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ABSTRACT

Introduction: This bench study evaluated the
inspired oxygen fraction (FiO,) delivered by dif-
ferent portable oxygen concentrators (POCs)
compared to wall oxygen and a standalone con-
centrator (control device) using a respiratory fail-
ure-specific lung simulator replicating an adult
with chronic respiratory disease at respiratory
rates of 15, 20, 30, and 40 breaths per minute.
Methods: A lung simulator replicated an adult
with chronic lung disease in respiratory failure.
POCs and controls were tested at device-spe-
cific settings 2, 3, 5, and 6. One-way analysis
of variance (ANOVA) assessed FiO, differences
when more than two groups were compared;
independent t tests were used for two-group
comparisons.

Results: Wall oxygen generally delivered
higher FiO, across all settings and respiratory
rates. At 40 breaths/min and setting 2, however,
the CAIRE FreeStyle® Comfort® with autoSAT®
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delivered a slightly higher FiO, than wall oxy-
gen (0.25 vs. 0.24, p<0.01). Among POCs, the
CAIRE FreeStyle® Comfort® (with or without
autoSAT®) achieved the highest FiO, values at
elevated respiratory rates, while devices like the
Inogen G4® and G5® performed more variably
and showed reduced oxygen delivery at higher
breathing frequencies.

Conclusions: Wall oxygen and standalone
concentrators consistently outperformed POCs
across most breathing conditions. While the
CAIRE FreeStyle® Comfort® with autoSAT®
offered relative advantages at high respiratory
rates, most POCs may not adequately sustain
oxygenation during exertion or stress. These
findings inform home oxygen therapy decisions,
emphasizing the importance of device selection
based on respiratory demand. Clinical validation
of these bench findings is warranted.
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Key Summary Points

Objective and Methodology: This bench study
evaluated the inspired oxygen fraction (FiO,)
delivered by portable oxygen concentrators
(POCs) compared to control devices (wall
oxygen and a standalone concentrator),
using a lung simulator replicating an adult
with chronic lung disease in respiratory
failure at respiratory rates of 15, 20, 30, and
40 breaths/min.

Key Findings on Wall Oxygen vs. POCs: Wall oxygen
and standalone concentrators outperformed
all POCs, particularly at higher breathing
rates, suggesting that most POCs may not
adequately meet oxygen demands during
exertion or respiratory stress.

POC Performance Variability: The CAIRE Free-
Style® Comfort® (with autoSAT®), at both
sensitivity modes, consistently achieved the
highest FiO, among POCs at 40 breaths/min
and at setting S. These settings represent
moderate oxygen delivery typical of clinical
use, though actual flow equivalence varies by
device.

Clinical Relevance: Fixed bolus technologies
(e.g., autoSAT®) help maintain FiO, during
exertion (e.g., 40 breaths/min), reducing
the need for setting adjustments and poten-
tially improving adherence in patients with
chronic lung disease in respiratory failure.

Implications and Future Directions: Since POC
performance varies significantly with respira-
tory rate, clinicians should consider device-
specific FiO, data when prescribing oxygen
therapy. These bench findings highlight the
need for clinical validation to assess real-
world outcomes such as exertional desatura-
tion and quality of life.

INTRODUCTION

Approximately 1.5 million Americans rely
on home oxygen therapy as a supplemental

treatment for advanced lung disease [1]. Histori-
cally, traditional in-home oxygen therapy has
depended on large, cumbersome oxygen tanks,
restricting patient mobility and often rendering
individuals homebound. However, technologi-
cal advances, notably the development of port-
able oxygen concentrators (POCs), have signifi-
cantly enhanced the quality of life for patients
requiring oxygen supplementation. These light-
weight devices not only enable ambulation but
also offer a practical solution for those with
advanced lung conditions, promising a future
of improved mobility and independence for
patients with chronic respiratory diseases and
in respiratory failure [1, 2].

