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IMPORTANCE For acutely ill adults who are hospitalized with hypoxemia, supplemental
oxygen is titrated to maintain normoxemia. In current practice, clinicians intermittently titrate
oxygen, potentially exposing patients to hypoxemia and hyperoxemia between assessments.
Autonomous oxygen titration may address these challenges by independently titrating
supplemental oxygen flow to maintain peripheral oxygen saturation (SpO2) within a
predefined range.

OBJECTIVE To determine whether autonomous oxygen titration increases the proportion of
time spent in a targeted normoxemia range compared with usual care in acutely ill adults.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, unblinded, parallel-group, randomized
clinical trial was conducted at 4 US hospitals from May 6, 2024, to November 17, 2025, among
adults hospitalized for acute respiratory illness, trauma, burn, or acute care surgery who were
receiving supplemental oxygen.

INTERVENTION Patients were randomly assigned to receive oxygen titration via either
autonomous oxygen titration or usual care (manual oxygen titration by clinicians) during the
first 72 hours after randomization.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of time spent
within the targeted normoxemia range (SpO2 90%-96%). The key secondary outcome was
the proportion of time spent in hypoxemia (SpO2 <88%).

RESULTS Among 300 patients randomized and included in the trial population (median [IQR]
age, 66 (55-75) years; 162 [54%] female), 152 were assigned to autonomous oxygen titration
and 148 to usual care. Participants represented a range of skin pigmentation categories
defined by the Monk Skin Tone Scale, including 67 (22%) categorized as light, 168 (56%) as
medium, and 65 (22%) as dark. The mean (SE) proportion of time spent in normoxemia was
greater in the autonomous oxygen titration group than in the usual care group (85% [1%] vs
63% [2%]; adjusted risk difference [RD], 21 percentage points [pp]; 95% CI, 18-25 pp;
P < .001). The mean (SE) proportion of time spent in hypoxemia was lower in the
autonomous oxygen titration group than in the usual care group (2.0% [0.2%] vs 3.6%
[0.4%]; adjusted RD, −1.3 pp; 95% CI, −2.0 to –0.5 pp; P = .002). The mean (SE) proportion of
time spent in hyperoxemia (SpO2 >96%) was 9.2% (1.0%) in the autonomous oxygen titration
group and 29.1% (1.7%) in the usual care group. The mean (SE) proportion of time spent in
borderline hypoxemia (SpO2 88%-89%) was 3.4% (0.3%) in the autonomous oxygen titration
group and 4.0% (0.4%) in the usual care group. Results were consistent across prespecified
subgroups.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial among adults hospitalized with
an acute illness or injury and receiving supplemental oxygen, autonomous oxygen titration
substantially increased the proportion of time spent in normoxemia and decreased time
spent in hypoxemia compared with usual care.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT06374225
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S upplemental oxygen is one of the most common medi-
cal treatments used in acutely ill adults to prevent and
treat hypoxemia.1-3 Hypoxemia among hospitalized pa-

tients is associated with an up to 50% in-hospital mortality
when oxygen delivery is inadequate.4 The widespread imple-
mentation of pulse oximetry and continuous peripheral
oxygen saturation (SpO2) monitoring only solved half of
the problem.5 Once hypoxemia is identified, it must be ad-
dressed. Currently, clinicians intermittently titrate oxygen, po-
tentially exposing patients to hypoxemia between assess-
ments. Autonomous oxygen titration may provide a better
solution.

Closed-loop, autonomous oxygen titration systems auto-
matically adjust the flow of oxygen to maintain oxygen satu-
ration within a clinician-determined target range.6-8 Autono-
mous oxygen titration during mechanical ventilation is reliable
and cost-effective.6,7,9 However, supplemental oxygen is most
commonly administered through a nasal cannula or face
mask.10-13 Limited evidence exists on autonomous oxygen ti-
tration for acutely ill patients who do not undergo mechani-
cal ventilation.14,15

We conducted the Strategy to Avoid Excessive Oxygen
Using Autonomous Oxygen Titration Intervention (SAVE-O2 AI)
trial to determine whether autonomous oxygen titration in hos-
pitalized adults receiving supplemental oxygen increases the
time spent in normoxemia (SpO2 90%-96%) and decreases the
time spent in hypoxemia (SpO2 <88%) and hyperoxemia (SpO2

>96%). We hypothesized that autonomous oxygen titration
would increase the proportion of time spent in normoxemia
compared to usual care.

