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Abstract

Background: Both inadequate and excessive administration of oxygen to acutely unwell patients results in risk of
harm. Guidelines recommend titration of oxygen to achieve a target oxygen saturation (SpO,) range. Information
regarding whether this is being achieved is limited.

Methods: In this two-centre non-interventional study we used continuous pulse oximetry in acutely unwell medical
patients over a 24-h period to determine the proportion of time spent with SpO, within the prescribed target range
and whether this is influenced by the target range, age, care in a high-dependency area and the number of oxygen
adjustments.

Results: Eighty participants were included in the analysis. The mean (SD) proportion of time spent in target range
was 55.6% (23.6), this was lower in those with a reduced hypercapnic target range (88-92% or below) compared to
those with a range of 92-96%; difference — 13.1% (95% Cl — 3.0 to — 23.2), P=0.012. The proportion of time spent
above range was 16.2% (22.9); this was higher in those with a reduced hypercapnic range; difference 21.6% (314 to
12), P<0.001. The proportion of time below range was 28.4% (25.2); there was no difference between target ranges.
The proportion of time spent in range was higher for those in a high dependency area in the multivariate model; dif-
ference 15.5% (95% Cl 2.3 to 28.7), P=0.02.

Conclusions: Medical patients receiving oxygen in a ward setting spend significant periods of time with SpO, both
above and below the prescribed target range while receiving oxygen therapy.
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Background addressing the use of oxygen in the acute care setting
Oxygen is a commonly administered drug in hospital [1]. ~was the 2008 British Thoracic Society (BTS) guide-
Despite the therapeutic use of oxygen for over 100 years line for emergency oxygen use in adults [3]. This guide-
[2], to our knowledge the first guideline to be published line was the first to clearly state that oxygen should be

administered as a treatment for hypoxaemia and should

not be administered indiscriminately to all acutely
*Correspondence: James.Harper@mrinzac.nz unwell patients or as a universal treatment for breath-
! Medical Research Institute of New Zealand, Private Bag 7902, Newtown, lessness. Speciﬁcally, the most recent BTS guideline [4]

Wellington 6242, New Zealand recommends the titration of oxygen to achieve a target
Full list of author information is available at the end of the article 1 g

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, 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 indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-021-01700-6&domain=pdf

Harper et al. BMC Pulm Med (2021) 21:332

peripheral oxygen saturation of 94-98%, with a lower
target saturation range of 88-92% in patients at risk of
hypercapnic respiratory failure [4]. The Thoracic Soci-
ety of Australia and New Zealand (TSANZ) recommend
a target range of 92-96% in patients without risk factors
for hypercapnic respiratory failure, and the same 88-92%
range in patients at risk of hypercapnic respiratory fail-
ure [5, 6]. These recommendations are supported by evi-
dence for harm relating to the administration of excessive
concentrations of oxygen in acute illnesses [7, 8], particu-
larly in patients at risk of hypercapnic respiratory failure
[9], as well as the known association between hypoxae-
mia and mortality [10, 11].

Despite strong evidence to support the avoidance of
over and under-oxygenation, detailed information to
determine whether this is being achieved in current clini-
cal practice is limited. The 2015 BTS national emergency
oxygen audit demonstrated only 69% of patients receiv-
ing oxygen had SpO, within a prescribed range when
evaluated at a single timepoint [12] and a 2017 Austral-
ian audit demonstrated SpO, matched a prescribed range
in 61% of patients admitted to an Acute Medical Unit
[13]. However, these studies were limited by either single
timepoint evaluation of SpO, or evaluation according to
intermittent SpO, measurements by nursing staff. To our
knowledge, there are no studies using continuous SpO,
monitoring, investigating the proportion of time patients
spend with SpO, within a prescribed target range and
the time-exposure to oxygen saturation above and below
range. This is important in order to understand the risk
associated with oxygen therapy in current clinical prac-
tice and how this risk can be reduced.

We therefore conducted a non-interventional two-
centre study using continuous oximetry for a period of
24 h to determine SpO, compared to a prescribed target
range in acutely unwell medical patients, and investigated
which factors influenced the time spent in target range.
Our hypothesis was that care in a high-dependency area,
more frequent adjustments to oxygen delivery and pre-
scription of a reduced hypercapnic target range would be
associated with a greater proportion of time in range.

