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High flow or titrated oxygen for obese medical
inpatients: a randomised crossover trial

Janine Pilcher', Michael Richards', Leonie Eastlake', Steven J McKinstry', George Bardsley', Sarah Jefferies',

Irene Braithwaite', Mark Weatherall?, Richard Beasley'

The known Oxygen therapy increases Paco, in patients with
conditions associated with chronic respiratory failure, such as
chronic obstructive pulmonary disease and obesity
hypoventilation syndrome.

The new High concentration oxygen therapy increased Ptco, in
morbidly obese patients when compared with titrated oxygen
therapy with a target Spo, of 88—92%.

The implications Our findings support guidelines that
advocate employing titrated oxygen therapy to achieve a
target Spo, of 88—92% if oxygen therapy is required by
patients with morbid obesity.

J

carbon dioxide (Paco,) in patients with stable and acute

exacerbations of chronic obstructive pulmonary disease
(COPD)."” The hypercapnia and associated respiratory acidosis
can be marked, and contribute to mortality being more than twice
as high among patients with acute exacerbations of COPD who
receive high concentration oxygen therapy than among those for
whom oxygen administration is titrated to achieve a target
oxygen saturation of 88—92%, as measured by pulse oximetry
(peripheral oxygen saturation, Spo,).’

Oxygen therapy increases the arterial partial pressure of

There is also evidence that administering high concentration
oxygen may increase Paco, in patients with other respiratory
conditions, such as acute asthma,*® community-acquired pneu-
monia,” and stable obesity hypoventilation syndrome (OHS).*"*
Guidelines therefore recommend that oxygen therapy be titrated
to a target Spo, range to avoid the risks of both hypoxaemia and
hyperoxaemia.'>"*

In our earlier randomised crossover trial of the effects of 100%
oxygen therapy in patients with OHS, three of 24 participants were
withdrawn early because Paco, increased by more than 10 mmHg
in less than 20 minutes, indicating that high concentration oxygen
administration can result in rapid, clinically significant increases in
the Paco,.” Patients at greatest risk of worsening hypercapnia were
those with the most marked hypoxaemia; that is, those most likely
to receive oxygen therapy. The generalisability of our findings to
patients with morbid obesity was limited by the requirement that
participants had chronic respiratory failure, in accordance with the
definition of OHS."” Generalisability to clinical practice was also
limited by administering 100% oxygen for 20 minutes rather than
lower concentrations for longer periods, which is more likely in
clinical settings.

The aim of our study was to compare the effects on Paco, of
high concentration and titrated oxygen in medical inpatients
with morbid obesity who were not selected for a pre-existing
diagnosis of OHS. To assess the physiological response, we
continuously monitored transcutaneous carbon dioxide tension
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Abstract

Objective: To compare the effects on transcutaneous carbon
dioxide tension (Ptco,) of high concentration and titrated oxygen
therapy in medical inpatients with morbid obesity who were not
selected for a pre-existing diagnosis of obesity hypoventilation
syndrome.

Design: A randomised, crossover trial undertaken between
February and September 2015.

Setting: Internal medicine service, Wellington Regional Hospital,
New Zealand.

Participants: 22 adult inpatients, aged 16 years or more, with a
body mass index exceeding 40 kg/m?.

Interventions: Participants received in random order two
60-minute interventions, with a minimum 30-minute washout
period between treatments: titrated oxygen therapy (oxygen
delivered, if required, via nasal prongs to achieve peripheral
oxygen saturation [Spo,] of 88—92%), and high concentration
oxygen therapy (delivered via Hudson mask at 8 L/min, without
regard to Spo,). Ptco, and Spo, were recorded at 10-minute
intervals.

Main outcome measure: Ptco, at 60 minutes, adjusted for
baseline.

Results: Baseline Ptco, was 45 mmHg or lower for 16
participants with full data (73%). The mean difference in Ptco,
between high concentration and titrated oxygen therapy at 60
minutes was 3.2 mmHg (95% Cl, 1.3—5.2 mmHg; P = 0.002).

Conclusion: High concentration oxygen therapy increases Ptco,
in morbidly obese patients. Our findings support guidelines that
advocate oxygen therapy, if required in patients with morbid
obesity, be titrated to achieve a target Spo, of 88—92%.

Clinical trial registration: Australian New Zealand Clinical Trials
Cegistry, ACTRN12610000522011.

