ArtemisHFNC

Team Let’s Get This Breath

Hannah Andersen, Keeler Gonzales, Dora Huang,
Carrigan Hudgins, Eric Torres, Hoang Vu

Sponsored by Dr. Rohith Malya






¥

~ EREZATATRARRR P
TR i R

N T "5 19
ETTETI T T A

Low Flow Therapy




High Income

High Flow Therapy

Low Income




2 million

annual pediatric
deaths from
pneumonia
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Simoes et al. “Acute Respiratory Infections in Children.” 2020.



~ 1 million
In Sub-Saharan Africa
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Simoes et al. “Acute Respiratory Infections in Children.” 2020.



High Income Countries Have
Oxygen Therapy Infrastructure




High Income Countries Have
Oxygen Therapy Infrastructure

High Flow Nasal
Cannula (HFNC)

|

v



HFNCs can treat severe
respiratory illnesses

Issues with current systems:

e Reliance on centralized
oxygen infrastructure

« Expensive (54,000/unit)




Low Income Countries Lack
Oxygen Therapy Infrastructure
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Low Income Countries Lack
Oxygen Therapy Infrastructure
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Oxygen Concentrator Oxygen Cylinder
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e Cost: S500

 Compatible with any
oxygen source
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Connect an air source and oxygen source
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Air Compressor
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20 LPM
0%
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Optimize therapy and

patient comfort
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Device Interior

Blends air and
oXygen sources
to achieve:

10-40 LPM

20-95% O,
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Measured Flow Rates (LPM)
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== Perfect theoretical control

Testing data demonstrates ability to achieve:

10-40 LPM

10 20 30 40 50
Set Flow Rates (LPM)

® ArtemisHFNC

Measured Oxygen Concentration (%)
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Set Oxygen Concentration (%)

==Perfect theoretical control

® ArtemisHFNC control
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Compatible with wide range

of oxygen and air sources
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Pressure Regulators and PSVs
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> Combined Flow/Oxygen Sensor
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Heats air to

37 °C

Humidifies air to




ArtemisHFNC

* |ntuitive user interface

 Novel blending system

* Heater/humidifier system
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Low Income
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Appendix



System Overview



Blending System
(Contained within
housing)

Room air
enters

Integrated System Overview

Heated, humidified,
oxygenated air exits

......... —

Oxygen
enters
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Integrated System Overview

Oxygen
Source

l

Blending System

Pressure Conditioning

Flow/FiO2 Sensing
and Feedback

!

Air
Compressor

Heated Humidifier

Heating

Temperature Sensing
and Feedback

Patient
Tubing

Nasal
Prongs
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Integrated System Overview

Oxygen Blender
Contained in Box

—
{—5—'| Ambient Air
\ Input

"
_—

Medical O, Input - »"”/T”‘f ; '

CPU/UI

g
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Blending System






@ ArtemisHFNC Blending

Air Pressure
[ Source I | Regulator I | oY )\
T-Junctlon Flow F'OZ
Sensor Sensor

Oxygen Pressure
{ Source I | Regulator I | FEV




Pressure Regulation for Compatibility with Any Oxygen Source  (f§ c)

. Pressure
\ regulator
for oxygen
Pressure ' roxvg
regulator for :
air source ‘I
1

L
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Novel Control Algorithm Using Minimal
Sensors and System of Equations

Proportional
Solenoid

Valves (PSVs)
!
R
Bl

Combined
flow/oxygen
sensor
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N
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Novel Control Algorithm Using Minimal @
Sensors and System of Equations 7

Algorithm Calculated Flow Rates vs Set Flow and FiO2

B Calculated Compressor Flow Rate ] Calculated Oxygen Source flow rate

(1) .................................................... 40
fl fl =fl £

OWoZ v o\Nroom - OWtotaL - 30
[%2]
3
2

(2) .................................................... 2 20
o
[T
©
3
o

(flow_, x conc_,) + (flow__ xconc__ ) . 5 10
=fi02, ., <
flow ot ©

total
20,30 20,40 20,50 30,30 30,50 40,30 40,40 40,40 40,50
\ / Set Flow (LPM), Set FiO2 (percent oxygen)
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Calibration Setup

Step 1: Air Open, Oxygen Closed

T-Junction oy F|OZ
Sensor Sensor

Air Pressure
{ Source I | Regulator I | FEV

Oxygen | ‘ Pressure
[ Source Regulator M PV
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Calibration Setup

Step 2: Air Closed, Oxygen Open

T-Junction oy F|OZ
Sensor Sensor

Air Pressure
{ Source | ‘ Regulator N N

Oxygen Pressure
{ Source I | Regulator I | FEV
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Calibration Results

Calibration Testing, t = 5 sec

@ O2 Supplemental @ 02 Room

125 +

o 3 — o e | %O, Supp. 94.58 + 2.28

75 +

50 +
4 )
%O2 Room

(Air Source)
0 f } I I \_ J

25 —

21.56 + 0.23

Measured FiO2 (% oxygen)

Trial Number
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Need for Air Only Control Mode