Methods

Study subjects

Wellington Regional Hospital (WRH) is a tertiary refer-
ral centre and teaching hospital in New Zealand with
approximately 500 beds and Hutt Valley Hospital (HVH)
is a regional hospital in New Zealand with approximately
320 beds. Adults admitted to WRH and HVH with an
acute illness who were under the care of a medical team
in a general ward or high dependency setting and were
receiving oxygen with a clinician prescribed target SpO,
range were eligible for inclusion. Patients who were
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unable to consent, who had suspected or proven infec-
tion with COVID-19 or in whom continuous oximetry
was not feasible were excluded. Patients with an expected
duration of hospital admission of less than 24 h were also
excluded.

Study design

This was a two-centre non-interventional study. The
study was approved by the Victoria University of Wel-
lington Human Ethics Committee and was registered
with the Australian and New Zealand Clinical Trials
Registry (ACTRN12620000728932). The trial was run in
accordance with Good Clinical Practice guidelines and
the declaration of Helsinki.

Methods

Consecutive patients under the care of a medical team
who were receiving oxygen were screened by a study
investigator. Potentially suitable patients were provided
with an information sheet and written informed con-
sent was obtained. Baseline information was collected
including the primary reason for oxygen administration,
whether there was a documented diagnosis of chronic
obstructive pulmonary disease (COPD), obstructive sleep
apnoea (OSA)/obesity hypoventilation syndrome (OHS),
prescribed target SpO, range, method of oxygen delivery
and delivered oxygen flow or concentration at the time of
enrolment. A disposable adhesive Masimo RD SET® Adt
sensor (Masimo Corporation, Irvine, CA) was applied to
a finger and connected to a small portable pulse oxime-
ter (sat 801+, Bitmos Diisseldorf, Germany). All pulse
oximeter alarms were silenced and the screen was con-
cealed to avoid influencing clinical management. The
participant and nursing staff were advised that the sen-
sor should be disconnected while mobilising, but at all
other times should remain connected. Nursing staff were
instructed to measure SpO, using their normal ward
pulse oximeter (VS-900, Mindray, Shenzhen, China) and
adjust oxygen according to their normal practice. Physi-
cal observations, including SpO,, were measured by the
nursing staff at a frequency determined by the patient’s
early warning score (EWS) which at a minimum was
six-hourly. All clinical care continued as normal during
the study period. Participants were withdrawn from the
study if admission to the intensive care unit (ICU) was
required. After 24 h a study investigator removed the
finger sensor and disconnected the pulse oximeter. The
number of changes to the delivered oxygen flow or con-
centration, as well as periods when oxygen was stopped
were recorded from the inpatient observation chart.
Data was downloaded from the pulse oximeter using
satView software (V1.1.9 Bitmos Diisseldorf, Germany).
The pulse oximeter recorded SpO,, heart rate and signal
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quality every second, resulting in 86,400 measurements
for each participant during the 24-h study period.

The primary objective of the study was to determine
the proportion of time spent with SpO, within the pre-
scribed target range. Secondary objectives were to deter-
mine which factors influence the proportion of time
spent in range, above range and below range as well the
proportion of time spent with incremental deviation
from the target range. We also investigated whether a
greater proportion of time was spent in target range dur-
ing the day (07:00 to 23:00) or night (23:00 to 07:00).

Analysis

Analysis was undertaken per-protocol, whereby par-
ticipants with at least six hours of SpO, data recording
with adequate signal quality (defined as>50 on a scale of
0 to 100) while receiving oxygen were included. This was
chosen to avoid potential bias arising from participants
receiving oxygen for a short period of time and to reduce
the chance of including spurious SpO, values which may
have arisen from movement artefact. We categorised
the prescribed target ranges as 92-96%, as per TSANZ
guidelines [6], and as reduced hypercapnic range for par-
ticipants with a target range of 88—92% or a non-stand-
ard target range which was lower than 88-92%. An initial
sample size of 100 was considered suitable to provide suf-
ficient information, however due to uncertainty regarding
the likely distribution of data, a pre-specified sample size
analysis was undertaken after 25 participants. This deter-
mined a revised sample size of 80 would be sufficient to
allow analysis of the effect of predictor covariates of age,
prescribed SpO, target range, care in a high-dependency
area and number of oxygen adjustments on the propor-
tion of time spent in target range.

