and understanding the pathology

14

associated.

15

If you'll go to the next slide.

16

And for me, one of the most important things was the discovery of X-rays and

17

imaging and the birth of medical imaging. Now, this image probably would have been Atul

18

Gupta if he was around at the time using a surgeon in World War I trying to extract a bullet

19

and you can see the X-ray device at the bottom of the patient and this surgeon was wearing

20

an eye-eye on the front of his eyes, which would demonstrate an image of the patient's

21

anatomy but also the bullet at the same time. So obviously, this wouldn't have been

22

allowed by the FDA in current times because of the data, this poor surgeon's eyes, the X-ray

23

dates. But you know, this idea of being able to see through a patient has been around for a

24

very long time and I think we're getting there now.

25

If you'll go to the next slide.
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And now we'll work with the WHO surgical checklist and if you just click for the next

2

button, the most important thing on there, at least for me, is how is the essential imaging

3

being displayed. And at the moment, we do display that, and the previous speakers have

4

shown how they may be up on small screens and everyone's looking at different screens,

5

but mainly that.

6

If you'll go to the next slide.

7

The medical imaging that we look at is very complicated. There's several images,

8

several varied slices of images, there's a lot to process and it's a lot for a surgeon -- if you

9

want to click through, there's a couple of animations. There's a lot for the surgeon to

10

process to keep them in mind while they're doing a procedure.

11

So if you'll click to the next part.

12

The radiologist has -- a miracle about what they found in that case and there's a lot

13

of textual information you can take home, as well.

14

And if you'll go to the next slide.

15

So in 2018 we published a paper that described how we tried to take all this data in

16

the use for plastic surgery and turn it into a simple holographic image so the surgeon could

17

understand immediately.

18

If you'll go to the next slide.

19

And you'll see a picture representation of what is a patient's leg and then a hologram

20

projected over that leg. And these have been annotated with small arrows. These arrows

21

depict the perforating vessels and these are the key bits of information for the surgeon. He

22

doesn't really care about all the other stuff written in the report. What he cares about is --

23

he just cares about where the perforators are and that's how the surgery is done, and that

24

gives all the information. Before we started doing this, the surgeon would have to get out

25

their ruler, I would say, 15 cm from the -- and then he would have to kind of guess roughly
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what I meant and it was all about communication.
Now, there are several steps involved in doing this, if you'll go to the next slide. We

3

had to segment out the image, we had to identify where the perforators were and then

4

from there, there were several technical steps which created a model and that model was

5

then projected onto the patient. And I think whatever we do in the form of image-guided

6

therapy or surgery, these steps will always be part of it.

7

If you'll go to the next slide.

8

So Imperial was doing a study, it's called the MAROG study, multimodality

9

augmented reality and operative guidance. We're looking if we can help our surgeons who

10

are performing arthroplasty to do that better. So this is an example of a femoral head --

11

again, was replacement and this is the patient's preoperative anatomy and then you can see

12

the actual surgical correlation there.

13

If you'll go to the next slide..

14

We're also looking at if we can do image-guided biopsy better and we're also looking

15

to see if we can help surgeons perform colorectal surgery better.

16

And if you'll go to the next slide.

17

We also want to see if we can help our neurointerventional colleagues understand

18

the anatomy better.

19

Let's see, if you'll go to the next slide.

20

What I think also is really important is training and I know the previous speakers

21

have mentioned training and at Imperial, we've got emergent technology initiatives which

22

not only is training the medical students at the university, but also all the other students

23

that are learning material science and etc. And we've actually developed an application

24

that trains radiologists how to do image-guided biopsies.

25

So if you'll go to the next slide.
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So in terms of what we do at the moment in terms of radiologists, we have an

1
2

imaging technique which is regulated.

3

If you'll go to the next one.

4

And then we will do some form of segmentation and modeling on that. Then that

5

will be visualized. Now, most of this is already regulated. Visualization is controlled by

6

DICOM Section -- Part 14, the imaging techniques by several vendors are controlled, and the

7

modeling and segmentation is well-established techniques and there may be people doing

8

some artificial intelligence type of stuff in there, but all of this is recorded in a fashion. It's

9

all the other stuff that I think we need to look at when it comes to turning AR into medical

10

AR, that needs to have standards and needs to be regulated.

11

If you can go to the next slide.

12

So this is, for instance, what I did for this particular study was segment out all the

13

vessels and what was really important actually was putting those arrows on there because

14

what we didn't want the surgeons to do is to try and interpret the image while they're doing

15

the surgery. They just want to have a very simple roadmap to what they were doing. And

16

we can go to the next image and then -- so this shows you where I've highlighted the vessels

17

and that is exactly where the arrows are showing where the -- where the perforating vessels

18

were. And this is a simple roadmap and that's what we need in surgery, they don't need

19

anything complicated, any complicated images. They just want to know this is where we're

20

going.

21

If you'll go to the next slide. So if you just click through all those.

22

So the imaging techniques have been being regulated, the modeling and

23

segmentation and stuff. Now, localization is one of the hardest things. In our study, we

24

kept the localization to be manual. Tracking is also important, when you're tracking the

25

patient and tracking the patient's movement.
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If you go to the next item.

2

And then visualization is really important and how that's been visualized. I mean,

3

you've heard a lot about how the visualization is done. And then what's also really

4

important is how the tracking is done bearing in mind the tissue deformation that takes

5

place.

6

If you'll click to the next slide. And the next one.

7

So this is an example of what we -- when we use some optical tracking to look at

8
9

craniotomies.
And if you'll go to the next slide.

10

One of the things that we realized with a training application is that there is a

11

competition to what you perceive to be real and what you perceive to be reality and

12

regardless of focused or not focused, trainees were holding a real biopsy needle in their

13

hand but actually looking at the other biopsy needle and we had to remind them so they

14

didn't cut their fingers on the real tip of the biopsy needle if the tracking wasn't good.

15

If you'll go to the next slide.

16

One thing that's really important is the degree of cognitive overload that happens

17

when the information is being passed to you. The idea of augmented reality is to reduce

18

your cognitive overload. However, we must be really careful in the way we design this stuff

19

so there isn't too much cognitive overload. And this particular study showed that if you had

20

a small viewing field of your device, it actually increased your cognitive overload.

21

And if you'll go to the next slide.

22

So one thing I think is really important is this really needs to be attracted by new

23

technology. It's very easy to sell new technology sometimes and we have to be really

24

careful, as medical practitioners, that we don't jump onto the bandwagon too quick and

25

everything we do is validated without -- if you'll go to the next slide.
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So the ideal framework was written up by a group in Oxford, and Peter McCulloch,

2

who's the main author on that study, and he proposed that we should show evidence of

3

efficacy as well as safety before getting this all licensed and I think we should do that when

4

it comes to augmented reality in medicine, we should show that these devices actually

5

make a difference in patient outcomes. And so I realize I'm over time there, so I'll probably

6

stop on that note.

7

(Applause.)

8

DR. KONSTON: Great. Thank you so much, Dimitri. Okay, our last presenter is

9
10

Brenna Spiegel from Cedars-Sinai Medical Center.
DR. SPIEGEL: Okay. We had rehearsed that he was going to switch it over, so we

11

had it all worked out. Actually, I don't know where he went now. He said don't touch

12

anything, I'll do it from the back, but I don't know where he is. Okay, terrific. Okay, can you

13

guys hear me okay on this mike? All right.

14

Well, thank you so much for the invitation to be here and this has been a terrific and

15

very informative day, and we've had a very heavy focus appropriately on surgical

16

applications, interventional radiology. I'm going to take us out of the operating room and

17

into the clinic and into the wards in a hospital and talk a little bit about how we've been

18

using virtual reality therapeutically one on one with patients, and talk about some of the

19

implementation challenges and some of the psychology and the scaling and all the things

20

we learned after treating now over 3,000 patients at Cedars-Sinai with virtual reality

21

applications.

22

So this is a picture of me with a patient who has allowed us to show her image. She

23

has lupus and she is in the hospital up to six times per year with severe pain requiring

24

opioids. We heard a bit about that earlier. Ketamine, a very significant treatment,

25

pharmacotherapies. And at this moment she's determining whether or not she should use a
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virtual reality headset for the first time to manage her pain.
And we've been doing this and learning, first qualitatively, what do people think

3

about this? Are they interested in this? What do they think about that headset? Will it

4

work? How do we clean those headsets? Who should pay for those headsets? These are

5

just some of the questions that we've been touching on in our virtual reality program at

6

Cedars-Sinai.

7

So we've been learning from all of our patients and we learned that some patients

8

really just want distraction, they want to go on safari or go under water and here she is

9

reaching out to a blue whale that passes across her hospital bed and just trying to negotiate

10
11

the fact that she's in two worlds at once, trying to square the physics of that.
And we've been talking with our patients and learning from them what works, what

12

doesn't work. What are you looking for in a virtual therapeutic or an immersive

13

therapeutic? And we've learned that some people really -- you know, they want to go on a

14

safari, for example, and that's where they want to be, that's their happy place. Or go to

15

Hawaii or go on in an ice cave or -- you know, go to Africa. And what we've been learning is

16

that really no two people are the same and if virtual reality is a therapy, we need a VR

17

pharmacy. We need to figure out what is the right treatment for the right patient at the

18

right time. Those are the three "rights" of precision immersion and that's what I'm going to

19

talk about briefly today.

20

This is the University of Barcelona where a couple years ago I visited Dr. Mel Slater,

21

Professor Slater. Many of you may be familiar with his work because he's been studying

22

virtual reality longer than most of us have even heard of it and there are others in this

23

room, like Walter Greenleaf, who have spent a whole career thinking about this technology

24

and how it can change the psychology of people and what does it even teach us about our

25

own sense of self. What does it teach us about our consciousness that we can use it to
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treat anxiety and to treat depression and even to treat high blood pressure? I'll talk about

2

that, as well.

3

So I visited his lab and he put me in this room, a nondescript room with black walls

4

and he had me sit down on that chair and put my feet up on a table and there's his post-

5

doc, Ramon Alleva (ph.), who gives me a headset and as I put on the headset, this

6

nondescript room is transformed into a sort of beautiful looking wood paneled environment

7

living room and this is me looking around. And of course, it feels uncanny. I can see my

8

legs right there, those are my legs, right, because my legs are kicked out on the chair and I

9

see them there.

10

Well, the next thing he does is he asks me to start moving my legs on this table and

11

tracing out the lines that are shown on the table and I started to realize that that's moving

12

one to one. Those are my legs, right, but I'm thinking I'm like in the matrix or something

13

because in that room there's a computer running thousands of lines of code that is

14

confusing my brain into accepting those legs as my own. And so what happened next is he

15

drops these balls from the ceiling and as it hits my body, I can feel it literally physically

16

strike my body because there are sensors, vibration motors, built into the suit that I'm

17

wearing.

18

Now what happens next is really hard for me to describe, it's indelible. It literally

19

like defies description, so I'm just going to show it to you and it's hard to really recognize or

20

understand what the experience is like. But all of a sudden, I was separated from my body

21

and I mean the observing eye, my sense of self, my ego self was removed from my physical

22

body and those balls continued to move with me up to the ceiling and I went up to the

23

ceiling and I floated up and I looked down on a lifeless shell of a body down below that

24

wasn't moving, that was vacated. And I'll show it to you again because it's really

25

remarkable to have this experience and at that moment I realized that body is motionless. I
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have died, I have literally died, I have an out-of-body experience.
And as I stand here today 2 years later, I can tell you that my perception of mortality

3

was changed ever so slightly but meaningfully as a result of this experience. I don't fear

4

death as much as I did then, even though I'm still afraid of dying, don't get me wrong. And

5

in fact, this is a study by Mel Slater, virtual out-of-body experience reduces fear of death

6

and he's demonstrated this in a randomized controlled trial of different versions of this

7

paradigm.

8
9

So I start with this because what does this mean about the psychology of VR? It's a
tool that profoundly modifies perception, right? I mean, we can't -- we were never

10

evolutionarily designed to live in two worlds at once. Our mind does not have the capacity

11

to reconcile that. Even though intellectually I knew I was sitting in a lab in Barcelona, my

12

brain didn't care. My brain was busy going through some kind of mystical, spiritual out-of-

13

body experience and I say that as somebody who's agnostic, for what it's worth.

14

So when used to recalibrate unhealthy perceptions, VR becomes a radical new

15

therapy to improve quality of life if we use it for good and not for evil because obviously, VR

16

can have given me a horrible experience, I could've, who knows what, been burning in hell

17

or something terrible in virtual reality. So it's very important how we create these virtual

18

worlds, acknowledging the vulnerability of the patients going through severe

19

biopsychosocial illness experiences.

20

Now, I'm showing this, too, because this is one of the visualizations that we have

21

now in our library at Cedars-Sinai that we've been using and this is the dolphin swim club

22

and this is the music that you hear as you float with these dolphins. This is out of a group

23

out of the Netherlands. And I saw one patient in particular -- I happen to be a

24

gastroenterologist, so I was asked to manage this patient's or assess this patient's

25

abdominal pain and she had had pain for a long time and her CT scan was negative, her
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endoscopy was negative, colonoscopy, everything that you can imagine was negative.
So I put this on her and after about 5 minutes of silence she started to cry and I said

3

is everything okay, and she said yeah. She said I think I know why I have this pain. And I

4

said really? Tell me more. She said it's because of my brother, my brother died of stomach

5

cancer and I'm going to die that way, too. And I said we've been in your stomach, you don't

6

have cancer. She said I know that, you guys keep telling me that, but I haven't been willing

7

to accept that. But these dolphins are telling me that I need to move on with my life, and

8

she said a year on the couch never would have given me this insight.

