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Abstract

Background: Ambulatory oxygen therapy is prescribed for patients with chronic lung diseases who experience exertiona
hypoxemia. However, available devices may not adequately meet user requirements, and their performance characteristics are
heterogeneous.

Objective: Thisstudy aims to identify devices available for delivery of ambulatory oxygen therapy, the technologies that they
use to generate oxygen, the performance characteristics of each device, and the devel opment status.

Methods: We used medical and engineering databases to identify peer-reviewed papers (eg, MEDLINE, |EEE). Gray literature
was used to identify additional descriptions of ambulatory oxygen devices in military medicine, space exploration, or patents.
The last search was conducted in September 2025. Documents that described a device that can deliver oxygen in an ambulatory
context (defined asweighing lessthan 10 kg) and were written in English wereincluded. Search resultswere screened for inclusion
by 2 independent reviewers. Data were synthesized by descriptively mapping the performance of each product, the technology
used, and the development status of emerging technologies.

Results: From 9702 records identified, atotal of 166 met eligibility criteria (106 scientific publications and 60 gray literature).
We identified 33 portable oxygen concentrators (POCs; 29 commercialy available), 10 oxygen cylinders, and 6 portable liquid
oxygen (LOX) devices. The POC products showed atrade-off between portability and oxygen delivery capacity (maximum flow
rate ranging from 2.0 to 6.0 L/min; device weight ranging from 1.0 to 9.1 kg). Pressure swing adsorption with zeolite was the
most common oxygen generation technology in POCs on the market. The mean maximum continuous operating time of POCs
was 3.8 hours. Two prototype POCs (maximum flow rate of 4-6 L/min and device weight of 8-9 kg) were developed for space
exploration using modified adsorbents. LOX deviceswere the lightest and had the longest continuous operating time. Innovations
in delivery included the downsizing of a POC by using nanozeolite as an adsorbent and pulse oximeter oxygen saturation
(SpO,)—targeted automatic titration of oxygen delivery based on the user’s SpO..

Conclusions: This scoping review isthefirst study to integrate medical, engineering, and gray literature on ambulatory oxygen
devices and their development. Although prior literature has narratively explained the products and technologies, no previous
research has systematically investigated them. This review showed that POCs available to consumers may not meet the needs of
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patientsin terms of flow rate, portability, and operating time. LOX devices offered superior performance but are limited by high
costs. Limitations of this review include the difficulty of comparing product performance across oxygen delivery settings and
that the records were largely obtained from English-language sources. Innovation in ambulatory oxygen technology has been
limited over the past decade, highlighting urgent need for research and development of new lightweight devices with higher

oxygen delivery.
Trial Registration:

(J Med Internet Res 2026;28:e81077) doi: 10.2196/81077
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Introduction

Background

Supplemental oxygen may be prescribed to correct severe
hypoxemia at rest, with exertion, and/or during Sleep.
Ambulatory oxygen therapy is defined as the use of
supplemental oxygen during exertion [1]. The American
Thoracic Society guideline conditionally recommends
prescribing ambulatory oxygen therapy for patients who have
severe exertional room air hypoxemia [1], based on acute
improvements in exercise capacity and modest evidence of
improvements in health-related quality of life [2,3]. Portable
oxygen concentrators (POCs), oxygen cylinders, and liquid
oxygen (LOX) can be used to deliver ambul atory oxygen therapy
[1]. Oxygen cylindersfor ambulatory use can deliver continuous
oxygen flow up to 6 L per minute but run out quickly, especially
when used at high flow rates, and need to be refilled. POCs
supply concentrated oxygen by removing nitrogen from the air
aslong asthey have apower source; however, they may provide
oxygen only intermittently (“pulse flow” triggered by
inspiration) and may have limited battery life. In
continuous-flow settings, oxygen is delivered throughout both
inhalation and exhal ation, resulting in substantial oxygen waste
during exhalation. Pulse-flow settings were developed to
minimize this waste by supplying oxygen only during
inspiration, thereby conserving both oxygen and battery power
[4]. However, if the pulse is not synchronized well with
inspiration, aportion of the oxygen bolus may be exhaled before
reaching the alveoli [5]. LOX supplies oxygen by gradually
evaporating LOX at cryogenic temperatures and can deliver
higher flow rates for longer periods. However, LOX devices
are costly, and availability may be limited [6].

In previous studies, users of portable oxygen devices reported
a lack of physically manageable portable systems, a lack of
devices capable of delivering higher oxygen-flow rates (>3
L/min), and an inability to leave their homes for more than 2-4
hours due to lack of reliable and enduring ambulatory oxygen
supply [7-9]. In addition, users may face large out-of-pocket
expensesfor the ongoing costs of oxygen equipment [7]. Given
these limitations, peopl e using ambulatory oxygen reported that
it wasimportant to have avariety of device optionsthat allowed
achoice based on their individual needs [9]. However, thereis
little information on the types of devices available, the
performance of each device, and the costs of ambulatory oxygen
therapy devices [7]. It is possible that technologies to deliver
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ambulatory oxygen therapy are available in other fields (eg,
military medicine) that are not yet available as commercial
ambulatory devices.

