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MILESTONE 1



TECHNICAL BACKGROUND

Obstructive Sleep Apnea (OSA) - The most common form of sleep
apnea where the tongue and throat muscles relax and collapse,
closing the oxygen pathway.

Central Sleep Apnea (CSA) - Brain doesn’t send signals to muscles
that control breathing. CSA is far less common than OSA. Cannot be
treated with mandibular advancement devices

Complex Sleep Apnea Syndrome (CompSAS) - Both OSA and CSA.

OSA CSA

Diagnosed by a pneumologist
or pulmonologist via nocturnal
polysomnography examination or
home tests. Results are measured
by the Apnea Hypopnea Index
(AHI), and oxygen desaturation
levels.

Severity by apnea events/hour
Mild: 5-14

Moderate: 15-30

Severe: 30+ 1

CompSAS



TECHNICAL BACKGROUND

Contributing factors: Symptoms:
Excess weight Loud snoring
Neck circumference Breathing cessation
Being male Morning headaches
Hypertension Insomnia
Diabetes Irritability
Hormones Fatigue
Parkinson’s Depression
Age

Typically, it is a combination of pre-existing health conditions which
surface sleep apnea for the patient. Sleep apnea is difficult to detect
and is often mistaken for depression due to a lack of sufficient sleep. In
many cases, the sleep apnea patient’s bed partner or family member
complains about loud snoring or tells them they sometimes stop
breathing while sleeping.

Risks:

Sleep apnea increases your risk of
hypertension. Obstructive sleep
apnea can also increase your risk of
recurrent heart attack, stroke and
abnormal heartbeats, such as atrial
fibrillation.




TECHNICAL BACKGROUND

CPAP was invented in the 1980's .
Prior to that, people would get a thracheostomy [ HlStory of CPAP
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Over the years, CPAP machines have gotten smaller with
functional variations, such as APAP and BPAP

Modern devices have a greater data capacity and a
plethora of mask styles and options




TECHNICAL BACKGROUND

Treatment of sleep apnea:

Continuous positive airway pressure - CPAP
Fixed pressure on inhale and exhale. Pressure

is adjustable based on severity of diagnosis
and experience of patient.

Bi-level positive airway pressure - BPAP / VPAP
Two different pressured for inhale and exhale. The

exhale pressure is weaker than inhale to prevent
aerophagia, or accidentally swallowing air.

Automatic positive airway pressure - APAP

Continually adjusts expiratory pressure to an
optimal level for specific patient needs

Pressure

Pressure

Pressure

Typical pressure range: 4-20 cmH20
cmH20 = centimeters of water column

Time

Time

Time



TECHNICAL BACKGROUND

Treatment of sleep apnea:

Mandibular advancement device (MAD) Uvulopalatopharyngoplasty (UPPP)

Also known as oral appliances, shift the user’s jaw This is a surgery which consists of tissue removal or
forward, mitigating partial obstructions. These are rearrangement at the uvula, palate and throat walls,
most common treatments for snoring, but have proven increasing the airway size and decreases tissue collapse.

effective in treating sleep apnea for some users.

Stimulation Therapy for Apnea Reduction (STAR)
Requires a procedure where a small impulse generator
is implanted beneath the clavicle and a tunneled
breathing sensing lead is placed between the external
and intercostal muscles, and a tunneled stimulation lead
attached to the branch of the hypoglossal nerve that
produces tongue protrusion.

When the sensing lead detects inspiration, the impulse
generator sends a signal via the stimulation lead to the
hypoglossal nerve, resulting in forward displacement of
the tongue. The impulse generator is similar in size and

appearance to a cardiac pacemaker. Inspire is the only
FDA approved STAR device today.




RESTRICTIONS AND REQUIREMENTS

FAA Guidelines

1 year of data to show compliance for
the FAA medical certificate and at least
6 hours clocked on the machine 85% of
the time.

As of 2015, there are 4,917 FAA
certificated pilots being treated for sleep
apnea flying with a special issuance
medical certificate.

The National Transportation Safety Board
investigated accidents in all modes

of passenger transportation involving
operators with sleep disorders and
believes OSA to be a significant safety
risk. The NTSB database lists 34 accidents
— 32 of which were fatal — where sleep
apnea was mentioned in the pilot’s
medical history, although sleep apnea
was not listed as “contributory” in those
accidents.

DOT Guidelines

To maintain compliance: Drivers must
use a CPAP machine at least 4 hours per
night, 70% of the time. Drivers must
have at least 90 days of data to prove
performance.

Stoohs, Guilleminault, [toi and Dement
(1994) conducted a study of 90
commercial long haul truck drivers and
found that those with sleep disordered
breathing had a two-fold higher accident
rate per mile than drivers without sleep
disordered breathing.



SLEEP APNEA ACCIDENTS

Train conductor fell

asleep on his passenger
train and crashed,

resulting in 4 dead and
63 injured

Truck driver with sleep
apnea crashed a coach
bus in Virginia. It was

found he wasn't using his
CPAP machine
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Pilot overflew their
destination because they
fell asleep while flying



DEMOGRAPHIC LANDMARKING

New England Journal of Medicine

24 Million Americans don't know they have OSA

4% of the population ages 30 and 60 years has sleep apnea
These percentages rise to 7% in adults over age 60
American Journal of Epidemiology

17% of men and 9% of women ages 50-70 have OSA

In a study on sleep apnea and travel, of the
326 participants, roughly 83% were men,
17% were women, and the mean age was
59 years old



CONTEXTS

Home Airplane Hotel

Transit

= : B e —

i . WIE

N S R\ e —
B\ AN (74N E&é“’? \ ANZET S

3\)4,-511 X

FOR YOUR SAFETY AIRBUS A321 (3

e ﬁ' ——

e

L YA L8 —

PROPANE | faul

rport Shuttle

e —
- e




MARKET LANDSCAPE

Mandibular Advancement Devices (MAD)
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ZQuiet SnoreRX MyTAP PAP
- Far more affordable than CPAP - Adjustable for a variety of users - Enables use of CPAP without
needing the headgear
- Can shift teeth from improper fit - Improves sleep apnea symptoms
or prolonged use but doesn’t eliminate them - Limited mouth to nose adjustability
- Not intended for use with CSA or - Doesn't hold sizing setting well - Not effective for mouth breathers
moderate to severe cases of OSA or chronic congestion