SpO, was rounded to an integer for all analyses. Pro-
portion of time in range was calculated by dividing the
number of SpO, measurements within range by the total
number of measurements. ANCOVA was used to esti-
mate the strength of relationship between response vari-
ables and potential predictors. In the univariate models
this was equivalent to simple linear regression for con-
tinuous variables and t-tests for categorical variables. In
the multivariate models, all variables from the univari-
ate models were incorporated. A paired t-test was used
to compare the proportion of time spent in range for day
versus night. For the density plots, nonparametric kernel
density estimates with a standardisation bandwidth of 7
were overlaid on transparent histograms. For the large
data sets of one measurement per second per participant
over 24 h, every fifth measurement was used to manage
the algorithm to generate the plots. SAS version 9.4 (SAS
Institute, Cary, North Carolina) was used.
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Results

Participants were recruited to the study between 22"
July 2020 and 30" October 2020. 155 patients receiving
oxygen were identified, and 91 were enrolled in the study.
One patient died during the study period. For 11 par-
ticipants, less than six hours of SpO, data with adequate
signal quality was recorded while receiving oxygen, leav-
ing 80 participants included in the analysis: Fig. 1. The
mean (SD) duration of SpO, recording for participants
included in the analysis was 18 (5.5) hours and the mean
(SD) proportion of SpO, data with adequate signal qual-
ity was 91.7% (9.6). Baseline participant characteristics
are shown in Table 1 and prescribed target SpO, ranges
and methods of oxygen delivery at enrolment are shown
in Table 2. The primary reasons for oxygen administra-
tion were heart failure and pneumonia which was present
in 27 and 19 patients respectively. An acute exacerbation
of COPD was present in 8 participants, however a total
of 28 participants (35%) had a documented diagnosis of
COPD. 17 participants (21.3%) had a documented diag-
nosis of OSA/OHS.

There were 41 (51.3%) participants who were pre-
scribed a standard target range of 92 to 96%, 34 (42.5%)
a reduced hypercapnic range of 88 to 92% or lower, and
five prescribed a non-standard range which could not be
placed in either of these categories. Oxygen was admin-
istered by simple nasal prongs in 64 (80%) and by nasal
high-flow in 16 (20%). One quarter of patients were
admitted to a high dependency area during the period of
the study.

The overall mean (SD) percentage of time spent with
SpO, in target range was 55.6% (23.6). The percentage of
time spent above and below target range was 16.2% (22.9)
and 28.4% (25.2) respectively. The percentage of time
spent with progressive deviation from the prescribed
target range is shown in Table 3. The percentage of time
spent with SpO, <85% and <80% in those with a reduced
hypercapnic rage was 15% (22.5) and 5.2% (11) respec-
tively, and in those with a target range of 92-96% was
2.1% (5.8) and 0.6% (2.6) respectively. Histogram density
plots showing the distribution of SpO, measurements for
individual participants with prescribed ranges of 92—-96%
and 88-92% are shown in Figs. 2 and 3. Participants with
non-standard ranges were omitted from these analyses.

The analysis of predictor covariates is shown in Table 4.
A reduced hypercapnic range was associated with a lower
proportion of time spent in range compared to a target
range of 92-96% in both univariate and multivariate
models; multivariate difference (95% CI) —13.1% (—3
to —23.2), P=0.012. A reduced hypercapnic range was
also associated with a greater proportion of time spent
above range compared to a target range of 92-96% in
both univariate and multivariate models; multivariate
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Patients receiving oxygen
(n=154)

\ 4

A 4
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Unable to consent (n=22)

No target SpO, range prescribed (n=6)
Oxygen stopped by clinical team after
discussing study with patient (n=6)
End of life care and ward observations
stopped (n=4)

