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ABSTRACT
Background  When delivering nasal high flow (NHF) 
therapy in a medical ward, a high dependency unit or an 
intensive care unit, automated oxygen titration increases 
time spent within a target oxygen saturation (SpO2) 
range compared with standard, manually titrated oxygen. 
This study explores whether this improvement is also 
seen when titrating oxygen with NHF in an emergency 
department (ED).
Method  This open-label, parallel groups, randomised 
controlled trial compared automated to manual oxygen 
titration using NHF therapy in hypoxaemic adult patients 
in the Wellington Regional Hospital ED between October 
2022 and December 2023. Participants with a prescribed 
target SpO2 range who demonstrated a minimum oxygen 
requirement were eligible for inclusion. A rank-based 
comparison was used for the primary outcome, the 
proportion of time spent within the target SpO2 range 
of 92%–96%, or 88%–92% if at risk of hypercapnia, 
among participants achieving ≥30 min of therapy. An 
interaction term was applied to assess whether the 
proportion of time spent within target SpO2 range 
depended on the prescribed target range itself (SpO2 
92%–96% or 88%–92%).
Results  83 participants were screened, 52 were 
randomised and 49 had data for the primary endpoint. 
Median (IQR) proportion of time spent within the target 
SpO2 range with automated oxygen (n=25) was 96.4% 
(92.5% to 99.4%) compared with 89.9% (69.8% 
to 97.2%) with manually adjusted oxygen (n=24); 
difference (95% CI) 8.0% (1.7% to 16.9%), p=0.01. 
There was no evidence that the proportion of time spent 
within target SpO2 range depended on the selected 
target SpO2 range, P-interaction 0.60.
Conclusion  Automatically titrated oxygen therapy 
significantly increased time spent within a target SpO2 
range, compared with manual oxygen titration in adult 
patients receiving NHF therapy in the ED.

INTRODUCTION
Hypoxaemia is a commonly encountered clinical 
scenario in patients presenting to an emergency 
department (ED).1 The risks of progressively severe 
hypoxaemia range from transient disruption of 
cellular function to severe tissue ischaemia and 
even death.2 3 While correcting severe hypoxaemia 
with supplemental oxygen clearly has the potential 
to save lives, excessive oxygen therapy leading to 
hyperoxaemia can also be potentially harmful.4–6 
Providing sufficient oxygen to mitigate hypox-
aemia, while avoiding overoxygenation to prevent 
hyperoxaemia, respects these competing risks and 

has become widely accepted as the safest approach 
to supplement oxygen.

Acute care guidelines recommend oxygen be 
delivered within a target oxygen saturation (SpO2) 
range,2 3 7 a process that requires manual adjust-
ment of the fraction of inspired oxygen (FiO2). 
This depends on pulse oximetry to estimate blood 
oxygen saturation and a clinician to intermittently 
adjust the delivered FiO2 to achieve SpO2 read-
ings within the prespecified target range. Titrating 
oxygen in this way may not be ideal, as it has been 
shown to maintain medical inpatients within a 
prescribed target SpO2 range approximately half 
the time.8 For ED patients and those receiving 
prehospital care, time spent within the target SpO2 
range when manually adjusting oxygen may be even 
lower.1 9 10

Automated oxygen titration systems represent 
a novel strategy to deliver oxygen to achieve a 

WHAT IS ALREADY KNOWN ABOUT THIS TOPIC
	⇒ Compared with standard manual oxygen 
titration, automated oxygen titration systems 
increase time spent within a target oxygen 
saturation range when used with nasal high 
flow (NHF) therapy in adults in medical wards, 
high dependency units and intensive care units.

	⇒ It is not known whether this improvement is 
also applicable to patients with hypoxaemia 
managed in emergency departments (EDs) who 
might obtain the greatest benefit from tight 
oxygen control.

WHAT THIS STUDY ADDS
	⇒ When delivering NHF therapy to adult patients 
with hypoxaemia in the ED, automated oxygen 
titration increases time spent within a target 
oxygen saturation range compared with manual 
oxygen titration.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study demonstrates that an automated 
oxygen titration system used with NHF therapy 
in adults managed in the ED provides similar 
improvements in oxygen control to when used 
in other hospital locations.