9

Now, what's happening in these moments, what is the mechanism of that

10

therapeutic potential? There's been a lot of research on that and a lot of work with

11

functional MRI scanners and we're still learning, and it has something to do with inhibiting

12

the default mode network of the brain, which is a whole other discussion, but that happens

13

to be how psychedelics work, too. And in head-to-head trials of VR versus psychedelics, it

14

appears that they have equivalent phenomenology and this is a whole other discussion that

15

we could have, but for lack of time I'm going to keep moving on.

16

This is one of the functional MRI studies that's been published, a very famous one

17

from Hunter Hoffman at the University of Washington, which is a paradigm where research

18

subjects are put through a painful experience, a thermal probe on their foot, and you can

19

see this research subject without VR on the left and with VR on the right and you don't need

20

to be trained to see that there is a diminishing or a reduction in the number -- in the

21

amount of brain signaling.

22

But it's important to look at where the signaling is occurring. In the left, there is

23

signaling in the sensory cortex where the actual physical experience of pain is registered,

24

but also in the center of the brain, the emotional centers, the limbic system and the insula,

25

this is the emotional component of pain. And we all know that pain has two components.
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Buddha called this the two errors of pain. The first is when you get struck by the archer and

2

it hurts. The second is a self-conflicted wound when you look at that arrow and you say I'm

3

going to die. That's the emotional component, the cognitive or affective component, and it

4

appears that VR reduces both of those components of pain.

5

These are two important and now famous studies. The one on the left again from

6

Hunter Hoffman's group looking at patients with burn injuries undergoing bandage changes,

7

one of the most extreme no susceptive experiences a human can sustain, randomized

8

between virtual reality and not virtual reality. And not only is the worst pain better with

9

virtual reality, which is the black bar on the left, but the time spent thinking about pain, the

10

unpleasantness of the pain, cognitive and emotional or affective components of the pain

11

and curiously, they had more fun undergoing bandage changes for a burn injury.

12

On the right is childbirth, a study at the University of Michigan of women undergoing

13

-- through labor and delivery randomized between VR and no VR, again, cognitive sensory

14

and affective components of pain. We have just completed a larger version of this study at

15

Cedars-Sinai, which confirms these results.

16

So I want to now show you in the few minutes I've got left two of our patients using

17

virtual reality because it teaches you a little bit about what's happening, then I'll show you

18

some of the data that we collected recently. Let's see if this works.

19

(Video played.)

20

DR. SPIEGEL: So we're all here because of these patients, that's why we're in this

21

room today, and to see those stories is really the rationale for us all being in here, from all

22

of our different disciplines, from computer science to behavioral science, it requires the

23

clinical science of all of us to figure this out.

24

So we've been studying this, this is our most recent randomized controlled trial in

25

hospitalized patients with pain scores of three or greater, a study of a hundred and forty
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subjects randomized between a virtual reality library, and this is some of the experiences

2

that we provided versus a two-dimensional screen which is available in every one of our

3

hospital rooms; we have a health and wellness channel that is kind of the default relaxation

4

experience. And when we looked at this, we found that over the course of the hospital stay

5

there was a greater reduction in pain in the VR group versus the group watching TV and it

6

was most pronounced for people with the most severe pain, scores of 8, 9, or 10 out of 10

7

had the largest relative benefit of virtual reality in this inpatient trial.

8
9

We now have an NIH grant and we really thank the NIH, this is part of the NIH HEAL
initiative, Helping to End Addiction Long-term. Talked about the opioid epidemic earlier.

10

And this is a three-arm trial which will be in 360 patients looking at a sham-based VR versus

11

distraction-based VR versus what we call skills-based VR where we're not just distracting

12

patients through intentional blindness, which is sort of the technical term of distraction, but

13

we're building cognitive skills in this case.

14

So this is a 50-module pain management program created by one of our partners

15

and that is Beth Darnall, who is a pain psychologist from Stanford. It pops up almost like a

16

Princess Leah hologram in Star Wars and works with patients at home. There's breathing

17

activities, you can breathe in and out and the microphone detects the breathing and it

18

drives a metaphorical narrative so people can breathe life into a tree, for example. So this

19

is what we're studying right now and those are the components.

20

So I said this and I'll end with this. If VR is a therapy, we need a VR pharmacy. This is

21

a paper we published last year, Methodology for Clinical Trials of Virtual Reality in

22

Healthcare. This is a checklist of best practices from an international working group for

23

developing and validating clinical applications of virtual reality. I'm talking mainly about VR

24

in this case, but it applies to other XR technologies. In this, we define three different types

25

of trials. Just like FDA 1 through 3, this is VR 1, VR 2, and VR 3 trials. For lack of time, I
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won't go through these. This is an open access article, you can go and review it yourself.

2

So I'll end with that. Thankfully, I already heard this morning from Rafael, who gave

3

me good positive props for this book which is coming out in October. Just to point out, this

4

was actually after 2 days, the number one new release in pain management on Amazon,

5

which emphasizes the total unmet need for managing pain with non-opioid approaches.

6

Since I come from Hollywood, I'll end with this scroll, and thanks very much for your

7

attention.

8

(Applause.)

9

DR. KONSTON: Okay. Well, that ends the Medical Applications I presentations. We

10

have our panelists sitting up at the room now, so if anybody has any questions they'd like to

11

ask about any of the presentations that they saw, please come up to the mike.

12

UNIDENTIFIED SPEAKER 1: That was really impressive, 3,000 people. Can you talk

13

about -- and it was a very short presentation. Can you talk about logistics, infectious

14

disease control, contact isolation, dropout isolation, and how you sanitize these, how you

15

prove they're sanitized after you sanitize these? Can you talk about the pushback that a

16

hospital system might receive?

17

DR. SPIEGEL: Yeah, we work with hospital epidemiology on this and have developed

18

a protocol that we published in one of our papers, it includes Virex and Sani Wipes. We also

19

use UV radiation with a system called Cleanbox. So we have multiple levels of cleaning that

20

I can share with you the protocol. We also have a virtual reality consult service, we call

21

ourselves the virtualists. So we actually get consulted to go up to the ward and use VR. So

22

part of this is both the logistics of cleaning and maintaining these headsets and who's in

23

charge of them, but also what is the staffing model to actually scale and distribute these

24

headsets. And it's more than just dropping it in the patient's room and walking off. We

25

have to really debrief the patients, establish -- in a setting and be there with them through
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their experience. So there's a whole sort of psychological component to this and a training

2

component that we're working on protocolizing, as well.
UNIDENTIFIED SPEAKER 2: -- from FDA. You showed this out-of-body experience,

3
4

this virtual out-of-body experience and I have read a couple of articles that DMT and

5

ayahuasca trips --

6

DR. SPIEGEL: Um-hum. Yes.

7

UNIDENTIFIED SPEAKER: -- have profound effect on addiction.

8

DR. SPIEGEL: Yes.

9

UNIDENTIFIED SPEAKER: Have you thought about having a virtual ayahuasca or

10

DMT --

11

(Crosstalk.)

12

DR. SPIEGEL: Absolutely. Yeah, so there's actually a number of scientists looking at

13

VR for addiction and the mechanism of essentially psychedelics, whether it's psilocybin or

14

the others, LSD, is to inhibit to the default mode network, which is essentially the voice in

15

your head that talks to you, is executive planning, annoys you, bugs you, all day long you're

16

sitting there thinking should I pay attention, should I walk outside, should I check my e-mail,

17

that's your default mode network going crazy all day long.

18

And what happens when that is inhibited is you have ego dissolution, you literally

19

feel like you've died because there is no longer a self in your head. You become part of the

20

world around you, you become a tree. People talk about this when they go on psychedelic

21

trips, I become you, I become the floor, the air. It makes no sense, but that's what happens

22

when the DMN is inhibited and when people come out of that, they have a new insight

23

about their life that seems to have durable benefits for depression, anxiety, addiction, and

24

existential anxiety at the end of life and it seems that VR can do that as a cyber-delic rather

25

than a psychedelic.
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MR. ORR: Hi, everyone. Eran from XRHealth. This is a question for the panel, but

2

also for the FDA representative. When is the line when a medical immersive application

3

becomes FDA regulated and what is not?

4

DR. KONSTON: So when does it become a medically -- a regulated medical product is

5

your question. Yeah, it really comes down to what your indications for use are and what

6

your intended uses are. We always hear this example about a saw, if you just use a saw to

7

cut wood and to create a chair, it's not considered a medical device. But when you're using

8

a saw to cut through bone, for example, it becomes a medical device. So it's really putting

9

it into perspective about how you're using it, is it being used to treat, cure, mitigate any

10
11
12

kind of medical disease or condition.
MR. ORR: Just one clarification. With the use case that was just -- if we are using VR
to mitigate pain, is it something that should be regulated or not?

13

DR. KONSTON: I don't feel comfortable answering that question.

14

MR. ORR: Okay, thank you.

15

(Laughter.)

16

UNIDENTIFIED SPEAKER: I think it depends -- yeah.

17

(Off microphone response.)

18

DR. MURTHI: -- technology. So I can choose to use it as a physician without FDA

19

clearance, they're commercially available. If I want to bill for it, if I want to prescribe it, if I

20

want to tell patients to do it every day for 30 minutes 8 hours a day then that, I think, would

21

fall more into a therapeutic. I would think that's where you're mostly --

22

DR. KONSTON: We don't regulate the practice of medicine. I think that was

23

mentioned earlier. So one of the clinicians had mentioned that -- Jay from Mayo had

24

mentioned that they can prescribe things, they can use devices off label, they can do that as

25

part of the practice of medicine if it's in the best interest of their patients.
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DR. SPIEGEL: Right. And there's a difference between health and wellness versus a

2

specific claim on a specific outcome for a specific disease, right? If we're saying that we can

3

reduce the pain of lupus by 30%, that sounds like a health claim that requires regulatory

4

oversight versus I'm going to use this to make you feel better in general.

5

UNIDENTIFIED SPEAKER 3: Thank you for a great session and it's just a comment to

6

sort of emphasize that is such a refreshing view to first think of healthcare not as surgery or

7

procedures, but go all the way from healthcare and wellness to how we can do much more

8

than procedures in XR and it's very important, you know, to also include patient

9

testimonials. You know, it's all about the patients and what Brennan said about, you know,

10

the reason we're here is because of patients, right? This is the only reason why the FDA

11

exists, right, and the only reason for a conference like this. So thank you, all of you.

12

UNIDENTIFIED SPEAKER 4: -- NIH. Thank you for your presentations. The question is

13

for Dr. Spiegel, but it's really for the entire panel. We're here for patients and patients are

14

really our customers and in your study, the 2019, you mention very high dropout of

15

patients. It's very difficult for patients to get familiarized with this new technology. So we

16

can develop all the technologies we want, but if they are used to take pills to cure their pain

17

and you present this new technology, they're not -- simply not going to use it.

18

So the question is what is your experience and especially more recently in having

19

patients really getting more familiarized with these new technologies? What this part of

20

community can do really to help, to help reaching out to patients, educating them? We

21

have older solutions to pain, there are -- solutions, devices, VR is possible solution and --

22

yeah, thank you.

23

DR. SPIEGEL: I'll be brief so others can chime in, as well. We have seen that there is

24

a digital divide. Older individuals are more hesitant about using this technology, in our

25

experience, than younger individuals. Not always, but in general. Yet, older individuals
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have a more profound pain reduction than younger individuals and they have to do with

2

expectations around the technology. We also find that it depends who's introducing the

3

technology. Is it somebody who the patient's familiar with, is it one of their clinicians or is

4

it a random research coordinator walking in with what looks like a toy, right? And

5

somebody who's suffering from advanced cancer, no, I'm not going to use that thing. Does

6

that thing read my mind? We've heard things like that, like who are you?

7

So there's a whole science around how to implement this technology and it's a lot

8

more than just the technical part, it's a behavioral science, and I could talk for a while about

9

what my thoughts are, but I'm sure others have thoughts.

10

DR. MURTHI: I think the hardware is changing so that the systems are with the cell

11

phone. The Oculus Quest is a standalone system. So I think it's just within the last 6

12

months that it's even been possible for a regular patient to use it at home. So the fact the

13

hardware is better is part of the solution, also.

14

UNIDENTIFIED SPEAKER 5: My question goes to Dr. Gupta. I really liked your

15

presentation and I thank you. My question was do you see in the future, for example,

16

Philips, opening the situation such that we could have smaller companies doing apps rating

17

your system --

18

DR. MURTHI: Yeah, how about that?

19

UNIDENTIFIED SPEAKER 5: -- and do FDA approval for using this fascinating thing for

20

a given -- for example, for a very given disease, for a very given processes, they could

21

actually use your environment and create an app and FDA approve it within your system?

22

Do you see such a region in the future?

23

DR. GUPTA: So it's interesting that you ask that and we never talk about what we

24

build until we build it, but the truth is, is that we have control over that interventional

25

environment but we have limited bandwidth and resources. And so there very certainly
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could be people out there that could create apps that work in our environment.

2

The struggle is, and I think that's the challenge that we're trying to deal with today,

3

how do we do this dance because I'll use the analogy of the saw before, Kimberly, but the

4

world is not a saw for wood or a saw for bone. Now it's a saw supplemented by software.

