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Summary

The Difficult Airway Society recommends that all patients should be pre-oxygenated before the induction of
general anaesthesia, but this may not always be easy or comfortable and anaesthesia may often be induced
without full pre-oxygenation. We tested the hypothesis that high-flow nasal oxygen cannulae would be easier
and more comfortable than facemasks for pre-oxygenation. We randomly allocated 199 patients undergoing
elective surgery aged > 10 years to pre-oxygenation using either high-flow nasal oxygen or facemask. Ease and
comfort were assessed by anaesthetists and patients on 10-cm visual analogue scale and six-point smiley face
scale, respectively. Secondary endpoints included end-tidal oxygen fraction after securing a definitive airway
and time to secure an airway. A mean difference (95%Cl) between groups in ratings of -0.76 (-1.25 to -0.27) cm
for ease of use (p = 0.003) and -0.45 (-0.75 to -0.13) points for comfort (p = 0.006), both favoured high-flow
nasal oxygen. A mean difference (95%Cl) between groups in end-tidal oxygen fraction of 3.89% (2.41-5.37%)
after securing a definitive airway also favoured high-flow nasal oxygen (p < 0.001). There was no significant
difference between groups in the number of patients with hypoxaemia (5,0, < 90%) or severe hypoxaemia
(SpO2 < 85%) lasting > 1 min or > 2 min; in the proportion of patients with an end-tidal oxygen fraction < 87%
in the first 5 min after tracheal intubation (52.2% vs. 58.9% in facemask and high-flow nasal oxygen groups,
respectively; p = 0.31); or in time taken to secure an airway (11.6 vs. 12.2 min in facemask and high-flow nasal
oxygen groups, respectively; p = 0.65). In conclusion, we found pre-oxygenation with high-flow nasal oxygen to
be easier for anaesthetists and more comfortable for patients than pre-oxygenation with a facemask, with no
clinically relevant differences in end-tidal oxygen fraction after securing a definitive airway or time to secure an
airway. The differences in ease and comfort were modest.
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Introduction

The development of a potentially catastrophic ‘can't
intubate, can't oxygenate’ situation during anaesthesia is
difficult to predict [1-4]. Thus, guidelines from the Difficult
Airway Society (DAS) for management of unanticipated
difficult tracheal intubation in adults recommend that “all
patients should be pre-oxygenated before the induction of
general anaesthesia” until the end-tidal oxygen fraction
(FerO3)is 0.87-0.9[5].

With conventional pre-oxygenation, patients breathe
100% oxygen through a tightly sealed facemask, either for a
fixed time (typically 3 min) or until the target FerO, is reached.
This is usually straightforward, but requires the undivided
attention of a trained clinician. It may be difficult and
uncomfortable for the patient to get a good seal with a
facemask. A few breaths of room air (e.g. if the facemask is
briefly lifted to allow the patient to say something) might set
the process back substantially [6]. Also, if spontaneous
ventilation with a supraglottic airway device is planned, the
patient may take one or more breaths of room air between
removing the facemask and insertion of the airway. Thus, in
practice, it seems that anaesthesia is induced in many patients
who have not been pre-oxygenated fully, or even atall [7, 8].

Humidified high-flow nasal oxygenation (HFNO)
emerged as an alternative to continuous positive airway
pressure therapy in the first decade of this century [9, 10].
Heated, humidified oxygen is delivered via purpose-

" and

designed nasal prongs at flow rates up to 70 I.min’
concentrations of up to 100% oxygen [9, 10]. Patel and
Nouraei first described using HFNO for pre-oxygenation
followed by apnoeic 'postoxygenation’ until a definitive
airway has been secured [11]. The term ‘peroxygenation’
includes pre-oxygenation and this subsequent period of
apnoeic postoxygenation with or without ventilation [12].

Studies of pre-oxygenation with HFNO have had mixed
results [13-23]. Technicalities matter: in particular, a closed
mouth appears to be important when pre-oxygenating a
patient with HFNO [15, 17]. Also, it is difficult to measure
FerO, with HFNO [15]. Nevertheless, support has emerged
for the potential of HFNO to extend safe apnoeic time
through peroxygenation [13-16, 18, 19, 22, 23]. Safe
apnoeic time is arguably more relevant to patient safety
than FgrO, at the end of pre-oxygenation [12, 15]. Also,
published data reflect study conditions rather than real-
world practice. As noted, although pre-oxygenation with a
facemask is clearly achievable in most patients, in practice
thisis notalways done[7, 8].