	⇒ These findings suggest that automated oxygen 
titration may represent the optimal oxygen 
delivery strategy for ED patients receiving NHF 
oxygen.
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prespecified target SpO2 range.11 They consist of a sophisticated 
closed-loop control algorithm that adjusts the FiO2 according to 
the current and predicted future SpO2. In a previous ED-based 
trial using conventional low flow oxygen therapy, the effect of 
automating oxygen titration was to significantly increase time 
spent within a target SpO2 range.12 However, in many hospital 
settings, nasal high flow (NHF) oxygen has become the first-line 
therapy for hypoxaemic respiratory failure,13–15 and it is yet to 
be determined whether similar effects will be observed in an 
ED with automated oxygen titration integrated into an NHF 
device.

Accordingly, this study assesses the effect of automated oxygen 
titration using a novel NHF oxygen delivery device (Airvo-3 
with OptiO2, Fisher and Paykel Healthcare, Auckland, New 
Zealand) on time spent within a predefined target SpO2 range, in 
patients with hypoxaemia presenting to an ED. We hypothesise 
that adherence to the target SpO2 range will be improved with 
the use of this NHF device that can automate oxygen titration.

METHODS
Study design
This open-label, phase IIb, randomised, parallel groups, 
controlled trial evaluated the effect of the Airvo-3 device with 
automated oxygen titration (OptiO2) in adults with hypoxaemia 
presenting to a single ED. The trial was conducted in accordance 
with Good Clinical Practice guidelines and the Declaration of 
Helsinki. The trial was registered with the Australian and New 
Zealand Clinical Trials Registry: ACTRN12622000423718.

Patient and public involvement statement
There was no patient or public involvement in the design or 
conduct of this study.

Participants
Participants were adults presenting to the ED at Wellington 
Regional Hospital, Wellington, New Zealand, which receives 
approximately 175 patients per day. All participants provided 
written informed consent before the determination of eligibility. 
Inclusion criteria were patients expected to receive oxygen for 
at least 1 hour, with an appropriate target SpO2 range of either 
92%–96%, or 88%–92% when at risk of hypercapnia, and had 
received sufficient oxygen during a 10 min run-in period. During 
this period, participants were given NHF oxygen therapy with 
FiO2 titrated automatically using the device in OptiO2 mode. If 
the FiO2 at the end of 10 min of therapy was at least 28% for 
those with a target SpO2 range of 92%–96%, or at least 24% 
for those with an 88%–92% target range, participants could be 
included in the trial. If at the end of the 10 min eligibility assess-
ment period, the FiO2 was lower than these levels, or exceeded 
50% and 40% for each SpO2 target range, respectively, then 
participants were deemed ineligible. Other exclusion criteria 
were: age <18 years, haemodynamic instability (systolic blood 
pressure <90 mm Hg, or requiring vasopressor or inotropic 
support), documented respiratory acidosis at the time of enrol-
ment (arterial blood gas with pH <7.35 and arterial partial 
pressure of carbon dioxide(PaCO2) >45 mm Hg), receiving end-
of-life care, presence of a risk factor for barotrauma or a nasal/
facial condition precluding NHF use, cognitive impairment or 
impaired consciousness precluding informed consent, or pres-
ence of any other condition believed to present a risk to partic-
ipant safety.

Randomisation
After completing the 10 min run-in period, eligible participants 
were block randomised, with a variable block size, in equal 
proportions (one to one) to receive the intervention: automated 
oxygen titration, or the control: manually titrated oxygen. 
All participants received the randomly allocated oxygen titra-
tion strategy via NHF therapy. The randomisation code was 
generated by the study statistician using a computer-generated 
sequence. Allocation was concealed by the Greenlight guru 
(Indianapolis, USA) electronic case report form and was released 
to investigators at the time of randomisation. The nature of the 
intervention meant that investigators and participants could not 
be blinded to the allocated intervention. The study statisticians 
were also unblinded due to the format of the data sheets used 
for the analysis.