5

And so we have a saw, the headset, and we have the application, but the software is the

6

piece that we can't figure out where one thing stops and one person begins. But for sure, I

7

do think it's an interesting way of approaching the problem to increase the use of AR in a

8

multitude of procedures in our environment.

9

DR. MURTHI: That brings up something that I want to talk -- I want to disagree a

10

little bit with the gentleman from England when he brought up the point about we should

11

show efficacy before things are approved. I think this is a different way of display. So if you

12

tried to show to show this computer screen is better than a CT that's in a different room,

13

that's going to be hard to show benefit of a display. I would really push hard for the FDA to

14

consider this to be a different kind of screen. I mean, it's somewhere in between just a

15

different kind of a screen and a new device. But I do not think it's a new device that should

16

go through the same level of scrutiny.

17

It depends on what you're talking about, of course. But if all you're doing is imaging

18

and combining images and the surgeon can take them off and just look at the screen, I

19

would keep that bar as low as possible because I think this technology has the ability to

20

really save lives and improve with, honestly, minimal risk. Not none, but minimal. If you

21

have an AI system that's doing a brain biopsy, that's different than if you display an

22

ultrasound image so that somebody can better see the patient and see the image, those are

23

not the same and shouldn't have the same approval process because we want this at the

24

bedside as soon as possible and I believe in patient safety, but sometime regulations can

25

halt progress.
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DR. AMIRAS: Yeah, I could account for that. I'm still on the line.

2

(Laughter.)

3

DR. MURTHI: I say that with all due respect.

4

UNIDENTIFIED SPEAKER 6: I think it's also very important how you place it on the

5

market in that sense. If you really say well, it's substitutes something instead of add on, if

6

you add on something --

7

DR. MURTHI: Right.

8

UNIDENTIFIED SPEAKER 6: -- it's also related to --

9

DR. MURTHI: You're augmenting the physician as opposed to --

10
11

UNIDENTIFIED SPEAKER 6: Yeah. And it also makes it easier from a regulatory
perspective.

12

DR. MURTHI: To see it that way.

13

UNIDENTIFIED SPEAKER 6: You see it already now.

14

DR. MURTHI: Yeah.

15

UNIDENTIFIED SPEAKER 6: That's important how we --

16

DR. AMIRAS: I would just say that it's involved the patients, that whatever we do

17

makes it better for them and it's safer for them. And I think it's not really our position to

18

say that this device should go onto the market without being tested and not being shown

19

that it's better because we can easily be fooled today. Stem cells are a great example of

20

"this must work" and people go ahead and do it because it's attractive and it looks good,

21

but actually it doesn't work and it makes it unsafe. So I would --

22

DR. MURTHI: I just think it's somewhere in between a new stem cell therapy and

23

just a new way of seeing an image and that it can save lives, so getting it to market as soon

24

as we can is important.

25

DR. KONSTON: I'd like to thank all the panelists and Dimitri for calling in. We're
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

140
1

going to have to close this session for now to allow everyone their 10-minute break, but we

2

can continue on these great discussions in the wrap-up panel in 45 minutes or an hour. So

3

if everyone could join me in thanking the speakers for a great session.

4

(Applause.)

5

DR. KONSTON: And we'll back in this room at 3:15 for the last session.

6

(Off the record at 3:06 p.m.)

7

(On the record at 3:23 p.m.)

8

DR. FUJIMOTO: Hi, everyone. My name is Kyoko Fujimoto. I'd like to start Medical

9

Applications II session. Our first speaker is Naoji Taniguchi from HoloEyes.

10

(Applause.)

11

MR. TANIGUCHI: Okay, I'm Naoji Taniguchi from HoloEyes, Inc. First, I'll introduce

12

my company. My company, HoloEyes, is Tokyo-based startup founded in 2016 and now 80

13

hospitals using our service and we got certificated from PMDA, it's Japanese FDA as occurs

14

to software, like a DICOM viewer. So let me introduce my cofounders. I'm Naoji Taniguchi.

15

My background is game developer and a computer graphic researcher. The other

16

cofounder is Maki Sugimoto, he's a surgeon, he's specialist liver surgery, gallbladder and

17

pancreas.

18

And let me introduce my -- workflow. At the hospital, doctors took a CAT scan and

19

they do 3-D deconstruction with DICOM viewer. Now all most hospital has 3-D workstation

20

like GE or Philips, Dial (ph.) or -- the STL and they export STL file from 3-D workstation and

21

we send like 3-D asset to our viewer. This is our cloud-based service.

22

And then I will introduce some example of clinical use case. So at first, this is a

23

surgical conference of liver surgery. So as you see, VR has very complex brain structure --

24

in vein. And doctors use as liver model for surgery. To use VR, it's very effective for

25

surgeons. And -- right there, okay.
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So Sugimoto Maki wrote a paper and the paper is published by Annals of Surgery.

2

So he use Microsoft HoloLens to navigate liver surgery. And next case is Dr. Isda (ph.), he's

3

sitting there. He use OsiriX and Magic Leap for neurosurgery. He shows -- and base in

4

brain. And software changes transparency by -- and I will skip this one because -- and we

5

support VR tech conference. So in this case, doctors in Kyoto and doctors in Tokyo doing a

6

conference there, get together in VR space and they are --implanting screw into spine. This

7

is the screenshot. So VR in Tokyo and that one is Kyoto.

8
9

And I'll talk about our concept. We are focusing on data to be prepare to make a VR
application, is not so difficult. So the value of my company is data. So this circle is -- as you

10

can imagine, this circle is you are seeing Mt. Fuji, top of Mt. Fuji, so that's -- and there's

11

market around clinical, for example, training or education or patient communication or a

12

teleconference and we collect the same 3-D data from clinical to -- as a market. So our aim

13

is to make -- for surgeon or medical student. Okay. Thank you.

14

(Applause.)

15

DR. FUJIMOTO: Thank you, Naoji. We have our next speaker, Tassilo Baeuerle from

16
17

CognifiSense.
MR. BEAUERLE: Thanks, Kyoko. Hi, as Kyoko said, my name is Tassilo Baeuerle and

18

I'm cofounder of CognifiSense and we develop XR technologies for the treatment of chronic

19

pain. So for those of you who are not familiar with the space, chronic pain is a condition

20

that affects 50 million Americans and is defined as pain that persists at least 1 month

21

beyond the resolution or the healing of an injury or at least 3 months in total.

22

Unfortunately, pharmaceutical treatments for chronic pain can be very ineffective

23

and tend to have also significant risks. In fact, despite all the therapies that are available to

24

chronic pain patients, about half report little or no control over their pain. Now, chronic

25

pain is very different from the acute pain we all experience in our day-to-day lives. It is
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mediated in different parts of the brain and is actually associated with maladaptive changes

2

in those regions. So chronic pain requires a different therapy that actually reverses these

3

changes in the brain.

4

So our core technology is called VR neuropsychological therapy, or VRNT, and it's a

5

patented technology platform that aims to create a lasting reduction in chronic pain by

6

actually correcting these maladaptive processes in the brain. Simplified, VRNT is a

7

combination of experiential learning with a new type of psychological therapy that actually

8

also uses a personalized representation of a patient's own pain to change the brain's

9

perception of and relationship with pain. So it's not distraction therapy and it's not classical

10
11

cognitive behavioral therapy or ACT.
So what are the key challenges for a company like us in the digital health or

12

individual therapeutic space? Well, first is the same as everyone else, we have to prove

13

efficacy and in pain, the first challenge is determining what are good clinical endpoints for

14

efficacy. Pain is notoriously difficult to measure. The gold standard for measuring pain is

15

still a patient self-report usually on a scale of 0 to 10 on a visual analog or a numeric rating

16

scale. However, that is inherently subjective and it does not capture actually a large portion

17

of the chronic pain experience. So we have to track additional measures of patient

18

outcomes including pain effect and various other psychological components of pain.

19

We also need to capture measures of quality of life and function. You may actually

20

have a patient whose pain intensity stays roughly the same but they could barely walk at

21

the beginning and at the end, they're basically running marathons and that patient's life has

22

dramatically improved. Ideally, we also want to track reduction in opioid use. However,

23

that introduces additional challenges to a study because reductions in opioid use may be

24

limited by factors that have nothing to do with reduction in pain. In developing a control

25

arm to your study, pain studies face and particularly VR for pain studies will face some
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additional challenges and I think another talk will go into a lot more detail, but let me just

2

sort of give a high-level review. So pain studies can have significant placebo effects,

3

particularly depending on their designs. So oftentimes there is a discussion around having a

4

minimum hurdle of reduction in pain for that therapy to be recognized. The thoughts

5

around those tend to evolve over the course of discussions and one has to take into account

6

the design of the study as well as, you know, what's the comparative risk of a digital therapy

7

versus an opioid.

8
9

Now, when you're actually designing the sham, you really have to think about what
is the potential source of the placebo effect that you're trying to control and, you know,

10

looking at some other research that was done in the past and comparative studies or

11

controlled studies on VR, I think one could debate over whether they really controlled the

12

placebo effect or whether they were just doing a comparative study versus another digital

13

therapy. So those are things that you just have to really be very careful about when you

14

have two different headsets on that give two different pieces of content.

15

Now, when you get into digital therapeutics where software is the therapy, there are

16

some unique things that come up and particularly when you start to talk with regulators

17

and other stakeholders. So one of the questions that comes up, what is the product,

18

because it isn't the software that is the product, it's really more the user experience

19

because the user receives the therapy, so it's a combination of the software, the hardware,

20

and the context in which the experience was delivered. And finally, the rate of change in

21

XR technologies is usually much faster than the traditional time frame for freeze of a piece

22

of hardware before a pivotal trial to end of decision by the FDA. A time horizon of

23

technology change is 6 to 12 months and you might actually face forced hardware

24

obsolescence by your underlying technology in that time frame. Thank you.

25

(Applause.)
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DR. FUJIMOTO: Thank you again, Tassilo. By the way, each talk is 5 minutes, so it's a

2

little challenging session to manage on time, but I'll do my best. I'd like to introduce our

3

next speaker, Dr. Christopher Morley from Medivis.

4

DR. MORLEY: Thank you for everybody on the front lines of organizing this event.

5

Incredible group of people. I think the timing is perfect, so thank you for that. I'm really

6

looking forward to this in the future.

7

So quickly, basically, I'm a radiologist by training. Our company is Medivis, we were

8

founded three and a half years ago, we're based in New York City. My cofounder is a

9

neurosurgeon and this is really an interesting collaboration and team that we've put

10

together and essentially, we've been head down on the bleeding edge of this technology

11

now for about 3 years and really, we just understand this to be the beginning of this. Really

12

the formative years of this technology, in general.

13

You know, we see healthcare as a continuum and really, you know, we all go through

14

this process, right, we're a student training in simulation and then we cross the chasm and

15

now it's real patients, real data and making that data actionable. And so when we're

16

looking at this technology, understanding that all these technology companies are all

17

working on the future form factor, the computer being head-mounted displays and

18

healthcare, right, it's these two continuums.

19

And so we knew that the clinical mission was going to take longer, right, than the

20

educational mission. There's a lot of milestones and things to get along the way. But what

21

this has allowed us to do, this product, is get something out there very, very early. We

22

shipped this to our first partner 2 years ago, right? Now we're having hundreds of students

23

use this every single week. Just to give you some numbers, one of our partners, for

24

example, has 250 HoloLenses across five campuses. I don't know if there's another

25

deployment outside of this technology yet, and what starts to happen is no one really has
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

145
1
2

dealt with numbers like that before, so now all the boring things become really important.
How do we manage 250 wireless devices across five different campuses? How do we

3

update them, are we going to manually walk around and plug all of them hard-lined in?

4

How do we have 20 students wearing a device? Now, you know, time's up. Put the devices

5

down. Twenty students rush in. How do we authenticate without burning 15 minutes of

6

class time when all we have is this input gesture to log in, right? There's a lot of boring

7

logistical questions that we've been able to actually tackle like very, very early on and, you

8

know, we've now deployed this at medical schools, nursing schools, university levels, and

9

even some high schools.

10

And, you know, I think the breakthrough now with HoloLens 2, of course, is input.

11

The input is just phenomenally better and of course, it breaks a lot of what our team and

12

probably your teams have done as well, because now there's so many more options to do

13

things in such a better, you know, designed way.

14

And I think, you know, just switching gears now to the clinical side, the real mission

15

of our company, of course. You know, I like this image just because it shows the

16

progression over time, the first CT done, a right frontal glioblastoma, and then a study and

17

almost 50 years later we're at the resolution 80 x 80 pixels, now to 512/512, but the way we

18

use this data is relatively unchanged, right, we're still using the traditional formats that

19

we've been speaking about all day.

20

And so this is the hypothesis that I think we all share, right, is can we use AR and AI

21

to directly overlay imaging and other healthcare data importantly, at the point of care?

22

Ergonomically put the data at the right time, right person, right where we need it most,

23

right? And I think now it's been 3 years and we're working on that hypothesis and really

24

testing and proving it on a daily basis and every single time we do another case, we learn,

25

you know, 10, 15 more things that we've got to improve, of course, right?
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And so this is where we're at now in terms of the progress that we've made to date.

2

You know, I think we're one of the only teams that has initial FDA clearance, which we got

3

this past summer, right, 900 pages, 20 interviews, we had to ship the MP3 files, you know,

4

basically verifying that our software does what it says it does. And the clearance that we

5

actually have at this point, right, display medical imaging data and other healthcare data,

6

pretty big. Review, manipulate, measure, reconstruct things, right?