High-flow air alone can produce
Air Pressure the dead space washout effect.
PSV
Source Regulator
Oxygen path disabled for settings T-Junction Flow RO,
with no oxygen source. Sensor Sensor
Oxygen | ‘ Pressure | ‘
[ Source Regulator oA
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FiO2 Set Value vs. Measured Value

Mean p-value = 0.00503

n=3

10

20

Success: ArtemisHFNC Accurate Over
Range of FIO, and Flow

W O
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-« Set FIO2 = Measured FIO2

Flow Rate Set Value vs. Measured Value

Mean p-value = 0.000124
0 n=3 8

20 : /ﬂ :

- = Set Flow = Measured Flow

0 > o 30%Fi02
10 i f e 50%Fi02
® 70%FiO2
® 90%Fi02
0
100 0 10 20 30 40 50
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Heater/Humidifier



Heater Control Algorithm

—‘[ Blended Air }

[ Heated/Humidified Air %—»

Humidifier
Chamber

Water

4
@ [ Temperature J
Sensor
O 1
° s
A A A :

Heater Plate

Heating Control

1

2

If sensor reads less
than set temp

Send power to heater}
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Heater Control Algorithm

-—‘[ Blended Air } [ Heated/Humidified Air }7—>

4 )

Humidifier y 1
Chamber Temperature If sensor reads more
Sensor than set temp
Water A A A :
v 2
Heater Plate - { Heating Control Halt power to heater}
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Heater Control; Data Collection

Temperature Controlled Over Time

40 =
/ - ™
— /—/ — Temp data
s
— 351 _
o Desired range of
% temperature (37 + 3)
o
g_ Time at which desired
2 o range was achieved
(3 min)
N /
25 : : | l | |

Time (minutes)
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Humidification Verification Setup

[ Blended Air ] [ Heated/Humidified Air }

4 )

Humidifier Y
Chamber Temperature
Sensor
Water ,\ % ,‘ |
v

Heater Plate

{ Heating Control ]
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Humidification Verification Setup

[ Blended Air ] [ Heated/Humidified Air J l
/ \ Temperature

Humidifier Sensor
Chamber |
y

Humidity Sensing

Chamber
Water ,\ % ,‘ :
v

Heater Plate Heating Control ]
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Absolute Humidity (mg/L)

50

40 +

30 5

20

Humidification: Data Collection

Absolute Humidity Over Time

Recorded humidity

Humidity Constraint:
minimally acceptable
value

10 +

| | | |

| | | |

0 10 20 30 40

Time (min)
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User Interface



Displaying Sensor Readings

Temperature, Flow, and FiO,
Sensor readings updated every 1
second on the home screen
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Controlling Parameters

Temperature control between Flow Rate control between FiO, control between
31°C and 40°C 10 LPM and 40 LPM 20% and 95%
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Integrating Calibration

CALIBRATED.

Room %02: 22.88 |
Supr *02: g5.88 |

The oxygen and air branches FiO, values for each
alternate between a fully open and branch are displayed.
fully closed state for 5 seconds each.
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Settings Menu to Select Mode

CALIERATE

MODE

AIR+0Z alR OMLY | |

Air + 02 mode allows user to
set and monitor temperature,
flow rate, and FiO2




Settings Menu to Select Mode

MODE

aIR+02

| sET TEWP

Air Only mode allows user to
set and monitor temperature
and flow rate




Accessing Settings Menu

User can access settings menu to
toggle between Air + O2 mode and
Air Only mode or re-calibrate
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Market and Future Plans



Options for Respiratory Support

Conemtont e coap o MO
Affordable SIvI® Q00O OO0
Accessible Q0O Q00O OO0
Range of Cases OO0 "X 1@ Q00

Coverable
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Proprietary Tubing Make HFNCs Inaccessible

Flexicare .
Standard High-Flow ResMed Acucare Fisher & Paykel
Cannula Cannula

Optiflow

WU~
W S j!

Sl Jde—"

s ’\;\\\\\\\

Max Flow: 6 LPM 40 LPM 60 LPM 60 LPM
Features: Universal adapter Universal adapter Double-strap design Facial pads
Cost: $3.25

~$11 ~$50 ~$128




Current Systems are Expensive

Vapotherm Precision
Flow Plus

Flexicare FL-900U Fisher & Paykel Airvo 2

Max Flow: 60L/min 40L/min 60L/min
Temperature: 36-40°C 33-43°C 31-43°C
Humidity: >33 mg/L >12 mg/L >33 mg/L

Cost: ~$3,200 ~$4,500 ~$4,900




Current Systems are Expensive

Vapotherm Precision Fisher & Paykel )
Flow Plus Airvo 2 ArtemisHFNC

Flexicare FL-900U

Max Flow: 60 L/min 40 L/min 60 L/min 40 L/min

Cost: ~$3,200 ~$4,500 ~$4,900 < $1,500
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|ICUs

S2 million market




Malawi
Tanzania
Kenya
Nigeria




&) ArtemisHFNC

Seeking Build b Test

N prototypes
funding prototypes N




Limitations:

Sensor is a prototype

Medical air compressor is loud
Pneumatic connections

Humidity chamber (partnerships)

High flow cannula procurement

/1