Procedures
The configuration and operation of the Airvo-3 device are 
outlined in figure 1. Randomised participants remained on NHF 
oxygen therapy using the Airvo-3 device with Optiflow (Fisher 
and Paykel Healthcare) nasal cannula. The gas flow rate was 
titrated between 25 L/min and 70 L/min at the treating clinician’s 
discretion. A finger probe pulse oximeter (Nonin 7000A, Minne-
sota, USA) remained attached to an appropriate finger. The 
pulse oximeter cable connected to the Airvo-3 device computer 
through a universal serial bus port, with the current measured 
SpO2 value continuously displayed on the device screen and all 
the physiological and device variables recorded every 1 s onto 
the device computer.

The control of FiO2 was set according to the randomised treat-
ment allocation, either using the automated setting (OptiO2) or 
manually at the discretion of the participant’s primary nurse. 

Figure 1  Schematic representation of the Airvo-3 NHF device with 
an automatic oxygen control system. While delivering NHF therapy, 
the Airvo-3 device continuously measures SpO2 using an in-built pulse 
oximeter and displays current measurements on the device screen. The 
automated oxygen control function of the device (OptiO2) operates a 
closed-loop control algorithm that titrates the FiO2 to a prespecified 
target SpO2 range. The device alarms when FiO2 reaches the upper or 
lower FiO2 limit, or if the SpO2 alarm threshold values are breached. 
FiO2, fraction of inspired oxygen; NHF, nasal high flow; SpO2, peripheral 
oxygen saturation.
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Nurses were trained to use the Airvo-3 device and the OptiO2 
automated oxygen system. For participants randomised to auto-
mated oxygen control, nurses were instructed to adjust the FiO2 
settings if they had a clinical concern, or if prompted by device 
alarms that alerted them to a clinical deterioration as outlined 
in the online supplemental appendix S1. The nurses of partici-
pants randomised to manually adjusted oxygen were instructed 
to adjust the FiO2 as they normally would as part of usual care. 
A study investigator was available throughout the entire study 
duration to assist nurses with troubleshooting device alarms and 
ensuring adherence to the study protocol. On completion of 
the study, the data were downloaded from the Airvo-3 device, 
uploaded onto a study computer and processed into spread-
sheets for analysis.

Outcomes
The primary outcome was the proportion of time spent within 
the target SpO2 range in those receiving at least 30 min of therapy. 
Secondary outcomes were the time spent within the target SpO2 
in each target SpO2 subgroup (92%–96% or 88%–92%), as well 

as the time spent above and below the target SpO2 range. Addi-
tional outcomes were the responses of physiological parameters 
(heart rate, respiratory rate, FiO2) to randomised therapies.

Sample size
Based on our previous study of medical inpatients,16 we esti-
mated that a total sample size of 50 participants would provide 
90% power to detect a 15% difference in time spent in the 
target range between intervention and control, with an SD of 14. 
This sample size calculation was based on an unpaired t-test to 
compare groups, equal size numbers in intervention and control 
groups, and a two-sided type 1 error rate (alpha) of 5%.

Statistical methods
The primary analysis for the primary outcome, time to SpO2 in 
the range, was by the Mann-Whitney U test with the Hodges-
Lehmann estimator for location difference and appropriate CIs.

The following sensitivity analyses were also performed for 
the primary outcome: count of seconds in the range by Poisson 

Figure 2  CONSORT diagram. *Or less than 24% for those with an 88%–92% target SpO2 range; †Or greater than 40% for those with 88%–
92% target SpO2 range. CONSORT, Consolidated Standards of Reporting Trials, ED, emergency department; FiO2, fraction of inspired oxygen; SpO2, 
peripheral oxygen saturation.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

C
o

n
so

rtia
at B

en
 G

u
rio

n
 U

n
i M

A
L

M
A

D
 

o
n

 A
p

ril 17, 2026
 

h
ttp

://em
j.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

30 Jan
u

ary 2026. 
10.1136/em

erm
ed

-2024-214023 o
n

 
E

m
erg

 M
ed

 J: first p
u

b
lish

ed
 as 

https://dx.doi.org/10.1136/emermed-2024-214023
http://emj.bmj.com/


218 Kirton L, et al. Emerg Med J 2026;43:215–222. doi:10.1136/emermed-2024-214023

Original research

regression analysis with and without a treatment interaction by 
92%–96% or 88 to 96% target SpO2 range, each with baseline 
FiO2 as a covariate, and the number of observations made (as 
a surrogate for time in the study) as an offset variable to take 
account of differential weighting based on time of observation 
and participant as a random effect to account for repeated 
measures. Note that for all Poisson models, overdispersion was 
present (checked by comparing mean and variance, plus Pearson 
and deviance statistics) and as such the Pearson statistic was used 
as a scale parameter for all models. Each of these analyses has 
also been performed using negative binomial models.