10



MARKET LANDSCAPE

Home CPAP Devices

Philips Respironics Dreamstation 2 ResMed $S10 AirSense Autoset

- Compact - Cool-down feature dries tubing
- Better UX than previous model - Automatic start / stop
- Design doesn't look like a CPAP machine - Very quiet
- Smooth startup - Automatic pressure adjustment
- Water reservoir is clunky and feels fragile - Water reservoir is difficult to fill
- Bluetooth connection issues - Tubing connects to the back of the machine
- Difficult to clean - Water reservoir leaks
- Bulky

11



MARKET LANDSCAPE

Travel CPAP Devices

Z2 Auto Travel ResMed AirMini Autoset Respironics DreamStation Go
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ResMed ;
3
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- Small and portable - Fits well in bag or backpack - Usable with or without humidifier
- Low power consumption - Disposable humidifier adapters - USB charging port
- Auto-start feature - Size is more discrete than regular - Touch screen
CPAP machines
- Loud and whistles - Tube connection makes noise - No auto-start
- No humidification or heat - Not compatible with all masks - Narrow tube is more noisy
- Settings are difficult to dial in - Not enough room for accessories - Attachable battery only lasts one
- Doesn’t work as well when using in provided travel bag night

external battery vs wall outlet 12



MARKET LANDSCAPE

Product Spec Comparison Immersion Model

Size 6.48"x3.3"x2.02" 5.48"x3.3"x2.1" 5.9"x5.9"x2.3" 10"x4.6"x5.9" 10.11"x 6.24"x 3.34" 10.11"x 6.24"x 3.34"
Weight 0.65 lbs 0.66 lbs 1.86 lbs 2.75 lbs 2.94 lbs 0.9 lbs
Sound Level 26 dBA 30 dBA 27 dBA 26.6 dBA 27 dBA 31.4 dBA
Data Capacity 1 month Cloud >1 year Cloud <6 months <6 months
Internal Battery Yes No No Yes Yes No

13



MARKET LANDSCAPE

Nasal Pillows Nasal Cradle Full Face Hybrid Oral
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AirFit P30i AirFit N30 AirFit F10 AirFit F30i Fisher & Paykel

Multiple sleep positions / tossing Mouth breather / chronic congestion

Forehead / nose sensitivity

Forehead sensitivity

Nose and mouth breathing

Nose sensitivity

Facial hair

- Small profile - Small profile - Good air seal - Easy fitting - Good air seal
- Least invasive - Easy to adjust - Less mobility - Good compliance - Limited adjustability

- Loud - Best compliance - Hard on nose - Air leaks - Hard on lips 14



MARKET LANDSCAPE

Alternative sleep apnea solutions
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Expiratory Positive Air Pressure
(EPAP)
Creates back pressure on
exhale to keep airway open
enough for the next breath

l' m/lplenish
S

Myofunctional Therapy Inspire Tongue Stimulator
Water Bottle
Strengthens tongue
muscles

Stimulates tongue
muscles. FDA Approved

Chin Strap

For mouth breathers - keeps
mouth shut while sleeping

\/

Wedge Pillow

Keeps upper body at an
incline to prevent airways
from closing

& By
ﬁf‘ ; |
s - -

Anti-Back Sleeping Pillow

Contour Pillow

Prevents the user from
sleeping on their back

Creates space for the
CPAP mask on pillow 15



USER RESEARCH

Probing for insights on Reddit and Facebook

Learning what users say and think

r/CPAP - Sleep Apnea Support
r/sleepapnea - Sleep Apnea Solutions

Asking broad, open ended questions:
- Fun With Sleep Apnea

- What has been your experience traveling with sleep apnea?

- What sleep apnea therapies have you tried? What has worked
best for you, and what didn’t work as well?

- What CPAP machine do you use? Why?

- What does your routine look like preparing for travel with your
CPAP machine?

16



USER RESEARCH

“| don’t know how much of a
'‘beating’ the travel devices can
take. Can | put it in a roller bag and
take it with me, or will the internal
motor wear out prematurely?”

"I"d rather take something larger
for better treatment so | can
actually enjoy my time on the trip.
If | don't get good sleep, I'll be
miserable all day.”

"Sleeping in hotels is usually a hunt
for an outlet near my preferred side
of the bed. | have been in some
older places that don't have an
outlet nearby and have had to get
creative.”

“One time while switching parts

| left a huge gasket at home, the
machine was useless. | ended up
hand making a gasket and lots of
duct tape and it ended up looking
ike an Apollo rescue and worked a

bit.”

| clean my mask, headgear, and
hose with warm water and liquid
lvory soap, and | change the
disposable filters regularly.”

“Definitely a HARD NO to checked
baggage for the simple reason that
| need it if my luggage gets lost.

| was concerned about it being
jostled around in the overhead bin,
though.”

"] nasal masks, but | always take a
full face with me in case where I'm
going | end up with blocked sinuses
(for whatever reason). If | have
space, | take my 12v car charger
power supply too just in case | find
myself away from a power socket
but near to a vehicle.”

“Let me tell you about the last
time | traveled. It was to Hammond
Louisiana. Two weeks after |da hit.

| got a travel CPAP just for that
reason and power came from a
generator and was on and off. So

| run it off a goal zero battery. The
battery lasts for about 12 hours but
since the generator is on and off,
it's more or less unlimited.”

17



USER RESEARCH

“"Pre-covid | travelled a lot for work
and used a DreamStation Go.

In order of annoyance:

Needing distilled water. | can't use
the device without the humidifier.

Rain out in hotels. Gurgling sounds
from the fluid in the tube. | use a
heater tube at home and rarely
have the problem rhere. In the
morning | run the blower on the
machine while im in the shower to
dry out the tubing

Cleaning the mask (i wait until I'm
home for the humidifier cleaning
and just dump it in the morning
and let it dry). | use CPAP wipes at
home for the mask but sometimes
can’t pack them.”

"I have to fill a tiny bottle of
distilled water when | go overseas
because once you go outside the
US, it is not as abundant”

"I wish | could see the time on my
CPAP machine while laying in the
bed. It would also be nice if | could
charge my phone and other devices
from it. Kind of like a device hub on
the hotel night stand.”