POCs deliver oxygen via pulse-dose systems
or continuous-flow mechanisms (Table 1). Pulse-
dose systems detect patient breaths through
adjustable trigger sensitivities, releasing oxygen
boluses only during inhalation. Typically, bolus
size decreases as the respiratory rate increases
in most pulse-dose POCs. However, newer tech-
nologies are available, such as the autoSAT®
feature, which is a proprietary technology by
CAIRE that dynamically maintains a fixed pulse
volume as respiratory rate increases, preventing
the decline in bolus size typical in conventional
devices. This ensures consistent oxygen deliv-
ery under exertional conditions. Furthermore,
the UltraSense® sensitive breath technology
from CAIRE identifies even the faintest breath
to automatically trigger delivery so a breath is
never missed.

Similar fixed-bolus designs are found in
devices such as the GCE ZEN-O LITE™ (pulse
mode) which uses the Rate Responsive Ther-
apy™ feature to automatically adjust oxygen
needs to the patient’s breath rate; or the Drive
DeVilbiss iGo®2 with Patented SmartDose™
technology, and Philips SimplyGo Mini. Evaluat-
ing these oxygen delivery technologies is essen-
tial to ensure that patients effectively meet their
needs, providing reassurance about the future
of treatment in those with chronic lung disease
who are in respiratory failure.

Despite their benefits, POCs exhibit variable
efficacy in delivering adequate oxygen across
different clinical scenarios. Research comparing
POC performance at diverse respiratory rates
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Table 1 Characteristics of portable oxygen concentrators used in the study

Device Flow mode Number Feature Inspira- Dimensions Breathrate  Pulse or fixed volumes
of set- that adjusts  tory trigger (mL per bolus)
tings bolus sensitivity

(emH,0) (HxWxD (Breaths/  Setting#2 Setting #5
in inches) min)

Wall O, Cont 1-6 No

CAIRE® Cont 0.5-5 No 21x12.5%x13.5
Compan-
ion 5™
(SOC)

(16.3kg)

CAIRE Pulse 1-5 Yes -0.1* 10x3.1x7.3 15 NA NA
FreeStyle® (autoSat®) 20 NA NA
Comfort*

. 30 NA NA
with
autoSAT*® 40 NA NA
(2.3kg)

CAIRE Fixed bolus 1-5 No -0.1° 10x3.1x7.3 15 28 70
FreeStyle® 20 21 53
Comfort’

30 14 35
non-
autoSAT * 40 11 26
(2.3kg)

GCE’Zen-  Pulse 1-5 Yes -0.12 93x38%x9.8 15 22 55

O-Lite™ (Rate 20 2 53
ulse Responsive

(p P o 30 22 35

mode) Therapy™)

(2.5kg) 40 22 26

GCE’Zen- Fixed bolus 1-5 No -0.12 93%x3.8x9.8 15 26 70
O-Lice” 20 20 53
(eco mode)

(23kg) 20 13 35
40 10 26

Philips Pulse® 1-5 Yes -02 94x3.6x84 15 22 55
Respiron- 20 2 50
ics
SimplyGo 30 15 33
Mini 40 11 25
(2.3kg)
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Table 1 continued

Device Flow mode Number Feature Inspira- Dimensions Breath rate  Pulse or fixed volumes
of set- that adjusts  tory trigger (mL per bolus)
tings bolus sensitivity
(emH,0) (HxWxD (Breaths/  Setting#2 Setting #5
in inches) min)
Drive DeV-  Fixed bolus 1-5 Yes (Smart-  —0.05 84x35x86 10 44 101
ilbiss iGo"2 DOSCm) 20 22 51
23k
(23kg) 30 15 34
40 11 25
Kingon P2 Pulse 1-5 No -0.12 63x3.4x87 g 28 67
2.0k
( 8) 20 21 50
30 14 33
40 11 25

Settings refer to pulse-dose bolus volumes (mL/breath) for POCs or continuous flow (L/min) for controls. Values are nomi-

nal and may vary as a result of proprietary technologies. The specific pulse volumes for the CAIRE FreeStyle® Comfort® with
autoSAT" enabled at settings 2 and 5 across respiratory rates (15, 20, 30, 40 breaths/min) are unknown because the output is

dynamically regulated and proprietary
*Adjustable

®The SimplyGo version also offers a continuous mode (0.5 to 2 L/min), whereas the SimplyGo mini does not