Methods

Trial Design and Oversight
SAVE-O2 AI was a multicenter, parallel-group, patient-level ran-
domized clinical trial conducted at 4 tertiary care hospitals from
different geographic regions of the US. A list of participating
sites has been previously published,16 as have the full trial pro-
tocol and a prespecified statistical analysis plan, which are also
included in Supplements 1 and 2, respectively. Additional in-
formation on study methods is also available in the eMethods
in Supplement 3.

The trial was initiated by investigators and approved by the
Colorado Multiple Institutional Review Board (23-0866) for all
trial sites. Additional approval was obtained by the Defense
Health Agency Office of Human Research Oversight (E01218.
2). The trial was registered at ClinicalTrials.gov before initiation
of enrollment (NCT06374225) and was conducted under a
US Food and Drug Administration (FDA) investigational device
exemption (G230325). Written informed consent was obtained
from patients meeting eligibility criteria and/or their legally
authorized representative before randomization. Complete
information on informed consent procedures has been
previously published.16 The trial followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting
guidelines.17

Trial Population and Randomization
From May 6, 2024, to November 17, 2025, we enrolled adults
(≥18 years old) hospitalized with acute respiratory illness,
trauma, burns, or acute care surgery receiving 1 to 10 L of
supplemental oxygen, and who could be randomized within
36 hours of hospitalization. Acute respiratory illness was de-
fined as a primary or secondary lung insult resulting in hypox-
emia. Hypoxemia attributable primarily to altered mental sta-
tus or sedation was not considered an acute respiratory illness.
We excluded patients who were pregnant, incarcerated, an-
ticipated to be discharged within 24 hours, or transitioning to
room air imminently, or who had imminent plans to escalate
to high-flow nasal oxygen, noninvasive ventilation, or inva-
sive mechanical ventilation. We also excluded patients for
whom the clinical team was unwilling or unable to follow the
prescribed oxygen titration method and target range. En-
rolled participants were randomly assigned in a 1:1 ratio to re-
ceive the intervention (autonomous oxygen titration) or usual
care (manual oxygen titration by clinicians).

Autonomous Oxygen Titration System Information
The O2matic PRO100 is a closed-loop, trend-based, autono-
mous oxygen titration system approved for clinical use in mul-
tiple countries outside the US.18 It was not FDA cleared for clini-
cal use in the US during the conduct of this trial. Using pulse
oximetry input, the system automatically titrates supplemen-
tal oxygen flow (0-15 L/min) to maintain SpO2 within a speci-
fied target range using the lowest effective flow. All partici-
pants were mandated to wear 2 pulse oximeters, 1 for the device
and 1 for the hospital monitor. The latter connected to central
monitoring and alerted clinicians to changes in SpO2 measure-
ments. Additional system specifications have been previ-
ously reported.16

Study Interventions
We previously reported details of the trial interventions.16 In
brief, participants in both treatment groups received a target
SpO2 of 93% (acceptable range, 90%-96%).19 Participants were
connected to pulse oximeters from both the autonomous sys-
tem and the hospital monitor for up to 72 hours after random-
ization or until hospital discharge, whichever occurred first.

Key Points
Question Can autonomous oxygen titration increase the
proportion of time acutely ill adults receiving supplemental oxygen
spend in a targeted normoxemia range (peripheral oxygen
saturation 90%-96%) and decrease time spent in hypoxemia
(peripheral oxygen saturation <88%)?

Findings In this randomized clinical trial among 300 acutely ill
adults in 4 US hospitals, autonomous oxygen titration increased
the proportion of time spent in normoxemia and decreased the
proportion of time spent in hypoxemia compared to usual care.

Meaning Autonomous oxygen titration safely increased the time
that acutely ill adults spent in a targeted normoxemia range
compared with oxygen delivery in current clinical care.
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All study pulse oximeters are FDA cleared for use in hospital-
ized patients. The 2 pulse oximeters were typically placed on
opposite hands. All other aspects of clinical care were left to
usual practice.

Both bedside nurses and respiratory therapists were re-
sponsible for oxygen titration. The standard frequency of SpO2

and oxygen flow rate assessments was every 1 to 2 hours (in-
tensive care unit), and every 4 to 8 hours (inpatient wards).
Clinical assessments and vital sign monitoring were similar in
both groups.