7

If we pair it with a diagnostic monitor we can do primary diagnosis on it. Everything

8

related to HMD at this point is informational purposes, okay? That's the thing that we are

9

really eager to change, right? We want information to become stereostatic surgical

10

navigation; of course, that's the next major inflexion point for the entire technology as I

11

understand it to be. And I think, you know, what actually keeps me up at night is, again,

12

the boring side of this stuff. Really, it falls into two buckets. For me, it's the IT workflow

13

integration, right? The acronym SOUP, you know, HIPAA, high tech, high trust, SOC 2, it's

14

FedRAMP, it's all over the place, right?

15

And I think until that is solved, there's always going to be too much friction. I need

16

to be able to put HoloLens on or whatever, you know, the optimum device is and be able to

17

see that patient's imaging within 30 seconds, right, it has to be super smooth and no one

18

has really figured that out yet. But 2 weeks ago we just announced a partnership with the

19

VA hospital system, right, the largest integrated healthcare network in the country, 172

20

hospitals, right, two-thirds of all physicians rotate through our VAs.

21

There's 95% of the VAs have an academic affiliation, it's a partnership that's going to

22

extend through 2025, right? So we're going to be able to see a lot of interesting

23

development going on through a really innovative partnership like the folks at the VA that

24

really understand the implications of this technology and they've been on the front lines of

25

really every major technological advancement, even, you know, the PACS systems, how we
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

147
1

even got started. And so, you know, this is the opportunity in, you know, one image, right?

2

We have the computer on wheels, we have the screen, we have the infrared tracking

3

camera, and we just want to completely slim down the form factor and make it in just AR

4

glasses. And, you know, I share the short -- just because all the pieces are now here, all the

5

pieces to actually make this a real thing in terms of, you know, hand tracking, eye tracking.

6

The fidelity of this lens itself is truly, truly incredible and I think if I have had one ask and --

7

you know, Osamah and I have been a broken record with Microsoft for about 3 years now,

8

to make this thing genuine medical equipment, and these are the IEC standards that we're

9

talking about, and we're just going to keep knocking on the door until that happens. You

10

know, there's been a lot of support to make it happen and, you know, we're excited to keep

11

pushing the frontier, so thank you.

12

(Applause.)

13

DR. FUJIMOTO: Thank you, Dr. Morley. Our next speaker is Dr. Jennifer Silva from

14

SentiAR.

15

DR. SILVA: Thank you, and I'm so pleased to be here today to share our experience.

16

My name is Jennifer Silva and I'm going to talk about some challenges in clinical testing of a

17

mixed reality system for real-time intra-procedural use. As mentioned, I am the cofounder

18

and co-inventor of SentiAR and I'm also a pediatric electrophysiologist at Washington

19

University. If I don't put this up, my university will come get me.

20

So as we all know in this room, there's emerging hardware and that's accelerated the

21

number of applications that have been developed and I'm a cardiologist, right, so I know

22

that these applications are coming specifically within cardiology. What I'm looking at

23

specifically are the intra-procedural applications and this is where I focus, it's really using

24

mixed reality. So we've now been using mixed reality intra-procedural settings, taking care

25

of patients who have heart rhythm abnormalities. We developed what we're calling the
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Precision Ablation Guidance System. This version 1 system takes data that is acquired

2

during patient procedures, during commercially clear eletroanatomic mapping systems,

3

takes this data and then displays it through our SentiAR software-enabled HoloLens display

4

and then displays a patient-specific real-time three-dimensional anatomy with the catheter

5

locations in there. On top of that, we give the physician control over the data to see it the

6

way they need to see it to do the procedure the best way they need to.

7

But I'd like to point out that two of these things are commercially available and one

8

of them is currently regulated. This goes back to what we were talking about in our last

9

session, about the saw, when are we regulating the saw and when are we regulating the

10

application of the saw? So what does this look like? Our wearable command center is

11

typically put on by the physician before they start their procedure, even before they start

12

scrubbing. But once they get in there, we have a gazed well interface and that's because, as

13

Dr. Gupta mentioned, our hands are busy, they're on a catheter, we're doing things with our

14

hands, we can't use them as our interface.

15

We can then post our three-dimensional images wherever in the room we would like

16

and then we have the ability to anchor them and look around the corner and this really

17

helps us define very accurately where we are. We can click inside of the geometry that we

18

would like to see and then, of course, we have the ability to create these shared sessions

19

where, for those of us who are training -- and we've heard a lot of about training today --

20

we can go into these shared modes.

21

You can walk around the model should you choose to do so, and you can rotate the

22

model to really precisely understand where your catheter is in relationship to your

23

anatomy. This is critical. How do we do this right now? With kind of crummy X-rays. So

24

I'm going to skip the rest of this movie here in our short time. Regarding the UX and UI, I

25

encourage people who are developing in this space to really engage in what we call design
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thinking. So for those of us who are doing procedures, our hands are busy, we cannot use

2

them, we need hands-free control, so that's what we did.

3

I'm going to just blow through a couple of these slides to get to what's important.

4

Where do we think the interventional space is headed? And the good news is that this is a

5

shared vision of where we think this is headed. This was some data or an image that was

6

published in one of the JAC journals. We do think that AR systems are the first place and

7

we're working on that. Secondly, we think that voice-assisted control of systems is going to

8

be very important, followed by clinical decision support systems, both of which we're also

9

currently working on. Lastly, and we think this is a little bit further down the road, are

10
11

vascular robotic systems.
So I really briefly would like to mention the challenges and testing and I sort of bin

12

those challenges into three big bins, hardware, software, and human factors. So similar to

13

what our previous speaker said, I think hardware is hardware, right, and we should leverage

14

our existing regulatory testing standards for hardware and it should be tested to

15

appropriate standards based on risk, use, and then it should be labeled accordingly.

16

How about software? Well yes, of course, I think we can all agree at some point

17

what the standards are going to be for software. You have to have legibility in your display,

18

you have to have an adequate performance which we may measure as frame rate. Your

19

visual complexity and the use case is going to define what that needs to be and it's going to

20

be different for different use cases. Setting one standard for us to all meet may not be the

21

best way to go about this. What is optimal? I don't know. What's optimal for me is going

22

to be very different than what's optimal for somebody in a training environment, what's

23

very different for somebody in an educational environment and that's okay.

24

I'd like to finish with human factors, I think this is really important. The intra-

25

procedural environments are really complicated and this is an example of an EP lab, similar
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to what you saw with the interventional suite. It's a very busy space. We have to find a

2

balance between a simulated setting and a real-world setting and really understand how

3

simulated is good enough. And I lastly want to say that XR technologies tend to enhance or

4

augment currently implemented tools that we have in this space. How do we test these

5

tools without reinventing the wheel? So currently, I believe that there is expanding

6

applications that's going to keep happening. There's going to be a higher bar for

7

technologies that are intra-procedural and I think we should be okay with that. There's

8

going to be a unique set of design requirements. We should have standards around

9

software and hardware. But there are challenges in human factors and in clinical data

10
11

collection.
I think this meeting represents a really wonderful opportunity, I'd like to thank the

12

organizers for it. And I'd like to remind you all, because I always close with this slide of my

13

children. This generation is growing up with these technologies and they are going to be

14

very used to it. They're going to expect it in their professional and personal lives and it is

15

our responsibility to develop this appropriately. Thank you.

16

(Applause.)

17

DR. FUJIMOTO: Thank you, Dr. Silva. I'd like to introduce now our next speaker,

18
19

Dr. Joe Powers from AppliedVR.
DR. POWERS: Thank you. Thank you, Kyoko, and thanks for everyone at the FDA for

20

inviting us here, it's been an amazing day, I've learned a tremendous amount and we're

21

really excited to be able to contribute our experiences in designing an effective sham. Real

22

briefly, AppliedVR is pioneering therapeutic virtual reality as an opioid-sparing solution for

23

pain. In the literature, the digital health literature as well as in the digital health

24

community, you oftentimes hear about clinical trial design and a control, how do you design

25

an effective control, how do you design the trial with an active control, and there are some
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specific issues and unique issues to a VR trial and we'll talk a little bit about them today.

2

AppliedVR has done a number of trials where we've used an active control. Brennan Spiegel

3

mentioned and showed in his presentation earlier a number of AppliedVR trials where we

4

used video television control, we've used highly immersive video games in VR as controls,

5

used audio controls, we've used other therapeutic VRs as controls. But in conversations

6

with the FDA last year, the FDA brought up a couple of issues. (1) How do you address the

7

set and setting tied to your experience? So the context in which the VR device is introduced

8

to a patient in a hospital setting, outside of a hospital setting, by a clinician, by a nurse, by a

9

layperson, how do we address the set and setting? And similarly or also, how do we

10

address the actual ritual of putting on a VR device? Is it conceivable that the mere act of

11

putting on a VR device actually has some therapeutic value?

12

And so we assembled a group of experts from -- multidisciplinary experts to come

13

together to think about how do we design the best sham to introduce in our upcoming

14

trials. We have two trials that are going to be starting next month. One is in acute pain at

15

the Cleveland Clinic and one is in chronic pain at Geisinger. For acute pain, it was a little bit

16

easier. So this is a short-term trial, just a few days, postoperative pain, short duration and

17

the mechanism of action, the primary mechanism of action of that product is distraction,

18

distraction therapy. So we can create a sham that essentially is not distracting or of limited

19

distraction.

20

The greater challenge came with the chronic pain product, right? So next month

21

we'll be starting a trial, it's 52 days of consecutive use of virtual reality with a scripted

22

protocol, and there are a number of challenges that we face, three main challenges that

23

we'll talk about today. Number 1 is related to adherence. How do you get people to

24

adhere to sham for 52 days, right? Number 2 is tied to adherence and that's engagement.

25

So how do you develop content that's engaging, but not too engaging so that there's a
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therapeutic effect, so that people will actually adhere for 52 days, right? And we went

2

through a tremendous amount of content to just try to understand and create the optimal

3

amount of limited engagement. I remember seeing some of the early videos we had. The

4

least engaging content was a faucet with a slow drip.

5

(Laughter.)

6

DR. POWERS: And even when I'm really, really thirsty I am not looking at that,

7

certainly not for 52 days, right? On the flip side, we had beautiful nature scenery, right? It

8

is now the therapeutic content that we have, very beautiful nature scenery, and there are

9

studies showing that just viewing nature, certainly in VR, can have that therapeutic effect.

10
11

So we really needed to balance that engagement amount.
The third issue ties to blinding. So how do we develop a product that the participant

12

as well as the researcher doesn't know which one is the sham and which one is the

13

therapeutic product, right? And we ended up coming up with, I think, a novel solution that

14

we'll be introducing into these two trials next month, we're really excited about it.

15

Essentially what we've done is we've matched to the greatest ability our VR experience,

16

which follows a protocol. In the chronic pain example you'll see 52 experiences, there's set

17

experiences, there's a dose, there's a duration, there's a protocol that the patient or

18

participant follows for that period of time. That exact same model was followed in the

19

sham arm. So if on Day 3 it's a 5-minute experience in the therapeutic arm, in the sham

20

arm the same thing. When the individual or the researcher puts on the VR device, the

21

menu appears exactly the same. So you see a tile, Day 1 experience, Day 2 experience,

22

exactly the same so it's indistinguishable.

23

As you'll see on my final slide, our actual VR and VR sham, we used mildly engaging

24

content. As you can see, it's a 2-D void feeder, right, so not the highly immersive as you see

25

in EasyRX or a chronic pain candidate. A void feeder, there's nature scenes, somewhat
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subdued nature scenes, but engaging enough that in market research and through limited

2

testing we found that, in fact, patients will watch and will watch similar content for a long

3

duration. And as I mentioned, obviously related to the blinding, given that it's completely

4

matched, you don't have those blinding concerns. So we're really excited about introducing

5

theses products in two of our trials next month. We'll have those results in roughly a year.

6

We look forward to coming back to the FDA and sharing those results and sharing the

7

results with the broad community. Thank you.

8

(Applause.)

9

DR. FUJIMOTO: Thank you, Dr. Powers. Our next speaker is Dr. Tran Tu Huynh from

10
11

OpticSurg.
DR. HUYNH: Good afternoon, everyone. Thank you for the opportunity to be here

12

amongst the brightest and most innovative minds in health tech. As mentioned, my name is

13

Dr. Tran Tu Huynh, I'm a biomedical engineer and surgeon. I'm also the founder of

14

OpticSurg, which is a software platform that's transforming surgery with mixed reality. But

15

because I have the privilege of speaking towards the end of the day, I wanted to go back to

16

the "why" and the motivation. More specifically, I would like for each and every one of you

17

to think about the hardest conversations you've ever had.

18

For my colleagues and I, the hardest conversations we've ever had was having to tell

19

a loved one that there was a serious complication with the surgery or that we could not

20

save their mother, father, spouse, or child. These conversations never get any easier and

21

we are not alone in this. In healthcare, a thousand deaths happen every day due to medical

22

and surgical errors. It is the third leading cause of death in our country and it costs us $1

23

trillion per year. In surgery, complications are often caused by these critical issues that

24

occur during the surgical procedures every day. Poor access to critical and relevant data,

25

poor visibility and ergonomic environment, bulky and obstructive outdated equipment, and
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these complications result in advanced recovery time, extended operating time,

2

reoperation, unnecessary hospital stays and worse, even a patient's death.

3

Throughout the healthcare continuum many solutions have been proposed, but how

4

often do they actually solve the underlying issues? And this is what we're here to advocate.