remains scarce, particularly in respiratory fail-
ure-specific models. This study addresses the gap
in comparative POC performance data by simu-
lating a patient with chronic lung disease who
has respiratory failure breathing patterns at rest
(15 and 20 breaths/min) and during exertion
(30 and 40 breaths/min). Our objectives were
to (1) compare inspired oxygen concentration
(FiO,) delivery across a diverse range of POCs,
(2) include POCs with fixed-bolus technology,
(3) assess FiO, variations at respiratory rates of
15, 20, 30, and 40 breaths/min, and (4) evaluate
differences in FiO, between POCs and a control
device (wall oxygen and a standalone oxygen
concentrator) using a respiratory failure-specific
lung simulator. By focusing on device perfor-
mance, this study informs prescribing decisions
for home oxygen therapy, which is critical given
the rising prevalence of chronic respiratory dis-
eases and the shift toward ambulatory care.

METHODS

This article is based on a previously conducted
study (see preprint) and does not contain any
new studies with human participants or animals
performed by any of the authors. This bench
study utilized the IngMar Medical Active Servo
Lung 5000® (IngMar Medical, Pittsburgh, PA)
connected to flexible double-lumen endotra-
cheal tubing to simulate an adult patient’s
nasal anatomy. The computer-controlled, pis-
ton-driven simulator mimicked spontaneous
breathing and gas exchange in an adult subject
with respiratory failure. An oxygen analyzer
(MAXTEC Handi+, product number R218P12,
MAXTEC, Salt Lake City, UT) was used (meas-
urement range 0-99.9% oxygen; resolution
0.1%; accuracy +3%; galvanic fuel sensor). The
oxygen analyzer was positioned 6 inches below
the simulated nares within corrugated tubing
to measure FiO, at the trachea level. Combined
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with 12 additional inches of tubing, this setup
replicated the airway dead space (trachea and
bronchi). A nasal cannula (Salter Labs 7-foot
16SOFT, SunMed, El Paso, TX) delivered oxygen
from each POC to the simulated nares.

The lung simulator mimicked adult respira-
tory failure lung mechanics at respiratory rates
of 15, 20, 30, and 40 breaths/min. Tested devices
included the following POCs: CAIRE FreeStyle®
Comfort® (with and without autoSAT®), Ino-
gen G4®, Inogen GS5®, Philips Respironics Sim-
plyGo Mini, GCE Zen-O Lite, Drive DeVilbiss
iGo®2, and Kingon P2 (see Fig. 1, Tables 1, 2),
alongside controls (wall oxygen at 99.9% purity)
and a CAIRE® Companion 5™ standalone oxy-
gen concentrator at 87-95.5% purity). The
autoSAT® feature by CAIRE maintains a con-
stant pulse volume as respiratory rate increases,
preventing bolus size reduction and ensuring
consistent oxygen delivery during exertion. All
POCs were new and verified for manufacturer-
specified performance. Testing was conducted at
settings 2 (about 420 mL/min oxygen output)
and 5 (about 1050 mL/min oxygen output) for
consistency, reflecting common clinical use at
rest and being out of breath. We also compared
the CAIRE FreeStyle® Comfort® (with auto-
SAT®) with two different sensitivity modes.

CAIRE Freestyle®
Comfort® Portable
Concentrator

Kingon P2 portable
oxygen concentrator

== :
Philips
Respironics
2 Slmply(.?o.
E Mini
| GCE Zen-0O Lite
Portable Oxygen <
Concentrator i
SsY -

Drive DeVilbiss iGo®2 Portable
Concentrator

The modes range from 1 to 5, where 1 is the
least sensitive and 5 is the most sensitive. If the
dose is falsely triggered, then the sensitivity can
be reduced. On the other hand, if the patient is
unable to trigger a dose, then the sensitivity can
be increased. We chose sensitivity mode 2 as it is
the default mode and sensitivity 5 the most sen-
sitive mode. The subgroup analyses compared
Inogen G4® at setting 3 and Inogen G5® at set-
ting 6 against wall oxygen. Settings 1-6 refer to
oxygen flow or bolus delivery settings, varying
by device in pulse-dose volumes (mL/breath) for
POC:s or continuous flow (L/min) for controls, as
detailed in Tables 1, 2. Direct equivalence across
devices is challenging as a result of proprietary
technologies.