From a human factors perspective, improving ease and

comfort might result in a greater proportion of patients

adequately pre-oxygenated and thus, potentially, a
reduction in the number of patients harmed through
oxygen desaturation during airway management.
Anecdotally, HFNO seems easier to administer and more
comfortable for patients than facemask for pre-
oxygenation. However, at the time of conceiving this study,
we could find only one publication to support this
impression, and the context was a potential need for re-
intubation of the trachea postoperatively rather than routine
pre-oxygenation [20]. Therefore, we aimed to test the
hypothesis that anaesthetists would rate pre-oxygenation
easier and patients would rate it more comfortable with
HFNO cannulae than facemasks.

Methods

This study was approved by The Northern B Health and
Disability Ethics Committee and Auckland District Health
Board Research Review Committee. All participating
anaesthetists, patients and/or their parents or legal
guardians provided written informed consent.

We conducted a prospective, randomised study of pre-
oxygenation in adult and paediatric patients. We recruited
patients from four semi-independently staffed and directed
suites of operating theatres (our study sites);, three at
Auckland City Hospital for adult patients (undergoing
cardiothoracic, general and obstetric and gynaecological
surgery, respectively) and one at Starship Children’s
Hospital for paediatric patients. We defined two primary
endpoints. The first was ease of pre-oxygenation assessed
by participating anaesthetists at a convenient time shortly
after securing the airway on an anchored 10-cm visual
analogue scale (0, easiest). The second primary endpoint
was comfort during pre-oxygenation assessed by
participating patients immediately before induction of
anaesthesia (i.e. after pre-oxygenation, as defined by Patel
and El-Boghdadly [12]) on a six-point smiley face scale (0,
most comfortable) shown to them by a researcher without
interrupting the delivery of oxygen. Our smiley face scale
(see online Supporting Information, Appendix S1) was a
slight modification of a scale modified by Tiruvoipati et al.
[20] from the Wong-Baker Faces® Pain Rating Scale© [24].
Permission for its use has been obtained from Dr Tiruvoipati
and the Wong-Baker FACES Foundation.

Our secondary endpoints were: FgrO, after securing a
definitive airway (by intubation of the trachea or insertion of
a supraglottic airway; the mean of the first five FgrO,
readings taken at 30-s intervals); the proportion of patients
with an episode of hypoxaemia (5,0, < 90%); the
proportion of patients with an episode of severe
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hypoxaemia (S,0, < 85%) of > 2 min duration during the
study period (defined as the period from the first pulse
oximeter reading until 15 min after a definitive secure
airway was established); the proportion of patients for
whom FegrO, fell below 87% in the 5 min immediately after
securing a definitive airway; and the time taken from the first
pulse oximeter reading in the operating theatre until a
definitive airway was secured. An anaesthetic information
management system (SAFERSleep, Safer Sleep LLC,
Delaware, USA and Auckland, New Zealand) recorded all
physiological data directly from monitors. These records
were used to obtain the physiological secondary endpoints.
Patients’ age, BMI, sex, ASA physical status and ethnicity
were obtained from clinical records.

We recruited five anaesthetists in each site (i.e. 20 in
total), who each aimed to complete 10 cases (i.e. 200 cases
in total). Those recruited received a copy of the study
protocol and the DAS 2015 guidelines [5]. They also
attended a training session on the study protocol and use of
HFNO for pre-oxygenation.