(Ptco,), a non-invasive validated measure of Paco,.'®'® Our
hypothesis was that high concentration oxygen therapy would
increase Ptco, to a significantly greater extent than an oxygen
regimen in which administration, if required, is titrated to
achieve an Spo, target of 88—92%, as recommended when
treating patients with conditions associated with chronic
respiratory failure.'>'*

Methods

For this randomised crossover trial, we recruited 24 adult
patients with a body mass index (BMI) exceeding 40 kg/m?
who had been admitted to Wellington Regional Hospital,
New Zealand. Patients were excluded if they were under 16
years of age, had been diagnosed with COPD or a condition
associated with restriction of chest wall expansion other
than obesity, unstable angina or recent myocardial infarction,
had a baseline Ptco, greater than 65 mmHg, or were currently
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receiving non-invasive ventilation. Investigators could also
exclude patients for any condition that might represent a safety
risk or affect the feasibility of the study or its results.

After written informed consent had been provided, demographic
and clinical data were collected. Spirometry was performed
according to American Thoracic Society/European Respiratory
Society guidelines'’ with a handheld spirometer (CareFusion).
Transcutaneous monitors on the earlobe measured Spo,, Ptco, and
heart rate. Measurements for the first 12 participants were recorded
with the TOSCA 500 monitor (Radiometer); as this was not avail-
able for the second 12, their data were collected with a SenTec
monitor (SenTec). Respiratory rate was measured at each time
point over 60 seconds by direct observation.

Participants were randomised to the order in which they received
60 minutes of titrated oxygen therapy (oxygen delivered, if
required, via nasal prongs to achieve Spo, of 88—92%) or high
concentration oxygen therapy (delivered via Hudson mask at
8 L/min, without regard to Spo,). The randomisation schedule
was generated by the study statistician; the intervention order for
each participant was sealed in an opaque envelope and opened by
the study investigator at randomisation. The washout period
between the two interventions was at least 30 minutes. If
participants were receiving oxygen at the start of the study, it was
titrated for 30 minutes to achieve an Spo, of 88—92% before the
first intervention, and for a minimum of 30 minutes during the
washout period before the second intervention; this was under-
taken to standardise baseline conditions. Ptco,, Spo,, respiratory
rate, and heart rate were recorded at baseline, and every
10 minutes during the interventions. Ptco, was monitored
continuously; if it increased by more than 10 mmHg from
baseline, the intervention was ended.

The primary outcome variable was Ptco, at 60 minutes, adjusted
for baseline. Secondary outcome variables included the propor-
tion of participants at each time point with a change in Ptco, from
baseline of least 4 mmHg; the proportion with this change at at
least one time point; and Ptco,, Spo,, heart rate, and respiratory
rate at all time points, adjusted for baseline. Differences in
outcome variables according to treatment were estimated by
mixed linear models with fixed effects for all the baseline
measurements of the particular outcome variables, intervention
order, and intervention. A random effect for participants
accounted for the crossover design. These estimates are presented
as differences between the high concentration oxygen and titrated
oxygen interventions, with 95% confidence intervals (CIs). The
difference (with 95% CI) in the proportion of participants with a
Ptco, rise of at least 4 mmHg was assessed in a McNemar test.
Whether the change in monitor affected the differences between
randomised treatments was explored by post hoc addition of
fixed effects for a main effect and an interaction effect. In a further
simple post hoc analysis, the difference between the oxygen
intervention types in two subgroups was compared in ¢ tests:
participants who had a baseline Ptco, greater than 45 mmHg, and
those admitted with a respiratory diagnosis.

All analyses were conducted in SAS 9.3 (SAS Institute). A sample
size of 24 was calculated to have 80% power (o = 0.05) to detect a
difference in Ptco, of 2.4 mmHg between the groups, half the mean
difference found by a study of participants with OHS (5 mmHg;
standard deviation, 4 mmHg).8

Ethics approval

The study was prospectively approved by the New Zealand
Health and Disability Ethics Committee — Central (reference,

CEN/10/03/08) and was registered with the trial protocol
with the Australian New Zealand Clinical Trials Registry
(ACTRN12610000522011).

Results

Participants were recruited during February—September 2015.
Eighty inpatients were screened, and 24 were randomised to
treatment (Box 1). One participant withdrew after randomisation
when given the opportunity to be discharged home, and one
participant was randomised in error a second time during a
subsequent admission; both were excluded from the analysis. The
remaining 22 patients were studied at a median 0.9 days (range,
0.2—6.5 days) after admission.