The CAIRE FreeStyle® Comfort® was evalu-
ated at sensitivity settings 2 and 5 to measure
FiO, differences. Each device underwent three
randomized 3-min trials per respiratory rate (9
data points per scenario) to ensure reproducibil-
ity and minimize warm-up variability. A S00-mL
target tidal volume was maintained, with the
simulator auto-adjusting mechanics for 15 and
20 breaths/min and manually adjusted for 30
and 40 breaths/min (settings in Table 3). These
parameters ensured repeatability, reduced warm-
up bias, and provided representative FiO, data,

Inogen One® G4® Portable
Oxygen Concentrator

» - CAIRE® Companion 5™
standalone oxygen

‘ concentrator
i
{

Inogen One®
G5® Portable

Oxygen
Concentrator ‘
9

Fig.1 The different brands of portable oxygen concentrators, including one standalone oxygen concentrator used in this

study
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Table 3 Lung measurement settings for the IngMar Medical Active Servo Lung 5000° simulating an unassisted adult patient

with respiratory failure and a target achieved tidal volume of 500 mL

Respiratory rate scenario Compliance

Resistance tra-
chea (in/out)

Inspiratory
muscle pres-
sure

iTime (s) I:Eratio Peak inspiratory flow

17 cmH,0 1 0.5 23.5 L/min
17 emH,0 1 0.5 23.5 L/min
26 cmH,0 0.83 0.71 41.5 L/min
36cmH,0 062 0.71 54.7 L/min

15 breaths/min 66 L/emH,0 12 emH,O/L/s
25 ecmH,0/L/s
20 breaths/min 66 L/ecmH,0 12 emH,O/L/s
25 emH,O/L/s
30 breaths/min 66 L/ecmH,O 12 ecmH,O/L/s
25 ecmH,0/L/s
40 breaths/min 66L/cmH,0 12 cmH,0/L/s
25 ecmH,0/L/s

The I:E ratio is defined as the inspiratory-to-expiratory ratio

aligning with moderate oxygen delivery in clini-
cal settings.

All data reflect mean FiO, values from three
trials per device for each respiratory rate. Analy-
sis of variance (ANOVA) was used for compari-
sons of more than two groups; independent
t tests were used for two-group comparisons.
Means and standard deviations were calculated
for descriptive statistics. To isolate POC differ-
ences, one-way ANOVA was used to compare
FiO, across devices, with and without con-
trols. Independent t tests were used to assess
the effects of Inogen G4® (setting 3) and Ino-
gen G5® (setting 6) against wall oxygen. The
assumptions for the statistical tests were met
with significance set at p<0.05. Analyses were
performed via SPSS version 25 (Armok, NY).

RESULTS

Device settings were standardized across POCs
and controls to reflect commonly used nominal
oxygen delivery configurations. FiO, decreased
with increasing respiratory rates across all
devices (Figs. 2 and 3).

At setting 2, wall oxygen delivered the
highest FiO, at 15, 20, and 30 breaths/min
(0.28, 0.28, and 0.26, respectively). Nota-
bly, at 40 breaths/min, the CAIRE FreeStyle®

Comfort® with autoSAT®—at both sensitivity
levels—outperformed wall oxygen (FiO,=0.25
vs. 0.24, p<0.01). This demonstrates the fixed-
bolus advantage of the autoSAT® feature under
exertional conditions.

At setting 5, wall oxygen again delivered the
highest FiO, across most breathing rates, reach-
ing 0.40 at 15 breaths/min. Among POCs, the
CAIRE FreeStyle® Comfort® without autoSAT®
delivered the highest FiO, at that same rate
(0.32, p<0.01), followed closely by its auto-
SAT® variant. However, at 40 breaths/min, the
CAIRE FreeStyle® Comfort® (with and with-
out autoSAT®) continued to deliver the highest
FiO, among all POCs, maintaining 0.26 com-
pared to lower values from others (e.g., 0.25
or less).

Comparative subgroup analyses further
revealed that wall oxygen outperformed both
Inogen One® G4® and G5® devices across
matched settings. At setting 3 and 6 respec-
tively, wall oxygen consistently achieved
higher FiO, (ranging from 0.31 to 0.26 across
increasing respiratory rates), whereas the Ino-
gen G4® and G5® showed a marked drop in
FiO, delivery at higher rates, falling to 0.24 and
0.26, respectively, at 40 breaths/min (Fig. 3,
p<0.01).