Recruitment was based on the availability of research
staff and participating anaesthetists. We included patients if
they were: aged > 10 y; undergoing elective surgery under
general anaesthesia with intravenous induction; with a
participating anaesthetist; with planned use of a tracheal
tube or a supraglottic airway device; and willing to provide
informed consent. Our exclusion criteria included: patients
undergoing an emergency caesarean section; any known
contraindication to HFNO; patients undergoing acute
operations for which they had not appropriately fasted;
> 50% of the nares occluded by the nasal prongs (as judged
by the anaesthetist); bleeding in nose or oropharynx;
situations in which continuous positive airway pressure was
contraindicated; a pre-existing nasal obstruction or
hypoxaemia; known cyanotic congenital heart disease; on
pre-operative oxygen therapy secondary to chronic lung
disease; planned induction of anaesthesia with a volatile
anaesthetic; or planned awake tracheal intubation. We
randomly allocated each anaesthetist's patients to
conventional methods or HFNO in equal numbers.
Treatment allocation was established by opening a sealed
opaque envelope after informed consent had been given
and once the patient was in the operating theatre or, in the
case of children, in the pre-operative area. It was not
possible for participants to be blinded to randomisation in
this study. Except to the extent that gaseous induction of
anaesthesia was excluded, the management of anaesthesia
was at the discretion of each anaesthetist.

In the control group, pre-oxygenation was provided

using 100% oxygen via a sealed facemask and a circle-

absorber anaesthetic circuit primed with 100% oxygen
by installing a ventilation bag to the mouthpiece filter
and ventilating the circuit with 100% oxygen. In the
facemask group, anaesthetists were asked to obtain a
FerO, of > 87% before starting induction of anaesthesia,
if possible. Anaesthetists were free to carry out bag-
mask ventilation of the lungs once induction medications
had been administered. The FO, was continued at
100% until at least 5 min after securing a definitive
airway.

In the intervention group, pre-oxygenation was
provided using HFNO via Optiflow THRIVE™ (Fisher and
Paykel Healthcare Limited, Auckland, New Zealand) until
Sp02 on pulse oximetry was > 95% and for at least 3 min in
adults. For adults, a flow of 40 I.min"' was used until
induction agents had been administered, and then
increased to 70 l.min™". For children, flows were based on
weight, as follows: 0-15kg, 2 lkg'.min™; 15-30 kg,
35 |.min™"; 30-50 kg, 40 l.min™"; and > 50 kg, 50 l.min™
[25]. These flows were checked in the pre-operative area
and decreased for pre-oxygenation if not tolerated, but
after induction of anaesthesia all flows were based on
weight. Nasal oxygenation was continued without
ventilation of the lungs in both adult and paediatric patients
while waiting for neuromuscular blockade, and during
placing, replacing or repositioning the airway. Anaesthetists
were free to carry out bag-mask ventilation of the lungs if
they considered this necessary to maintain safe oxygen
saturations. After securing the airway, the patient was
connected to a circle circuit primed with 100% oxygen and
the F/O, was continued at 100% for a period of at least five
more minutes. Relevant times were recorded, including
start of pre-oxygenation and start of induction of
anaesthesia.

We documented the following predefined adverse
events directly until patients left the post-anaesthesia care
unit and from the discharge summary thereafter: unplanned
admission to ICU; aspiration of gastric contents into the
lungs; damage to dentition; pneumothorax; declared crises
on account of difficulty with the airway during the peri-
induction period; stroke as defined by the patient’s clinical
team and recorded in the discharge summary; in-hospital
death; unexpected admission of a day-case patient to
hospital; and prolongation of expected hospitalisation of
2 days or more. Two investigators reviewed all reported
adverse events and categorised them as serious or not
serious, and as related to the study, possibly related or not
related to the study. A data safety monitoring committee
reviewed a summary of adverse events at about the

midpoint of the study.
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In a short, open-ended, end-of-study survey,
anaesthetists were asked whether they would consider
using HFNO for pre-oxygenation in all or only in selected
patients, and to give reasons for their answers.

We estimated that 100 participants per study group
would be needed to show an improvement in comfort of 0.5
points with 80% power and a two-tailed p value of 0.05. This
was based on variance seen by previous studies that
compared observer-rated comfort scores between
traditional facemask and nasal prongs with a six-point
smiley face scale and found mean (SD) comfort scores of
0.93(1.43) and 0.53 (1.04), respectively [20]. We assumed a
10-cm visual analogue scale should be at least as sensitive
as a six-point smiley face scale and therefore this should also
suffice for our ratings of ease of pre-oxygenation.