A scoping review was deemed most appropriate to investigate
the current status of portable oxygen devices, as the concepts
of interest (technology, performance characteristics, and cost)
extend beyond the medical field and may be published outside
traditional peer-reviewed medical literature (eg, patent
documents, technical reports) [10]. This scoping review aimed
to identify the range of available portable oxygen devices, the
technologies that are used to generate oxygen by the devices,
the performance of each device, and the costs associated with
its use. In addition, given the limitations of current portable
oxygen devices, it isclinicaly important to clarify the status of
technological innovation. Some patients require high oxygen
flow rates that exceed the capacity of the currently available
portable oxygen devices[11].

Furthermore, it isrecognized that the weight of portable oxygen
systems may limit their usability in clinical practice [12]. This
may reduce adherence and contribute to inconsistent evidence
for efficacy in exertional hypoxemia [11,13]. Therefore, we
also aimed to identify innovations in the design of ambulatory
oxygen therapy devices, such as improvements in weight or
flow rates, and pulse oximeter oxygen saturation
(SpO,)—targeted automatic titration of oxygen delivery, which

may not be available commercially [14].

Objectives

This scoping review aimed to identify the range of available
portable oxygen devices, the technologies that are used to
generate oxygen by the devices, the performance of each device,
and the costs associated with its use. We al so aimed to identify
innovationsin the design of ambulatory oxygen therapy devices,
such asimprovementsin weight or flow rates and SpO,-targeted
automatic titration of oxygen delivery, which may not be
available commercidly.

Methods

Overview

This scoping review was conducted according to the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses extension for Scoping Reviews)
guideline (Multimedia Appendices 1-3; [15]), and the Joanna
BriggsInstitute (JBl) Manual for Evidence Synthesis[16]. The
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protocol was registered prospectively with the Open Science
Framework on May 29, 2024.

Eligibility Criteria

We included English language documents that described a
device that can deliver oxygen in an ambulatory context,
including scientific papers (including review articles) and gray
literature (conference proceedings, patent documents, company
websites, technical reports, and government documents). We
excluded documents that only described stationary equipment,
high-flow nasal oxygen therapy, hyperbaric oxygen therapy,
positive pressure ventilation systems, heliotherapy, short-burst
oxygen therapy, and wall-based high-flow nasal oxygen therapy,
aswell as those limited to over-the-counter medical devices.

Search Strategy

Aninitial search was performed on May 29, 2024, in MEDLINE
(Ovid) and IEEE Xplore. After theinitial search, the text words
in thetitles and abstracts of the retrieved articles and the index
terms used to describe the articles were analyzed to refine the
search terms. For the second search using updated terms, we
searched scientific papers in 5 databases (MEDLINE [Ovid],
Embase [Ovid], SCOPUS, CENTRAL [Wiley], and |IEEE
Xplore) using the search strings created with index terms (MeSH
[Medical Subject Headings] termsor IEEE terms). Search strings
are shown in Table S1 in Multimedia Appendix 4.

For searching gray literature, the following three strategieswere
used based on the guideline for gray literature and a previous
study [17,18]: (1) targeted website browsing and searching, (2)
gray literature database search, and (3) search engine searching.
Specifically, technical reports, white papers including military
medicine, and other gray literature on portable oxygen devices
(manuals, company websites on product performance, etc) were
searched using the appropriate websites respectively (National
Technical Reports Library, World Health Organization, Defense
Technical Information Center, International Health technology
Assessment Database, and Google Advanced). As complex
search strings were not alowed in some gray literature
databases, we adjusted the search strings to match the database
functionality. Gray literature search strings are also shown in

https://www.jmir.org/2026/1/e81077

Kawachi et al

Table S1in MultimediaAppendix 4. Google Advanced searches
wererun on corporate, government, and military domains (.com,
.gov, and .mil) to review the top 100 results from each. The
latest patents of inventions and developments for the period
January 1, 2022, to June 25, 2024, were searched in the World
Intellectual Property Organization (WIPO) database using
adjusted search strings. The search was repeated on September
29, 2025, for CENTRAL, MEDLINE (Ovid), and Embase
(Ovid), on September 25, 2025, for all other databasesincluding
Scopus, |IEEE Xplore, and gray literature sources, and on
September 29, 2025, for WIPO.

A third search consisted of hand searching reference lists of all
selected articles and review papers to identify any additional
articles not found by thefirst two search methods. Additionally,
Google Advanced searches were performed to obtain missing
product performance information. The search period in each
database was 2004 to the present to capture devices that were
currently or recently available. We reported database searches
and literature selection according to PRISMA-S (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Search extension) [19].

Selection of Studies

Scientific papers were imported from the databases into the
Covidence platform [20], and gray literature search resultswere
imported into a spreadsheet. In the Covidence platform,
duplicate recordswere automatically removed. Two independent
reviewers (SK and MH) screened titlesand abstracts of scientific
papers for eligibility. Studies that met the inclusion criteria, or
for which digibility was unclear, underwent full-text review.
Gray literature records were also screened for eligibility by 2
independent reviewers (SK and MH). Disagreements in study
selection were resolved by consensus or by consulting a third
reviewer (AEH). Thereasonsfor exclusion at the full-text stage
are reported.

Outcomes of I nterest

Outcome selection was guided by patient priorities for oxygen
devices, identified in previous studies and are shown in Table
1[7-9].
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Table 1. Outcomes of interest in the scoping review of ambulatory oxygen therapy devices extracted from scientific and gray literature published

between 2004 and 2025.