All other times, SpO2 in/below/above range variables were 
analysed by a Mann-Whitney U test with the Hodges-Lehmann 
estimator for location difference and appropriate CIs.

Due to normality assumptions not being well met (checked 
by residual distributions and plots of residuals vs predicted 
values) the number of FiO2 adjustments was analysed by a 

Mann-Whitney U test with the Hodges-Lehmann estimator for 
location difference and appropriate CIs.

For the density plot, non-parametrical kernel density estimates 
with a standardisation bandwidth of 3 were overlaid on trans-
parent histograms. For the large data set, withone measurement 
per second per participant for the duration of the study, every 
fifth measurement was used to manage the algorithm to generate 
the plots.

SAS V.9.4 was used. A statistical analysis plan was followed.

Patient and public involvement statement
There was no patient or public involvement in the design or 
conduct of this study.

RESULTS
Between 11 October 2022 and 12 December 2023, 85 partici-
pants were screened, 52 were randomised to receive the study 

Table 1  Baseline participant characteristics

All participants Automated oxygen titration Manual oxygen titration

Continuous variables N Mean (SD) N Mean (SD) N Mean (SD)

Age (years) 49 73.2 (13.1) 25 74.8 (12.3) 24 71.6 (14)

Systolic blood pressure (mm Hg) 49 133.7 (21.1) 25 137.1 (25.7) 24 130.1 (14.7)

Heart rate (beats/minute) 49 86.6 (17) 25 85.9 (20.3) 24 87.3 (13)

Respiratory rate (breaths/minute) 49 21.6 (5.1) 25 21.6 (4.3) 24 21.7 (6)

FiO2 (%) 49 29.2 (4.4) 25 29.6 (4.8) 24 28.8 (4)

SpO2 (%) 49 93.1 (2.4) 25 93.2 (2.5) 24 92.9 (2.3)

Categorical variables All participants N/49 (%) Automated oxygen titration N/25 (%) Manual oxygen titration N/24 (%)

Sex (female) 21 (42.9) 11 (44.0) 10 (41.7)

Ethnicity

 � Asian 3 (6.1) 1 (4.0) 2 (8.3)

 � European 38 (77.6) 19 (76.0) 19 (79.2)

 � MELAA 1 (2.0) 1 (4.0) 0 (0.0)

 � Māori 5 (10.2) 4 (16.0) 1 (4.2)

 � Pacific 2 (4.1) 0 (0.0) 2 (8.3)

Smoking status

 � Never 25 (51.0) 13 (52.0) 12 (50.0)

 � Current 4 (8.2) 2 (8.0) 2 (8.3)

 � Former 20 (40.8) 10 (40.0) 10 (41.7)

Admitted to hospital 49 (100.0) 25 (100.0) 24 (100.0)

Admitted to HDU directly from ED 5 (10.2) 4 (16.0) 1 (4.2)

Admitted to ICU directly from ED 0 (0.0) 0 (0.0) 0 (0.0)

Presentation diagnosis*

 � Pneumonia 24 (49.0) 10 (40.0) 14 (58.3)

 � COPD 6 (12.2) 4 (16.0) 2 (8.3)

 � Pulmonary oedema/heart failure 8 (16.3) 5 (20.0) 3 (12.5)

 � Pulmonary embolus 3 (6.1) 2 (8.0) 1 (4.2)

 � Lower respiratory tract infection 2 (4.1) 0 (0.0) 2 (8.3)

 � Diffuse parenchymal lung disease 2 (4.1) 2 (8.0) 0 (0.0)

 � COVID-19 1 (2.0) 1 (4.0) 0 (0.0)

 � Other 8 (16.3) 5 (20.0) 3 (12.5)

Prestudy oxygen delivery method

 � Nasal canula 44 (89.8) 22 (88.0) 22 (91.7)