5

What excites us about what we're doing today, it's the opportunity to use mixed reality and

6

for us, we're made for surgeons, by surgeons, solving the pain points that we battle every

7

day in the operating room.
How we see things is that surgery is truly a team sport. So while the surgeon is often

8
9

considered the captain of the team, it takes an orchestra to play the symphony. So more

10

specifically, it takes a team to successfully perform the necessary surgery that will

11

ultimately change the patient's anatomy, to change their physiology and the trajectory of

12

their lives. So technology plays a really important part in that orchestra and that team.

13

And we have the opportunity here, tremendously, to transform the surgical symphony and

14

how it's being played using human-centered design. You've seen this picture repeatedly,

15

but the idea is let's do better and let's focus on what actually makes clinical differences.
So in short, I encourage people to not just create cool technology and then finding

16
17

problems to fit them, but understand the problems, live them, create the solutions from

18

living through those problems, bring value and stay close to your end user because new

19

technologies come with learning curves and the pros, if we do it right, will outweigh the

20

cons.

21

Just to put it into some context, some challenges to consider because surgeries on

22

average, depending on the type of procedure, take 2 to 4 hours and each day about three to

23

six surgeries are performed by one surgeon, so those days can lead to 12- to 18-hour days.

24

Those are long, intensive, focused. So how can we use technology to help make things

25

better? So let's consider a few challenges. Visual fatigue is an issue, looking at screens all
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the time. Motion sickness, especially unique in the operating room because things are very

2

dynamic. So visualization is important, but more specifically transitioning between mixed

3

reality and real reality is something to consider. Ergonomics, which is obvious, it's been

4

addressed multiple times. Gesture recognition. What's difficult about healthcare and

5

surgery is that there's a lot of subspecialties, so what -- an engineer, what may seem normal

6

to me is very different than what a surgeon is considering normal gestures and then, as a

7

general surgeon versus a neurosurgeon, what's normal gestures could also be very

8

different. So focusing on the case and the utilization.
Other challenges. Voice recognition. Is natural language processing enough? The

9
10

operating room, again, is dynamic. There's noises from machines, from people, from

11

different ways to communicate and oftentimes are we creating technologies that are mixing

12

up commands. So something to consider.
Portability, adaptability. All these different challenges come up. And these points

13
14

may seem fragmented when considered individually, but what I am actually advocating for

15

is to focus on the use case, how each of these can intertwine and affect the clinical and

16

surgical cases and not just focus on the minutia of making things perfect or making things

17

faster, but actually focusing on how it actually has clinical and surgical consequences.

18

So for these reasons, our approach is a bit different with the OpticSurg augmented

19

system and mixed reality system, again, made for surgeons by surgeons, and our goal is to

20

bring together relevant preoperative information combined with intraoperative data in a

21

portable, adaptable, and personalized fashion to give surgeons the tools that they need to

22

perform better surgeries, make better decisions and improve outcome. So come take the

23

journey with us and we'd love to partner with you to make a positive difference. Thank

24

you.

25

(Applause.)
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DR. FUJIMOTO: I would like to introduce our last speaker for this session, Dr. Walter

2

Greenleaf from Stanford University Virtual Human Interaction Lab, as well as University of

3

Colorado National Mental Health Innovation Center.

4

DR. GREENLEAF: I'm, of course, very excited to be here today. I think that the

5

problems that we're addressing really are going to take a community to work on and I think

6

that in this venue and other contexts that committee is building and I think that's very

7

exciting. Usually when I give this talk, which I try and give a bit of an overview of what's

8

been going on in the field, I speak for about 45 minutes but there's a typo in your program, I

9

only have 5 minutes this time, so I'm going to skip every third word and I know you'll fill in

10

the blanks. But because of the limited time, I'll try to focus on some of the things within the

11

sector of behavioral medicine, which is itself a very large sector. You're going to get

12

another one, okay. I think we need to rekey this. Any questions?

13

(Laughter.)

14

DR. GREENLEAF: Okay, I think it's working now. All right. So as mentioned, I have a

15

center of gravity at the Sanford Virtual Human Interaction Lab. I also work with the

16

National Mental Health Innovation Center, but I also have the pleasure of working with a

17

number of the early stage startup companies that are -- okay.

18

And one of the things I'm very excited about is the fact that medical applications of

19

VR/AR technology, mixed reality technology, spatial computing, it really has affected the full

20

stack of medical healthcare starting at health and wellness, better assessments, more

21

functional assessments, more functional training, improved interventions, and there's a

22

spectrum of those, of course; methods to facilitate adherence and that's a key thing for the

23

new interventionalists who are coming out; and ways of reaching underserved populations.

24

One of the areas I'm particularly excited about is there's a new generation of

25

cognitive assessments coming out because of the forces of this new emerging technology.
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All too often we ask someone who is struggling with a challenge, how do you feel right now

2

or how did you feel yesterday and that's often hard to verbalize, hard to quantify, hard to

3

study, and hard to do that in a reproducible manner. We're now in the process of coming

4

up with some standardized objective environments that can have a person do a task, go on

5

a quest or respond to some stimulus. Instead of asking, retrospectively, how someone's

6

feeling, we can give some data and we can also do that in combination with the wonderful

7

breakthroughs of the wearable sensors and technology that is coming out combined with all

8

the surgeon's -- with machine learning to make sense of that data.

9

I'm excited about the use of AR, for example, to do a standard memory test but to

10

that where we capture the micromovements as that test is done, and with machine

11

learning, it can interpret those movements to come up with predictive modeling to

12

assessment cognitive decline and convert it over to a neurodegenerative disease,

13

sometimes 5 years earlier than the standard tests allow us to do.

14

I'm excited about the new way we're capturing biomarkers in concordance with

15

stimulation of the virtual environments by putting sensors into the HMDs, combining that

16

with some of the other biomarkers we're getting, and voice signals. I think by the

17

confluence of data we're going to have some amazing capabilities.

18

One of the projects I'm excited to have collaborated with, with Lee Williams from the

19

Stanford Center on Precision Mental Health and Wellness. Lee's project came up with -- is it

20

just slow, is that -- all right. We did a project to come up with standard environments for

21

neurocognitive evaluation. We were looking at how we can challenge the default mode

22

with some evocative VR stimulus.

23

We used neuroimaging to scan the brain at rest, to have within the imaging

24

technology a motion regulation task and a cognitive control task, and we compared that

25

with a virtual reality task addressing the same cognitive processes. The goal here is to come
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up with something that we can to do at primary care using AR or VR systems to be able to

2

do the biotyping to decide what type of pathway to send a patient home, again, at the

3

primary care level.

4

As part of that project, we've come up with a library of standardized virtual

5

environments to use to evoke different cognitive states, different mood states. This is a

6

public database and we'll be adding to it and growing it, trying to make it more culturally

7

diverse, more age appropriate, and more evocative of different states.

8
9

I'm very excited about the way we have new, improved interventions. Again, for the
sake of time I'm just going to talk about those that are in the area of mental health. But as

10

you know, mental health is an area where we have a big log jam. It can sometimes take

11

months after making that very difficult phone call before you can have an appointment.

12

And so we've had fantastic work and again, this is going back over decades of research

13

addressing posttraumatic stress, phobias, addictions, anxiety disorders, using exposure

14

therapy paradigms. We can teach people who are struggling with addictions, refusal skills

15

and situational confidence by putting them into a virtual environment, evoking the cravings

16

and giving them the skills to manage those cravings.

17

There's a whole long list of ways virtual environments have been applied to issues in

18

behavioral health, psychology, and psychiatry. We've heard from some of our colleagues

19

looking at pain, and Brennan did an excellent job of giving an overview of how he's using it

20

in his practice and at his hospital, but there's a whole spectrum ranging from psychosis to

21

eating disorders, anger management, obsessive compulsive disorders, anxiety disorders,

22

social anxiety disorders, depression -- impairment, attention deficit disorder, autism,

23

cognitive aging. There's so many issues that we have had interventions developed, in the

24

process of being validated and in use today.

25

One of the things I'm excited about is the opportunity to use VR and AR technology
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to facilitate and reduce the pre-procedural anxiety that someone faces before going into a

2

hospital by having them do a tour of the hospital in advance and have someone who's had

3

the procedure before serve as a guide to show them and let them know what to expect.

4

And of course, palliative and hospice care is benefited by the applications of VR and AR

5

technology.

6

One of the things I'm seeing is the emergence of platforms that don't have just one

7

thing addressing one problem, but a whole plethora of different interventions can address a

8

spectrum of solutions. And I think if we're aligning this into the hospital, into the clinic, we

9

need to not just address one problem but have a toolkit of solutions that can be used. And

10

again, with the cog-based analytics, we can collect data, combine it with biomarkers,

11

combine it with other information and come up with better diagnostics.

12

And most importantly, I think we're seeing the pharmaceutical companies and

13

medical device companies jumping in to look at combination therapies so we can get

14

incremental efficacy by combining the power of virtual environments to do better

15

assessments, better interventions, with prescriptive medicine.

16

There's a whole library of ways and I'll post my slides later of how VR and AR

17

technology are very profoundly effective in the use of -- and the neuroscience behind why

18

they're very effective if you have a medicine.

19

I think one of the main aspects of this is the fact that virtual environments allow us

20

to tell stories. My colleague, Jeremy Bailenson, likes to say that VR is experience on

21

demand. I go further than that, I say it's also story on demand. Stories allow us to make

22

the patient experience, the process of being a patient, which is often every difficult, more

23

into a narrative, a personal narrative. And stories have such power. If we tell people

24

information, they don't retain it. But if we make them a part of their story, their medical

25

quest, we can make it something they can work to and it's here, make it interesting, make it
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2

fun, make it engaging, make it collaborative with shared virtual environments.
So there's so much we can do spanning the spectrum of healthcare and I thank you

3

for your attention.

4

(Applause.)

5

DR. FUJIMOTO: Thank you, everyone. This concludes the Medical Applications

6

Session II. Please join me to thanking all of our speakers again.

7

(Applause.)

8

DR. BADANO: Thank you. So we've made it, we've made it through all the talks,

9

which is great. I'd like to invite some of the people to join us here on the panel for the

10

wrap-up session. We're going to go through the break, no break if you don't mind, because

11

I was told that the doors will lock at 6:00 and we won't be able to get out.

12

(Laughter.)

13

DR. BADANO: I'm not sure it's true, but -- so please, if you see your name, if you can

14

come up and help us with that, with the session.

15

(Pause.)

16

DR. BADANO: Okay. Yes, who else is -- okay. So here's a wrap-up session and here's

17

an opportunity for all those questions that we didn't have time to address, all those

18

questions that were in your mind and you didn't have time to come to the mike. I can see

19

some of that going on right now. But if you don't mind, I'd like to say a few words before

20

that, very quickly.

21

Let's remind ourselves why we're here. I think I've seen three things that are very,

22

very significant for me today and I think I'm kind of speaking, I think, for all of the organizing

23

committee as well as some of the other FDA people that have helped. We've seen a sense

24

of urgency, I think, in all the talks, in all the discussions, a need for something to happen in

25

this area that I will like to say is the "how do we know that these devices are good" and in
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which applications do we think that they have an impact on patients. And that's something

2

that we need to do right away.

3

The second sense is a sense of confusion. I've seen a lot of questions that we are not

4

necessarily on the same page at the moment. I think there's some -- of course, there's a

5

number of regulatory uncertainty which hopefully we're going to address today a little bit in

6

this wrap-up session, but there's also questions about what is the application that needs to

7

happen first and what type of devices are preferred and things like that. And of course,

8

finally, there's a sense of excitement which we all share.

9

I would like to use that as my 1-minute summary of the meeting, basically, and

10

actually tell you about potential next steps that in the organizing committee we will -- as we

11

were working through to get here, we were debating ourselves if these are things that

12

might work. So one of the things that is going to be important is that if we could put all of

13

what we said and all of the things and all the contributions into a consensus paper and

14

make it available in writing and going through -- this is going to be painful. And I'm really

15

inviting primarily the speakers, but anybody who wants to contribute to this effort will be

16

welcome, and so our organizing committee at FDA will get back to you at some point on

17

ways to do that and it probably will not have very significant statements, but we will have

18

something that came out of this meeting that we can all reference and when we forget

19

about it maybe in a couple months we can go back and read and others that have not been

20

here will be able to read, as well, and benefit. That's the one thing that we will try to do

21

and I would like to hear feedback from the audience.

22

The second one is that we've all said it in different ways, this needs to be -- whatever

23

needs to happen needs to happen in a collaborative way and we've heard a couple of times

24

the term pre-competitive development or pre-competitive research. This is not something

25

that will benefit a particular company, but it will benefit all and particularly, the end users
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and the patients. So we are debating internally about what's the best way to do this and we

2

would love to hear if you have an idea about how to do pre-competitive regulatory research

3

that will help the companies, the regulators, and will benefit the patients.

4

So that's what I would like to say before we go into questions and I would like to

5

pose the first question. I was very excited to see the paper from UCLA or Brennan about a

6

clinical trial. That was a paper that we read, we critiqued internally, we'll be happy to talk

7

to you about it later. But one of the questions that we had was you use a particular device,

8

a particular hardware and maybe software, as well, that was -- and often here we see that

9

when these devices -- probably the device you use is kind of obsolete or will be in the near

10

future, and our real question is are we going to go through these for each one of the

11

technological iterations of the hardware?