Category Outcome

Portable oxygen devicesand

their performance character- Product name
Istics Manufacturer
Release date

Size of device

Pulse or continuous flow
Method of transporting the device

per minute)

Type of device (POCS? portable oxygen cylinders, portable LOXb)

Weight of device (and battery weight where relevant)

Range of flow ratesin the pulse flow setting
Range of flow ratesin continuous flow setting
Pulse-dose bolus volume in maximum pulse flow setting (as much as possible at arespiratory rate of 20 breaths

«  Maximum continuous operating time (in the case of POC, battery duration, and in the case of oxygen cylinders or
LOX, the duration until the oxygen stored in the tank runs out)

*  Concentration of supplied oxygen®
Operating noisec
Battery recharge time

Technology used to deliver oxygen (eg, nature of the sorbent in POC)

«  Trigger sensitivity
«  Product availability to consumers

FDA® and EMA® approved or equivalent
* FAAS approved for air travel or equivalent

«  Frequency of product failures

« Remote control function for changing flow rate

Cost of portable oxygende-

vices tricity costs for its use, etc)?

Description of publicly available supplier costs for each device (eg, purchase and rental costs of equipment, elec-

3pOC: portable oxygen concentrator.
b OX: liquid oxygen.

Concentration of supplied oxygen and operating noise were included as they areimportant for the International Organization for Standardization (1SO)
requirements to be approved as a medical device through the United States Food and Drug Administration and European Medicines Agency [21].

4FDA: Food and Drug Administration.
®EMA: European Medicines Agency.
FAA: Federal Aviation Administration.

9The cost information, only officially disclosed by the company of each product, was extracted.

Data Charting Process

Datafrom theincluded sources of evidence were charted using
a custom-designed form (SK and MH). Two review authors
(SK and MH) independently charted the data from the eligible
studies. Disagreements regarding the data charting between
authors were resolved by discussion. If consensus could not be
reached, athird author (AEH) reviewed the study and arbitrated.

The data chart included: types of publication (scientific paper,
patent documents, technical report, etc), types of content
(products, performances, costs, etc), author, year of publication,
country where the information originated, information related
to the products and performances outlined, and information
related to the costs.

Risk of Bias (Quality Assessment)

Scoping reviews are conducted to provide an overview of the
existing evidence regardless of methodological quality or risk
of bias [22]. Therefore, the included sources of evidence are
typically not critically appraised for scoping reviews. As such,

https://www.jmir.org/2026/1/e81077

we did not undertake a quality assessment of the included
sources of evidence.

Data Synthesis

To synthesize data on products and their performance, we
prioritized information published by the product company
(including user manual), scientific papers, white papers,
technical reports, and websites, in that order, if there was
different information on the same item regarding one product.
If multiple productswere identified as having the same product
name but differing only in numbers, the newest product was
checked at the official website, and only the newest one was
extracted (eg, Eclipse 1/2/3/4/5 Caire, Ball Ground, United
States). As stationary oxygen concentrators are generally
considered to weigh 10 kg or more, and POCs range from 1-9
kg [4], we defined ambulatory oxygen devices in this study as
those weighing less than 10 kg and excluded heavier devices.
Performance characteristics, the technology used, and the current
status of development were reported descriptively. Costs for
ambulatory oxygen therapy were mapped descriptively by
country and type of device (portable oxygen cylinders, POCs,

JMed Internet Res 2026 | vol. 28 | €81077 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

and portable LOX). Descriptive statistics were used to describe
all data. Categorical data were presented as frequency and
percentages. In addition to descriptive synthesis, we devel oped
agap map to describe areasin need of future development. The
gap map addressed the degree to which key patient needs for
ambulatory oxygen devices (oxygen flow rate, device weight,
operating time, and auto-titration) are met by characteristics of
current products or those in development. Patients' needs
extracted from previous studies were used as the framework
[7-9].

Results

Principal Findings

A total of 9702 records wereidentified from scientific databases
(medical database: n=3720; engineering database: n=133;
multidisciplinary database: n=1842), and 4007 records from
gray literature. After removing duplicates, atotal of 3028 records
from scientific databases and 4007 records from gray literature

Kawachi et al

sourceswere screened (Figure 1). Of these, atotal of 166 records
related to ambulatory oxygen therapy devices were finally
included in this review (n=106 from scientific databases; n=60
from gray literature sources). Among the 166 included records,
atotal of 81 (48.8%) originated from North America, 37 (22.3%)
from Europe, 31 (18.7%) from Asia, 11 (6.6%) from Oceania,
2 (1.2%) from Africa, and 2 (1.2%) from South America(Table
S2in Multimedia Appendix 4). The scientific literatureincluded
85 original research articles, 20 review articles (of which 1 was
a systematic review and 19 were narrative reviews), and 1
clinical guideline. The gray literature comprised 7 technical
reports, 3 white papers, 3 clinical trial registrations, 14
government-related websites (eg, military, energy, and space
exploration), 4 company websites, 1 charitable organization
website, and 28 patents (Tables 2 and 3). Although weidentified
3 chemical oxygen generators in the scientific literature, they
were excluded because chemical oxygen generators exhaust in
30 minutes or less and their output cannot be adjusted, making
these devices unsuitable for delivery of ambulatory oxygen in
clinical care[23].

Figure1l. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) flow diagram showing the identification, screening, and
inclusion of studiesin this scoping review of ambulatory oxygen therapy devices. The search included scientific and gray literature from 2004 to 2025

across medical, engineering, military, and space exploration fields.
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Table 2. Summary of literature on ambulatory oxygen therapy devices (n=166). Types of sources identified in this scoping review include scientific
articles, technical reports, patents, government and military documents, and company websites published between 2004 and 2025.