The distributions of the continuous data variables were
approximately normal. These outcomes were compared
between groups using a general linear model which
included group and site as fixed factors. We treated missing
data as missing at random and undertook no imputation.
We conducted all analyses on an intention-to-treat basis.
We used R version 4.1.0 and RStudio version 1.4.1717 (R
Core Team, Vienna, Austria) to perform analyses. A p value
of < 0.05 was considered statistically significant. An
independent study monitor conducted regular audits of the

study’s processes and records.

Results

Patients were recruited between 17 March 2017 and 5 June
2019. One participating anaesthetist withdrew from the
study after completing only nine patients, so 199 patients
were randomly allocated. Three patients were subsequently
excluded, one in the facemask and two in the HFNO group.
Thus, 99 patients finally entered the facemask group and 97
the HFNO group (Fig. 1). The groups were well balanced in
respect of age, BMI, sex, ASA physical status and ethnicity
(Table 1). Tracheal tubes were used in all adult and 22
paediatric patients. Supraglottic airway devices were used
in 25 paediatric patients: 15 in the facemask group and 10 in
the HFNO group.

There was a mean difference (95%CIl) between groups
of -0.76 cm (-1.25 to -0.27 cm; p = 0.003) for the ratings of
ease of pre-oxygenation, and of —0.45 (-0.75 to —0.13;
p = 0.006) for the ratings of patients’ comfort, both
favouring HFNO (Tables 2 and 3; Fig. 2). There was a mean
difference (95%Cl) between groups in FgrO, of 3.89%
(2.41-5.37%; p < 0.001) favouring HFNO immediately after
securing a definitive airway (Table 3). There was no
significant difference between groups in any of the other

secondary endpoints (Table 3).

Facemask pre-oxygenation was not tolerated by three
patients and another three found it uncomfortable. When
used, HFNO was not well tolerated by one patient (who
nevertheless did try to use it and was included in the
analysis) and an additional five found it uncomfortable. In
the pre-operative area, all children asked for the flow to be
reduced from that prescribed by their weight (Table 2), and
these reduced flows were used for pre-oxygenation until
they were anaesthetised. The duration of pre-oxygenation
was 3.5 min shorter in the facemask group than in the HFNO
group (p < 0.001; Table 3).

In total, 212 adverse events were reported in 93
patients; 42 of these experienced one or more events rated
as serious (Table 3 and online Supporting Information,
Appendix S2). Most of these adverse events were related to
surgery. None were judged as definitely related to HFNO
and there was no significant difference between groups in
the rates of these events.

The end-of-study survey was completed by 19
anaesthetists, all of whom stated that they would prefer to
restrict their use of HFNO for pre-oxygenation to selected
patients. Reasons for this were cost (n = 4); wastefulness
(n = 3); ease of facemask pre-oxygenation with no extra
device needed (n = 3); preference for feedback from bag-
mask ventilation (n =1); unnecessary (n=4); not all
patients tolerate nasal prongs (n = 3); better for specific
groups (n = 3); and desire to use gas induction in some

patients(n = 1).

Discussion

Pre-oxygenation with HFNO was rated by anaesthetists as
easier to use and by patients as more comfortable than
facemask pre-oxygenation. Both methods were rated as
easy in most cases and as comfortable by most patients,
but there were more patients with more difficult and less
comfortable pre-oxygenation in the facemask group. The
study’s size was calculated on the basis that a difference
in comfort of 0.5 points would be clinically important.
The mean difference (95%Cl) was —0.45 (—0.75 to —0.13).
These confidence limits contain the predefined value of
0.5, but do not definitively demonstrate a difference of at
least this size, so the actual difference between groups
might not meet our predefined criterion for clinical
importance. A few patients in each group stated
explicitly that their method was uncomfortable or even
intolerable. Almost all the children in the HFNO group
needed lower than prescribed flow rates while awake,
but this did not preclude increasing the flows once
they were anaesthetised. Although many adverse events

were reported, there was no difference between groups
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Screened for eligibility (n = 1014)

Excluded (n = 796)

Not meeting inclusion criteria (n = 663)