Expected duration of admission less
than 24 hours (n=2)

Isolated for infection control (n=2)
Non-compliant with oxygen (n=1)

A 4

Less than 6 hours of SpO, recording while

receiving oxygen (n=11)

v

Analysed (n=80)

Fig. 1 Study flow diagram

difference 21.6% (31.4 to 12), P<0.001. There was no
association between the prescribed range and propor-
tion of time spent below range. There was an association
between being cared for in a high dependency area and
the proportion of time spent in range in the multivari-
ate model only; difference 15.5% (2.3 to 28.7), P=0.02.
There were no other associations between the predictor
covariates and time spent within, above and below range.
Participants spent a lower proportion of time with SpO,
in target range during the night compared to the day;
difference (95% CI) —9.8% (— 4.7 to — 14.8), P<0.001.
Nocturnal data was included in 15 of the 17 participants

with OSA/OHS; the mean (SD) proportion of time spent
below range overnight in this group was 38.8% (34.5).
Nocturnal data was included in 58 of the 63 participants
without OSA/OHS; the proportion of time spent below
range overnight in this group was 30.3% (31).

Discussion

This study using continuous oximetry over a 24-h period
demonstrated that acutely unwell medical patients
receiving oxygen spent 56% of time with SpO, within a
prescribed target range. Patients with a reduced hyper-
capnic target range (88-92% or lower) spent 13% less
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Table 1 Baseline participant characteristics

Characteristic N=80 Mean (SD)
Age (years) 72.2012.7)
Characteristic N/80 (%)
Female sex 39 (48.8)
Ethnicity N/80 (%)
European 59 (73.8)
Pacific Peoples 10 (12.5)
Maori 7 (8.8)
Other 1(1.3)
Primary reason for oxygen requirement N/80 (%)
Heart failure 27 (33.8)
Pneumonia 19 (23.8)
Acute exacerbation of COPD 8(10)
Pulmonary embolism 6(7.5)
Pulmonary hypertension 4(5.0)
Acute coronary syndrome 3(3.8)
Interstitial lung disease 2(2.5)
Lung cancer 2(25)
Pleural effusion 2(2.5)
Renal failure 2(2.5)
Sepsis 2(25)
Obesity hypoventilation syndrome 1(1.3)
Pneumothorax 1(1.3)
Atelectasis 101.3)
High dependency area N/80 (%)
Yes 20 (25)
No 60 (75)
Table 2 Oxygen delivery and prescribed target range at
enrolment

Characteristic

Target SpO, range N/80 (%)
92-96% 41(51.3)
Reduced hypercapnic® 34 (42.5)
Non-standard 5(6.3)
Method of oxygen delivery at enrolment N/80 (%)
Simple nasal prongs 64 (80)
Nasal high-flow 16 (20)
Delivered oxygen at enrolment Mean (SD)
Simple nasal prongs (L/min) 1.6 (0.8)
Nasal high-flow (%) 32.3(6.3)
Nasal high-flow (L/min) 36.5 (3.7)

@This group comprised the 28 participants with a target range of 88-92% and
six patients with a non-standard target range which was lower than 88-92%.
These ranges were 85-90%, 86-92%, 85-92%, 80-92% and two participants
with 80-85%
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Table 3 Percentage of time spent within, above and below
target range

Percentage of time  All Target 92-96% Reduced
N=80 N=41 hypercapnic
N=34
Within range 556(236) 61.1(19) 483 (25.2)
Below range 284 (25.2) 31.2(22) 234 (26.5)
1-2% below 142 (11.7) 17.9(12) 8.8(8.3)
3-4% below 6.8 (8) 76(7.0) 49 (6.4)
5-6% below 3(4.3) 2939 3.14.7)
> 7% below 44(11) 2.8(6.8) 6.6(15)
Above range 16.2 (22.9) 7.7 (13.3) 286 (27.6)
1-2% above 103(12.7)  7(11.5) 15.7(13)
3-4% above 39(85) 0.7 (24) 84 (11.4)
5-6% above 33(8.8)° NA 3489
> 7% above 12 4.2)° NA 124.2)