Type of literature Records, n (%)

Scientific literature (n=106)

Original paper 85 (51)
Review paper 20(12)
Systematic 1(1)
Narrative 19 (11)
Guideline 1(2)
Gray literature (n=60)
Technical report 7(4)
White paper 32
Clinical tria registry 3(2
Government website 14 (9)
Military 8(5)
Energy 5(@3)
Space exploration 1(2)
Company website 4(2)
Charitable organization 1(2)
Patent 28 (17)

Table 3. Summary of content from eligible literature (n=166) included in this scoping review of ambulatory oxygen therapy devices. Information
sources span medicine, engineering, energy, military, and space exploration fields and describe portable oxygen concentrators, oxygen cylinders, and
liquid oxygen systems, including innovations in portability, oxygen generation, and automatic titration technol ogies (2004-2025).

Type of contents Records, n

Source of information

Medicine 87
Engineering 63
Military 10
Energy 5
Space exploration 1
Device

Oxygen concentrator (including devices not on market) 156
Oxygen cylinders 50
Liquid oxygen 16

New technology

Downsize and portability enhancement 13
Improving or optimizing the oxygen generation process 15
Remote control (ie, automatic titration) 17
Other 12

from 1.0 to 9.1 kg, and size ranged from 15.7 x 11.7 x 6.1 cm

(756 cm®) to 51.3 x 27.7 x 20.3 cm (28,847 cm®). Oxygen
delivery capacity varied widely, with maximum flow ratein the
continuous flow setting ranging from 2.0 to 6.0 L/min and
maximum pul se-dose bolus volume of pulseflow setting ranging
from 17.3 to 90 mL of oxygen. The pulse-dose bolus volume

Portable Oxygen Devices

Weidentified 33 different POCsin this study, of which 29 were
on the market, 1 had discontinued production, and 3 were
prototypes under devel opment. The summary of identified POCs
is shown in Table 4. The weight of the POCs products ranged
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varies widely across products, even within the same pulse flow
setting (Figure 2). A trade-off between portability and oxygen
delivery was shown in the identified POCs (Figure 3, Table S3
in Multimedia Appendix 4). Smaller POC products tended to
be transported using bags, while larger POC products were
transported using a dedicated cart (Table S3 in Multimedia
Appendix 4). Smaller POC products also tended to have only
pulse flow settings. The most recent POCs were the OxLife
Liberty2 (25.4 x 22.9 x 8.9 cm), released in 2024, and the
DISCOV-R (23.6 x 10.4 x 25.2 cm), released in 2023, which
were capable of delivering oxygen in the continuous flow
setting. This contrasts with earlier POCs of the same size (eg,
Inogen Rove 6, 18.3 x 8.3 x 20.5 cmwith single battery), which
only had apul seflow setting (Table S3 in Multimedia Appendix
4). The mean maximum continuous operating timein pulseflow
setting was 3.8 hours, with arange of 1.3t0 6.3 hours, depending
on flow settings and battery option (Table 4 and Figure 4). The
maximum operating time tended to be shortened by half in the
continuous flow setting compared to the same flow rate in the
pulse flow setting in terms of equivalent volume (Table 4 and
Table S3 in Multimedia Appendix 4). There were also POC
products, such as the Simply Go mini, which extended the
continuous operating time from 2 hours 40 minutes to 5 hours
with an additional battery (Table S3 in Multimedia Appendix
4).

Pressure swing adsorption (PSA), vacuum pressure swing
adsorption (VPSA), and vacuum pressure cycle (VPC) werethe
technologies used for oxygen generation (Table 4, Table 4 in
Multimedia Appendix 4). Zeolites were identified as the
adsorbent used in POCs. Air is composed of approximately
80% nitrogen, and PSA is a method to generate high
concentrations of oxygen by selectively adsorbing nitrogen from
air. In PSA, air pressurized by a compressor is sent through an
adsorption column with zeolite to adsorb nitrogen and increase
oxygen concentration. Then, the pressureis reduced to release
the nitrogen. This adsorption and desorption cycle process is
alternated in the multiple adsorption columns to continuously
produce highly concentrated oxygen [24]. VPSA and VPC are
adsorption methods that use a vacuum pump in combination
with or instead of a compressor to reduce the pressure in the
column [25]. We identified 2 POC prototypes and 1 POC
product that were under development. The 4-SLPM prototype
developed by TDA Research (Wheat Ridge, United States)
weighed approximately 7.8 kg and measured 28 x 25 x 18 cm
(Table S3 in Multimedia Appendix 4). The 4-SLPM has a
maximum oxygen flow rate of 4 L/min in continuous flow
setting, greater than most POCs on the market of comparable

https://www.jmir.org/2026/1/e81077
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weight. The 4-SLPM used high lithium-exchanged X (LiLSX)
asthe adsorbent. The other PSA-based prototype, co-developed
by NASA and Chart Industries (Ball Ground, United States),
weighed less than 8.2 kg with a size of 35.6 x 30.5 x 20.3 cm
and was capable of delivering up to 6 L/min in the continuous
flow setting. There was no available information on
commercially available POC innovations, such asremote control
of flow settingsin POCs. A POC product under devel opment
named JUNO (Roam Technologies Pty Ltd, Carlton NSW,
Australia) was identified. According to the company’s product
information, JUNO is an ultraportable, tankless oxygen system
currently under clinical development. Despite being designed
to be carried with one hand, it has a continuous flow setting
ranging from 1-3 L/min with a concentration of 91% [26].
Although the measurement conditions and detailed specification
are not publicly disclosed (Table S3 in Multimedia Appendix
4), the recent patent on downsizing of POCs by Roam
Technologies Pty Ltd, has been identified. The patent adopts a
miniaturized PSA architecture with a compact arrangement of
the adsorbent layer and internal gas pathway structure to shorten
flow paths and minimize dead space [27].