Excluded at discretion of anaesthetist or surgeon (n = 56)
Declined to participate (n = 42)

Interpreter required and unavailable (n = 17)

Case scheduled with non-participating anaesthetist (n = 6)
Other reasons (n = 12)

Consented patients (n = 218)

A

Withdrawn before randomisation (n = 19)

Case cancelled (n = 6)

Anaesthetic intubation plan changed (n = 3)

Reason notrecorded (n = 2)

Blocked nares or patient unwell (n = 2)

Case postponed (n = 2)

Case rescheduled with non-participating anaesthetist
(n=1)

No theatre available (n = 1)

Anaesthetist withdrew patient from study (n=2)

Randomised (n = 199)

HFNO (n =99)

e Received intervention treatment (n = 97)
e Did not receive allocated intervention

o Patientrefused HFNO (n = 1)

o Nasal occlusion identified (n = 1)

[ Allocation
L
Facemask (n = 100)
e Received intervention treatment (n = 99)
e Did not receive allocated intervention
o Case abandoned; engineer fainted (n = 1)

[ Analysis
L

Included in analysis (n = 99)

e Primary endpoint ease anaesthetist (n = 99)

e Primary endpoint comfort patient (n = 93)
o Patientasleep before data collection (n = 5)
o Patientrefused pre-oxygenation (n = 1)

e Secondary endpoints (n = 92)
o AIMS started after tracheal intubation (n
o AIMS data missing (n = 2)

=5)

Included in analysis (n = 97)

e Primary endpoint ease anaesthetist (n = 96)
o Missing data point(n=1)
e Primary endpoint comfort patient (n = 97)

e Secondary endpoints (n = 95)
o AIMS started after tracheal intubation (n
o AIMS data missing (n = 1)

=1)

Figure 1 Patients, screened, excluded, consented, randomised and included in the analysis. HFNO, high-flow nasal oxygen;

AIMS, anaesthetic information management system.

in this regard and none was considered related to
HFNO.

Several studies have evaluated the comfort of pre-
oxygenation with HFNO in various contexts [14, 20, 21, 26—
30]. All but one were published before the start of our study
[20]. Taken collectively, the findings of these studies in
relation to patient comfort are broadly consistent with ours

and generally favour HFNO over mask pre-oxygenation

1350

(and markedly over non-invasive ventilation). None of these
previous studies explicitly compared ease-of-use from the
perspective of the anaesthetist. Our study also differs from
these earlier studies in having more patients and evaluation
of comfort and ease of use as its primary objective.

Patients who were pre-oxygenated with HFNO had, on
average, a slightly higher FgrO, immediately after securing
a definitive than who underwent

airway patients

©2022 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.
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Table 1 Characteristics of patients receiving pre-oxygenation by facemask or high-flow nasal oxygen (HFNO) overall, for adults
and children. Values are mean (SD), number (proportion) or median (IQR [range]).

Overall Adults Children
Facemask HFNO Facemask HFNO Facemask HFNO
n =99 n =97 n=74 n=75 n=25 n =22
Age;y 44.2(23.6) 47.6(23.9) 54.6(17.6) 57.6(17.0) 14.0(12.0-15.0[10.0-16.0] 13.0(12.0-15.0[10.0-16.0])
BMI; kg.m™ 28.9(10) 28.1(7.9) 30.2(10.2) 29.8(7.5) 22.0(18.6-26.7[14.7-41.0]) 19.6(17.6-23.5[15.1-35.3])
Weight; kg 77.5(25.5) 785(24.8) 84.3(23.5) 85.1(22.6) 57. 4(45‘0—62.4 [29.2-119.0]) 55.5(45.2-67.4[30.2-98.5])
Sex; female 55(55.6%) 55(56.7%) 41(55.4%) 41(54.7%) 4(56.0%) 4(63.6%)
ASA physical status
1 3(23.2%) 0(20.6%) 9(12.2%) 7(9.3%) 14(56.0%) 13(59.1%)
2 39(39.4%) 6(37.1%) 29(39.2%) 31(41.3%) 10(40.0%) 5(22.7%)
3 22(22.2%) 26(26.8%) 21(28.4%) 22(29.3%) 1(4.0%) 4(18.2%)
4 5(15.2%) 5(15.5%) 15(20.3%) 15(20.0%) 0 0
Ethnicity
European 68(68.7%) 59(60.8%) 52(70.3%) 46(61.3%) 16(64.0%) 13(59.1%)
Maori 5(5.1%) 0(10.3%) 3(4.1%) 7(9.3%) 2(8.0%) 3(13.6%)
PacificPeoples  17(17.2%) 6(16.5%) 12(16.2%) 10(13.3%) 5(20.0%) 6(27.3%)
Asian 9(9.1%) 1(11.3%) 7(9.5%) 11(14.7%) 2(8.0%) 0
Other 0 1(1.3%) 0 0 0 0