These FiO, differences are clinically relevant.
For example, the CAIRE FreeStyle® Comfort®
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Wall Oxygen- 0.28 0.28 0.26

CAIRE® Companion 5™ SOC- 0.28 0.27 0.25

CAIRE® FSC (autoSAT®) - Sens. 2-  0.24 0.24 0.24

CAIRE® FSC (autoSAT®) - Sens. 5-  0.24 0.24 0.25

) CAIRE® FSC (w/o autoSAT®)- 0.24 0.24 0.24
]
3

[a) Philips SimplyGo Mini- 0.23 0.24 0.24

GCE Zen-0 Lite (Pulse)- 0.24 0.24 0.24

GCE Zen-0O Lite (Eco)- 0.23 0.24 0.23

Drive DeVilbiss iGo®2 - 0.23 0.23 0.23

kingon P2- 0.24 0.23 0.23

Setting & Respiratory Rate (breaths/min) - 2—I15 2-I20 230

F-ratio, (df), p-value "o

p<0.01  p<0.01
Fig.2 Mean fraction of inspired oxygen (FiO,) deliv-
ered by different oxygen delivery systems across various
flow settings and respiratory rates. Each cell displays the
mean FiO, value measured at a specific flow rate (in liters
per minute, L/min) and respiratory rate (in breaths per
minute, (breaths/min), shown as Setting e.g., 2-15. The
color scale represents the magnitude of FiO,, with lighter
shades indicating lower oxygen concentrations and deeper
blue shades indicating higher FiO, delivery. Devices tested
include Wall Oxygen (control), CAIRE®" Companion 5™
SOC, CAIRE’ FreeStyle Comfort (FSC) with and with-

with autoSAT® (sensitivity 2) at the respiratory
rate of 40 breaths/min [achieved an estimated
P40, of approximately 135 mmHg' 40 breaths/
min, compared to approximately 113 mmHg
for GCE Zen-O Lite (Eco) and the Drive DeV-
ilbiss iGo® 2. This approximately 22 mmHg
advantage has implications for maintaining

I Alveolar pO, (p,O,)=(barometric pressure — water
vapor pressure)xFiO, — (arterial carbon dioxide pres-
sure +respiratory exchange ratio). Or at sea level, this is
estimated as (760 - 47)x0.25 - (35+0.8)=135 mmHg.
The 35 mmHg arterial carbon dioxide pressure is from
hyperventilation at 40 breaths/min and the FiO, is 0.25
from Fig. 2.

82.6,(11) 155.8,(11) 154.8,(11) 208.9,(11) 430.6,(10) 157.4,(10) 9.7,(10)

0.400
0.24
0.24 0.29 0.375
0.25 0.29 030 028 0.26
0,350
0.25 0.27 0.29 0.28 0.26
0,325
0.23 0.28 0.26
o
[
0.23 0.29 0.29 0.27 0.25 - 0.200
0.23 0.28 0.30 0.27 0.25
-0.275
0.22 0.27 0.28 0.27 0.25
0.22 0.26 0.29 0.27 0.24 §0-230
0.23 0.28 0.25 0.26 0.25
-0.225

240 515 520 530 540

422.4,(10)
p<0.01  p<0.01  p<0.01  p<0.01  p<0.01
out autoSAT"® (sensitivity levels 2 and 5), Philips Sim-
plyGo Mini, GCE Zen-O Lite (Pulse and Eco modes),
Drive DeVilbiss iGo® 2, and Kingon P2. Statistical signifi-
cance across groups is indicated below each column using
F-ratios, degrees of freedom (df), and p values: For exam-
ple: F=82.6, df=11, p<0.01 for the 2-15 setting. This
visualization highlights that wall oxygen achieves highest
FiO, at all settings; CAIRE FSC (autoSAT®) performs best
among POC:s but still falls short of wall oxygen at high RR