Participants in both groups were allowed to receive noc-
turnal noninvasive ventilation for sleep-disordered breath-
ing. On discontinuation of noninvasive ventilation, oxygen
titration was resumed according to the assigned treatment
group.

Study interventions were discontinued if the participant
escalated to higher-flow oxygen (>15 L/min) or required non-
invasive or invasive mechanical ventilation, per usual clini-
cal care. When participants achieved room air for at least 12
consecutive hours, oxygen delivery could be discontinued per
the clinical team’s discretion; however, participants re-
mained connected to both pulse oximeters for the remainder
of the intervention period.

Autonomous Oxygen Titration Group
In the autonomous oxygen titration group, supplemental oxy-
gen was automatically titrated by the autonomous oxygen ti-
tration system for up to 72 hours. Routine clinical monitoring
and documentation of vital signs continued per usual care.

Usual Care (Manual Titration) Group
In the usual care group, supplemental oxygen was titrated by
clinical staff according to local hospital protocols at each site.
Participants were connected to both pulse oximeters, and au-
tonomous titration was disabled for the autonomous oxygen
titration system. In this mode, the system was used solely for
SpO2 data collection and did not inform titration decisions. The
recommended SpO2 target (93%) and acceptable range (90%-
96%) were reinforced regularly to the clinical team through-
out the 72-hour intervention period.

Data Collection
Site research staff collected data on baseline characteristics and
in-hospital outcomes. We extracted all recorded SpO2 and oxy-
gen flow rate measurements directly from the electronic health
record and from the autonomous oxygen titration system for
all participants.19 Trial personnel collected prespecified data
elements manually using standardized operating proce-
dures, including home supplemental oxygen use. Adverse
events were collected and reported if they were (1) serious or
unexpected, and (2) were definitely, probably, or possibly re-
lated—or of an uncertain relationship—to trial procedures.16

Skin Pigmentation
We directly measured skin pigmentation for all enrolled par-
ticipants, in accordance with FDA guidance.20-22 We used 2 vali-
dated scales: Monk Skin Tone Scale23 and Fitzpatrick skin
scale.24

Outcome Measures
The primary outcome was the proportion of time spent within
the targeted normoxemia range (SpO2 90%-96%) as mea-
sured by 2 continuous noninvasive pulse oximeters during the
first 72 hours after randomization. We calculated the average
of the 2 measurements weighted by the total number of ob-
served minutes per pulse oximeter. When data from one pulse
oximeter were not available, the other contributed available
SpO2 measurements without imputation. Observation of the
primary outcome ended at the earliest of the protocol-
defined concluding events. Periods of time spent in the oper-
ating room, receiving noninvasive ventilation for sleep-
disordered breathing, or under procedural sedation were
excluded.

The key secondary outcome was the proportion of time
spent in hypoxemia (SpO2 <88%). Other secondary outcomes
included proportion of time spent in hyperoxemia (SpO2 >96%),
proportion of time spent in borderline hypoxemia (SpO2 88%-
89%), the total volume of supplemental oxygen adminis-
tered during the first 72 hours after randomization, and time
to room air through day 28. Exploratory outcomes included
hospital-free days through day 28 and in-hospital all-cause 28-
day mortality.

We also completed prespecified subgroup and sensitivity
analyses to evaluate the robustness of treatment effect. Pre-
specified subgroups included skin pigmentation, home oxy-
gen use, oxygen flow rate at randomization, and indication for
hospital admission. We evaluated sensitivity by the different
pulse oximeters and duration of SpO2 monitoring.

Statistical Analysis
Based on prior trials,19,25,26 we estimated that the mean pro-
portion of time spent in normoxemia (primary outcome) in
the usual care (control) group would be 60%. We calculated
that enrolling 300 participants (150 per group) would allow
us to detect a 10% difference in time spent in normoxemia
between groups with more than 99% power (α = .05).

We analyzed the primary outcome following an intention-
to-treat comparison using a quasi-binomial generalized lin-
ear model with an identity link to estimate the adjusted risk
difference (RD) in mean proportions. We included fixed ef-
fects for study site and indication for hospitalization and used
robust standard errors at the participant level to account for
repeated measures.