The baseline characteristics of the participants are summarised
in Box 2. The median Spo, was 97% (range, 89—100%); the mean
Ptco, was 41.7 mmHg, and 16 participants (73%) had a baseline
Ptco, of 45 mmHg or less. No participant had a previous
diagnosis of OHS; six participants reported a history of
witnessed apnoea and snoring, but none had been diagnosed
with obstructive sleep apnoea. Seven participants had an
admission diagnosis of asthma, and two were admitted with a
lower respiratory tract infection. Three participants (two with
asthma, one with heart failure) required up to 1 L/min oxygen
via nasal cannulae during the titration intervention to maintain
SpOz at 88—92%.

All 22 participants completed both interventions, although high
concentration oxygen was interrupted for 3 minutes for one
participant at 32 minutes while they visited the bathroom. The
baseline Ptco, values for all but two participants were within
4 mmHg of each other for both interventions; the mean baseline
Ptco, before intervention was 41.8 mmHg for titrated oxygen and
41.7 mmHg for high flow oxygen. The effect of randomisation
order was not statistically significant for any of the Ptco, analyses.

The mean difference in Ptco, at 60 minutes, adjusted for baseline,
between the high concentration oxygen and titrated oxygen

1 Selection of participants for the study

Sereenet Excluded: 56

80 18 BMI <40
7 Diagnosis of chronic obstructive
pulmonary disease
17 Current use of non-invasive ventilation
1Unstable angina or recent myocardial

infarction
. 1 Disease causing chest wall restriction
Randomised .
o 8 Declined
4 Other

!

1. Titrated oxygen
2. High concentration oxygen
n=12

1. High concentration oxygen
2. Titrated oxygen
n=12

Withdrawn
2

Participants included in final analysis
n=22

BMI = body mass index. ¢
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2 Baseline characteristics of the participants
Characteristic
Age (years), mean (SD) 53.5 (16.1)
BMI (kg/m?), mean (SD) 50.4 (9.2)
FEV./FVC (n =19), mean (SD) 0.75 (0.08)
Ptco, (mmHg), mean (SD) 417 (5.8)
Oxygen saturation (%), mean (SD) 96.1 (2.6)
Sex (male) 7 (32%)
Ethnic background
Maori 3 (14%)
New Zealand European 8 (36%)
Pacific Islander 1 (50%)
Time since admission (days)
1 13 (59%)
2 5 (23%)
3 or more 4 (18%)
Diagnosis
Cellulitis 6 (27%)
Asthma exacerbation 7 (32%)
Lower respiratory tract infection 2 (9%)
Other 7 (32%)
Smoking status
Current 1(4%)
Ex-smoker 12 (54%)
Never smoked 9 (41%)
BMI = body mass index; FEV; = forced expiratory volume in one second;
FVC = forced vital capacity; Ptco, = transcutaneous carbon dioxide tension. ¢

interventions was 3.2 mmHg (95% CI, 1.3—5.2; P = 0.002) (Box 3).
The increase in Ptco, with high concentration oxygen therapy and
the difference between the two interventions were evident as early
as 10 minutes after commencing the interventions (online
Appendix, tables 1, 2). The difference in Ptco, at 60 minutes was
greater for participants with a baseline Ptco, exceeding 45 mmHg
(P =0.043) (Box 4), but admission diagnosis (respiratory v non-
respiratory) did not affect this outcome (Box 5).

The increase in Ptco, from baseline was 4 mmHg or more for 14
participants during the high concentration intervention and for
two during the titrated intervention (online Appendix, table 3). The
proportion of participants in whom Ptco, increased by 4 mmHg or
more from baseline was significantly greater for the high concen-
tration intervention than for the titration intervention (online

Appendix, table 4). For one participant, an increase in Ptco, of
9.7 mmHg during the high concentration intervention was
measured during continuous monitoring; they were sleepy but
rousable. For nine of the 14 participants in whom Ptco, increased
by at least 4 mmHg over baseline with high concentration oxygen,
baseline Ptco, had been below 45 mmHg. For one participant,
Ptco, was reduced by 13 mmHg at 50 minutes and by 14 mmHg at
60 minutes during the titrated intervention, associated with
movement to a more upright position; Ptco, was not reduced by
4 mmHg or more from baseline for any other participant during
either intervention.