"It is weird sitting on international
flights trying to sleep wearing
gear in public. It's hard enough to
sleep in coach, adding a machine
in a cramped space with nowhere
to really set it out of the way is
awkward.”

Insights:

Most people take their CPAP as a
carry-on when flying

People are embarrassed to use
their CPAP machine in public on an
airplane

There isn't enough room to

comfortable sleep on an airplane
with CPAP

18



USER INTERVIEWS

INTERVIEW GOALS:

5 sleep apnea patients .
P ap P Discover what and how stakeholders...

1 sleep apnea patient partner or family member

1 pneumologist or sleep medicine equivalent

SAY THINK

ACT FEEL

19



USER INTERVIEW #1 - GERRY

- Lives in Kansas

- Pilot of 30 years

- Has used a CPAP machine for 6 years - Diagnosed with moderate sleep
apnea at 56

- Open mouth sleeper

- First tried nasal dialators and chinstrap - plugs would pop out

- Took him ~30 days to get used to his mask

- Uses 10cmH20 pressure

- Carries 3 bags while traveling - flight bag, luggage, CPAP bag

- People call him “bag lady” for carrying 3 bags

- Keeps his CPAP bag in the cockpit on top of his flight bag

- After each use, he wipes down his machine with sanitizing wipes.

- Changes hoses, tank, and disposables every 3 months

- Changes filter every 6 weeks

- Face challenges reordering stuff when he’d like. Shipping is a struggle

- Keeps a bin with his stuff in it and a bin for his son’s stuff.

“I've had two sinus surgeries. My doctor said | could get away with no longer
using my CPAP machine. But I've gotten so used to it, it's become a habit
and | get such good sleep with it"

"One time | was visiting my daughter and the hotel room didn’t have any
outlets between the bed. | had to call the front desk and have them send up
and extension cord.”

Large F20 mask Resmed Airsense 10

On overnight trips, he puts the hose in a
1 gallon sealed bag, takes the water tank
out and dries with kleenexes and has a
big backpack that he puts the carrying
case and puts it in the middle, carries a
liter of distilled water in the backpack
with it. He keeps the mask in the front
compartment. Because he has pilot
clearance, he never gets hassled for his
machine at TSA security. If his machine
doesn't use all the distilled water, he
pours the remenants back into the liter

jug.

20



USER INTERVIEW #1 - GERRY

Embracing new information with an open mind

Has a son named Noah with downsyndrome who also uses a CPAP machine

His son was diagnosed with sleep apnea two years ago. His teachers noticed
he was frequently falling asleep in class at school.

The doctors told Gerry they could either cut Noah's tongue or give him a
CPAP machine to treat his sleep apnea. Gerry didn’t want them to cut his
son’s tongue because Noah had so many years of speech therapy he was
afraid that operation might ruin Noah'’s progress.

“When Noah sleeps on his back his tongue falls back, causing his sleep
apnea. When kids with down-syndrome sleep, its better for them to lean
forward in a seated position while sleeping because their tongue doesn't

fall back. Since Noah’s started using a CPAP machine he sleeps much better,
even up to 10 hours. Many kids with down syndrome take off their masks
after a few hours but | think because he sees me wearing it he knows it's ok.”

21



SLEEP APNEA AND DOWN SYNDROME

“In a study of 16 adults with down syndrome, 94% of people
with Down syndrome had OSA; 88 percent had at least
moderate OSA; 69 percent had severe OSA.” Severe

- Journal of Clinical Sleep Medicine Moderate

Mild

Down syndrome causes anatomical abnormalities
that cause the airway to collapse easier

Narrowed nasopharynx - Narrow upper throat
Mandibular hypoplasia - shortened mandible
Hypertrophic tonsils - enlarged tonsils

Macroglossia - enlarged tongue CPAP is underused in adults with
Shortened palate DS due to the presumption that
they will not tolerate it

22



STAKEHOLDER MAPPING

Sleep Apnea Patient Family Member / Bed Partner

The sleep apnea patient has a high interest and influence. If The close family member or bed partner plays a role as a
the patient does not like their therapy device, it's likely they stakeholder because most commonly they are the one to
wont use it. It's important that they are able to find a device point out the snoring or apnea events to the sleep apnea
suitable for their needs. Pilots need to comply with FAA patient. A bed partner might complain if a sleep apnea
medical guidelines, so they need a device that's portable therapy device such as a CPAP machine is too loud, or
and can record their sleep. bothersome at night. The family member or bed partner

might have a lot of interest and subjectively low influence
Health Insurance on the type of sleep apea therapy the patient receives.
The patient's insurance company has a medium interest and
high influence on what kind of machine they will pay for. For
example, CPAP machines that are labeled as personal travel Doctor
devices are not covered and require exemption for pilots. Health Insurance

Sleep Apnea Patient

Doctor

The patient’s doctor has a high interest and high influence.
They have greater influence in suggesting what type of
sleep apnea therapy the patient receives. The doctor is
responsible for helping the patient sleep better with suitable
sleep apnea therapy and confirming or denying the patient
their FAA medical certificate.

Partner

23



KEY TAKEAWAYS

Time is everything

Travel is hard on equipment

Data is required for FAA and DOT
Outlets aren’t always accessible

It's embarrassing to use CPAP in public
Storage space is limited

Sleep apnea is vastly undetected in people with DS



PROBLEM STATEMENT

How might we

improve the experience of traveling with
sleep apnea?
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MARKET SYNTHESIS
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- Highest rated, Most reliable - Very portable, modular . o
J y P - Highest adherance mask styles
- Less portable - Poor user experience

- Performance depends on apnea needs

- FDA approved alternative - Less invasive than CPAP - Favored CPAP Accessory - Effective for some CPAP users
- Only treats mild OSA - Ineffective for moderate to - Low portability - Can cause back pain

severe sleep apnea 24



MARKET SYNTHESIS

CPAP Machines CPAP Accessories

Market Opportunity

25



DIY SOLUTIONS

"use command hooks to hang
up your tubing and mask!”