Participant time spent in hyperoxemia was considered
nonmodifiable if the participant was receiving room air
but had SpO2 higher than 96% (ie, in the hyperoxemia
range) and was included in the normoxemia category.
All participants with valid SpO2 data (defined as any SpO2

60%-100%) from at least 1 pulse oximeter were included
in the primary analysis. The primary outcome was calcu-
lated separately using data from both pulse oximeters. The
quasi-binomial model incorporated the total number of
observed minutes per pulse oximeter in its estimation and
implicitly weighted each measurement by total observed
time.

We analyzed proportional secondary outcomes (eg, time
spent in hypoxemia) using the same methods as the primary
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analysis. We used a quasi–Poisson regression model for
countlike continuous outcomes (eg, total amount of supple-
mental oxygen administered) and analyzed time-to-event
outcomes using a competing risks framework (eg, all-cause
mortality). We used a proportional odds model to analyze
ordinal outcomes (eg, supplemental oxygen-free days). All
analyses were performed in R, version 4.2.2 (R Foundation
for Statistical Computing),27 and Cox models used the sur-
vival package.28A 2-sided significance level of P < .05 was
used for all statistical tests.

Results
Trial Population
A total of 300 adults hospitalized with an acute illness
or injury who were receiving supplemental oxygen
were randomized and included: 152 in the autonomous
oxygen titration group and 148 in the usual care group
(Figure 1). Among participants, the median (IQR) age
was 66 (55-75) years, 162 (54%) were female, 208 (69%)

were admitted for an acute respiratory illness, and 155 (52%)
were receiving at least 3 L/min of oxygen at randomization.
Participants represented a range of skin pigmentation
categories (67 [22%] light, 168 [56%] medium, and 65 [22%]
dark by Monk Skin Tone Scale; eFigure 1 in Supplement 3).
A complete list of baseline characteristics is summarized
in Table 1 and eTable 1 in Supplement 3. The median
(IQR) time receiving study interventions for participants
was 42 (23-60) hours in the autonomous titration group
and 41 (18-59) hours in the usual care group. The most
common reasons for follow-up to end were completion of
the 72-hour study period in 143 participants (48%) and
tolerating room air for at least 12 consecutive hours in 71
(24%) (eTable 2 and eFigure 2 in Supplement 3). The median
(IQR) number of oxygen titrations of at least 1 L/min per day
on study was 1.0 (0.3-2.5) in the autonomous oxygen titra-
tion group and 1.3 (0.7-2.4) in the usual care group. There
was a median of 7.3 flow rate changes recorded per day
overall (median [IQR] of 7.7 [5.1-10.3] in the usual care group
and 6.8 [4.3-10.0] in the autonomous oxygen titration
group).

Figure 1. Flow Diagram of Participants Through the Trial

2663 Adult patients hospitalized for acute respiratory
illness, trauma, burn, or acute care surgery who
were receiving supplemental oxygen screened

2360 Excluded
1455 Planned to discontinue supplemental oxygen imminently
348 Declined enrollment or had a legally authorized

representative who declined enrollment
252 Planned to escalate to higher oxygen needs imminently
113 Anticipated to be discharged from the hospital within 24 h

65 Clinical team was unwilling or unable to follow the prescribed
oxygen titration method in either randomization group

17 Incarcerated
17 Pregnant

93 Contraindicated condition for use of the autonomous
oxygen titration system
38 Sickle cell crisis
24 Unstable Spo2 signal
11 Undrained pneumothorax
8 Increased methemoglobin
6 History of cluster headaches
4 Incapable of handling airway secretions
2 Carbon monoxide poisoning

303 Randomized

148 Included in the primary analysis152 Included in the primary analysis

153 Randomized to the autonomous
oxygen titration arm

150 Randomized to the usual
care arm

2 Excluded
1 Weaned below 1 L/min supplemental oxygen

after randomization but before initiation of
study procedures

1  Withdrew before initiation of study procedures

1 Excluded (weaned below 1 L/min supplemental
oxygen after randomization but before initiation
of study procedures)

148 Included in the trial population152 Included in the trial population

SpO2 indicates peripheral oxygen saturation.
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Primary and Key Secondary Outcomes
The mean (SE) proportion of time spent in normoxemia (SpO2