Table 2 Ratings by anaesthetists for ease of pre-oxygenation on a 10-cm visual analogue scale (0, easiest; 10, hardest) and by
patients for comfort on a six-point comfort scale (0, most comfortable; 5, least comfortable), and experience with and tolerance
to pre-oxygenation comparing facemasks with high-flow nasal oxygen (HFNO) cannulae. Values are mean (SD), mean difference
(95%ClI) or number (proportion).

Ease for anaesthetist; cm

Experiences noted by anaesthetist

Beard nuisance

Poor facemask fit

Supplemented with mask ventilation*

Flow returning from the patient's mouth during tracheal intubation -

Fluttering uvula

Comfortfor patients; points

Experiences of individual patients

Nottolerated, stopped
Not comfortable

Flowrate decreased’

Facemask HFNO Mean difference
n =99 n =97 (95%Cl) p value
1.62(2.2) 0.89(1.48) -0.76(-1.25t0-0.27) 0.003
3(3.0%) -
5(5.1%) -
- 5(5.2%)

1(1.0%)

2(2.1%)
1.48(1.2) 1.03(0.9) -0.45(-0.75t0-0.13) 0.006
3(3.0%) 1(1.0%)
3(3.0%) 5(5.2%)

22(22.7%)

One because patient oxygen saturation dropped to 94% for < 1 min; one because the patient was anxious; two because the anaesthetist
inadvertently reverted to habitual practice; and one because of a delay in obtaining the required tracheal tube.

TIn paediatric patients, flowrate was set interactively in the pre-operative area to comfortable levels, which in all 22 patients were
between 10 and 30 I.min"" lower than prescribed; flowrates were setto the prescribed rates after induction of anaesthesia.

conventional pre-oxygenation, but there was no significant
difference between groups in FerO, readings below 87% in
the first 5 min after tracheal intubation, in time taken to

secure an airway and in the number of patients in who

©2022 The Authors. Anaesthesia published by John Wiley & Sons Ltd on behalf of Association of Anaesthetists.

experienced arterial hypoxaemia during the peri-induction
period. Thus, the efficacy of pre-oxygenation with HFNO
appeared, at the least, no less than that of pre-oxygenation
with a mask. We did not adequately assess efficiency, which
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Table 3 Comparison between groups of pre-oxygenation with facemask or high-flow nasal oxygen (HFNO) for duration of pre-
oxygenation, time to secure airway, end-tidal oxygen fraction (FetO,) immediately after securing an airway, numbers of patients
with hypoxaemia (defined as an oxygen saturation (S0, < 90% of > 1 or > 2 min duration), with severe hypoxaemia
(SpO2 < 85%) or with FerO, < 87% inthe 5 min after tracheal intubation, and numbers of patients experiencing adverse events.
Values are mean (SD), mean difference (95%Cl), number (proportion) or OR (95%Cl). Patients could experience more than one
adverse event.