All values are mean (SD)
@ N =35 for participants with an upper SpO, target range limit of < 96%
b N =34 for participants with an upper SpO, target range limit of < 94%

time in range compared to patients with a target range of
92-96%, primarily due to a greater amount of time spent
above range. Over a 24-h period this is equivalent to
seven hours spent in which patients at risk of hypercap-
nic respiratory failure received excessive oxygen therapy.
This was not fully accounted for by minor SpO, fluctua-
tions above range, as 16% of the total time spent above
range was with SpO,>5% above range. The 5% of time
spent with profound desaturation to SpO,<80% also
indicates these patients were also exposed to inadequate
oxygen therapy.

This is concerning given the association between mor-
tality and both excessive and inadequate oxygen admin-
istration to patients at risk of hypercapnic respiratory
failure. In patients presenting with an acute exacerbation
of COPD, administration of high-flow oxygen in the pre-
hospital setting is associated with an increase in mortal-
ity [9]. A recent observational study of patients admitted
to hospital with an acute exacerbation of COPD also
demonstrated an association between over-oxygenation
and risk of in-hospital adverse events [14]. Conversely,
SpO, < 88% is associated with an increased risk of serious
adverse outcomes in patients presenting to an Emergency
Department [15]. Recent evidence suggests a U-shaped
association between SpO, and mortality in this patient
population, irrespective of the presence of hypercapnia,
whereby risk of death increases even with modest devia-
tions of SpO, both above and below the target range of
88-92% [16, 17].

In the 92-96% group, insufficient oxygen therapy was
a more common problem with 31% of time, or approxi-
mately seven and a half hours over a 24-h period spent
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Fig. 2 Histogram density plot for target SpO, range 92-96%. Each line represents the distribution of SpO, measurements for individual participants
throughout the study period. The lightly shaded area represents the target range

below range. Again, this was not fully accounted for by
minor fluctuations below range, as 18% of the total time
spent below range was with SpO, 87% or below. This is
noteworthy given a previous study of inpatients in a gen-
eral ward setting demonstrated a 2.4-fold increase in risk
of in-hospital mortality relating to an oxygen saturation
below 90% [10].

The histogram density plots demonstrate that not only
was SpO, frequently outside of the target range, but also
that on an individual participant level, there were pro-
longed periods with SpO, both significantly above and
below range. This highlights the difficulty of achiev-
ing appropriate oxygen delivery based upon intermit-
tent SpO, measurement and manual oxygen titration
in a ward setting. This method of oxygen titration has
remained unchanged in clinical practice since the intro-
duction of routine pulse oximetry. More recently, oxygen
delivery systems have been developed which are able to
automatically titrate the delivered oxygen concentration
in order to achieve a target SpO,, based on continuous
feedback from an associated sensor [18]. This method
of automatic oxygen titration results in an increased

proportion of time spent with SpO, in target range com-
pared to manual oxygen titration in a ward setting [19],
the emergency department [20] and following major sur-
gery [21]. However, it remains to be elucidated whether
the use of such systems translates into improved clinical
outcomes and what role they may play in routine clinical
care.

There are no previous studies using continuous oxime-
try to determine time exposure to SpO, outside of a pre-
scribed target range, however our results are consistent
with other work demonstrating over-oxygenation is com-
mon in a general ward setting. The BTS national emer-
gency oxygen audit in 2015 demonstrated 21% of patients
with a prescribed target range had SpO, above this range
when measured at a single timepoint [12]. A retrospec-
tive study of patients admitted to hospital with an acute
exacerbation of COPD demonstrated over-oxygenation
in 62% of admissions [14]. A further study using random
pulse oximetry measurements in hospitalised patients
receiving oxygen on a ward setting demonstrated oxygen
was not required in 61% of cases [22]. The percentage of
time spent in range is also in keeping with the control



Harper et al. BMC Pulm Med (2021) 21:332 Page 7 of 9

SpO, Distribution, 88 to 92%
30
25
20 l’\
WK
. AR
] "»"—
g 15 /ﬁi
& /'/ \ \
7\ N\
10 AL SH—X \ \
//f’;lmg\\ AN
//////7 ANY
A1) N NN
a5, N\
5 / \\\\
0
60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100
SpO,
Fig. 3 Histogram density plot for target SpO, range 88-92%. Each line represents the distribution of SpO, measurements for individual participants
throughout the study period. The lightly shaded area represents the target range