90%-96%) was greater in the autonomous oxygen titration
group than in the usual care group (85% [1%] vs 63% [2%]; ad-
justed RD, 21 percentage points [pp]; 95% CI, 18-25 pp; P < .001)
(Table 2 and Figure 2). The mean (SE) proportion of time spent
in hypoxemia (SpO2 <88%), the key secondary outcome, was
lower in the autonomous oxygen titration group than in the
usual care group (2.0% [0.2%] vs 3.6% [0.4%]; adjusted RD,
−1.3 pp; 95% CI, −2.0 to −0.5 pp; P = .002). When hypoxemia
was defined as SpO2 lower than 85% (ie, severe hypoxemia) in
a post hoc analysis, the mean (SE) proportion of time spent was
also lower in the autonomous oxygen titration group than in
the usual care group (1.0% [0.1%] vs 1.9% [0.2%]; adjusted RD,
–0.7 pp; 95% CI, −1.2 to −0.3 pp; eTable 3 in Supplement 3).

Secondary and Exploratory Outcomes
The mean (SE) proportion of time spent in hyperoxemia (SpO2

>96%) was 9.2% (1.0%) in the autonomous oxygen titration
group and 29.1% (1.7%) in the usual care group (adjusted RD,
−18 pp; 95% CI, −22 to −14 pp; eFigure 3 in Supplement 3). The
mean (SE) proportion of time spent in borderline hypoxemia
(SpO2 88%-89%) was 3.4% (0.3%) in the autonomous titra-
tion group and 4.0% (0.4%) in the usual care group (adjusted

RD, −0.3 pp; 95% CI, −1.2 to 0.6 pp). The total volume of supple-
mental oxygen administered per participant per day was 2310
L in the autonomous oxygen titration group and 2992 L in the
usual care group (incidence rate ratio, 0.83; 95% CI, 0.67-
1.02). Most patients received less than 6 L/min supplemental
oxygen during the first 72 hours after randomization, and par-
ticipants in the autonomous oxygen titration group generally
received lower flow rates than those in the usual care group
(Figure 3). In a post hoc analysis, the total volume of supple-
mental oxygen administered was lower in the autonomous ti-
tration group during the first 24 hours after randomization
(eTable 3 in Supplement 3). The median (IQR) time to achieve
room air was 1.05 (0.45-2.91) days in the autonomous oxygen
titration group and 1.15 (0.64-2.65) days in the usual care group
(adjusted hazard ratio, 1.03; 95% CI, 0.79-1.34; eFigure 4 in
Supplement 3).

In-hospital mortality to day 28 was uncommon and simi-
lar in the autonomous titration group and usual care group (4
deaths [2.6%] vs 5 deaths [3.4%]; adjusted hazard ratio, 1.03;
95% CI, 0.22-4.84; eFigure 5 in Supplement 3). The median
supplemental oxygen-free days and hospital-free days were
similar between groups, as were the remaining exploratory out-
comes (eFigures 6 and 7 in Supplement 3). There were no re-
ported serious adverse events in either treatment group.

Table 1. Patient Demographics and Characteristics at Baseline

Characteristic

No. (%)
Autonomous oxygen titration
group (n = 152)

Usual care group
(n = 148)

Age, median (IQR), y 68 (59-77) 64 (53-72)

Sex

Female 87 (57) 75 (51)

Male 65 (43) 73 (49)

Race and ethnicitya

Black, non-Hispanic 26 (17) 28 (19)

Hispanic 9 (6) 10 (7)

White, non-Hispanic 113 (74) 105 (71)

Other 4 (3) 5 (3)

Monk Skin Tone Scaleb

Light 38 (25) 29 (20)

Medium 83 (55) 85 (57)

Dark 31 (20) 34 (23)

Primary reason for hospital admission

Acute respiratory illness 106 (70) 102 (69)

Traumatic injury/burn/acute surgery 46 (30) 46 (31)

Admitted to an ICU at time of enrollment 38 (25) 35 (24)

Admitted to an ICU at any point during the study period 41 (27) 41 (28)

Oxygen flow rate at randomization, L/min

1.0-2.9 77 (51) 68 (46)

3.0-4.9 57 (38) 53 (36)

5.0-10 18 (12) 27 (18)

Chronic pulmonary disease 65 (43) 63 (43)

Chronic obstructive pulmonary disease 39 (26) 39 (26)

Currently or formerly smoke 64 (42) 78 (53)

Oxygen use at baseline 14 (9) 17 (11)