Oxygen cylinders and LOX are summarized in Tables 5 and 6.
Table 5 and Tables S3, $4, and S5 (shown in Multimedia
Appendix 4) are also provided as xlsx files in Multimedia
Appendix 5. The weight of cylinders ranged from 0.3-6.5 kg,
and the sizeranged from 14.9 x 6.4 cmto 86.5 x 10.2 cm. The
maximum continuous operating time varied from 0.3 to 5.0
hoursat 2 L/minin the continuousflow setting. The continuous
operating time per continuous flow setting was comparable to
the POC. (Figure 4). Smaller cylinders were transported using
a shoulder bag, whereas larger cylinders required trolleys or
hand-drawn carts for transport. Conventional cylinders were
generaly filled at approximately 150 bar, whereas the Ultra
Lightweight Cylinder Oxygen System (IOSVR) uses a
high-pressure filling of 300 bar. This allows nearly double the
amount of oxygen to be filled compared with a comparably
sized type M7 cylinder (Table 6). IOSVR is made possible by
the high-strength aluminum alloy (L7X), which is reinforced
with carbon fiber wrapping technology [28]. LOX products
weighed from 1.6-3.7 kg (filled) and had gaseous oxygen
capacitiesranging from 275.0-1058 L (Table 6). Many oxygen
cylinders require a pressure regulator, which is attached to the
cylinder’stop and workslike atap, allowing the safe adjustment
of oxygen flow rate provided, in L/min [4]. In addition, some
regulators support a pul se-dose delivery mode, which can extend
the operating duration compared with continuous flow [4,29].
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Table4. Summary of identified portable oxygen concentrators (n=33) included in this scoping review of ambulatory oxygen therapy devices. Extracted
characteristics include device weight and dimensions, flow settings, oxygen output, operating noise, trigger sensitivity, oxygen delivery technology,
regulatory approval, and market availability based on records published between 2004 and 2025.

Variables

Statistic

Notes

Device volume (cm3), mean (range)

Weight (kg), mean (range)
Transport method, n

Carrying bag

Carry case

Backpack

Cart

Shoulder strap

Waist

Carry-on baggage
PF®and CF setting, n

Only PF

Both CF and PF

Not reported
Maximum number of PF setting, mean (range)
Maximum flow rates in CF setting (L/min), mean (range)

Maximum pulse-dose bolusin PF setting (mL), mean (range)

M aximum continuous operating time in PF setting (h)d, mean (range)

Maximum continuous operating time in CF setting (h)d, mean (range)

Concentration of supplied oxygen (%)d, mean (range)

Operating noise (dBAS)Y, mean (range)

Maximum battery recharge time (h), mean (range)
Trigger sensitivity (cm HO), mean (range)
Nature of the sorbent, n
Molecular sieve
Zeolite
High lithium-exchanged X
Not reported
Technology used, n
Pressure swing adsorption
Vacuum pressure swing adsorption
Vacuum pressure cycle
Not reported
Market availability, n
On the market
Discontinued

Prototype

8342.4 (755.9-28,846.5)

3.8(1.0-9.1)

15

W kL, N W o NN

19

11
2

5 (1-10)
2.9(2.0-6.0)
53.7 (17.3-90.0)
3.8(1.3-6.3)

1.9 (0.6-4.5)

90.4 (82.0-96.0)

44.3 (35.0-59.0)

4.4 (15-12.8)
-0.24 (-0.50 to —0.05)

14

14

23

29

n=32

n=16 (including battery); n=16 (unclear in-
cluded)

n=30; some devices fall into multiple cate-
gories

N/A®

N/A

N/A

n=29

n=12 (only devices with CF settings)
n=15 (Only those at 20 bpm)

n=25; depends on settings or respiratory
rate

n=9; depends on settings or respiratory rate

n=29; depends on settings or respiratory
rate

n=28; depends on settings or respiratory
rate

n=27
n=23

N/A
N/A
N/A
N/A

N/A
N/A
N/A
N/A

N/A
N/A
N/A
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Variables Statistic Notes
FDA' n
Approved 19 N/A
Not reported 13 N/A
FAAY n
Approved 28 N/A
Not reported 4 N/A
3PF: pulse flow.

BCF: continuous flow.

°N/A: not applicable.

d3uNO (Roam Technologies Pty Ltd, Carlton NSW, Australia) was excluded from this analysis due to a significant lack of information.
€dBA: A-weighted decibels.

FDA: Food and Drug Administration.

9FAA: Federal Aviation Administration.