"Better than nothing?- extra Bedside CPAP
filtration hack, old thin t-shirt bit” machine holder

Homemade battery for my machine. A repurposed electric skateboard Broom holder for tu blﬂg

battery.
1st pic is a trial | posted some weeks ago. After testing.

2nd pic, finished.

| // "’f/




DIY SOLUTIONS

User Testimony

"I hate this thing, | hate this thing.
It is the bane of my existence.”

"] don't breathe bad, | breathe
well - and | think | was unfairly
diagnosed.”

"I've been working on a way to
fool this stinkin’ thing...”

When the CPAP therapy doesn't
help the user from the start, they
feel frustrated and betrayed by
their doctor.

Hyperlinked video, click to watch »

ﬂ Pascal T. 2 years ago
- | didn't think | needed one neither, 'till | got a stroke!!! | was lucky enough to survive... Now | use this machine every single night, RELIGIOUSLY!!!

oy 37 GH REPLY

27




DIY SOLUTIONS

Users who need to comply with
medical certifications fool their
CPAP machine if they don't like
using it. Common ‘life hacks'
include using a box, bottle, or
bucket and a pump to provide

back pressure for the CPAP
machine to think they’re using it.
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QUANTITATIVE DATA

Survey of 50 users Explain why you chose that emoji

- Sleep Apnea Support ﬁ

- Sleep Apnea Solutions It is what it is, a necessary piece of

- Fun With Sleep Apnea equipment.
| get good sleep even when away 66+
from home

Neutral; it's just another device

Describe your experience traveling needed. 36-45

with your CPAP machine with an emoji Another bag to mess with. Outlets

never convenient. | wouldn’t wear it

30% 18% 127 on the plane though, that would be

T— ~ extremely embarassing.

AA

S—7 @ Pain to travel with, but something | Gender

have to do. Grin and bear it.
10% 10% 20% It's sometimes hard to get distilled Male
- water, and if you purchase from the

s / hotel it's very expensive. | once paid

,{' ', P e Other $8.00, because | didn't want to find

\ 4 a convenient store. If you cruise you Female

need to make sure you preorder it and
bring an extension cord with you. 29



QUANTITATIVE DATA

BEFORE CPAP TREATMENT

-

How | sleep at night knowing my

Why was the survey ineffective? So | asked myself... throat won't close sfiut and starve
my brain of oxygen 124times/nour

Respondants were people with good What about those who stopped using
adherance to CPAP. Most of them are CPAP? Or those who were hacking
genreally happy with their CPAP machine  their CPAP?

So | asked a question for people who have sleep apnea, but don't use CPAP:

If you tried CPAP therapy but don't use it anymore, why didn't it work for you?

| got worse sleep using CPAP” “It was stressful trying to keep my medical certificate,
so | changed careers”

“| couldn’t get used to the pressure” “| kept waking up feeling sick from my machine”
“None of the masks | tried fit right, | was always “| would always pull my mask off in my sleep.
dealing with mask leaks. | would tighten them, | couldn’t keep the thing on so | switched to a
but they would end up hurting my nose or face” mouth piece”

30



INTERVIEW QUESTIONS

Sleep Medicine Interview Baseline Questions

- Why does obstructive sleep apnea occur?

- How is sleep apnea typically detected or diagnosed?

- Who is most at risk for obstructive sleep apnea

- Which sleep apnea therapy have you found is most effective?

- What are some common problems people experience with different sleep apnea therapies?
- What are some of the risks with sleep apnea going untreated?

User Interview Baseline Questions

- What has been your experience traveling with sleep apnea?

- What CPAP machine do you use? Why?

- What sleep apnea therapies have you tried? (CPAP/BPAP/APAP, MAD, Nasal Dialators)

- What does your routine look like preparing for travel with your CPAP machine?

- Walk me through the process you take while packing your sleep apnea machine?

- Describe your setup CPAP machine setup process at the hotel. What does your setup look like?
- Describe your process for cleaning your CPAP equipment

31



SLEEP MEDICINE INTERVIEW

Ken Kunisaki, MD, MS

Pulmonary physician, Dr. Kunisaki has had longstanding extramural funding from NIH, the
Department of Defense, and VA for a wide range of clinical trials and observational studies in
addition to over 140 published research papers.

Insights

80% of people who have sleep apnea are undiagnosed

CPAP is by far the most effective therapy for sleep apnea, but adherance to CPAP is bad
After 1 year, 60% of people keep using it

Often the expectations between patient and doctor are misunderstood

Mask fit is the most important part
Recommends wearing mask during the to get used to it

Some patients require desensitization therapy (cognitive/behavioral Hypopnea - going from sleep to awake,

breaking the arousal threshold

thera

Py, Apnea - 10 second cessation of breathing
In response to people faking data to maintain their medical certificate: .
“It's very obvious when a patient sends in data and it looks absolutely Mamtengnce of Wakefulness (MWT)
perfect... but as doctors we have to give them the benefit of the Test see it you can stay awake wh.||e left
doubt and remind them why they're using the machine - for their own alone with nothing to do for multiple

health.” intervals 32



SLEEP MEDICINE INTERVIEW

Dr. Kunisaki described the 4 types of sleep studies for diagnosis:

Split-Night Polysomnography - sleep is monitored half the night, and
the next half a CPAP mask is put on the patient. Costs $2000-3000

Polysomnogram (PSG) - unmonitored sleep in a lab

Home Sleep Apnea Test (HSAT) - take home test without EEG

PAT® '

E{ximethy Actigraphy
eart Rate |
° ° . | n -
Peripheral Arterial Tone (WatchPAT) - Overnight / )
- . : at .
home test of oximetry, heart rate, actigraphy, — ong””
body position, snoring, and chest motion. Least Respiraton efort |

invasive of all sleep tests. Snoring @@
33




USER INTERVIEWS

Follow-up interview with Gerry

He once left his CPAP bag in the hotel van
because the van driver forgot to hand it to him.
He had to wait an hour to get it back

Always keeps extra small parts for his mask in his
bag because he sometimes loses them. He loses the
magnets for the mask most frequently. If he doesn’t
have spares, he can’t use his machine.

He typically gets rainout in colder hotel rooms,
and wakes up to gurgling in his tubing. In
these instances, Gerry disconnects the hose
and shakes the water on the carpet.