BMI, median (IQR) 28 (24-34) 29 (25-35)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
ICU, intensive care unit.
a Race and ethnicity were

self-reported by participants. The
other race and ethnicity category
includes participants reporting as
American Indian or Alaska Native,
Asian, Native Hawaiian or Other
Pacific Islander, multiple races,
other race or ethnicity, and
unknown or not reported. These
groups are reported together owing
to small sample sizes.

b Monk Skin Tone Scale categories
were grouped as light (Monk 1-3),
medium (Monk 4-6), and dark
(Monk 7-10).
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Reported adverse events included epistaxis in 2 participants
and discomfort associated with the nasal cannula or face mask
in 2 participants, all in the autonomous oxygen titration group
(eTables 4 and 5 in Supplement 3). This was addressed by a pro-
tocol amendment requiring humidification of supplemental
oxygen when flow rates exceeded 8 L/min.

Subgroup Analyses
The results of the prespecified subgroup analyses are shown
in eFigure 8 in Supplement 3. The treatment effect on the pri-
mary outcome considerably favored autonomous titration
across all prespecified subgroups, including by skin pigmen-
tation categories. The treatment effect on the key secondary
outcome (time spent in hypoxemia) favored autonomous ti-

tration across all prespecified subgroups (eFigure 9 in Supple-
ment 3) in a post hoc analysis. Therefore, none of the prespeci-
fied characteristics modified the effect of autonomous titration
on the proportion of time spent in either normoxemia or
hypoxemia.

Sensitivity Analyses
The difference in the mean proportion of time spent in nor-
moxemia was greater when SpO2 measurements from only the
autonomous device pulse oximeter were used (adjusted RD,
28 pp; 95% CI, 25-32 pp) compared to SpO2 measurements from
only the hospital pulse oximeter (adjusted RD, 14 pp; 95% CI,
9-18 pp; eFigure 10 in Supplement 3). Results were similar in
sensitivity analyses that progressively restricted the primary

Figure 2. Bar and Line Graphs of Proportion of Time Participants Spent in Hypoxemia, Normoxemia, and Hyperoxemia by Receipt
of Autonomous Oxygen Titration vs Usual Care
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aP < .001.
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analysis to participants with greater amounts of valid SpO2 data.
A scatterplot of SpO2 measurements comparing usual care and
autonomous oxygen titration pulse oximeters is provided in
eFigure 11 in Supplement 3.

Discussion
Among adults hospitalized with an acute illness or injury re-
ceiving supplemental oxygen, titrating oxygen using an au-
tonomous system increased the proportion of time spent in
normoxemia and decreased the proportion of time spent in hy-
poxemia and hyperoxemia compared with usual care using
manual oxygen titration by clinicians. Together, these find-
ings indicate that autonomous oxygen titration safely and ef-
fectively maintains oxygen saturation within a prespecified tar-
get range and reduces time spent in hypoxemia compared with
usual care in hospitalized medical and surgical patients.

The ability of autonomous oxygen titration to correct hy-
poxemia once it has been detected—in a more quickly and sus-
tained fashion than manual oxygen titration—may improve
clinical outcomes when applied at a population level. In-
deed, autonomous titration also decreased time spent in se-
vere hypoxemia (SpO2 <85%) in a post hoc analysis, which aligns
with primary end points of hypoxemia trials.29 Autonomous
oxygen titration also decreased the proportion of time spent
in hyperoxemia in the present trial. Excessive supplemental
oxygen administration and resultant hyperoxemia may have
adverse physiologic consequences.30,31 Additionally, supple-

mental oxygen administration was lower in the autonomous
oxygen titration group during the first 24 hours in this trial.
Therefore, autonomous oxygen titration reduces exposure to
potentially harmful hyperoxemia and may also decrease
supplemental oxygen use. Conserving oxygen by safely re-
ducing the use of supplemental oxygen may also improve lo-
gistics in austere settings where the oxygen supply is limited.32

Prior studies have demonstrated similar clinical benefits
for autonomous oxygen titration devices in specific popula-
tions that did not undergo mechanical ventilation, such as pa-
tients with chronic obstructive pulmonary disease,14 major ab-
dominal or thoracic surgery,25 and acute COVID-19 infection.13

However, these prior studies were conducted outside of the
US and included mostly patients with light skin pigmenta-
tion, limiting their applicability to US populations. This is par-
ticularly important given concerns about the accuracy and pre-
cision of pulse oximetry in patients with darker skin
pigmentation.33 The present trial included participants with
a wide range of skin pigmentation, with 78% having medium
or dark skin pigmentation. Autonomous titration appeared to
benefit participants in all skin pigmentation groups (eFig-
ure 8 in Supplement 3). Furthermore, we enrolled patients from
4 geographically and demographically distinct sites, with mul-
tiple indications for hospital admission, and across a broad
range of oxygen flow rates at randomization. This clinical and
demographic heterogeneity supports the generalizability and
real-world relevance of the findings.