Figure2. Scatter plot showing the relationship between maximum pul se flow setting and pul se-dose bolus volume (mL ) in portable oxygen concentrators
identified in this scoping review of ambulatory oxygen therapy devices. Data were extracted from publicly available scientific and gray literature
published between 2004 and 2025. Only products with publicly available data on pulse-dose bolus volume at 20 breaths per minute at the maximum
pulse flow setting are shown.
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Figure 3. Scatter plot showing the relationship between product weight and pulse-dose bolus volume (mL) at the maximum pulse flow setting in
portable oxygen concentrators identified in this scoping review of ambulatory oxygen therapy devices. Data were extracted from Lpublicly available
scientific and gray literature published between 2004 and 2025. Only products with publicly available data on pulse-dose bolus volume at 20 breaths
per minute at the maximum pulse flow setting are shown.
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Figure 4. Continuous operating time at different continuous flow settings for (A) portable oxygen concentrators, (B) oxygen cylinders, and (C) liquid
oxygen devices identified in this scoping review of ambulatory oxygen therapy devices. Data were extracted from publicly available product manuals
and literature published between 2004 and 2025. Only products with publicly available data on continuous operating time for each continuous flow
setting are shown.
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Table 5. Summary of identified oxygen cylinders included in this scoping review of ambulatory oxygen therapy devices. Data were extracted from
patents, manuals, and technological reports published between 2004 and 2025 and include cylinder size, weight, oxygen capacity, nominal pressure,
maximum operating time, and transport methods (1 bar=100 kPa).

Type Size (cm) Weight (kg) Content (L) (Nborr)li nal pressure  Maximum continuous operating time Transport method
ar
M2 149x64 034 45 1532 03hat 2 L/mind Not reported
M4 221x81 10 113 1532 Lhat 2 L/mind Not reported
ML6 200x111 13 170 1392 14hat2L/min Shoulder bag
M6 300x82 13 170 1532 14hat 2 L/min? Shoulder bag
M7 231x111 15 198 1392 17hat 2 L/min® Shoulder bag
IOSVR 342x85 17 612 300° 8hat 2 L/min with astandard conserver®  Handheld or bag
M9 277x111 17 255 1392 21ha2L/min Shoulder bag
D 535x 102 3.9 340 1402 36hat 2 L/min? Shoulder bag
CH/C  515x117 42 470 163 or 2502 Not reported Medical trolleys or carry
bags
E 86.5x10.2 65 680 1372 5hat2L/mint Hand-drawn cylinder cart

8Data obtained from nonmanufacturer websites.
bData reported in the technical reports.
“Datareported in scientific reports.

LOX had alonger continuous operating time comparedto POCs  setting (Figure 4). There was no available information on the
and cylinders, with amean maximum continuousoperatingtime  pulse-dose bolus volume of pulse flow setting in LOX.
of approximately 7.4 hours even at 2 L/min of continuous flow
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Table 6. Summary of identified liquid oxygen systems included in this scoping review of ambulatory oxygen therapy devices. Data were extracted
from manuals, patents, and technical reports published between 2004 and 2025 and include weight, oxygen capacity, flow settings, maximum operating

duration, and regulatory approval.

Variables Statistic Notes
Device volume (cm?), mean (range) 7889.2 (3650.2-13879.1) n=6
Weight (kg), mean (range) 3.00(1.6-3.7) n=6
Transport method, n Some devicesfall into multiple cat-
egories

Backpack 3

Cart 3

Carry bag 1

Belt pack 3

Handle 1
Gaseous oxygen capacity (L), mean (range) 699.4 (275.0-1058.0) N/A2
PF° or CF€ setting, n

Only PF 3 N/A

Both CF and PF 3 N/A
Maximum number of PF setting (n), mean (range) 5 (4-6) n=3
Maximum flow rates in CF setting (L/min), mean (range) 4.3 (0.8-7) n=6
M aximum continuous operating time in CF setting (h), mean (range) 7.4 (6.0-9.0) n=5 (only those at 2 L/min of CF

setting)

FDAY, n

Approved 5 N/A

Not approved 1 N/A

8N/A: not applicable.

bPF, pulse flow.

CCF, continuous flow.

dFDA, Food and Drug Administration.

Developments and New Technologies

I mproving Portability

A patent was published in 2022 regarding the use of the vacuum
swing adsorption method instead of the conventional PSA
method in POCs to generate oxygen more efficiently [30]. By
replacing the compressor inthe PSA method with afan or other
air-moving device, air at atmospheric pressure instead of high
pressure is passed through the zeolite adsorbent to adsorb
nitrogen, and then the pressure is reduced to a vacuum level,
which improvesthe efficiency of nitrogen desorption, resulting
in improved oxygen generation rates [25]. This low-pressure
operation makesit possible to useasmall vacuum pump without
a compressor in PSA, thus reducing the weight of the device
and power consumption. Specifically, the POC in this patent
had adevice weight of 1.3 kg and amaximum oxygen flow rate
of 1.5 L/min in the continuous flow setting. In addition, the
POC in this patent uses LiLSX, which has recently been
developed with improved selectivity and adsorption capacity
for nitrogen [25,30,31]. A technology has been incorporated to
maximize the efficiency of oxygen generation by monitoring
thework of the zeolite adsorbent and the flow rate between the

https://www.jmir.org/2026/1/e81077

inlet and outlet of the adsorption column in real time to
accurately detect the point when the adsorbent is saturated with
nitrogen during the adsorption process (breakthrough point)
and switch the cycle just before the saturated nitrogen is mixed
with the concentrated oxygen. This alows oxygen to be
separated without waste and maintains high oxygen purity while
reducing the size of the device [30]. Another patent was
published in 2023 for the design of a nasal-wearable POC
entitled “Device and Method of Generating an Enriched Gas
Within a Nasal Vestibule” [32]. However, few details were
provided on the technical solutions used to achieve this small
POC.