 � Simple face mask 1 (2.0) 0 (0.0) 1 (4.2)

 � NHF 4 (8.2) 3 (12.0) 1 (4.2)

At risk of hypercapnia (target SpO2 88%–92%) 15 (30.6) 8 (32.0) 7 (29.2)

Not at risk of hypercapnia (target SpO2 range 92%–96%) 34 (69.4) 17 (68.0) 17 (70.8)

*More than one response allowed.
COPD, chronic obstructive pulmonary disease; ED, emergency department; FiO2, fraction of inspired oxygen; HDU, high dependency unit; ICU, intensive care unit; MELAA, Middle 
Eastern Latin American African; mm Hg, millimetres of mercury; NHF, nasal high flow therapy; SpO2, peripheral oxygen saturation.
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intervention, 2 withdrew before 30 min of therapy was complete, 
and 1 participant who was inadvertently enrolled twice during 
separate ED presentations had their second set of data excluded 
from the final analyses (figure 2). Baseline participant charac-
teristics are summarised in table 1. The baseline FiO2 and SpO2 
were similar in the automated and manual groups; the numbers 
of patients admitted to the high dependency unit (HDU) directly 
from the ED were 4 and 1, respectively (table  1). Participant 
characteristics and results for the primary outcome categorised 
by sex are presented in online supplemental tables S1 and S2.

In the 49 participants analysed for the primary outcome, time 
spent on the study interventions was similar between groups. 
The median (IQR) proportion of time spent within the target 
SpO2 range was 96.4% (92.5% to 99.4%) in the automated 
oxygen titration group (n=25) and 89.9% (69.8% to 97.2%) in 
the manual oxygen titration group (n=24); a difference of 8.0% 
(1.7% to 16.9%), p=0.01 (figures 3 and 4, table 2).

A reduction in the proportion of time spent below the target 
SpO2 range was seen with automated oxygen titration compared 
with manual oxygen titration, that was of borderline statistical 
significance (p=0.054). Between the automated and manual 
oxygenation strategies, there was no significant difference in 
time spent with SpO2: above the target range, below 85%, below 
90% (for those with a 92%–96% target range) or below 86% 
(for those with an 88%–92% target range) (table 3 and online 
supplemental table S3).

The Poisson regression and negative binomial sensitivity anal-
yses showed no evidence for a difference in treatment effect 
depending on the target SpO2 range (P-interaction=0.60) (online 
supplemental table S5). For the target SpO2 range of 88%–92%, 
the automated oxygen titration group resulted in a significantly 
greater proportion of time within the range than the manual 
oxygen titration group; the difference was not significant in the 
92%–96% target range subgroup (figure 4, table 3).

The mean (SD) number of occasions when a clinician manu-
ally adjusted the device FiO2 settings per participant was 0.2 
(0.5) in the automated oxygen group and 0.8 (1.4) in the manual 
oxygen group. The responses of other physiological and device-
related variables between automated and manual oxygen titra-
tion groups are outlined in online supplemental table S4.

There were no serious adverse events.

DISCUSSION
In ED patients with hypoxaemia, NHF therapy with automated 
oxygen titration significantly increased the proportion of time 
within a target SpO2 range compared with manual oxygen titra-
tion. This extends the evidence of tighter delivery of oxygen 
therapy within prespecified SpO2 ranges with the automated 
oxygen titration system in medical wards,16 17 HDUs17 and inten-
sive care units (ICUs).18 19 In each of these trials, the propor-
tion of time spent within a target SpO2 range using automated 
oxygen titration was greater than 90%, suggesting that when 
used with NHF, automated oxygen provides similarly effective 
titration across a range of patient acuities and care settings. In 
contrast, manual oxygen titration led to variable accuracy across 
these locations, likely depending on the intensity of nursing care 
and SpO2 monitoring, with the median times spent within the 
range of 71% in a medical ward and 89% in an ICU. In the ED 
where the present study was conducted, participants receiving 
manual oxygen titration spent a median 90% of the time within 
the prespecified target range, suggesting that the accuracy of 
manual oxygen titration was similar to that observed in ICUs, 

Figure 3  Box plot of proportion of time within the target SpO2 range 
in all study participants between the intervention and control groups. 
On the box plots, the horizontal lines are the 25th, 50th (median) and 
75th percentiles, the symbol is the mean and the whiskers extend from 
the minimum to maximum values. Automated, automated oxygen 
titration; Manual, manual oxygen titration; SpO2, peripheral oxygen 
saturation.