Carries distilled water with a 1 liter bottle.
If the humidifier doesn’t use all the water,
he dumps it back into the bottle.

’

“| try to wake up an hour before | have to leave
so | have plenty of time to clean and pack, but
it typically takes 5 to 10 minutes to pack up my
CPAP and tubing”

“"Many other pilots wont get tested. They don’t want

a sleep apnea diagnosis jeoprodizing their career,

but | would bet about half the guys | talk to would be
diagnosed with it if they got a sleep test. The kicker

is, as of 2015, the FAA changed guidelines for flying

with sleep apnea to be more accommodating” 34



USER INTERVIEWS

Martin

Packs CPAP machine in carry-on bag

Doesn't like the hose attachment in back of his machine

Doesn’t use his humidifier while on trips

Humidifier doesn’t need to hold so much water

HRERNNNY

Wants to be able to read the hours of use while using
the machine. Screen also doesn't display the time of
night

- Wants a longer hose for night time mobility

- Smaller machine with ability to hold one years worth of
data. He was very concerned with his data

- Ability to plug in USB phone charger to the CPAP
power adapter

- Wants an accessory bag holder for hose and power

supply




USER INTERVIEWS

Kim - Truck Driver

When she first got her CPAP she was concerned she
would lose her job. Her first several weeks on CPAP,
she got worse sleep than usual. She has an issue with
keeping it on in her sleep. While unconscious she
would take it off, making it hard to get 4 hours of
use.

"My travel experience is a little different. It's difficult to
clean and hard to get new hoses or masks. It might be
interesting to study the fraud in trucking when it comes
to forced testing, forced purchasing, shoddy testing

and absolutely no medical follow-up after they get your
money. It's a black eye to all the medical professionals
and patients that truly need this treatment. It seems a
conflict of interest for a sleep lab to have their office on
the same building/property as the trucking company that
pays them for more customers.”

Kim's perspetive is that she's getting scammed having to
use her CPAP

Kim recently had issues with her
mask leaving red marks on her
face in the morning

"It's embarrassing starting my
day with a red ring around my
face”

I'm concerned about my privacy. If | get pulled over by
a DOT officer and they can somehow check my sleep
data, they could arrest me if | didn't sleep well the
previous night.

| carry couple gallons of distilled water with me, tonight
as i was putting dirty clothes in laundry bag under the
bed | realized one of the gallons had a pin hole it and
leaked all over the floor. It can be a pain to have sleep
apnea and live weeks at time in a truck.

| parked the truck and forgot the Cpap in it, so I've

been sleeping without it since Friday night. I'd love to

get one for home and one for the truck. | don’t think
insurance will pay for another one yet, and | just want to
get one as cheap as possible. 36



USER INTERVIEWS

Steve Cox

Steve is an accomplished pilot with over 20 years of
experience flying commercially, for the United States Air
Force, and the National Guard. He was diagnosed with
sleep apea at the age of 40 and has been using CPAP
therapy since 2016. Steve also runs a Youtube channel
covering all things pilot and aircraft related, and instructs
pilot leadership and safety courses.

Department of Defense (DOD) and Federal Aviation
Administration (FAA) medical certification

Initially tried to avoid CPAP. Wasn't overweight, but still
had sleep apnea. Didn't have success with a mandibular
advancement device. Had sinus surgery, but his sleep
apnea still persisted.

Currently owns a Dreamstation 2 and Dreamstation Go,
and gets about the same quality of treatment with all
the CPAP machines he’s used. The user interface on the
dreamstation 2 is bad, touch screen feels crappy, and it's
hard to access the humidifier.

Uses a nasal pillow (airfit resmeed P10), doctor says he
should use a full face mask because he sometimes opens
his mouth. Size 12 tubing

‘ CLEARED DIRECT
4.43K subscribers

His Dreamstation Go has a two cases, one harrdshell for the
device, and a bag for the tubing and mask. Steve likes that it
has an internal power brick, so there’s just a plug you pull out
from the machine. He also likes that it has a USB port so he
can plug his iphone into it.

You can only use the humidifier OR battery with the
Dreamstation Go because the machine draws a lot of power
when using the humidifier.
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USER INTERVIEWS

Steve Cox

"It was hard for me to tell if | had sleep apnea. | thought
| was just tired from the redeye flights and odd sleep
schedule”

When he got his Dreamstation 2, his prescription pressure
wasn’t programmed into the machine. When he uses his
CPAP machine at too low of a pressure, it doesn't work.
He's been adjusting to sleeping on his stomach to get
better sleep. He has to avoid sleeping on his back
Doesn’t usually bother with buying distilled water. Usually
buys bottled water. Its also inconvenient because thee
smallest container you can buy distilled water in is a gallon
of water.

"As a fighter jet pilot, I'm used to positive pressure from
the oxygen mask while flying, but it took me 3 months to
get used to the positive pressure of my CPAP machine
while sleeping.”

He built a custom nightstand specifically for his CPAP machine

Typically doesn’t clean tubing on the road - but when he does,
he uses dish soap at the sink.

Carries his CPAP and tubing in his carry on luggage

Takes him about 5 minutes for setup or pack up

Has a sore throat from not using his CPAP - tissue isnt used to
obstruction during sleep

Has a mindset that he got tested for sleep apnea because he
wanted to stay healthy

“As a young guy | probably wouldnt have cared as much. But
now that I've got kids | want to be around for them as long as |

nH

can.