I mproving or Optimizing the Oxygen Generation Process
A 2-bed rapid pressure swing adsorption (RPSA) system as an
oxygen generation process was described in a scientific paper
in 2021 [33]. The adsorption and desorption cycles performed
in multiple adsorption columns in a conventional PSA system
take a certain amount of time, which limits the amount of
oxygen delivery. In this study, the cycle time was significantly
reduced while maintaining a high oxygen concentration by
optimizing the adsorbent and parameters such as pressure and
cycle time related to adsorption. As a result, high oxygen
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productivity was observed despite the much lower ratio of
adsorbent volume required (bed sizefactor) [33]. Other scientific
papers have shown that sensitivity analysis modelling of PSA
systems hasled to optimization of operating conditions such as
adsorption pressure, cycletime and adsorption bed size, leading
to their applicability as oxygen supply infrastructure in small
medical facilities and in high-humidity environments [34,35].

Remote Control

A scientific report for SpO,-targeted automatic titration of
oxygen delivery during activities of daily living (ADL) testing
based on the user's SpO, was identified [36]. This
double-blinded randomized crossover trial evaluated the effect
of SpO,-targeted automatic titration during ADL testing in 31
patients with chronic obstructive pulmonary disease (COPD)
on long-term oxygen therapy. In this trial, an oxygen cylinder
was connected to the closed-loop device (O2matic, Herlev,
Denmark), and this device was placed on arollator during ADL
testing. In the active arm, automatic titration of oxygen flow
rate (0-8 L/min) was set to aim at keeping an SpO, target range
of 90%-94% and those adjustments were done every second
based on the average SpO, for thelast 15 seconds. In the control
arm, the flow rate was kept fixed according to each patient’s
medical prescription. As aresult, automatic titration increased
flow rates by tripleand reduced ADL completiontime, improved
dyspnea, and reduced the number of events of severe
desaturation compared to the control arm. Another technology
for SpO,-targeted adjustment of oxygen delivery based on the
user's SpO, was identified [37]. An “intelligent oxygen
concentrator” for patients with COPD has been developed as a
system that measures physical activity levelsand automatically
adjusts oxygen delivery according to machine learning (eg,
decision tree, probabilistic neuronal network, logistic regression)
[38]. This machine learning model was trained using patient
activity data to discriminate the patient's activity level
(sedentary, light activity, and moderate activity). In apilot study
of 5 patients with COPD with long-term oxygen therapy,
machine learning was used to automatically adjust the flow
setting of pulse flow to match each patient’s physical activity
level. Asaresult, the cumulative time of SpO, bel ow 90% when
walking the circuit course was significantly reduced compared
to manual changes [39].

Kawachi et al

Other Developments and New Technologies

A patent wasidentified for anew oxygen concentration control
techniquethat delivers oxygen at low to moderate concentrations
(eg, 30%-50%) by adjusting the pressure during the PSA cycle
[40]. It was mentioned that the importance of this
low-concentration oxygen delivery in clinical practiceisunclear,
but this patent could lead to reduced energy consumption of the
POC, which has implications for extending battery life. In
addition, anumber of technologies for oxygen delivery control
systems using sensors have been reported in recent years. One
patent described sensors that use light to detect the timing of
inhalation and valves that open and close electromagnetically
at that timing to inject oxygen for avery short time (microbursts)
[41]. Thisalows oxygen to be delivered with less waste of gas.
In addition, a new delivery method was reported in which
oxygen is generated and stored in advance and released in
immediate response to inhalation [42].

Cost

There were no available records of the cost of POCs officially
disclosed by POC companies. Two identified scientific papers
referred to POC prices of approximately US $2000 and US
$3000 as retail costs to end users [43,44]. There were aso no
records of specific costs for LOX and oxygen cylinders.
However, an identified article reported that LOX was
approximately 4 times as expensive as standard oxygen therapy
using POCsor portable cylinders[45]. Another identified article
indicated that LOX systems entail higher service costs due to
the need for regular home refills [46].

Gap Map

The gap map (Figure 5) showed that only a limited range of
oxygen cylinders met patient needs for high flow rates (>3
L/min) and light weight (<2.5 kg). Although current POCs did
not meet thisneed, aone-hand carry device capable of delivering
3 L/min was under clinical development. In al device types,
few products met patient needs for continuous operating time
(>5-6 hours). For auto-titration, SpO,-targeted automatic
titration was available for POCs and cylinders as an interface,
and the development of automatic titration capabilities
embedded into the deviceitself has been reported only in POCs.

Figure 5. Gap map of patient needs and device availability in ambulatory oxygen therapy. The figure illustrates the extent to which current devices
address 3 major patient needs. green indicates needs are met (“available”), yellow indicates limited devices meet patient needs (“limited availability”),
orangeindicates no current devices but technologies are under development (“in development”), and red indicates no available devices and no technol ogies

under development (“not available”).

Patient needs Oxygen Cylinder Liquid oxygen Portable oxygen
concentrator
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Oxygen flow
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Discussion

Overview

This scoping review aimed to identify the range of portable
oxygen devices, their oxygen generation technologies,
performance characteristics, innovations in the design of
ambulatory oxygen therapy devices, and cost. Weidentified 33
POCs, 10 oxygen cylinders, and 6 portable LOX systems. There
was a trade-off between the portability (weight) and oxygen
delivery capacity of POCs. The mean maximum continuous
operating time of POCs was 3.8 hours. PSA with zeolite was
the most common oxygen generation technology in POCs. Two
POC prototypes wereidentified that had better oxygen delivery
capacity despite being the same size as POCs on the market.
LOX was the most portable and had the best continuous
operating time among the devices. In terms of development and
innovation, the downsizing of POCs using nanozeolite as the
adsorbent, improving flow rate using RPSA and SpO,-targeted
automated oxygen titration based on to patient's SpO, and
physical activity were identified. Costs were rarely disclosed
by manufacturers, and published data indicated that LOX is
substantially more expensive than POCs or cylinders.