Participants in the usual care group spent a much higher
proportion of time in normoxemia and a lower proportion in
hypoxemia compared to previous studies. In prior trials, par-
ticipants in the usual care (manual titration) groups spent ap-
proximately 40% to 50% of their time in normoxemia and 4%
to 18% in hypoxemia.25,34 In this trial, participants in the usual
care group spent 63% of their time in the targeted normox-
emia range and only 3.6% in hypoxemia. Therefore, the con-
trol group in this trial likely represented enhanced usual care.
Even in this context, autonomous oxygen titration still mean-
ingfully increased time spent in normoxemia and decreased
time spent in hypoxemia. This finding suggests that autono-
mous oxygen titration provides benefit even when usual care
performance is enhanced. In settings with lower staffing ra-
tios or less frequent patient assessments, the benefits of au-
tonomous oxygen titration may be even greater.

Strengths and Limitations
This trial has several strengths. We used the weighted aver-
age of 2 simultaneously collected SpO2 measurements. The au-
tonomous oxygen titration device was blind to the hospital SpO2

measurements and titrated solely on input from its own pulse
oximeter. Conversely, titration in the usual care group was
based solely on SpO2 measurements from the hospital pulse
oximeter. Therefore, measurements from the device pulse ox-
imeter would be expected to favor the autonomous titration
group, and from the hospital pulse oximeter would be ex-
pected to favor the usual care group. In a sensitivity analysis,
we found that the RD between treatment groups in propor-
tion of time in normoxemia was greater when using only the
device pulse oximeter (adjusted RD, 28 pp; 95% CI, 25- 32 pp)

Figure 3. Line Graph and Box Plots Showing Supplemental Oxygen
Flow Rates by Receipt of Autonomous Oxygen Titration vs Usual Care
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flow rates. The y-axis represents the proportion of participants with an
observed oxygen flow rate less than or equal to the value on the x-axis. Shaded
bands indicate uncertainty around the empirical distributions. The horizontal
dashed line indicates the median of the participant-level distribution. The box
plots present the same data, with boxes indicating the IQR (25th to 75th
percentiles) and the central line in the boxes denoting the median. Whiskers
extend to the most extreme values within 1.5 times the IQR. Points represent
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and less when using only the hospital pulse oximeter (ad-
justed RD, 14 pp; 95% CI, 9-18 pp) (eFigure 10 in Supple-
ment 3). However, results from both approaches were consis-
tent with the primary analysis and favored autonomous oxygen
titration.

This trial also has several limitations. Because the trial was
not blinded, awareness of the trial group assignments could
have influenced the participants’ behavior or clinicians’ treat-
ment decisions. Such awareness, including education and just-
in-time reminders from site research teams, may have influ-
enced usual care during the trial. However, such influence
would be expected to bias results toward the null by improv-
ing usual care performance. This trial assessed only the PRO100
device, so the results may not be generalizable to other au-
tonomous oxygen titration systems. The limitations of cur-
rently available pulse oximeters are well established.5 The FDA
recently highlighted the need for improvements in pulse ox-
imeter accuracy and precision, particularly to address biases
present in current devices.20,21 Importantly, an autonomous

oxygen titration system titrates oxygen to a clinician-
specified SpO2 target based on the pulse oximeter’s measured
value. Therefore, the system does not correct for inaccuracy
or imprecision in pulse oximetry measurements, but will re-
liably maintain oxygen saturation at the chosen target. Im-
provements in pulse oximetry technology would be expected
to enhance the performance of autonomous oxygen titration
systems by providing measurements that more accurately re-
flect true arterial oxygen saturation.

Conclusions
In this randomized clinical trial among adults hospitalized with
an acute illness or injury and receiving 1 to 10 L/min of supple-
mental oxygen, autonomous oxygen titration substantially in-
creased the proportion of time spent in normoxemia and de-
creased time spent in hypoxemia compared with manual
oxygen titration.
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