Top Values:

1. Quietness

2. Reliability

3. Good humidification
4. Easy cleaning

5. Good user interface
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PERSONAS

Pete

Commercial Airline Pilot
Moderate to severe sleep apnea

Federal Aviation Administration
Medical Certificate

Spends 200 nights / year at a hotel

Time - task oriented

Tony

Truck Driver
Severe sleep apnea

Department of Transportation
Medical Certificate

On the road most of the year

Headstrong

Peyton

US Air Force Pilot
Moderate sleep apnea

Department of Defense Medical
Certificate

At base most of the year

Health-conscious
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EXPERIENCE DIAGRAM

Pete 2\

6o IR
Contexts Home

=Sy a\ TEEL
[550) O— ImF
Airport Airplane Airport Hotel Van Hotel
Packs CPAP Drivesto ~ Walks to terminal  Flies airplane to Gets off airplane,  Rides hotel vanto  Sleeps at hotel
Touchpoints and luggage the airport and preps the destination waits for hotel van the hotel
aircraft
"Where is the
?II
"I get the best “I'm always nervous about my CPAP getting lost, damaged, or misplaced nearest outiats
Thoughts sleep at home” on at the airport, on the airplane, or in the hotel van “Have | hit my
y . . time goal yet?”
Packing is a pain. If,I “I never use my CPAP machine on flights, if | did it would be extremely “Did | cl
forget anything, | can’t embarrassing” Did | ¢ ean.my
use the machine” CPAP machine
yet?”
- - - - =
Feelings @ e 0JO)
= =
Objects
Insights / | o
o mprove organization
Opportunities

Improve durability

Prevent lost baggage

Improve durability
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IMMERSION

Transcend Mini Auto CPAP

Can be worn on the head, held in place by headgear and
padded by a cushion at the bottom of the machine. A short tube
connects the CPAP machine to the mask. This configuration

is supposed to feel like you're wearing a hat, but requires the
correct mask. The chamberless humidification (HME) uses a
disposable hygienic heat moisture exchanger, and captures
moisture from the patient’s exhaled breath, providing warm
humidification to prevent nose irritation and congestion.

Ideal for experienced CPAP users who are frequent campers,
truckers, or business/frequent travelers who want a portable
CPAP system to fit into luggage.

Not ideal for inexperienced users, or those who require high
humidification. Is not FAA or DOT compliant because it does not
track advanced efficacy data such as AHI.

7% louder than home CPAP machines




IMMERSION

Activities

The immersion phase of this research lasted one week
in which the following activities took place:

- Test sleeping with two ditferent masks styles

- Pack and unpack the CPAP machine and tubing each
day for a week

- Carry the CPAP machine to and from classes each day
for two weeks

Philips Respironics DreamWear
Nasal Mask

- Clean the CPAP tubing



IMMERSION

Obesrbations & Insights The CPAP bag size was tolerable, but the pockets didn’t

make sense where | should put each component
The tubing is difficult to manage. When | first opened the T

CPAP bag, the tubing jumped out like those snake-in-a-can
gag gifts

:a TR :l ." el i ¥ \f“‘\m‘; i

The bag also doesn’t feel very
protective if | were to drop it

Gave myself aerophagia
from using the machine,
where it forced air down my
throat. | was only able to
use it a couple hours total,
but this might be the same
experience for other new
users

Throat
{Pharymx)

Upper
Ezophageal
Sphincter (UES)

Esophageal
Sphincter (LES)

e
¥
a8

The charging port doesn’t let you
point the cable in other directions 43



High priority

Low priority

Attitude

Health isn’t a priority

Fear of losing
employment

"Sleep apnea therapy
is a scam”

Frustration with worse
sleep results early on

CPAP is embarrassing
to use

RESERACH SYNTHESIS

Organization

Packing CPAP machine
Tracking time and data

Forgetting or losing
CPAP parts

Preventing damage to
the CPAP machine and
components

Distilled water is hard
to pack and acquire on
the road

Finding an outlet near

the bed

Compliance

80% of people with
sleep apnea are
undiagnosed

The adherance rate in
users after the first year
of use is 60%, and has
been recorded as low

as 30%

The expectations
between the patient
and doctor are often

misunderstood

Fit / Comfort

Mask doesn’t fit right

The CPAP pressure is
too high or too low

Can't find the right
mask style

Tubing is
uncomfortable to
sleep with

The mask leaves

marks on the face in
the morning
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RESERACH SYNTHESIS

Attitude

Health isn’t a priority

Fear of losing
employment

"Sleep apnea therapy
is a scam”

Frustration with worse
sleep results early on

CPAP is embarrassing
to use

Compliance

80% of people with
sleep apnea are
undiagnosed

The adherence rate in
users after the first year
of use is 60%, and has
been recorded as low

as 30%

The expectations
between the patient
and doctor are often

misunderstood

Fit / Comfort

Mask doesn’t fit right

The CPAP pressure is
too high or too low

Can't find the right
mask style

Tubing is
uncomfortable to
sleep with

The mask leaves
marks on the face in
the morning

Attitude & comfort are primary influences
of low compliance in new users
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REVISED PROBLEM STATEMENT

How might we

influence user attitudes and improve comfort to
increase CPAP therapy adherence for new users
required to maintain a medical certification, such

as pilots and truck drivers?



MILESTONE 3

|deation



How might we

influence user attitudes and improve comfort to
increase CPAP therapy adherence for new users
to maintain a medical certification, such as pilots

and truck drivers?



Sleep shouldn’t be so stressful...

Mask fit

CPAP machine noise
Maintaining compliance
Caring for your own health

Lifestyle adjustments

Pride
Privacy

Habit
Comfort

Convenience




ADHERENCE RESEARCH

Educating the user

Doctors uniformly underestimate the
problem of nonadherence in their
patients.

Hence, it becomes imperative
to measure and evaluate patient
adherence reliably.

In general, patients can be very
accurate in reporting whether they are
adhering to their treatment regimens if
they are asked simply and directly.

Regular assessment of patient
adherence by itself can lead to
increased patient adherence.

Communication

50% of patients leave their doctors’
offices not knowing what they have
been told. Studies have shown 50% of
psychosocial and psychiatric problems
are missed by physicians due to lack of
proper communication

71% of patients stated poor
relationships as a reason for their
malpractice claims

communication with the patient’s family
and the patient’s own perception of
social support are significantly and
positively related to adherence.

Modifying Beliefs & Behavior

For interventions that are complex

and require lifestyle modifications, it is
worthwhile to address patients’ beliefs,
intentions, and self-efficacy.