This study showed that high-flow oxygen delivery of 3 L/min
in the continuous flow setting in POCs is only possible from
commercialy available POCs weighing more than 7.2 kg (eg
eQuinox, Table S3in Multimedia Appendix 4), which need to
be transported on a cart. This may be a burden for patients
requiring high flow rates. Furthermore, the short continuous
operating time of the POCs identified in this study may also
limit daily activities and community engagement. Patients have
previously identified a desirable operating time for portable
oxygen devices of 5-6 hours[9]. In theidentified POC products,
the mean maximum continuous operating time was up to 3.8
hoursin the pulseflow setting. As higher flow rates shorten the
continuous operating time, it is likely that fewer devices will
meet patients needs. Although an additional battery can be
used to doubl e the operating time (eg, Simply Go), carrying the
additional battery may be aburden for the patient. Furthermore,
it should be noted that the numerical setting of a pulse flow
does not correspond to the continuous flow rate and that the
bolus volume varies between products even within the same
pulse flow rate setting [47].

Among the devices, LOX had the best portability and continuous
operating time, but the complicated maintenance was an
obstacle. Previous studies have recognized LOX as a device
with both better portability and continuous operating time [8],
and have reported that LOX useisassociated with better quality
of life and physical activity compared to POCs and cylinders
[48,49]. On the other hand, LOX requires refilling of liquid
oxygen by asupplier at least 2-3 times amonth, which imposes
a high cost on the supplier and user [4,45]. As a result, the
number of suppliers servicing LOX has been declining in the
United States[8].

It was suggested that the trade-off between portability and
oxygen delivery capacity is improving based on the latest
products and prototypes identified. However, even in the latest
POC products (DISCOV-R released in 2023 and OxLife
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Liberty2 released in 2024), the maximum oxygen flow rate of
the continuous flow setting was still 2 L/min (Table S3 in
Multimedia Appendix 4). JUNO, whichisdesigned to be carried
with one hand, is under clinical development and has a
continuous flow setting ranging from 1-3 L/min with a
concentration of 91% [26], and may be an innovative device,
as the PSA Prototype was published in 2015 and the 4-SLPM
in 2018 [50,51]. In terms of technological development, the
nanozeolite (LilSX) had been of interest because of its use in
4-SL PM prototypes, patents, and basic research [30,52].
Although nanozeolites are characterized by higher nitrogen
adsorption capacity, they are more expensive than conventional
zeolites and have challenges such as long-term structural
stability and degradation [53,54]. Although RPSA systems can
improve oxygen productivity by shortening
adsorption—desorption cycles, their application to POCsremains
challenging because no clinical application studies have yet
been reported [52]. Several recent clinical trials and patents
described systems capabl e of adjusting flow rates based on the
user's SpO, and physical activity. Inaclinical trial with asmall
sample size, automated titration improved functional capacity
in ADL, dyspnea, and the number of severe hypoxemia events
[37]. However, these technologies have barriers, including
sensor reliability or inaccuracy even during motion, requiring
further development and clinical trials[37,55]. Identified patents
in this study should be carefully considered because
approximately half of the patents in genera are not
commercialized and launched on the market [56].

Limitations

Limitations of this scoping review include the following. First,
it isdifficult to compare performance such as pul se-dose bolus
volumes and continuous operating time between POCs because
they depend on the number of breaths and device settings [57].
Second, this scoping review included only information published
in English, which may have underestimated information on
devices devel oped and used in non—English-speaking countries.
Third, the pulse-dose bolus volume of POC at maximum pulse
flow setting (as much as possible at a respiratory rate of 20
breaths per minute) extracted in this study does not exactly
indicate the product’s oxygen delivery capacity. POC products
vary in their algorithms for converting pulse-bolus volume and
flow ratein responseto changesin respiratory rate[57]. Fourth,
available evidence regarding product performance relied almost
on manufacturer-reported specifications, and no available
evidence on devicelifespan, failurerates, or long-term durability
was available. There was no information available on the costs
of POC products disclosed by manufacturers in this study.
Lastly, the geographical distribution of the searched literature
was biased toward the United States, as some gray literature
was retrieved using domains such as“.gov,” “.mil,” and “.org”
in Google Advanced Search.

Conclusions

This scoping review is the first study to integrate medical,
engineering, and gray literature evidence on ambul atory oxygen
devices and map current ambulatory oxygen devices and their
development status. Although prior literature has narratively
described products and technologies for ambulatory oxygen
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therapy, no previous research has systematically investigated
these products and new technologies. We identified 33 POCs,
10 oxygen cylinders, and 6 LOX systems. We showed the
performance limitations of current devices and gaps in
technological development in ambulatory oxygen therapy and
suggested directions for future research and development.
Specifically, POCs available to consumers may not meet
patients needs in terms of oxygen flow rate, portability, and
operating time. LOX offered the best performance in terms of
operating time and portability among the devicesbut isrestricted
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