There was no interaction between treatment and transcutaneous
monitor type (for interaction, P = 0.50). In a model that incorpo-
rated a fixed effect for the monitor type, the estimate of the
differences between titrated and high concentration oxygen was
the same (data not shown).

The change in Spo, from baseline was significantly greater at all
time points for high concentration oxygen than for titrated oxygen
treatment. The change in heart rate was significantly lower with
high concentration oxygen at most time points. The respiratory rate
did not differ between the two interventions (online Appendix,
tables 1, 2).

Discussion

We found that high concentration oxygen therapy increased Ptco,
in morbidly obese hospital inpatients to a significantly greater
degree than titrating oxygen to achieve a target Spo, of 88—92%,
regardless of whether hypercapnia was present at baseline or the
patient had an acute respiratory disorder. These observations
support guidelines that recommend titrated oxygen rather than
unrestricted high concentration therapy in patients with conditions
associated with chronic respiratory failure, such as morbid
obesity13 and OHS.' Further, these results build on earlier obser-
vations that oxygen increases Ptco, in patients with OHS™'* by
reporting a similar physiological response in patients with simple
morbid obesity, without a diagnosis of OHS. About two-thirds of
the participants with rises in Ptco, of at least 4 mmHg were not
hypercapnic at baseline, indicating that hypercapnia is not a
prerequisite for oxygen-induced elevations in Paco, in patients
with obesity, as is also the case for patients with respiratory
conditions."*”

For the high concentration oxygen intervention, we administered
oxygen at 8 L/min through a Hudson mask. It is reasonable to
assume that such a regimen may be employed in an acute medical
setting in breathless, morbidly obese patients, regardless of
the presence of hypoxaemia; it has been reported that high
concentration oxygen is commonly administered to COPD
patients without evidence of hypoxaemia.”’*

adjusted for baseline

3 Differences in outcomes at 60 minutes between the high concentration and titrated oxygen interventions,

High concentration oxygen (A)

Titrated oxygen (B) Difference in outcome

Baseline 60 minutes Baseline 60 minutes (A —B) (95% CI) P
Ptco, (mmHg), mean (SD) 417 (5.7) 44.4 (7.0) 41.8 (5.9) 413 (6.2) 32 (1.3to5.2) 0.002
Respiratory rate (breaths per minute), mean (SD) 18.3 (4.3) 19.8 (3.5) 18.0 (3.5) 20.4 (3.5) —0.7 (—2.3t0 0.9) 0.38
Heart rate (beats per minute), mean (SD) 85.8 (14.4) 83.4 (14.8) 85.8 (15.4) 883 (14.7) —4.8 (—8.5t0 —1.2) 0.010
Oxygen saturation (%), mean (SD) 96.2 (2.5)* 99.5 (0.9) 96.0 (3.1) 95.9 (2.9) 3.4 (26 to 4.3) < 0.001

Ptco, = transcutaneous carbon dioxide tension. * n = 21 because of an error in recording baseline data.
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4 Change in transcutaneous carbon dioxide tension (Ptco,)
from baseline at 60 minutes, by baseline Ptco,

Baseline Ptco, Difference
in outcome
<45 mmHg > 45 mmHg (A—-B)

(A) (B) (95% Cl) P
Number of participants 16 6
High concentration 2.4 (2.7) 3.8 (1.7) -1.4 0.24
oxygen, mean (—3.9to 1.0)
change (SD)
Titrated oxygen, 02 (20) —-24(6.2) 2.7 0.13
mean change (SD) (—-3.8t09.1)
Difference between 21(3.3) 6.2 (5.6) —4.1 0.043
high concentration (—-8.1to —-0.1)

and titrated oxygen
therapy, mean (SD)

The mean increase in Ptco, of 3.2 mmHg after 8 L/min oxygen
through a Hudson mask (equivalent to a fraction of inspired
oxygen [Fio] of at least 0.5)*> we measured was similar to the
3.8 mmHg increase in capillary partial pressure of carbon dioxide
(Pccoy) in the study by Hollier and colleagues, in which an Fio, of
0.50 was administered to stable OHS patients.'” The authors
reported that this level of Pcco, increase was associated with a fall
inblood pH from 7.373 to 7.346,'” resulting in respiratory acidosis
likely to be clinically significant; pH below 7.35 is associated
with increased mortality and a greater need for intubation in
patients with COPD.”**” Importantly, the severity of an exacer-
bation is indicated not by the absolute level of hypercapnia, but
rather by the increase above the chronic stable Paco, value, as
reflected by increased acidosis.”* In the Hollier study, an Fio, of
0.28 increased Pcco, by 2.3 mmHg and an Fio, of 0.50 increased
Pcco, by 3.8 mmHg in patients with OHS respectively,'” whereas
in our earlier study an Fio, of 1.0 in OHS patients increased Ptco,
by 5.0 mmHg.” Recognising that both Ptco,'*"® and Pcco,™ are
validated indirect measures of Paco,, this dose—response
relationship between Paco, and Fio, supports the use of titrated
oxygen, with reduced exposure to higher oxygen concentrations
reducing the risk of oxygen-induced hypercapnia.