Clinicians can optimize behavior
change by ensuring that the patients:
1. perceive the risk due to lack of
adoption of healthy behavior (percieved
risk)

2. perceive their medical conditions to
be serious (perceived severity)

3. believe in the positive effects of
the suggested treatment (perceived
benefits)

4. have channels to address their fears
and concerns (perceived barriers)

5. perceive themselves as having the
requisite skills to perform the healthy
behavior (self-efficacy).
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ADHERENCE RESEARCH

Improving compliance? Here’s what research says

Simplifying regimen characteristics - Adjusting timing, frequency, amount, and dosage
- Matching to patients’ activities of daily living
- Using adherence aids, such as medication boxes and alarms

Imparting knowledge - Discussion with physician, nurse, or pharmacist
- Distribution of written information or pamphlets
- Accessing health-education information on the Web

Modifying patient beliefs Assessing perceived susceptibility, severity, benetit, and barriers
Rewarding, tailoring, and contingency contracting

Patient and family communication - Active listening and providing clear, direct messages
- Including patients in decisions
- Sending reminders via mail, email, or telephone
- Convenience of care, scheduled appointment
-Home visits, family support, counseling

Leaving the bias - Tailoring the education to patients’ level of understanding

Evaluating adherence - Self-reports (most commonly used)
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ADHERENCE RESEARCH

Signapore research studying CPAP adherance: Adjusting user attitudes

Increasing adherance within the first month of CPAP
therapy significantly increases the likelihood of long

term adherance.
(Tan, B et al., 2018)

Cognitive
Knowledge & Beliefs

Patients with OSA

in=2160)
|
| I I |
CPAP 1 month Adjunctive Rejected all
trial Surgery treatments treatments
751 patients 288 patients (13.3%) 291 patients 830 patients
(34.8%) (13.5%) (38.4%) )
Attitude
Adherent to CPAP
(1 month) | |
337 patients
{44.9%)
| | Affective Behavioral
CPAP tak CPAP uptake : . . .
S : Feelings & Emotions Habits & Intentions
370 patients 381 patients
(49.3%) (50.7%)
Non-adherent to
CPAP Adherent to CPAP
(1 year) {:.I :I-'[‘ﬂr] )
82 patients (21.5%) 299 patients (T8.5%) 48




ADHERANCE RESEARCH

Reading and research on how to build habits in users

Internal Trigger - What does the Action - What is the simplest

user really want? behavior in anticipation of the
—’ reward?

External Trigger - What does the
user really want?

Investment - What is the "bit Variable Reward - Is the reward
of work’ done to increase the h fulfilling, yet leaves the user
likelihood of returning wanting more?

LLLLLLLLLLLLLLLLLL

How to Build
Habit-Forming Products

HHHHHHHHHHHHHH
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PRODUCT ANALYSIS

CPAP Teardown

Upon disassembling Transcend CPAP machine that | acquired, it is

very evident that moisture control and prevention is important in the
construction of CPAP machines. This CPAP machine has 5 gaskets,

and multiple intermediary walls to prevent moisture from getting into
different compartments of the machine, especially the circuit board. One
thing this CPAP machine doesn’t have that | will need to consider is a
humidifier, which surely takes up additional room.

. \ti l\

) ’

The air pump in the CPAP machine is relatively
small, only about 1.5" tall by 2.25"” in diameter.
This tell me that the size of the CPAP machine
could be scaled down. Further, | managed to
track down the serial number in case | might
need to purchase another for prototyping.
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PRODUCT ANALYSIS

CPAP Mask

In the teardown of this nasal pillow CPAP mask,
it appears to be relatively simple with very few
parts. One notable thing about the materials (\
of the mask is that most are soft. The tubing B\
is a soft matte silicone, the strap has a squishy
neoprene feel, and there are also two fabric
cushions for where your cheeks touch the
tubing. It was very easy to disassemble and
reassemble.

S/



BRAINSTORMING

Mind Mapping

( CPAP Therapy )

Portable CPAP Tubing Modular Sleep CPAP Mask CPAP Machine Sleep Medicine Doctor




BRAINSTORMING

End User Co-Creation Brainstorm

App Prescriptive
Solutions Software

Inflatable
Solutions




BRAINSTORMING

End User Co-Creation Brainstorm

Customized
Mask Hose Mask

Variations Connection

Production

Motion
Detection




BRAINSTORMING

End User Co-Creation Insights

The co-creator focused primarily on mask fit and
figuring out what mask size to start out with. He wasn't
so interested in products that improve the travel ,
. h as h High focus on:
experience as much as he was concerned about the

quality of sleep the new user might get starting out.
Mask fit

Mask desensitivation
Individual goal setting
CPAP machine interface
Finding the right mask

Mask production




BRAINSTORMING

Small Group Brainstorm

Mask Improvements

Machine Configurations
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BRAINSTORMING

Small Group Brainstorm

App Solutions Machine Technology
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BRAINSTORMING

Small Group Brainstorm

Accessories Tubing Variations Prescriptive Software
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BRAINSTORMING
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BRAINSTORMING

Individual Brainstorming
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BRAINSTORMING
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SKETCH MODEL 1

CPAP Stand Bag

This concept is a CPAP bag which converts into a stand While this concept is interesting for the portability of

for the CPAP machine and other accessories. It is a the CPAP machine, mask, and tubing, it became evident

portable alternative for those whose cable doesn't reach after making this sketch model that it does not achieve

the outlet from the nightstand. the goal of increasing adherance. However, this sketch
model is a good example of an accessory that could be

The bag both keeps the users belongings safe and acts used in conjunction with a stronger concept.

as a hybrid hard and softshell bag.
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SKETCH MODEL 2

Side Sleeping Trainer

Made from a ziplock bag, masking tape, and a shoe string, this
sketch model is a highly portable concept to prevent users from
sleeping on their backs. Most apnea events happen when the
user is sleeping on their back.

This exploration provided a quick mock up to discover how the
concept might be further developed and incorperated into the
CAPA machine system.
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SKETCH MODEL 3

Capacitive Sensor Mask

This concept uses capacitive sensors,
LED lights, a battery pack, and a pre-
existing CPAP mask as a structure.

The capacitive sensors are constructed
such that the LED lights turn on,
however in the actual concept the
capacitive sensors might detect whether
the user is wearing the mask or if the
user accidentally removes the mask
while sleeping.

This sketch model reveals additional
considerations to think about when
incorperating sensors into the mask,
such as where the wiring might go and
which locations on the mask are good
for skin contact.