(30-40 bpm)

adequate oxygenation in patients experienc-
ing exertional hypoxemia or respiratory stress.
Figures 2 and 3 underscore that both wall oxy-
gen and standalone concentrators deliver con-
sistently superior FiO, across all respiratory rates
compared to POCs. While the CAIRE FreeStyle®
Comfort® with autoSAT® offered relatively bet-
ter performance among POCs, most devices—
including the Inogen models—demonstrated a
substantial decline in oxygen delivery at higher
respiratory rates. These results suggest that dur-
ing periods of elevated ventilatory demand,
many current-generation POCs may fail to
sustain optimal oxygenation, a limitation that
should be considered in clinical practice.
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CAIRE Companion 5™ SOC |0.28|0.27|0.25|0.24

Device

Inogen One® G4® |0.24|0.24|0.24(0.23|0.27 | 0.27

Inogen One® G5® [0.24|0.24(0.24|0.23

[ ]
Setting & Respiratory Rate '\i) "LQ 8] I\
(breaths/min) —* 2"

t-statistic, (df), p-valug ———

-0.450
Wall Oxygen |0:28(0.28|0.26|0.24|0.32|0.31 | 0.29 | 0.26 [MELHGIEEN =15 0.32 [REEN (=0 0.32. 0.425
0.400
0.375
0.40 |0-37 (k¥
0.350
S
(.
-0.325
0.25]|0.24

-0.300
-0.275

0.29/0.30(0.27|0.26 [0.30| 0.29| 0.27
-0.250

LT DE T F el | [ |

D0 0 OlH A0 DN OO D O

SES LN P S ATIE SO L D SR ARG R LR

Vo YWY W G K O ¢
t=-23.8,-73.9,-34.5 t=-55.6, -37.1,-50.5, \
-28.5, (16), p<0.01 -66.0, (16) p<0.01

Fig.3 Mean fraction of inspired oxygen (FiO,) deliv-
ered by different oxygen delivery systems across various
flow settings and respiratory rates. Each cell displays the
mean FiO, value measured at a specific flow rate (in liters
per minute, L/min) and respiratory rate (in breaths per
minute, (breaths/min), shown as Setting e.g., 2-15. The
color scale represents the magnitude of FiO,, with lighter
shades indicating lower oxygen concentrations and deeper
red shades indicating higher FiO, delivery. Devices tested
include Wall Oxygen (control), CAIRE Companion 5™
SOC (control), Inogen One® G4, and Inogen One® G5".
Missing values are shaded in gray, indicating unmeasured

DISCUSSION

This study extends prior research on POCs [3-9]
by evaluating device performance at respiratory
rates up to 40 breaths/min—simulating physi-
cal exertion or acute exacerbations in patients
with chronic lung disease and respiratory fail-
ure. As expected, wall oxygen outperformed
POCs in most scenarios, reflecting its high

or non-applicable conditions. Statistical significance is
indicated below the axis with paired ¢ test results compar-
ing device performances: #=—23.8, —73.9, —34.5, —28.5,
df=16, p<0.01; r=—155.6, —37.1, = 50.5, —66.0, df=16,
p<0.01. The results clearly shows Inogen G4° and G5°
deliver substantially lower FiO, than controls at equivalent
settings. There are significant differences in FiO, delivery
between devices across a range of clinically relevant set-
tings. Wall oxygen FiO, remains around 0.38-0.45 at set-
ting 5, even at high respiratory rates, whereas most POCs
drop to 0.25-0.30. F-ratio results are presented in Fig. 2

oxygen purity (99.9% vs. 87-95.5% for POCs).
However, the CAIRE FreeStyle® Comfort® with
autoSAT® exceeded wall oxygen performance at
40 breaths/min at setting 2, likely owing to its
fixed-bolus delivery system maintaining consist-
ent oxygen output during rapid breathing.
Compared to other POCs, the CAIRE Free-
Style® Comfort® with autoSAT® achieved a
FiO, approximately 3% higher than the GCE
Zen-O Lite (Eco) and Drive DeVilbiss iGo® 2,
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and 2% higher than the Kingon P2, GCE Zen-O
Lite (Pulse), and Philips SimplyGo Mini. Even
modest differences in FiO, can translate into
clinically meaningful changes—approximately
22 mmHg in alveolar oxygen pressure (p,O,)—
which may reduce exertional desaturation [,
10]. These findings suggest that autoSAT® and
similar fixed-bolus technologies could help
improve oxygenation and quality of life in
active patients.