The physiological response to high concentration oxygen was
variable, with an increase in Ptco, of atleast 8 mmHg from baseline
in three of 22 participants during 60 minutes of oxygen therapy.
Such variability has been noted previously,g’l 2 suggesting it might
be clinically useful to be able to identify adverse responders. The

5 Change in transcutaneous carbon dioxide tension (Ptcos)
from baseline at 60 minutes, by admission diagnosis

Admission diagnosis

Respiratory Other
disorder (A) (B)

Difference
(A-B)
(95% ClI) P

Number of participants 9 13

High concentration 2.6 (2.3) 2.8 (2.7) -0.2 0.85
oxygen, mean (—2.5to 2.1)
change (SD)

Titrated oxygen, —1.2 (1.8) 0.0 (4.5) -1.2 0.46
mean change (SD) (—=4.51t02.)
Difference between 3.8 (3.1) 2.8 (5.1) 1.0 0.61
high concentration (—3.0 to 5.0)

and titrated oxygen
therapy, mean (SD)

rise in Ptco, with high concentration oxygen therapy was greater in
those with hypercapnia at baseline, indicating that those with
chronic respiratory failure were at greater risk of life-threatening
hypercapnia during oxygen therapy, as reported earlier.'” This is
relevant, as about one-third of patients with morbid obesity also
have chronic respiratory failure.*'”

The characteristics of the participants are relevant to the external
validity of our findings. Our participants were morbidly obese,
with a mean BMI of 50.4 kg/m”. None had been diagnosed with
OHS, and only six had baseline Ptco, values greater than
45 mmHg, indicating that most participants did not have chronic
respiratory failure at baseline. This proportion is similar to the one
in three patients with morbid obesity in whom awake hypercapnia
was observed during screening for our previous study,” and with
estimates of the prevalence of OHS among hospitalised obese in-
patients.'” The comorbidities reflect the range of acute medical
conditions of patients admitted to internal medicine departments,
apart from COPD. Seven participants had an admission diagnosis
of acute exacerbation of asthma, and two had lower respiratory
tract infections. While Ptco, may rise in patients with these acute
respiratory conditions during oxygen therapy,”” whether partici-
pants were admitted with a respiratory diagnosis had no effect on
the magnitude of the Ptco, change in our study.

We used Ptco;, as a painless, non-invasive and validated measure
for continuously monitoring changes in Paco, in response to
oxygen,””*!”1% and which can be used to accurately estimate
changes in Pcco, from baseline.'® Neither arterial nor capillary
blood gas sampling was attempted, as these invasive methods do
not allow continuous assessment of Pco,. The Ptco, monitor
employed (TOSCA or SenTec) had no effect on the observed dif-
ferences between the two treatments.

We employed a crossover design, with adequate washout between
interventions.” The nature of the interventions did not allow
blinding of investigators or participants. The study was not
designed to assess why high concentration oxygen increased Ptco,
in people with morbid obesity; reduced minute ventilation,”
reduced tidal volume,'? and absorption atelectasis'® have been
proposed as possible mechanisms.

In conclusion, we found that high concentration oxygen therapy
increases Ptco, in patients with morbid obesity with or without
hypercapnia at baseline. This finding extends previous observa-
tions that this response is seen in a range of respiratory condi-
tions, including COPD, ' asthma,** pneumonia,7 and OHS.%'?
The effect of oxygen therapy in patients with other conditions
associated with chronic respiratory failure should be investi-
gated, including bronchiectasis and neuromuscular disease, for
which high quality evidence is lacking. Our findings support
guideline recommendations that oxygen be titrated to a target
Spo, of 88—92% in patients with conditions associated with hy-
percapnic respiratory failure, such as morbid obesity.'*'*
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