12

Is it at all -- it's really impossible to think that we would do a clinical trial, and I love

13

clinical trials, I think it's a great contribution in a landmark publication, but there must be a

14

way to do what we have to do without having to rely primarily on clinical trials. And so

15

that's the question I would like to ask to this panel and to the audience. Is there a way to

16

reduce the need for the clinical trials in this space? And I know it's vague because there's a

17

number of applications here, there's all kinds of applications, but is there a way to reduce

18

that and what that would look like that and how can we build that up?

19

DR. SPIEGEL: I might just add a comment since you mentioned our trial. Yeah, in

20

that trial we've already moved on with new technology, new hardware, always advancing

21

the software. As a clinician and not a technologist, I think of VR, the VR headset, like a

22

syringe. What I mean by that is as a clinician, it's not really the syringe that matters, it's

23

what medicine is going through the syringe and the syringe is a platform that I'm using to

24

deliver the medicine. Now obviously, different syringes have different features, operating

25

characteristics, probably need to be separately cleared or approved, but I don't really care
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how the medicine is getting into the body as long as it gets in. Similarly here, rather than

2

medicine, we're talking about software. What I care about is what are people seeing,

3

feeling, hearing, experiencing in the context of their biopsychosocial illness experience and

4

is that experience improving their clinical outcomes, that's what I care about. Now, we

5

have some incredibly brilliant people in this room who know more about -- forgotten more

6

about optics than I've ever known in my life and can probably continue to make those

7

headsets better and faster and less nauseating and all that matters, but it does not seem

8

like we need to do 16 clinical trials for the same software program with 16 different

9

headsets, that seems like a complete waste of time. So I don't know what the technical

10

solution is but I know, clinically, that would be like me needing to do a new clinical trial with

11

a syringe. Every time there's a new syringe that comes out, we have to revalidate if the

12

chemotherapy works. No one would ever expect that nor require that. So that's just an

13

analogy that may or may not be helpful.

14

DR. VARSHNEY: So I have a comparison with the processers. So in the early days

15

when we only had sequential processers, a lot of the performance of the processer

16

depended on just one parameter which was the frequency at which the processer was

17

working on. And so you would have a result published and then you would come back 10

18

years later and you look at another result and say well, in this time the frequency of the

19

processer has increased so much, so I would expect that the performance of this algorithm

20

would have been this much if I were to just map it to the current generation of processers.

21

And then, of course, the parallelism arrived and then the massive parallelism arrived

22

and then the simple arguments about frequency were no longer valid. The memory latency

23

times became a very big issue, how do you hide memory latency and all these, and so

24

therefore what we decided to do was to have benchmarks. They were not perfect but they

25

were benchmarks that one could run a lot of programs on and have a rough estimate as to
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how much is the speed up on these benchmarks, and maybe that's what we as a community

2

need to do is to develop a set of benchmarks -- datasets.

3

One of the starting points for that might very well be Walter Greenleaf's examples

4

that he showed today with a number of these VR environments and for these maybe we

5

could measure things like the cyber wellness score, if there's a cyber sickness there should

6

be a flip-up there, the cyber wellness, there could be a perception issue, a perceptiveness of

7

how the contrast sensitivity is in the foveated vision and in the peripheral vision. Maybe

8

there could be a test on how well people can distinguish different colors in one eye or the

9

other or out of both eyes. So there could be a well-created set of benchmarks that we, as a

10

community, could develop that could help transition the results from someone like

11

Brennan's work on one headset into other headsets.

12

DR. KRESS: I just wanted to add something quickly. What I like to -- what I usually

13

say is today in AR headsets and MR headsets, we're at the brick phone era off of AR.

14

Remember in the '80s where you had this big brick phone? Today you have something like

15

this. Well, they both allow you to make a call, so the functionality is the same, but it's

16

smaller, it's faster, it's sleeker, it's lightweight and it allows you to do more and more

17

things, that's what we're going to see with AR and MR devices, also. Today we can make a

18

phone just like with the brick phone 40 years ago, but added functionalities will be added

19

onto it. So it's not like every generation of the hardware will allow you to do different

20

things, will allow you to do better and more, just like with the brick phone of the '80s.

21
22

DR. BADANO: And you can validate that with measurements in the lab that do not
require clinical trials and are much easier to perform, that's your point?

23

DR. KRESS: Yes. So the functionality is the same, you know, we talked before with

24

Brennan about the field of view that gets larger and larger. Now, of course, if you have a

25

field of view of 90 degrees and you have this tunneling effect, that has an opposite effect of
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the soothing effect. Now, when that field of view gets larger and larger, the same

2

functionality is there to allow you to feel less pain and be more relaxed, but it will work

3

better and better because that field of view gets increased and the tunneling effect gets

4

reduced. So the functionality is the same, it's just getting better and better.

5

DR. BADANO: I want to go back because I think this is a key issue and I'd like to say

6

that and you know this. Sometimes designs introduce positive elements of performance at

7

the cost of some others. For instance, foveated rendering is a good example. There are

8

studies that show that peripheral vision is important when reviewing medical images, so

9

you see maybe faster, it may be the right resolution in the fovea region, but you need to

10

consider some of these other effects.

11

(Pause.)

12

DR. BADANO: You want to comment on this, too?

13

DR. GUPTA: Well, I don't know that I have the answer, but I tend to agree with

14

Brennan. I think that, as I said in my presentation, at least for the applications that we

15

wanted to start with, so in other words, not replacing anything, I think that it's overly

16

obtrusive to ask for repeated clinical trials. I think maybe a way to think about it is to start

17

breaking up -- AR and VR is not all the same, so you have to break them up into categories

18

and maybe at least in procedural medicine you break up AR into pre-procedure planning

19

and have a team make up a series of baseline standard guidelines.

20

And then you can say intra-procedural performance that does not replace existing

21

functionality and then the holy grail, which is intra-procedural performance which may one

22

day get rid of monitors and buttons, which will have its own set of basic standards. But to

23

say that Category A and Category C are exactly the same is not true and you may even have

24

to make it more complicated than that because all of those things may be different for a

25

vascular surgeon or Dimitri in the UK who's doing a bypass procedure on a leg versus a
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spine surgeon who needs millimeter accuracy and so on. And I'll close by saying that I know

2

that the FDA is a U.S. organization and I'm an American and I work in the U.S., I still practice

3

as a physician here, but I have the luxury of traveling around the world, as do many of you.

4

And I think that we really need to figure out -- and by "we," I mean we, but really the FDA --

5

how we can maintain some U.S. leadership in digital health and digital medicine because

6

anybody that's traveled outside the borders of this country has seen the amazing work

7

that's happening in other places and I really want the FDA to allow us, all of us, to keep

8

doing that.

9

DR. BADANO: Thank you.

10

DR. GROSSMANN: Briefly, I want to say I think that we can put everything, you

11

know, VR, AR, XR, in the same bag, you know. In relation to your question, Aldo, I think that

12

-- so what a VR pharmacy, as Brennan likes to say, VR pharmacy to regulate that is different

13

than regulating a -- looking at an ultrasound image on XR on a device during a medical

14

procedure and when we're trying to augment the physician or the surgeon or the

15

proceduralist, as Dr. Morley was saying, is different than doing a VR therapy for treating

16

schizophrenia, for example.

17

I think that it's really so complicated, I mean, we try to dissect this to the last detail

18

and even in a philosophical way, you know, it's really impossible and it really takes on, you

19

know, entities like the FDA to, at the end, have the last word, not just based on -- because

20

you can approve a device and it's FDA approved, but the device is clinically not relevant, it's

21

not -- it's not a good therapy, for example, so you would need to do clinical trials to prove

22

that. So from FDA approval to clinical, you know, relevance or clinical benefit, I think it's

23

two different things, so it would put everything in the same bag, it's really almost

24

impossible to answer that question, I think.

25

DR. BADANO: Yes.
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DR. NAVAB: Maybe in confirmation of what they told -- from my point of view, we

2

have some very -- separate the whole thing, you know. For doctors, for surgery, augmented

3

reality, the term augmentation comes, that is augmenting the person, is a user interface.

4

So there, for me, it's very, very different than if one uses AR for treatment of the patient or

5

if AR is used for, for example, directly for navigation.

6

If AR is used as a user interface, then from my point of view it's basically in a study

7

together with surgeons, clinician/physicians to find out there -- is a user study, is -- to a

8

user-centered design. And therefore, for me, it's not about patient studies, it's really about

9

the impact on the user while if you use it as a navigator, which is different than user

10

interface, or as a treatment device, then I think we need a lot of patient studies. Otherwise,

11

from my point of view, we need usability study and the effect of that on decision making by

12

experts who are granted. So I think it depends where we are and which product we are

13

looking at.

14

UNIDENTIFIED SPEAKER 1: Okay -- FDA. So my takeaway from today is that we are a

15

house with two sides. One is bringing information to the clinician very accurately, very fast

16

with low latency and overlaying them so that the clinician can do certain things. The other

17

part is what Dr. Spiegel -- in Dr. Spiegel's presentation it came out, clearly out, is to -- for

18

me to induce certain feelings in the user and that's why I think for all mental health issues

19

or drug issues it's not so much what the images are and what the patient hears, I think at

20

the end it comes on how the patient feels.

21

And my question is, to whoever works on that, what is known in that area? What

22

kind of images or sounds or also, in general, the classification of feelings in order to have

23

the right images and the right sounds so that certain feelings get induced in the patients

24

that could then produce certain outcome for mental health or drug addiction? What is

25

known about that and how is that actually done?
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DR. SPIEGEL: Okay, that's a big topic. I won't speak too extensively because I don't

2

know enough to speak extensively. What I'd say is I mentioned how we have described

3

these three types of clinical trials, VR 1, VR 2, VR 3, that this group came up with. And the

4

VR 1 study is about human-centered design, it's really about using best practices in human-

5

centered design to work with the end users, the patients themselves, find out from them

6

what are their unmet needs, what are the experiences that they think would be useful and

7

that may vary dramatically; whether we're talking about schizophrenia, which we haven't

8

even touched on today, where VR is being used with incredible effectiveness or if it's

9

depression or if it's who knows what.

10

There's so many opportunities and it really depends on the end users and they

11

should define what they want and then the designers should work around their knowledge,

12

attitudes, beliefs, preferences, expectations, and iteratively improve on the software with

13

constant feedback. Now, there are certain things that are well known. Just, for example,

14

we like to use stable horizons, we don't want people to go on roller coasters, getting cyber

15

sick, and as we're talking about not gamers, you know, playing in a parents' basement, but

16

we're talking about sick people who already have nausea, already have abdominal pain, for

17

example, we can't have them going up and down roller coasters. So some of this is sort of

18

obvious, but some of this is much more nuanced.

19

I'm guessing there's literature I'm not as familiar with about best practices for sort of

20

precise sound, precise timing, about binaural beats, which is a whole thing about the audio

21

experience, and then training the brain into beta, alpha, and theta waves depending upon

22

the frequency and the arrival of those sounds at the ear, whether it's 10 mHz, all these

23

kinds of things that we could talk about that are technology features, people in this room

24

probably know a lot more than I do. I would just say that we need to use all the science we

25

can to drive those emotional experiences and when we talk about emotions, I'll end with
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this, people think of emotions as things in the brain. Emotions is actually a bodily

2

experience, it's a physical experience, the body's connected to the brain, it's one physical

3

system. This is not -- this is about mind/body medicine not in some new wave, New Age-y

4

kind of way, but in a very scientific kind of way and we're trying to change the physiology

5

and secondarily, the cognitions that go along with that physiology. So I guess that's the

6

best answer I can give.

7

DR. KRESS: Just one more comment. VR is also -- and we talked about this, Walter

8

Greenleaf talked about this, it's a storytelling device but it's also an amazing empathy

9

device. For example, a VR headset can actually be used to not cure autism, but to help kids

10

with autism, but also on the other hand, to show how a kid with autism lives his life for

11

people like us. So it works in both ways, it works for us, also. It's an empathy -- it's an

12

amazing empathy device.

13

DR. SPIEGEL: Chris Milk calls it the empathy machine. He has a talk about that.

14

UNIDENTIFIED SPEAKER 2: Thanks, great. Great panel, everyone. And I think the

15

last like 15 minutes have been as valuable as anything else in the entire day. I think the

16

ability to kind of -- this brain trust and begin to solve problems, I would really love if the

17

FDA is not afraid of us now and to really have this sort of thing as the focus of it more than

18

just "the presentations were great," but putting these minds together to solve these

19

problems, I think, is invaluable.

20

So to your point of like uncertainty and confusion, you know, we're about to begin

21

our FDA process, too, at MeteorEz (ph.). So I think the big question for the panel is if

22

anyone's been through the process, what you would suggest beyond the conventional

23

wisdom about what you do about FDA but secondarily, what you would change? Because I

24

know FDA's evaluating this and going through this. It would be great if you could keep this

25

going in like some kind of discussion session, but what could be done like to really help
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streamline this because a lot of this stuff, hopefully, is going to be coming down the

2

pipeline, you guys will get inundated with it, we're going to get stuck in the pipeline, so

3

what can be done to improve this process going forward and to kind of bring the evaluation

4

of XR into the 21st century? Thanks.

5

UNIDENTIFIED SPEAKER 3: I just wanted to speak briefly, talking about regulation

6

and the fact that you don't want to pair every single device with every single piece of

7

software and then try to regulate that. To a large degree, that would be completely

8

untenable, if not maddening and sanity reducing. But actually coming from a games

9

background, when you develop a game or when you publish a game and you go into a game

10

store and whatnot, you have to define minimum performance specifications, right? And so

11

for certain software, right, when you're talking about therapeutic pain management type

12

things, you're -- you need the system to be -- perform enough, to have a high enough frame

13

rate that you're not making people ill.