Facemask HFNO Mean difference

n=99 n =97 (95%Cl) or OR (95%Cl) p value
Time to secure airway; min 11.6(7.9) 12.2(8.0) 0.46(-1.59t0 2.51) 0.659
Duration of pre-oxygenation; min 4.5(3.9)* 8.1(7.2) 3.5(2.0-5.1) <0.001
FerO2 and hypoxaemia
FerO, post-intubation; % 89.6(7.5) 93.5(4.3)" 3.89(2.41-5.37) <0.001
Hypoxaemia (> 1 min)* 8(8.7%)" 6(6.3%)" 0.71(0.22-2.15) 0.545
Severe hypoxaemia (> 1 min)* 4(4.3%)" 3(3.2%)" 0.72(0.14-3.43) 0.679
Hypoxaemia (> 2 min)* 1(1.1%)" 1(1.1%)" - -
Severe hypoxaemia (> 2 min)* 1(1.1%)" of - -
FerO2 < 87% (5 min post-intubation) 48(52.2%)" 56(58.9%)" 1.37(0.75-2.52) 0.311
Adverse events
Predefined adverse events 4(4.0%) 1(1.0%) 0.24(0.1-1.65) 0.202
Any non-serious adverse events 25(25.3%) 27 (27.8%) 1.13(0.59-2.14) 0.718
Predefined serious adverse events 7(7.1%) 11(11.3%) 1.65(0.61-4.72) 0.333
Any serious adverse events 18(18.2%) 24(24.7%) 1.46(0.72-2.99) 0.295
Any (serious or non-serious) adverse events 42 (42.4%) 51(52.6%) 1.50(0.84-2.73) 0.175

Excludes two patients for whom the start of pre-oxygenation was not recorded.

TExcludes nine patients (seven facemask; two HFNO) with missing or incomplete physiological recordings.

*Patients with hypoxaemia for > 2 min are a subset of those with hypoxaemia of > 1 min, and those with severe hypoxaemia are a subset
of those with hypoxaemia.
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Figure 2 Median (boxes), interquartile range (lines) and outliers of ratings (dots) by (a) anaesthetists for ease of pre-oxygenation
on a 10-cm visual analogue scale (0, easiest; 10, hardest); and (b) patients for comfort on a six-point comfort scale (0, most
comfortable; 5, least comfortable) comparing pre-oxygenation with facemask or high-flow nasal oxygen (HFNO).

is best measured by the apnoea time to desaturation [12]. probably reflects differences in patient groups, in the
The results of previous studies have been mixed in respect technicalities of how HFNO was administered and in how
of physiological endpoints of this type [14-24, 26]. This the data were obtained. In our study, we measured FegrO,
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immediately after securing the airway. Thus, we could use
the same method of estimating FgrO in each group. This
time-point may, arguably, also be of greater relevance to
the clinical value of pre-oxygenation than the end of pre-
oxygenation with a facemask, given that difficulty in
managing the airway is usually only appreciated after at
least one attempt has been made to intubate the trachea or
insert a supraglottic airway. However, the clinical
implications of minor differences between groups in
physiological endpoints obtained under the conditions of
studies in which considerable emphasis is placed on
achieving adequate pre-oxygenation may be more relevant
to understanding the technicalities of using HFNO
effectively than to the potential clinical implications of doing
so. Evidence for an increase in safe apnoeic time, which we
did not measure in our study, provides more compelling
support for the use of HFNO in peroxygenation [13-16, 18,
19, 22, 23], but the data on this point also reflect study
conditions rather than real-world clinical practice [15]. The
question arises as to whether the modest advantages in
ease of use and patient comfort demonstrated in our results
would translate into a greater proportion of patients
adequately pre-oxygenated in routine clinical practice and
hence a smaller number harmed through difficulty in
managing the airway. A study to show a difference in
complications, including mortality, related to managing
patients’ airways would need to be very large. Before
undertaking such a study, more work is warranted to better
understand how to eliminate the entrainment of room air
through the mouth when using HFNO[15].

A limitation of our study is that it was conducted in two
closely affiliated institutions in a single city in New Zealand.
As a result, our findings cannot be generalised to other
institutions, cities or countries. We have limited information
about reasons for not participating in the study.
Furthermore, our findings cannot be applied to children
under the age of 10 y. The majority of children below this
age undergo an inhalational induction of anaesthesia at
Starship Children’s Hospital, and including them would
have involved asking for a fundamental change in their
management. We acknowledge that there are important
differences between children, even those aged 10-16y,
and adults, but have not sought to compare results between
them because the number of children in our study was
relatively small. Rather, these children were included to
broaden our study population. There could be selection
bias of patients not wanting to participate because they did
not want nasal prongs. We also cannot exclude a Hawthorn
effect: as noted, we believe study anaesthetists may well