Figure 4  Distribution of SpO2 values between automated (green) and 
manual (orange) oxygen titration strategies, by target SpO2 range ((a) 
92%–96%, (b) 88%–92%). SpO2, peripheral oxygen saturation.
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likely reflecting the high nurse to patient ratio and routine use of 
continuous pulse oximetry.18

The interaction term for SpO2 target range (88%–92% versus 
92%–96%) was non-significant, implying that the proportion of 
time spent within the target range did not depend on the target 
SpO2 range itself and automated oxygen control likely results in 
similar improvements in oxygen titration across both the target 
range groups.

The reported increase in time spent within the target SpO2 
range achieved with automated oxygen titration may be clini-
cally advantageous for ED patients. Both underoxygenation and 
overoxygenation have been associated with an increased risk of 
morbidity and mortality, although the severity of illness likely 
confounds these associations.2 20–24 While currently published 
studies comparing automated and manual oxygen titration are 
underpowered to detect differences in many clinically mean-
ingful morbidity and mortality outcomes, some studies have 
reported a reduction in the frequency of device setting adjust-
ments with automated oxygen titration, suggesting less clinician 
time is necessary to titrate oxygen.17 19 Additionally, in the largest 

study to date (n=187), a reduction in hospital length of stay with 
automated versus manual oxygen titration was observed.12

Automation of oxygen delivery represents a technological 
solution that improves the quality of patient care. Similarities 
can be drawn with automated closed-loop insulin pumps, which 
are increasingly used in the care of patients with type 1 diabetes 
as they have been demonstrated to improve maintenance of 
euglycaemia, glycated haemoglobin levels and quality of life.25 26

NHF therapy with automated oxygen titration may also have 
a role as an oxygen weaning tool, as the FiO2 automatically 
reduces as the requirement to maintain SpO2 within the target 
range decreases. Such partial or full weaning from oxygen poten-
tially reduces the ED patients’ exposure to the harms of hyper-
oxaemia and may liberate patients from supplemental oxygen, 
influencing their post-ED disposition.

We are aware of only one other ED-based trial comparing 
automated to manual oxygen titration.12 In this trial, partici-
pants received conventional low flow oxygen, which resulted in 
a median time spent within the target SpO2 range of 81% with 
automated oxygen and 52% with manual oxygen. This compares 

Table 2  Time receiving study intervention, and the proportion of time spent within, above and below the target SpO2 range between automated 
oxygen titration and manual oxygen titration

Time spent on intervention (minutes) N Mean (SD) Median (IQR) Min to Max

Automated 25 149.3 (54.2) 181.1 (118.7 to 182.9) 43.0 to 194.3

Manual 24 156.5 (40.4) 180.2 (136.9 to 182.9) 55.3 to 193.7

Time SpO2 in range (%) N Mean (SD) Median (IQR) Min to Max

Automated 25 94.9 (6.2) 96.4 (92.5 to 99.4) 74.5 to 100

Manual 24 84.0 (14.5) 89.9 (69.8 to 97.2) 55.9 to 100

Comparison Hodges Lehmann estimator (95% CI) P value

Automated minus manual 8.0 (1.7 to 16.9) 0.01

Time SpO2 below range (%) N Mean (SD) Median (IQR) Min to Max

Automated 25 3.2 (5.2) 1.2 (0.2 to 4) 0 to 25.5

Manual 24 11.7 (13.3) 6.8 (0.1 to 19.4) 0 to 44.1

Comparison Hodges Lehmann estimator (95% CI) P value

Automated minus manual −4.3 (−11.7 to 0.0) 0.054

Time SpO2 above range (%) N Mean (SD) Median (IQR) Min to Max

Automated 25 1.9 (2.8) 0.4 (0 to 3.1) 0 to 10.8

Manual 24 4.3 (6.2) 2.6 (0.1 to 5.5) 0 to 23.3

Comparison Hodges Lehmann estimator (95% CI) P value

Automated minus manual −0.4 (−3.1 to 0.1) 0.18

Max, maximum; Min, minimum; SpO2, peripheral oxygen saturation.