Table 4 Effect of predictor variables on percentage of time spent in, above and below range

Predictor variable SpO, below target range SpO, within target range SpO, above target range
% increase or difference (95% Cl) % increase or difference (95% Cl) % increase or difference (95% Cl)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
Age® —28(=71t016) —43(—87t004) 16(—25t057) 17(=23105.7) 1.0(=3.2t05.2) 25(=13t0623)
P=021 P=0.052 P=0.44 P=0.41 P=0.64 P=0.20
Oxygen 15(—091t04.0) 2.7(0.04t054) 05(—181t028) —10(—=35t014) —21(—=441t003) —1.7(—411t00.7)
adjustmemsb P=022 P=0.047 P=0.69 P=0.40 P=0.08 P=0.15
HDU® —52(=183t079) —127(=271to 116(—=05t023.7) 155(2310287) —6.5(=191t060) —30(—156t09.7)
P=043 1.7) P=0.06 P=0.02 P=0.30 P=0.64
P=0.082
Target range® 79(=331019.1) 84(—27t0194) 128(2610230)  13.1(30t0232) —210(—307t0 —216(=31410
P=0.16 P=0.13 P=0.014 P=0.012 —11.3) —120)
P<0.001 P<0.001

2 Per decade older
b Per one adjustment
¢ High dependency area versus non-high dependency area

dTarget SpO, range 92-96% versus reduced hypercapnic range
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arm of studies comparing automated to manual oxygen
titration in a ward setting, although these results were
obtained in the context of a randomised controlled trial
and may not represent usual clinical practice [19, 23].
Our finding that under-oxygenation is also common, par-
ticularly overnight, reflects the use of continuous SpO,
measurement over a 24-h period which detected desatu-
ration which may otherwise go unnoticed between nurs-
ing observations. The novel aspects of this study include:
the non-interventional use of continuous oximetry to
accurately reflect the “real world” practice of manual oxy-
gen titration in a ward setting, the evaluation of clinical
factors which influence time spent in range and finally
the detailed description of time exposure to significant
deviation from a prescribed SpO, target range.

The strengths of this study include the use of a small
pulse oximeter with a concealed screen which minimised
the chance of influencing clinical management. The
inclusion of two study sites also increases the generalis-
ability of the findings. We also only included SpO, data
with adequate signal quality for analysis, minimising the
risk or artefactual SpO, readings influencing the propor-
tion of time outside of range. The inclusion of only medi-
cal patients is a limitation of the study and we cannot be
sure the results would apply to other patient populations.
Patients with OSA/OHS spent a greater proportion of
time below range overnight compared to patients without
OSA/OHS, although the difference was small. It is there-
fore possible some of the time spent below range was due
to the presence of OSA/OHS. The study was conducted
during the COVID-19 pandemic and it is likely that the
effect of recent lockdowns and social distancing reduced
hospital admissions due to respiratory viruses [24]. This
may explain why only eight exacerbations of COPD were
included in this study. For the proportion of time spent
below range, we cannot exclude the possibility that non-
compliance with oxygen therapy or lack of oxygen ther-
apy when mobilising contributed to our findings, which
may not reflect the efficacy of oxygen titration. It is pos-
sible that minor fluctuations in SpO, above and below
range may be due to discrepancy between SpO, meas-
ured by the nursing staff which was used to titrate oxygen
and SpO, measured by the concealed research pulse oxi-
meter. In addition, we did not include clinical outcomes
in this study and cannot be sure of the clinical relevance
of the findings.

Conclusions

In conclusion, this study provides evidence that acutely
unwell medical patients in a ward setting spend signifi-
cant periods of time with SpO, both above and below the
prescribed target range while receiving oxygen. Further
studies are required to determine the clinical impact this
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may have and whether the use of automatic oxygen titra-
tion in this setting can reduce patient exposure to over
and under-oxygenation.
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