Clinical Relevance

POC performance at elevated respiratory rates
(e.g., 40 breaths/min) is critical for patients with
chronic lung disease in respiratory failure, par-
ticularly during physical activity (e.g., walking
or climbing stairs) or during exacerbations when
oxygen demand increases [10, 11]. O’Driscoll
noted that respiratory rates frequently exceed
30 breaths/min during exertion in such patients
[10]. The CAIRE FreeStyle® Comfort® with auto-
SAT® demonstrated the ability to maintain FiO,
under these conditions, reducing the need for
frequent setting adjustments and potentially
improving adherence and treatment effective-
ness [12, 13]. Therefore, clinicians should evalu-
ate device-specific FiO, data when prescribing
oxygen therapy—especially for ambulatory or
active patients [1].

Limitations

This study employed a lung simulator tailored to
replicate respiratory failure physiology, includ-
ing resistance, compliance, and dead space.
However, the model cannot fully reproduce
dynamic factors such as intrinsic PEEP, venti-
lation—perfusion mismatch, or chemoreceptor-
mediated respiratory drive. As such, while our
results are robust in a controlled bench setting,
they should be validated in clinical trials meas-
uring real-world outcomes like pulse oxygen
saturation (SpO,), exertional desaturation, or
patient-reported comfort.

Although this study was funded by CAIRE,
Inc., data collection and statistical analysis
were performed independently by non-funded
researchers. The grant recipient (Douglas S.

Gardenhire) reviewed the results solely for fac-
tual accuracy. Industry support is common in
pulmonary device research [1, 6, 14], and this
transparency should aid readers in evaluating
potential biases.

CONCLUSIONS

Wall oxygen consistently delivered higher FiO,
than POCs across most breathing rates and set-
tings. However, the CAIRE FreeStyle® Comfort®
with autoSAT® demonstrated a clinically mean-
ingful advantage at 40 breaths/min, highlight-
ing its potential utility during exertion. Overall,
POC performance declines with increasing res-
piratory demand, underscoring the importance
of individualized device selection. Fixed-bolus
technologies like autoSAT® reduce the need for
manual setting adjustments and may improve
therapy adherence in active patients.

Bench studies like this one provide essential
insight into device performance, but clinical
validation remains necessary. Transparency in
manufacturer-reported bolus volumes, such as
those outlined in Tables 1 and 2, would further
support informed clinical decision-making for
home oxygen therapy. Despite funding from
CAIRE, Inc., the integrity of the research pro-
cess was maintained through independent data
handling and analysis.

ACKNOWLEDGEMENTS

Medical Writing/Editorial Assistance.
Dr. Gerald S. Zavorsky provided medical writing
and editorial assistance. No funding was received
for this.

Author Contributions. Dr. Douglas S. Gar-
denhire. secured the funding. Dr. Douglas S.
Gardenbhire, Dr. Kyle J. Brandenberger, Mr. Rob-
ert B. Murray, and Mrs. Robin E. Gardenhire
designed the study, prepared the manuscript,
and reviewed the data, and conducted the sta-
tistical analyses. All experimental procedures,
data collection, and analyses were conducted

A\ Adis



Pulm Ther

independently by Dr. Kyle J. Brandenberger,
Mr. Robert B. Murray, and Mrs. Robin E. Gar-
denhire. To ensure objectivity, Dr. Douglas S.
Gardenhire was not involved in data collection
or statistical analysis; his role was limited to pro-
viding technical expertise on device specifica-
tions, ensuring accurate lung simulator setup,
and reviewing the draft and final manuscript
version for factual accuracy. Dr. Gerald S. Zavor-
sky developed the final figures and tables and
completely re-wrote the final manuscript ver-
sion. All authors approved the final version of
the manuscript.

Funding. The authors acknowledge CAIRE,
Inc., who provided unrestricted funding to
Dr. Douglas S. Gardenhire for this study to
occur at Georgia State University. The funding
provided support for summer salaries for the fac-
ulty. The Department of Respiratory Therapy has
provided funding to pay for the publication fee
of this manuscript.