Table 3  The proportion of time spent within the target SpO2 range between automated and manual oxygen titration by target SpO2 range (92%–
96% and 88%–92%)

Time SpO2 in range (%)

N Mean (SD) Median (IQR) Min to MaxTarget SpO2 range = 92%–96%

 � Automated 17 94.9 (6.7) 96.9 (92.5 to 99.7) 74.5 to 100

 � Manual 17 85.0 (15.8) 91.2 (68.4 to 97.8) 55.9 to 100

 � Comparison Hodges Lehmann estimator (95% CI) P value

 � Automated minus manual 3.2 (−0.3 to 20.3) 0.12

Time SpO2 in range (%) N Mean (SD) Median (IQR) Min to Max

 � Target SpO2 range = 88%–92%

 � Automated 8 94.8 (5.3) 96 (92.8 to 98.7) 83.8 to 99.8

 � Manual 7 81.4 (11.5) 84 (71.1 to 90.2) 60.9 to 91.8

 � Comparison Hodges Lehmann estimator (95% CI) P value

 � Automated minus manual 10.7 (4.5 to 25.3) 0.02

Max, maximum; Min, minimum; SpO2, peripheral oxygen saturation.
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to 96% and 90%, respectively, for the present study, with key 
differences between these studies being that our study used 
NHF therapy, was a single-centre study, enrolled participants 
with lower baseline oxygen requirements and used a different 
automated oxygen titration device. It is also notable that in 
participants who completed our trial, the number of FiO2 setting 
adjustments was infrequent in both the automated and manual 
oxygen titration groups. The 10 min period of automated oxygen 
titration received prior to the trial commencing may have set a 
new, more appropriate baseline FiO2 for those randomised to 
manual titration to subsequently achieve better adherence to 
their target SpO2 range over the remainder of the trial.

The integration of automated oxygen titration into NHF 
devices is particularly relevant as NHF therapy is increasingly 
used in ED patients with hypoxaemia. It can improve important 
clinical outcomes, including rates of escalation to higher levels 
of respiratory support, work of breathing and breathlessness.13 
As such, automated oxygen titration used with NHF in ED 
patients represents an advance in care over more commonly used 
conventional forms of manually titrated oxygen and may have 
dual benefits due to the flow-specific effects of NHF use, as well 
as more precise oxygen titration.

Strengths of this trial are that it is the first to characterise 
the effects of automated oxygen titration with NHF in an ED 
setting, where patients are often at the most severe stage of their 
illness, and the risks of respiratory acidosis, ventilatory support 
and mortality, associated with excessive or inadequate oxygen, 
are potentially the greatest.1 10 21–23 27 28

Limitations were that participants required relatively low FiO2 
throughout the trial, which may reduce the generalisability of 
the study findings; however, other studies have shown auto-
mated oxygen titration is similarly effective across a range of 
respiratory failure severities.18 The automated oxygen titration 
group had numerically more patients admitted to the HDU 
(n=4) compared with the manual oxygen titration group (n=1), 
raising the possibility of more severe disease in the automatic 
group. However, this interpretation was not supported by the 
observation that the baseline characteristics were similar, in 
particular the FiO2 and SpO2, with mean values of 29.6% vs 
28.8% and 93.2% vs 92.9%. The sickest patients presenting to 
ED were excluded from this trial and the study period was only 
3 hours, so periods of particularly unstable SpO2, for example, 
in those with haemodynamic instability, those who were being 
considered for ventilatory support and those who were asleep, 
were not represented in this study’s findings. Our inability to 
blind clinicians, investigators and study statisticians to the study 
therapies may also have influenced the care that study partici-
pants received and the study outcomes.

In summary, automated oxygen titration increased the propor-
tion of time spent within a target SpO2 range compared with 
manual titration in patients using NHF in an ED. The consis-
tently high level of time spent in the target SpO2 range, being 
greater than 90% across the ED, ward, HDU and ICU settings, 
indicates that the efficacy of an automated oxygen titration 
system using NHF is generalisable to patients of varying severity 
and clinical situations requiring oxygen therapy.
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