14

But at the same time, once you have achieved that threshold, it doesn't really

15

matter, right, like there is a certain point at which if the field of view is 90 degrees instead

16

of 75 degrees, then all the more better, it doesn't matter. So understanding when you do

17

the regulation, here's the minimum performance that we tested it at, that we found to be

18

therapeutically effective and then software developers, if you are developing therapeutic

19

software you can say in your software hey, if I know that I need to run at 90 Hz or better

20

and I'm on a device and my self-test says that I'm running at 30 Hz, don't run, right?

21

And that is something that can be coded, that can be developed, so you can create

22

minimum thresholds and it may be for operating rooms and that kind of thing. You want

23

absolute, guaranteed, spot-on, you know, frame rates and that kind of thing and that's

24

likely a place where the Philips and the Sonys, you know, are going to be delivering

25

guaranteed systems that every update -- because an update can screw you up as much as a
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new bad anything else or a bad piece of hardware, but if you have guaranteed quality

2

updates that are controlled so that when you go into an OR, if you're doing trauma or

3

something like that, you have proven performance metrics, that's where I think those

4

organizations can play.

5

DR. BADANO: If I can just bring up a little bit of history of all the devices that are

6

related to where we are here in XR, for instance, when we first looked at viewing medical

7

images on cell phones many years ago we had the same problem, the first few that we saw

8

at the Agency were tied to a particular operating system on a particular phone type, model,

9

and so forth because we were not comfortable, these were the first ones that came

10

through. Now we have a much more relaxed attitude towards that because we know that

11

some of these specifications are a little bit more well understood and available, and so we

12

cleared devices for families of, let's say, iPhone families or Android families and not

13

necessarily for one or other device, and I think something like this could be applied in this

14

case. Any comments?

15

DR. VARSHNEY: So I just wanted to add some of the complications that arise with

16

these VR devices and content and appearing of the content and the software and the

17

device. So the example you gave us that -- just as, you know, 75 degree field of view versus

18

90 and 90 is hopefully better. The challenges that -- about larger field of view does lead to

19

larger possibility of cyber sickness if there's more peripheral motion happening.

20

There is this whole notion of interpupillary distance, the IPD between your pupils, so

21

the IPD that the device has versus the IPD at which the software is working on are what was

22

used to create that particular content. So right now, given how early stages we are in, it

23

almost reminds me of the 1890s when the first film was created and you had this train

24

coming at you and the whole theater emptied, we just don't know what the parameters of

25

this technology are and so trying to understand what are the key parameters and which of
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these are orthogonal and which of them are in the same subspace, you know, interact with

2

each other. We need to figure those out.

3

DR. SPIEGEL: And I think that speaks to the importance of doing foundational

4

research that will answer questions that everyone has in common and I think that was one

5

of the -- one of the next steps that you sort of suggest, Aldo. So, you know, it seems like

6

more would be better, faster; less latency is better, bigger field of view is better and

7

clinically, I like the idea of operating at some basic level. Like we demonstrated with, you

8

know, Samsung Gear VR with a clip-in phone that it worked. So do I need to keep showing

9

that over and over again as the field of view gets better and it's less of a tunnel?

10

I mean, it worked with a tunnel, so it seems like it's -- so what I'm getting at is I agree

11

that it seems unnecessary to continue to test over and over again as things get faster,

12

better, cleaner, etc., but I also think we need some foundational work to understand what

13

the potential unintended consequences of that might be, like does field of view really make

14

a difference for cyber sickness and if so, just how much and what are the factors and

15

determinants and how we can predict in an individual whether that might happen or not.

16

But on the other hand, and I'll end with this, you know, this is not like we're

17

delivering chemotherapy for advanced-stage cancer, I'm thinking the clinical application for

18

a second. Somebody gets cyber sickness, it's not good, but they take the headset off. And

19

I've seen weird things happen, I've seen panic attacks, I've seen depersonalization,

20

de-realization; these sorts of things are complex, but the people don't get severely injured

21

and under the watchful eye of a clinician in an environment like that and that's just been

22

our experience, so I think we just have to be pragmatic about this, too, and not use models

23

that we use in other areas of healthcare as readily.

24

MR. MUKAWA: In this time, we are focusing is image quality equivalent.

25

UNIDENTIFIED SPEAKER 4: I have one question, so augmented reality for surgical
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applications. One big difference to the conventional navigation systems is if you have an AR

2

surgical application, for many applications you can immediately see or the clinician can

3

immediately see whether it's correctly aligned or not. So for example, if you have

4

something on a screen, you only see usually like where your tool is and then you see your

5

MRI and you have to really rely on the system where it does some accurate targeting. For

6

AR system, you immediately get feedback, I'm accurately aligned or not accurately aligned.

7

For that, also one follow-up, like hardware question to, perhaps, Bernard. Right now, while

8

we see whether it's accurate or not, there's still like a slight mismatch that we might not

9

have the perfect depth perception, what needs to change in the hardware that the shape

10

matching becomes -- in theory, a 5-year old should be able to have a virtual model, align it

11

with a real model, and be 100% accurate almost.

12

DR. KRESS: Yeah, so the alignment and the mis-registration is a problem today and I

13

wouldn't say that it's solved. We have amazing sensors, especially the time-of-flight sensor,

14

which is amazingly accurate. We have a display that is a little bit less accurate which is, as I

15

said before, a 200-year-old concept, which is stereo imaging. You know, stereo imaging is

16

very limiting, you know, and there were a few papers in IEEE that -- recently that showed

17

that with HoloLens there is actually a systematic error, a mis-registration error, that is due

18

to the fact that -- the time-of-flight sensor is actually really good, but the display is still a

19

200-year-old concept and unless we go to light field or true holographic display, we'll still

20

have this systematic mis-registration, the mis-registration in these articles. And they did a

21

good job, it was about 2 mm at one and a half foot away, but that could be life and death in

22

surgery. So I agree, there's still a lot of work to be done, not only on the sensors but also on

23

the display so that they fuse completely like in real life and they do not today.

24

DR. GUPTA: I fully recognize that and that's why we don't -- that's why I don't think,

25

for us, registration and registration-type applications in AR is the first way to go because of
Free State Reporting, Inc.
1378 Cape Saint Claire Road
Annapolis, MD 21409
(410) 974-0947

174
1

the fact that stereoscopic displays is not unique to HoloLens, it's all of the stereoscopic

2

vendors, it's fooling your brain into seeing 3D, but when you want -- and our own internal

3

testing has shown, as well as papers from Pisa (ph.) that you're referencing, it's very tough

4

with accuracy to point at a virtual object stereoscopic display and if you're off by 2 mm, that

5

is life or death. And so for that reason we don't want to concentrate on that for our

6

application, but that's why I still think that you have to segment out the application of AR

7

because we don't want to throw out the baby with the bath water and that holds true also

8

for image quality, so I keep saying it's not going to replace our master display, at least for

9

our first go-around.
And I say that because I don't think that the hardware's good enough to do that yet

10
11

from Bernard or Hiroshi or Jennifer from Magic Leap, who's not here today, or any of the

12

other vendors, and they'll get there over time. But I think the FDA also needs to understand

13

what the definition of image quality is because as a user, I've used HoloLenses and Magic

14

Leaps on phantom studies and the definition of image quality, if you stick to the way you

15

thought about it before with displays in terms of pixels and contrast and luminosity and

16

how you're measuring a real display and try to equate that to what I'm seeing when I'm

17

using a headset, it's not the same because I can tell you, even though on technical specs, all

18

of these things may be far less than a medical grade monitor.
The fact that I can blow that thing up and have it right in front of my face and I can

19
20

contrast how I want and I don't have the glare and the craning of the neck, the overall

21

accuracy for me, I found, actually is far greater. So you have to think in a different way of

22

how you're going to start measuring image quality and not just default to what you consider

23

the gold standard of the medical display that's 20 feet away from me, angled, and with glare

24

on it.

25

DR. NAVAB: I just want to -- I'm sorry. I just wanted to give you good news,
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Christopher, we have a really cool solution for you. It's just published in IEEE robotics

2

letters, robotic -- letters. What we do you saw are flying frustums, if there are two people

3

in the room with HMD, you take the frustum of the other one so you align and you see the

4

other view alignment so your alignment would be perfect because you're aligning the two

5

views. We call it deflective AR. But I think partially is limitation of technology, partial

6

limitation of perception, and then with perception, I believe the software, with good

7

software solutions ideas -- because now we have, in the -- of what I would call a lot of

8

frustums going around and if you play or gain well because we don't have fixed displays,

9

then those problems, I think, from my point of view, 80% would be solved by software and

10

new ideas of interaction. What we cannot solve is resolution, multiple plane of focus, you

11

know, all the space display technology. But I think you will see some good alignment soon.

12

DR. BADANO: Which is good news.

13

MR. MUKAWA: Can I?

14

DR. BADANO: Sure.

15

MR. MUKAWA: I think one solution is, as Aldo mentioned, based on how do we -- AR

16

capability and we have to change the use case. But also, I think if you really need a very

17

accurate registration, then video see-through system would be better. So I don't know if

18

such kind of a hardware we can make but sometimes we do see-through, sometimes VR,

19

sometimes AR, particularly AR, I mean. So by switching those functionality, I think we can

20

accommodate many use cases at the same time. I think it's too much -- but I think there is a

21

possibility.

22

DR. BADANO: Can we move on?

23

DR. KRESS: Wait, wait. I just wanted to add something. So we're talking about

24

testing, especially the display system and the sensor system. Today there are a lot of

25

companies that allow themselves a lot of liberties in redefining very rigorous terms such as
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light field, hologram, achromatic elements with metal surfaces and yeah, so you know what

2

I'm talking about.

3

So these companies, you know, "us," companies that raised $3 billion such as Magic

4

Leap, redefining what the light field means, I think the FDA and the NIST, which are present

5

today, have -- you know, should be a regulatory agency that regulates these terms and

6

don't allow companies, no matter how many billions of dollars they raised, to redefine

7

these terms. So this is, I think, one of your -- one of the jobs of the FDA and the NIST is to

8

make sure that no company attempts to redefine these terms which are the basis of your

9

optical tests that you're going to do afterwards

10
11

DR. NAVAB: I love this comment, I mean, submit a paper to IEEE VR and TVCG
journals and tell them I am -- I have holograms in HoloLens, they will kill you.

12

(Laughter.)

13

DR. NAVAB: They will reject your paper off -- you know, right away.

14

DR. KRESS: That's exactly what I'm talking about.

15

DR. NAVAB: Yeah, they say this not holographic. This is a very true representation

16

of an object. So I like it. I mean, is there a possibility to control the words?

17

DR. BADANO: Yeah, we'll discuss that. Let's move on --

18

DR. KRESS: Just one more minute.

19

DR. BADANO: -- to the next question.

20

DR. KRESS: If you're already talking about the terms then please don't call mixed

21

reality MR. I sometimes -- calling MR, since we are doing a lot of MRI with mixed reality,

22

MR is also -- it's not a good --

23

DR. BADANO: XR, yeah. Andrea.

24

MS. KIM: I have a question that's a continuation of the discussion we had two

25

questions ago about minimum thresholds and performance frame rates. So you know, let's
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say you are optimizing your software in terms of the graphics rendering, you are hitting the

2

frame rate that you want, I'm wondering, especially now that we have a trend towards

3

patient-specific data, have you tested for the -- how the performance is affected based on

4

the size of the data? So you know, you can be -- you can have a software developed that

5

runs perfectly at an optimal frame rate, but it's a smaller dataset and let's say you bring in a

6

much larger dataset, I mean, you know, this is beyond just regulating just the software, it's

7

how have you tested for the minimum and maximum threshold.

8
9

And with this question, I guess I'm a little sad to see Brennan Spiegel had to run off,
but I wanted to challenge his question as to, you know, why we would have to test the

10

same applications over and over again. Well, some of these datasets could be vastly

11

different and could have, you know, a very different effect on performance, so I'm

12

wondering if you've done any work to address this issue.

13

DR. VARSHNEY: Yeah, I mean, this is -- you're absolutely right, it's the dataset size

14

which changes the performance. It's also the whole software stack. So somebody writes a

15

program, you know, pungel (ph.) versus something equal and in unity and it's a huge

16

performance difference and it also depends on how close to the metal the monster get in

17

terms of programming these. And so this is a big issue that we still have. Hopefully, one of

18

these days we will have these precise high-fidelity light fields and then the whole issue

19

about different kinds of primitive, different kind of textures and all these will become very,

20

very uniform.

21

MR. TANIGUCHI: We are using cloud to make a via asset. For example, some looked

22

-- data, but that is sometimes skin. So skin, I think skin does not need so much -- data, so

23

we can install -- and reduce the polygon size, ultimately.

24

DR. BADANO: Next question, please.

25

UNIDENTIFIED SPEAKER 5: Yeah. My question is more of a comment and it's
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somewhat selfish of what I would like to get out of that last part of the next steps and I

2

think it's kind of the 3,000/6,000 view of what we should take from this meeting and some

3

of it has been discussed like a tool, like we need to define the categories of what these

4

things are. There's VR for behavioral science, which is completely different than anything

5

else we're talking about. Within that sector there's inpatient versus outpatient classes of

6

devices. The regulatory infrastructure that you're going to need for an inpatient device that

7

goes into a Pixus system that is light sterilized, that's wiped, that's going to be delivered to

8

a patient who's going to definitely need someone in the room with them so they don't fall

9

out of bed.