SKETCH MODEL 4

Touch Screen CPAP Sketch Model

Exploring scale and ergonomics

‘‘‘‘‘‘

This sketch model helped me realize the
importance of the CPAP tubing placement as
it may not comfortable with the tube pointing
straight down while holding it. Further, this
helped me test out the scale and how the
machine might fit into a luggage for travel.
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DOWNSELECTED CONCEPTS



A Touch Screen CPAP Machine

Overturn the concept of CPAP therapy

O Meditation
O Movies
O Music

Touch Screen

Power Cable

Tube Attachment

VS,

(/‘ ' ,

—




Modular Mask & Adjustable Straps

Adjust Straps &
Tubing Direction

@@

( Swap & Test Mask Styles

= w

Full Face Hybrid Nasal Pillows




@ Mask Desensitization Module

Muscle Stimulation

o
\ % Shortens Desensitization Period
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D Alarm Clock CPAP Interface

Function Buttons

Sunrise Simulation

—
r\

Tubing Connection

—_—

£
O

Usage Shows Once
Sleep Goal Is Met

Increases Emotional Connection To The Product



CPAP Sleep Wellness APP

€ Dr. Corey @

Lorem Ipsum dolor sit amet,
consectetur adipiscing ellt.
Pellentesque sit amet enim
congue, tempor

Fead 9:55

Lorem Ipsum dolor sit

Fead 10:34

( )

Bz x]e]v e ] |
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Sleep Statistics

Keep up the great work!

AN

Patient-Doctor
Communication

Track Progress

Sleep Survey

®

How do you feel
this morning?

WRWRWW

Next

Habit Building
Features

Dream Journal
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sed do elusmod tempor
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Alarms

New Alarm

2] 01 AM

10 02 PM

11 03

12 )

Set

6:00 AM (@™
7:00 AM (@)

Sleep Tips

@ Sleep Tips Daily
Dr. Anderson

@ Sleep Tips Daily
Dr. Anderson

@ Sleep Tips Daily
Dr. Anderson

VIDEO

Sleep Goals
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Non-invasive Home Sleep Diagnostics Mask

/ Detect:
- Mask Leaks

- Accidental Mask Removal F Ee o T

Start: Current HR: 112

- Medical Emergencies

- Sleep Actigraphy il o N i,

Wires Route Through Tubing )

Time (s)

. (Arbitrary) =
& Q
o

Heart Rate Sensor &g o
Capacitive Sensors D ™
Blood Oximetry Sensor Lol

Snoring Audio Detector

Gyroscopic Position Sensor

Find The Right Air Pressure Faster



G Inflatable Side Sleeping Trainer

S CPAP Machine
Inflates Air Pocket

(

N —

Connects To
CPAP Machine

Chest Strap



CONCEPT SCREENING

Selection Criteria

Enhances Comfort

Feasability

Emotional Potential

Portability

Facilitates Habit

Total 5 3 2 4 4 1 3

Rank 1 3 4 2 2 4 3



CONCEPT PROPOSALS

Touch Screen CPAP Machine

The touch screen CPAP machine was
the highest scoring concept. It has
the potential to enhance comfort,
create habits, and tap into emotions
in a similar way that our smartphones
and tablets do. The user could
watch movies, meditate, listen to
music, and many more possibilites.
This would enhance the concept of
sleep therapy and provide a better
experience for users.

App

Sleep Survey
® Sleep Goals
Lorem Ipsum dolor sit amet,
How do you feel
this morning?

INAARAS AR A

The sleep wellness app concept
scored well for its potential to

create habits for the user and the
opportunity for better communication
between the doctor and the user.
These considerations each contribute
to the goal in trying to improve
adherance for new users.

Modular Mask

Since mask fit is the number one
consideration for new CPAP users,
this modular mask concept would
help users find which mask works for
them faster without the lost time in
communicating with their doctor. This
puts more control and customization
in the hands of the user. Additionally,
this concept has the potential to fit a
greater population of users.
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Traveling with
sleep apnea

MILESTONE 4



How might we

increase CPAP therapy adherence for new users
to maintain a medical certification, such as pilots

and truck drivers?

The problem statement was badly in need of refinement. This new problem statement addresses the core issue of
CPAP therapy; adherence, and provides further context of new users maintaining a medical certificate for pilots and
truck drivers. Within addressing adherence, the goal is to also address the behaviors, habits, and attitudes of users.




PRODUCT INSPIRATION
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EVALUATIVE RESEARCH

A Modular Mask & Adjustable Straps

22800

In the evaluation of this concept, | talked to 5 different
CPAP users for feedback. Three of the users were long-
term users, and two were new users. For my standard
operating procedure, | handed each of them a packet
of paper and a pen. The packet contains introductions
to each of the three concepts, a SWOT analysis chart
for each concept, and lastly a concept scoring matrix. |
talked them through each of the concepts, listened to
their thoughts while filling out the SWOT analysis chart,
and documented their justifications in scoring each of
the concepts.
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EVALUATIVE RESEARCH

Strengths / Opportunities

Highly adjustable for different tubing angles
Makes it easy to find the right mask
Prevents the doctor from prescribing the wrong mask

Could accommodate a variety of mask sizes

Weaknesses / Threats

It looks really bulky and heavy

Hair could get caught in the hinge

The hinge looks like it would hurt to sleep on
Typically the doctor selects the mask for the patient
The head band could slip off easily

Different masks require a different machine pressure

presciption

Concept Evaluation

Strengths

Weaknesses

Opportunities

Threats
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EVALUATIVE RESEARCH

Strengths / Opportunities

+ Communication & feedback

+ Goal setting

+ Likes the habit tracking feature

+ Could include a resupply feature in the app

+ Likes the idea of sending feedback to doctor

Weaknesses / Threats

- Statistics can be discouraging

- The doctor likely wouldn't directly message the
patient

- CPAP apps already exist, how is this different?

- Older people don't use their phones as much
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Strengths / Opportunities
+ Sunrise alarm clock feature

" fouchsereen adds vy

+ Added portability is good C

Strengths Weaknesses

+ 4/5 could see themselves using it

+ Design could also address problems with mask

removal in the middle of the night

+ CPAP intefaces need a big update

Opportunities Threats

Weaknesses / Threats

- Blue light could affect sleep

- The tubing is poorly placed. It would get in the way
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