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The Global Good/Intellectual Ventures’ MPR storage system was designed to operate on patients in a clinical trial setting where the intended use is to provide oxygen or alarm. The MPR system
consists of a custom-made stainless-steel reservoir on a mobile wheelbase and oxygen flow control user interface. A schematic of the MPR is shown in E-Figure 1A. The MPR is designed to be compatible with a commercial oxygen concentrator (e.g., Airsep Newlife Intensity 10, dual output) and together form an oxygen generation and storage system to provide a continuous stream of oxygen during power interruptions. Remaining oxygen capacity is shown in the built-in display during the power failure. An alarm alerts the user when the reservoir is nearly depleted or oxygen concentration is below 82%. The device functions differently under two scenarios: power available and power outage. When electrical power is available, oxygen is provided to patients while simultaneously diverting excess oxygen to the reservoir (Fill state, E-Figure 1B). In the event that the reservoir is full or that patient demand is higher than oxygen inlet flow rate, the compressor is shut off and oxygen from the concentrator(s) flows through a bypass check valve directly to the outlets bypassing the internal compressor and storage (Bypass state, E-Figure 1B). In the event of an electrical power interruption, the device automatically begins delivering stored oxygen to the patients (Drain state, E-Figure 1B). By design, oxygen flow to the patient(s) is prioritized over oxygen flow into the storage vessel.

Components
Internally, the MPR includes a boost compressor, automated flow control, pressure sensors, oxygen quality sensor, temperature and humidity sensors, exhaust fans, data recording, and GSM communication to cloud-based database; all in a field serviceable housing. Externally, there are three DISS connectors with two for direct patient flow control via the ball-in-tube rotameter (10 LPM range) and the third for routing to external flow splitter (output pressure 16 PSI), oxygen concentrator electrical connection inside a recessed vault, and power control switch. MPR device is designed to fill the storage reservoir with excess oxygen that is generated by the oxygen concentrator, while being able to provide up to 20 L/min for all outlet ports combined. The reservoir can store up to 786 L of O2 with a maximum operating pressure of 690 kPa. This corresponds to approximately 6.5 hours of oxygen delivery at 2 L/min. The MPR can control two 550W oxygen concentrators for a combined input oxygen flow rate of 20 L/min. 

The MPR was designed and manufactured with strict requirements to reduce ignition risk due to storing high concentration oxygen at elevated pressure. First, all wetted components were selected to be compatible with oxygen and cleaned to the level specified in an oxygen safety standard (ASTM G93) prior to assembly (hydrocarbons < 550 mg/m2 and particulate level 300).1 Second, inline filters were installed to minimize particulates in the flow circuit. High power electronics were isolated from the flow circuit in order to separate sparking sources from high concentration oxygen area. In addition, two fans were installed in the housing to ventilate oxygen in case there is a leak in the flow circuit and to lower system temperature. 

Design choice discussion
An ideal MPR solution would maximize stored oxygen volume while minimizing the system’s physical footprint and operational complexity while being compatible with all commercial oxygen concentrators. The boost compressor and storage reservoir sub-components directly affect the MPR storage oxygen specification. Our solution set out to leverage off-the-shelf commercial products to capitalize on economies of scale costing and manufacturer component durability testing. In our solution, the MPR boost compressor needed to be sized so it was not choked by output specifications of oxygen concentrator and would reliably operate up to our maximum pressure without stalling. 
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Figure S1. Detailed schematic of MPR device. A. Diagram illustrating valves, filters, oxygen inlets and outlets. Numbered components are described in Table S1. B. Functional states of the MPR: Fill, Drain, and Bypass. 
Table S1. Description of components of medium-pressure reservoir oxygen storage system
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Figure S2. Trial profile. A total of 88 pediatric inpatients with acute respiratory illness were screened for hypoxemia. Nine patients met inclusion criteria and were administered oxygen using the MPR. Five completed their treatment on the MPR, whereas four patients were discontinued from the device.
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Component

DISS connector with
check valve

MF-DV1A

Stainless steel

29 Particle fiter inlet McMaster-Carr Brass, bronze
98355K843
3 Compressor Thomas ‘typenr ‘Aluminium, ruion, EPDM
4 Purge vave with 8262K10924VDC  Brass, viton
muffier
5 Fill check valve CV-2H6T-BRAS ___Brass, viton
6 Pressure sensorhigh ~ MLH150PGBOTA 316 stainless steel, Haynes 214 allou
side
7 Pressure reliefvalve  McMaster-Carr Brass, stainless steel, vinyl
9889K19.
8 Pressure vessel 30 Gallon Stainless steel
10 Pressurereguaor  McMaster-Carr Brass, PTFE, bronze
47435k31
11 Isolation vave 8262K158 24VDC___Brass, viton
12 Pressuresensorion  MLHOSOPGBOGA  Stainless steel
side
13 Bypasscheckvalve  CVIM-N-13- Brass, viton
BRAS
14 Flow meter HAFUHTO020L4AXT Glass reinforced thermoplastic polymer. goid,
silicon (dioxide. -nitride), epoxy
15 Anti-bacteria fiter Respironics
16 Oxygen sensor 120G
17, Rotameter FMO056-1 Stainless steel, acrylic
18
19, DISS connector MF-0701 Stainless steel
20
21 DISS connectorwith  MF-DVIA Stainless steel
check valve
(22) Lowpressurerelief  McMaster-Carr Brass, stainless steel, PTFE
vaive 9137KE50
(23) Restictonoxygen ~ W-4-8R Brass
sensor
(24)  Flow restrictor NA Brass
pressure vessel
(25)  Particle fiiter HKNBFI2FMAN-60  Brass

Low pressure hose

Newage 292 1023

Reinforced silicone.
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