10

It's going to be different for some behavioral obsessive-compulsive VR system you're

11

going to use at home just like, as you mentioned, augmented reality to take away a screen

12

and put an ultrasound screen in front of me has a new paradigm and the old -- I'm a

13

radiologist, so I am very much into buying expensive monitors and very expensive boom

14

systems from Philips and it would be great if we didn't have all these boom systems. But

15

there are known standards and the speaker from NIST did a very good job of saying these

16

are standards, here's Working Group 12 from this group, we're working on this, these are

17

the minimum standards that an augmented reality device has to meet in order to even to

18

come to a pre-510(k) submission and start to define what those basic parameters are within

19

each field.

20

There's replacing an ultrasound monitor which is different than replacing an

21

interventional screen. There's replacing a diagnostic screen which is different than having a

22

non-diagnostic monitor display. And if I was to say what I would like to come out of this

23

meeting would be what are those categories, taking this brain trust of people that wanted

24

to come together to build these categories, within each category talk about the things that

25

would need regulatory baseline standards that the FDA, NIST, and industry can agree upon
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that these are the baseline standards, what are the internal electronics that have to be able

2

to be inside of an operative room which have nothing to do with an outpatient behavioral

3

specialty and in each one of these categories pick people from this audience, from the

4

people who are beamed in, from industry who wanted to participate, to start to build out

5

each one of these spaces and build a tiered regulatory cycle that can address each one of

6

these individually and that's what I would really like to see as a kind of next step movement

7

in that direction.

8
9

UNIDENTIFIED SPEAKER 6: Wow, that's a tough act to follow. Well, I'm from
industry and I'm happy to help with these efforts. A comment and a question. This is

10

fabulous, so the comment is please keep doing this and please let us know how we can

11

help. The other comment is there is a lot of acronyms that have been thrown around here

12

and this is a collision of two different worlds, there is regulated space. I speak FDA, I speak

13

PMA and 510(k) and PMRs, I don't quite speak VR and AR and XR, but I think the two worlds

14

need to come together. So as an outcome of this workshop it would be wonderful if you

15

could come up with a glossary so the two worlds can actually understand what we're saying

16

to each other. We're all drowning in alphabet soup and we need to get out of that, we

17

need to actually understand what we're saying to each other.

18

And I completely agree with everybody who said at the end of the day it's about

19

setting performance standards that can be met so we have some level of confidence in the

20

products that we're using and finding the balance between spurring innovation, which is

21

what we all want to do, and delivering the patient an experience that's not just patient

22

friendly, but actually safe and effective. There are laws that have to be respected here and

23

we have to keep that in mind.

24
25

The last thing that I wanted to kind of pose to this community is one thing we think
about a lot in the regulated space is adverse events and what are adverse events in this
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space? Do we need to start defining that? What do they look like? We talked about cyber

2

sickness, that's one little aspect of it. It doesn't quite have a DSM definition, maybe we

3

need to go there. And it's actually really important because when we're looking at

4

performance standards, when we're looking at safety and effectiveness, these things

5

matter, it's not just how good a patient feels on a self-reported form, it's also what are

6

those unintended consequences that are different from technology breakdowns. So that's a

7

question I would really like this community to take on.

8
9
10

DR. BADANO: Thank you. I'd like to say I would really like that there's an
opportunity to form a collaborative effort here and we are really looking for people outside
of FDA to lead that effort, so we're taking notes and we'll call you, I hope you will volunteer.

11

(Off microphone comments.)

12

UNIDENTIFIED SPEAKER 7: So with the introduction of new devices every day and

13

seeing evidence of an impact in healthcare of these devices, there is a surging problem that

14

Aldo presented of how do we regulate this and how do we assess whether they can help

15

and improve our patient care. And going through the text by crowd, I think, is not

16

productive for a very simple reason, it's chasing a field that on a very rapid forum obsoletes

17

itself. I have so many devices back at the lab that are collecting dust of previous iterations

18

and I'm happy with it because the ones that I use are much better and more efficient.

19

So the question comes to how do we determine capabilities for each specific field

20

that we can all agree on? We don't necessarily agree on the vocabulary of what is mixed

21

reality and what is XR, and you can ask everyone and they might have a different opinion,

22

but we can all agree that there are two sets of standards that we can set. One is how do we

23

use this technology to improve patient care and how do we measure also the negative

24

effects that this can have either to our clinicians or to our patients? So the question is to

25

Aldo first, from academia and medical institutions, but also from companies and vendors,
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how can we help the FDA to spearhead this effort, but also to the panel, how do we -- what

2

do we expect from the FDA to do to lead that initiative and kind of help us fill in the gaps

3

where we feel that that momentum doesn't need to be lost and we don't have to restart

4

that clinical trial that Brennan was talking about earlier? Thank you.
DR. BADANO: I'll let the panel go first. What would you like to see in terms of

5
6

supporting this effort?

7

MR. TANIGUCHI: Okay, so I expect FDA to understand ecosystem like software, so in

8

software setting we connect other software with API. So if we can do that, we can improve

9

our speed or our inpatient -UNIDENTIFIED SPEAKER 8: So two questions. Well, comments, I guess. I'm an

10
11

engineer and also a regulatory specialist and so from the testing perspective, we're talking

12

about clinical trials and what we need to do, but there's also models that I assume that we

13

can use when we're making iterations of these new technologies so you don't always need

14

to use a live human subject to then be able to test your new iteration. You can use any sort

15

of cadavers or anything like that and supplement what someone might have done initially

16

from a clinical standpoint to see if you can then extrapolate that on later models once we

17

get familiar with the technologies and get more datasets and so you're not always doing a

18

clinical trial, but you're doing it in a setting where you can see if you can match that clinical

19

trial.

20

From a regulatory perspective, the paradigm around this is going to be very

21

interesting because it sounds like these technologies can be used across multiple

22

indications for use. So right now, from a medical device standpoint, we start usually with

23

an indications-for-use and that's how we determine whether or not there's a device like this

24

that we can use from a 510(k) perspective or if it's, you know, something that's new enough

25

that it's going to be a PMA. And then if it's something where we're taking ultrasounds and
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things like that, do we reach what we call the dot nine and we're advancing the technology

2

so far that you then become a new classification of device? So how are we going to

3

umbrella this because you're going to have different -- the same device who can go across

4

multiple indications and possibly multiple codes so like orthopedics to cardiovascular, and

5

how does that work from an FDA standpoint and a review paradigm?

6

DR. BADANO: Yeah, I'd like to say that I was very pleased to see in several of the

7

presentations today the use of objects that mimic the patient. So my background is in

8

radiology and we use phantoms for almost anything and I think there's a big room for

9

testing a lot of these features without a patient in the loop, which I know is not ideal, but it

10

tells you a lot about the performance. And I think all of you, maybe all in this room, are

11

doing that and I think we should encourage that, I think that's a good way to minimize the

12

need for clinical trials. Let's go on for another 10 minutes with these two questions.

13

MR. FAHIM: Yeah, Mina Fahim with MediView. I have two questions, one on the

14

adoption side and one on the technology side, but I'll start on the technology side. I think

15

there were many really awesome presentations today around the capabilities of head-

16

mounted displays, but I was wondering if the panel could talk both from a clinician and a

17

technology perspective that are we placing too much emphasis and burden on the head-

18

mounted displays today and not taking into account the capabilities of augmenting the

19

augmented reality with additional sensors and inputs, right?

20

So using additional inputs from ancillary datasets that are proven, have been

21

validated to actually help make augmented reality systems valuable, so that's -- or not

22

valuable, more -- to the capabilities of the head-mounted displays themselves improve over

23

time, so that's on the technology side. And then on the market side, curious from a clinician

24

and technology perspective, how do we start creating an ecosystem in regards to getting --

25

you know, John showed the picture for two young children who are going to grow up with
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this technology. How does the clinician input start defining -- I don't love the term

2

"minimally viable product," but minimally valuable product to help putting some of these

3

products in the hands of clinicians so that we can start gathering meaningful data on impact

4

on healthcare. So one, how do we actually help augment augmented reality with ancillary

5

proven systems and sensors to establish a baseline until they reach a point of maturity, and

6

then how do we actually help define the minimally viable products that can actually start

7

being used at the point of care?

8
9

DR. KRESS: I'm going to start on the technology side, so you're right, we shouldn't
put too much emphasis on the head-mounted display because -- head-mounted devices

10

because it's going to be a blimp on the radar just like the cell phone is now a blimp on the

11

radar. What will happen after the head-mounted display? I don't think in 20 years we will

12

be wearing head-mounted displays but I'm pretty sure that we will be wearing head-

13

mounted displays in the next 2 decades. Well, there's two ways. You go closer to your eye

14

or you go further away from the eye and I think both will happen, there's a lot of -- there's a

15

lot of work on contact lens technology sensors and also display, but also further away.

16

At CS 2020 there was a lot of talk about the parallelities which are embedded in IOTs

17

that sense, that can recognize your face and your gaze and then provide you information

18

that is only custom-cognitive to you, not to the other person that is standing 2 feet away

19

from you, so parallelities with IOT devices that sense and display custom information just

20

for you over a small eye box which is overlaid with your head, not with the head of the

21

person besides you which could be a nurse which needs other information, but coming from

22

the same device and then, of course, getting closer to the eye. But yeah, head-mounted

23

display might be the way for the next 2 decades but maybe not more.

24
25

DR. VARSHNEY: So just to add to that. In addition to head-mounted displays there
are also other modalities like projection light displays which could certainly add a lot to the
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environment, especially the environments are instrumented and structured, which a lot of

2

these clinical environments are. Another thing which would be also very interesting for us

3

to look at are examples where a lot of the information could be gleaned from the sensors

4

itself. One of the things that, it's slightly further away from the topic of this workshop, but

5

a lot of the 5G work that is going on right now is about steering the beams of these

6

antennas to the prepared action, maybe not as precisely as the head of a person, but

7

certainly in the vicinity of that.
DR. NAVAB: I mean, for me, one of the -- one of the things I learned from this

8
9

morning to this afternoon from validation in FDA point of view, what I learned a little bit

10

was we have one validation is that the user, whether it's a radiologist or a surgeon or a

11

patient, is not getting this advantage, for example, fatigue, headache, etc., etc., so the

12

radiologist may be now 2 hours very active and very productive, but in the afternoon totally

13

tired and go down in activity. So one validation is, is the head-mounted display safe for the

14

user?

15

Now, the second validation, whether the mounted solution, whether the aches or a

16

solution is good for the patient, I really, you know, like the comment of our colleague from

17

Mayo Clinic, for that it really depends on what is the purpose of using that software in that

18

HMD and I think that we need to go to different cases, different little sub-communities, and

19

the validation would be very different and I think for some of them we may need patient

20

studies.

21

But this is very different than is the HMD safe for me as a surgeon using it 8 hours

22

per day? Does it make you tired, is it safe, is it going to fail? All these things is very, very

23

different and whether for the patient, for the patient under surgery or under this thing is

24

different. So maybe next year we can have this separation. I'll suggest that.

25

MR. THERANTA: Hi, my name is Mikel Theranta (ph.) and I work at NIH, I'm a
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program officer, I fund a lot of these studies that have to do with computational tools

2

applied to medical devices and in general for basic science. So I was very excited about this

3

meeting, I'm very excited about this meeting, and one thing that I wanted to emphasize is

4

like I was watching some of the presentations and it seems like one of the things that like it

5

didn't hit this community yet but probably will during the -- in the future is going to be the

6

issue of privacy and ethics and things that are involved in recording videos from people and

7

this is like probably in private environments like in house or like somewhere else, so private

8

information regarding like gaze, what the person is looking at, like -- so it might come out,

9

like other communities have started incorporating things like attasists (ph.) in their studies,

10
11

so maybe this is one of the things that like might be useful.
DR. KRESS: I'm just going to jump in there and say we did some tests with, you

12

know, EEG and EOG sensing on the -- on HoloLens with some partners and there's an ability

13

for the device to sense your level of stress before you even sense your own level of stress,

14

so that means the device will know you better than you know yourself. This is an amazing

15

invasion of privacy that you don't know, even.

16

(Laughter.)

17

MR. THERANTA: Thank you.

18

DR. BADANO: Very quick, please.

19

UNIDENTIFIED SPEAKER 9: Yes, very quickly. I just wanted to touch on something

20

that I believe Nassir said. So I'm a physician and I work in a lab where I'm exposed to fluoro

21

all day, I wear lead all day, my back hurts, my head hurts, I had -- you know, I had to stop

22

early when I was pregnant with my children, right? So my use case, wearing a headset for

23

those many hours compared to what I do now, there's a risk/reward that we really need to

24

think about here. And so this, to me, comes back to every time the use case, right? So to a

25

radiologist who is sitting in a reading room all day, they have a different risk profile than the
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interventionalist who's sitting in front of fluoroscopy all day, to the surgeon who is in an OR

2

all day. And I think that these things need to be considered and I certainly hope that this

3

happens within the working group as we're bending these things out.

4

DR. BADANO: Thank you. Would the panel be interested in final comments or I

5

think we've heard a lot. It's been a day. I really would like to thank all the speakers again

6

for -- and all the audience members that came in person and the people online, so thank

7

you very much.

8

(Applause.)

9

DR. NAVAB: I personally would like to thank you and the whole team for organizing

10

it. For me, it was a lot of learning, amazing. Thank you very much.

11

(Applause.)

12

(Whereupon, at 5:17 p.m., the meeting was adjourned.)
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