Home-made Non-Invasive CPAP
Ventilator Concept Design

Emphasis on easily available parts

Back to the basics, first principles design

Device is NOT FDA approved and must NOT be used
without further study/development/jurisdiction specific
approval process.




Exploded view showing how the
parts come together

Potential crowd-sourced
creation by people with basic
hands-on engineering degrees




Low footprint

Must follow jurisdiction specific
appropriate sterilization
protocols




Design available free of charge

Cross-sectional view




02

EErd ]

50,00 200,00
1033, 9%

B Ién:
[l Home Ventilator CPAP

Assembly L;x:

i 1 T 1 ] | | ¢ & | E__!':Ii ) T . 1




Standard CPAP mask

with exhale valve (so that exhaled
air does not go back into the
ventilator)

; Minimum 2cm diameter
sterile pipe (e.g. standard CPAP pipe)

cm scale (old fashioned
analog manometer
literally measuring cm of
water pressure)

Sterile water

Air pump (e.g. sterilized Aquarium air pump) with
pressure regulator. Simple external power regulator
\ needed if pump does not have inbuilt power regulator.
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~ Pressure release valve
(sterile pipe with sterile

- metallic ball at an angle
ensuring patient

receives air pressure of |

5-8cm of water in
mask)
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Household part ideas for re-use into Homemade Non-
Invasive CPAP

* Obviously any cannibalized parts must be sterilized appropriately and according to specific
jurisdictions.

* Dentist’s office, dishwashers generally might have multiple part options (tubing, pump, etc.).

* Metallic reservoir container preferred as it can potentially be boiled, autoclaved or put
through sterilization processes approved in particular jurisdictions.



Potential Low-Cost Sterilization Approaches of the Homemade Non-
invasive CPAP Ventilator Design

Factors for consideration:

* Level of disinfection depends on the object. Ventilators are classed as semi-critical instruments as they touch the mucous membrane, and require
minimally high-level disinfection with strict adherence to guidelines to prevent nosocomial infections (1).

* Ventilator tubes and devices are important sources of hospital acquired infection (1) .They are more susceptible to infection of pathogenic
microorganisms due to the warm, airtight environment inside the tube combined with the cold air outside of the tube (2).

* Many of these devices are temperature sensitive and require low-temperature chemical methods rather than steam sterilization (1).

* Manual immersion cleaning of these devices allows bacterial growth and contamination to occur due to the natural air exposure and pro-longed
drying time (2), therefore mechanical cleaning methods are preferred for preventing nosocomial infection.

6% Hydlro(%?n Peroxide Gas Plasma for 30 minutes: An affordable method, and compatible with more than 95% of tested medical devices and

materials (3).

* Liquid hydrogen peroxide is inserted into the sterilizer and heated up in a vaporizer (e.g. vaping instrument) in order to turn it into gas, which is
heated at an even higher temperature to turn into plasma. Materials are simply placed into a perforated bag which goes at the bottom of a
porous bucket in a gas sealed jar (3,4).

* This method is safe for the environment, leaving no toxic residues, only requires an electrical outlet, and is appropriate for instruments which are
heat an moisture sensitive as the process temperature is less than 50°C (5). It also does not require airing time, preventing bacterial growth and
contamination to occur as is often observed in manual sterilization and drying techniques(5).

Sodium Hypochlorite : Inexpensive and fast-acting, with a broad range of antimicrobial activity (3).
* Equipment which can be manually immersed to sufficient levels (CPAP reservoir, canister, CPAP pump ), can be immersed into a 1:50 dilution of

5.25% -6.15% sodium hypochlorite for 3 minutes (3).
* Sodium hypochlorite serves for many purposed with its bactericidal, tuberculocidal, fungicidal, virucidal, and poricidal activity (6).

Steam Sterilization: Inexpensive, widely used, and the most dependable method of sterilization (3). All metallic materials can be steam sterilized

using autoclaves between subsequent uses.

* A gravity displacement sterilizer requires a minimum exposure of 30 minutes at 250°F, whereas a prevacuum sterilizer requires 4 minutes at 270°F
(3).

* These are the two most basic autoclaves used. The benefit of the prevacuum sterilizer is that it is fitted with a vacuum pump which ensures air
removal from the chamber before steam enters, whereas the gravity displacement sterilization is prolonged due to incomplete air elimination(4).

* The porous sieve container must follow respective jurisdiction’s biological material disposal process(3).
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Cross functional international collaboration

Medical Advisory Team Sterilization Advisory Team

e Ruhul Abid, MD, PhD, Brown University, RI, USA + Safiullah Sarker, PhD, Dhaka, Bangladesh
e Christina Marshall, PA-C, Cambridge Health Alliance, MA, USA .
* Samantha Duckworth, MPH, Barcelona, Spain

* Naved Munir, MD, Caromont Regional Medical Center, NC, USA

* Andrej Pgeveden, Institute of Cardiovascular Diseases, Vojvodina, * Kirsty McLoughlin, MSc, Dublin, Ireland
MD, Serbia

* Taj Rahman, MD, University of Kentucky, KY, USA

Engineering Advisory Team

* Nikola Bugarcic, Novi Sad, Serbia

* Adomas Gatelis, Vilnius, Lithuania

* Marko Veg, Beograd, Serbia

e Andrey Sapozhnikov, Moscow, Russia

Initial Team Lead and Coordinator
* Joy Alamgir, Alamgir Research Inc, MA USA



Next Steps

* Prototype building across multiple jurisdictions to assess viability of design and materials
availability

* Potential sterilization protocol testing

* Concept communication: academic paper (may be particularly relevant in low-cost areas of
the world)

DISCLAIMER
* Device is NOT FDA approved

* Any actual use in any jurisdiction must follow jurisdiction specific approval processes and
jurisdiction specific sterilization processes



An emergency social concept
project

Design made available under following license:

Copyright 2020 Alamgir Research Inc.

Permission is hereby granted, free of charge, to anyé)erson obtaining a copy of this conceptual CPAP ventilator de_siﬁn and associated
documentation files (%he "Concept"), to deal in the oncept without restriction, including without limitation the rights to use, copy,
modify, merge, publish, distribute, sublicense, and/or sell copies of the Concept, and to permit persons to whom the Concept is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions of the Concept.

THE CONCEPT IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS
OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR
OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE CONCEPT OR THE USE OF OTHER DEALINGS IN THE CONCEPT.