Data Availability. Due to the proprietary
nature of the equipment setup, the complexity
of replicating the exact experimental conditions,
and institutional data management policies, the
raw data are not publicly available. Any data
related to the study can be provided at reason-
able request to Dr. Douglas S. Gardenhire.

Declarations

Conflict of Interest. Dr. Douglas S. Garden-
hire received an unrestricted grant from CAIRE
Inc. for salary support for the faculty. No other
author has any relationship or any financial ties
to CAIRE. Mr. Robert B. Murray has nothing to
disclose. Mrs. Robin E. Gardenhire has nothing
to disclose. Dr. Kyle J. Brandenberger has noth-
ing to disclose. Dr. Gerald S. Zavorsky has noth-
ing to disclose.

Ethical Approval. This article is based on
previously conducted studies and does not con-
tain any new studies with human participants or
animals performed by any of the authors.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Jacobs SS, Lederer DJ, Garvey CM, et al. Optimiz-
ing home oxygen therapy. An official American
Thoracic Society workshop report. Ann Am Thorac
Soc. 2018;15(12):1369-81.

2. Martin DC. Contemporary portable oxygen
concentrators and diverse breathing behav-
iours — a bench comparison. BMC Pulm Med.
2019;19(1):217.

3. Khor YH, McDonald CF, Hazard A, et al. Port-
able oxygen concentrators versus oxygen cyl-
inder during walking in interstitial lung dis-
ease: a randomized crossover trial. Respirology.
2017;22(8):1598-603.

4. Yanez AM, Prat JP, Alvarez-Sala JL, et al. Oxygena-
tion v. Respir Care. 2015;60(3):382-7.

5. Leblanc CJ, Lavallee LG, King JA, Taylor-Sussex RE,
Woolnough A, McKim DA. A comparative study of
3 portable oxygen concentrators during a 6-min-
ute walk test in patients with chronic lung disease.
Respir Care. 2013;58(10):1598-605.

6. Chatburn RL, Williams TJ. Performance compari-
son of 4 portable oxygen concentrators. Respir
Care. 2010;55(4):433-42.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Pulm Ther

10.

11.

Chen JZ, Katz IM, Pichelin M, et al. In vitro-
in silico comparison of pulsed oxygen deliv-
ery from portable oxygen concentrators versus
continuous flow oxygen delivery. Respir Care.
2019;64(2):117-29.

Fischer R, Wanka ER, Einhaeupl F, et al. Com-
parison of portable oxygen concentrators in a
simulated airplane environment. Respir Med.
2013;107(1):147-9.

Bunel V, Shoukri A, Choin F, et al. Bench evalu-
ation of four portable oxygen concentrators
under different conditions representing altitudes
of 2438, 4200, and 8000 m. High Alt Med Biol.
2016;17(4):370-4.

O’Driscoll BR. British Thoracic Society Oxygen
Guidelines: another clinical brick in the wall. Tho-
rax. 2017;72(6):498-9.

Palange P, Forte S, Onorati P, Manfredi F, Serra P,
Carlone S. Ventilatory and metabolic adaptations

12.

13.

14.

to walking and cycling in patients with COPD. ]
Appl Physiol. 2000;88(5):1715-20.

AlMutairi HJ, Mussa CC, Lambert CT, Vines DL,
Strickland SL. Perspectives from COPD subjects on
portable long-term oxygen therapy devices. Respir
Care. 2018;63(11):1321-30.

Moretta P, Molino A, Martucci M, et al. Subject
preferences and psychological implications of
portable oxygen concentrator versus compressed
oxygen cylinder in chronic lung disease. Respir
Care. 2021;66(1):33-40.

Stoller JK, Panos RJ, Krachman S, Doherty DE,
Make B, Long-term Oxygen Treatment Trial
Research Group. Oxygen therapy for patients with
COPD: current evidence and the long-term oxygen
treatment trial. Chest. 2010;138(1):179-87.

A\ Adis



	Comparison of Portable Oxygen Concentrators and Inspired Oxygen Levels in a Model of Respiratory Failure
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Results
	Discussion
	Clinical Relevance
	Limitations

	Conclusions
	Acknowledgements 
	References