have been more focused on pre-oxygenation than during

their normal practice, but this would have applied to both
study groups. Because manually collected times were
recorded to the nearest minute and automated data were
collected every 30 s, there was a variation of up to 2 min in
determining the exact time for securing a definitive airway.
Again, this applied to both study groups, but for future trials
more frequent observations should be considered. The
timing of the assessment of ease of use (shortly after the
airway had been secured) may have led to recall bias: for
example, complications during airway management,
including desaturation or difficulty in airway management,
may have affected these ratings. However, we thought it
important not to interrupt the anaesthetists until this
important goal had been achieved. The visual analogue
scale used to assess ease of use was not specifically
validated for this purpose, but such scales are widely used
to assess a range of unidimensional experiences. To assess
comfort, we followed the approach of Tiruvoipati et al. in
using a modification of the Wong-Baker Faces® Pain Rating
Scale [20]. We did not formally validate this modified scale,
either for children or for adults, and the smiley faces were
designed to represent different levels of pain rather than
different levels of comfort. We have had difficulty finding
any tools for assessing patient comfort that are both simple
and validated. Furthermore, in its broadest sense, comfortis
a multidimensional concept [31, 32]. However, in the
context of this study, we think our scale, with its comfort-
related text anchors, has some face validity, and our
participants (both adults and children) appeared to
understand its use. Nevertheless, this lack of validation is a
limitation, and further research is needed on how best to
evaluate the ease and comfort of procedures such as pre-
oxygenation.

It is not straightforward to measure FerO, while using
HFNO for pre-oxygenation, so we pre-oxygenated patients
in the HFNO group until the S,0, > 95% and for at least
3 min in adults. Three minutes is roughly five half-lives for a
complete exchange of oxygen and, with certain caveats,
should produce a FgrO; > 95% (which exceeds that
suggested in the DAS guidelines) in a patient with a
functional residual capacity of 2500 ml and alveolar
ventilation of 3000 ml.min~" [33]. AS,0, of > 95% provides
little if any assurance of adequate pre-oxygenation, and
some of our patients may have had a larger functional
residual capacity than 2500 ml or lower alveolar ventilation
than 3000 ml.min". Thus we cannot be sure that we
achieved the FgrO, specified in the DAS guidelines in all
patients in the HFNO group. Our choice of 3 min reflects a
human factors argument for keeping the time required for

pre-oxygenation short enough to facilitate universal
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compliance with an approach that should ensure all patients
are at least reasonably well pre-oxygenated, but there is a
case for using a longer period in selected patients, or
perhaps routinely, and some other investigators have done
this [11, 34] . In fact, pre-oxygenation was continued for
more than 3 min in many patients in the HFNO group, and,
on average, for longer than that in the facemask group,
although time from first pulse oximetry reading to securing
an airway was not significantly different between groups.
This longer duration of pre-oxygenation with HFNO may
reflect the ability to provide pre-oxygenation conveniently
while carrying out other tasks and without the need for a
dedicated person to maintain a tight seal with a facemask,
which might be one of the primary human factor advantages
of this approach to pre-oxygenation. In our protocol, we
specified that episodes of hypoxaemia (S,0, < 90%) and
severe hypoxaemia (S,0, < 85%) should have a duration of
> 2 min because our software samples these data every
30 s; thus 2 min provides four consecutive samples, which
may make artefactual results less likely than two consecutive
samples [7]. However, we have also reported episodes of
hypoxaemia of > 1 min duration. Finally, industry funding
was a potential source of bias. However, the study was
investigator initiated, and employees of the sponsor were
not involved in the collection or analysis of the data, or in
writing the paper, other than by reading and commenting
on these. Importantly, an independent study monitor
regularly reviewed the study processes and documentation,
including the primary data records.

In conclusion, we found pre-oxygenation with HFNO to
be easier for anaesthetists and more comfortable for
patients than pre-oxygenation with a facemask with no
clinically relevant differences in FgrO, after securing a
definitive airway or in time to secure an airway. The
differences in ease and comfort were modest.
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