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Obesity is increasingly prevalent in the surgical popu-
lation1 and is an established risk factor for difficulty 
with both ventilation and intubation.2 In such high-

risk groups, strategies that extend the apneic time without 
significant hypoxemia allow airway techniques to be better 
executed, using advanced equipment and additional exper-
tise as required. Preoxygenation before anesthetic induc-
tion is the archetypal approach toward prolonging the safe 
apnea time – commonly defined as apneic duration with 
Spo2 ≥ 95%.3 Notwithstanding some opposition to routine 
preoxygenation for all patients,4,5 this has become standard 
of care in many health care systems.

Preoxygenation in healthy subjects extends the safe 
apnea time to not more than 9 minutes, as oxygen reserves 
deplete from high baseline levels.6,7 Obese patients under-
going best-practice preoxygenation exhibit significant 
hypoxemia after only 2–4 minutes of apnea.3,8,9 Techniques 
to augment functional residual capacity through head-up 

positioning10 and noninvasive ventilatory support11 only 
marginally improve the duration of safe apnea. Even in 
healthy nonobese volunteers undergoing full preoxygen-
ation, apnea induced by a variety of induction regimes does 
not reverse in time to prevent significant falls in Spo2.12,13 
Thus, preoxygenation offers limited protection in the event 
of severe airway difficulties.

To extend the safe apnea time beyond the limits of pre-
oxygenation, methods of apneic oxygenation are required 
where ambient oxygen in the upper airway replaces oxygen 
uptake in the lung, in the absence of ventilation but in the 
presence of a partially patent airway.14 Numerous studies 
of apneic oxygenation during induction of anesthesia are 
described in the literature using modified laryngoscopes,15 
nasopharyngeal catheters,7,16,17 and nasal prongs.3,18 Nasal 
approaches in particular are increasing in popularity but 
are contraindicated in certain patient groups, eg, trauma. 
Furthermore, some nasal catheter techniques have been 
associated with significant harm19 and randomized efficacy 
trials exploring alternative routes remain few. We, therefore, 
set out to validate a novel method of increasing the ambient 
oxygen fraction in the upper airway using a continuous oral 
route. We hypothesized that buccal oxygen administration 
via a modified Ring-Adair-Elwyn (RAE) tube would effec-
tively extend safe apnea during prolonged laryngoscopy in 
obese patients.

METHODS
The study protocol was approved by the local Human 
Research Ethics Committee. Eligible patients were 
approached by the research team in the surgical admission 
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unit and informed consent was obtained for all partici-
pants. Registration with the Australia and New Zealand 
Clinical Trials Registry occurred on June 26, 2013; ACTRN 
12613000697785; Principal Investigator: Dr Andrew Heard. 
Trial reporting was in accordance with the 2010 CONSORT 
statement.

Trial Design
This was an open-label, parallel-arm, randomized-con-
trolled, efficacy trial conducted at a single University 
Hospital site in Western Australia, assessing buccal oxy-
genation for superiority over standard care. Block random-
ization in a 1:1 ratio occurred by computerized sequence 
generation and the sealed opaque envelope method. Forty 
patients were recruited (20 in each arm) between June 27, 
2013 and March 3, 2015. Eligibility criteria included the 
following: patients ≥18 years requiring general anesthesia 
with endotracheal intubation for scheduled surgery, BMI 
between 30 and 40, ASA physical status I–II. Patients were 
deemed ineligible if they had chronic respiratory disease, 
arterial hemoglobin saturation <98% after preoxygenation, 
previous or anticipated difficult intubation, uncontrolled 
hypertension, ischemic heart disease, congestive heart fail-
ure, increased intracranial pressure, gastroesophageal reflux 
disease, or a known allergy or contraindication to propofol, 
remifentanil, rocuronium, or midazolam.

Buccal Oxygen Delivery Device
A 3.5-mm internal diameter, south-facing RAE (Portex 
Polar Preformed Tracheal Tube) endotracheal tube was 
adapted to deliver buccal oxygenation (Figure 1). The distal 
end of the RAE tube was cut above the Murphy eye, before 
connecting standard oxygen tubing from the cut end to the 
auxiliary oxygen outlet on the anesthetic machine. After 
removal of the tube connector, the blunt proximal end was 
placed in the buccal space with the tube angle apposed to 
the left side of the mouth (Figure 2). If patient discomfort 
was encountered, the adapted oral end was shortened by 
1 cm at a time, until well tolerated. Fixation with sleek tape 
to the external cheek maintained the modified RAE tube 
in position.

Conduct of Anesthesia
On the operating table before induction of general anesthe-
sia, all patients had IV access secured and monitoring with 
bispectral index, 3-lead electrocardiogram, Spo2, and non-
invasive blood pressure set at 1-minute cycles. Midazolam 
2  mg IV was administered. The buccal oxygen delivery 
device was applied in patients randomly assigned to the 
intervention, but no flow was commenced. Preoxygenation 
was conducted with patients spontaneously ventilating 
(adjustable pressure limiting valve fully open) in the 30º 
reverse Trendelenburg position with a continuous end-tidal 
carbon dioxide (Etco2) trace.

At the first reading of end-tidal oxygen (Eto2) ≥ 80%, 
buccal oxygenation was started at 10 L/min in the interven-
tion arm, and total intravenous anesthesia (TIVA) was com-
menced in all patients with target-controlled infusions (TCI) 
of propofol (7.0 μg/mL, Schnider model, effect-site concen-
tration) and remifentanil (4.0 ng/mL, Minto model, effect-
site concentration). Time zero was recorded at the point 
both TCI infusions were running. Rocuronium 0.9 mg/mL 
was injected at 60 seconds (or as soon afterward that verbal 
contact was lost) and automated train-of-four monitoring 
was established at 20-second intervals.

At 2.5 minutes, laryngoscopy was performed with the 
GlideScope AVL Single Use video laryngoscope (Verathon 
Ltd.). A laryngeal view consistent with straightforward 
intubation was required for study continuation. Once 
confirmed, laryngoscopy force was reduced to the mini-
mum required to maintain a small space between epiglot-
tis and posterior pharyngeal wall as seen on the video 
screen (equivalent to a grade 3 view), thus simulating the 
partially obstructed airway. This position was sustained 
until a study end point of Spo2 < 95% or 750 seconds was 
reached. Meanwhile Propofol TCI was adjusted to maintain 
a bispectral index value of 40–60, and systolic blood pres-
sure was kept within 20% of the baseline value with boluses 
of vasoactive agents. At the study end point, the attending 
anesthetist proceeded with intubation utilizing the in situ 
GlideScope, followed by rapid reoxygenation with high 
tidal volume ventilation.

Data Collection
The primary outcome was time to reach Spo2 < 95% during 
750 seconds of apnea. Patients who did not reach this level 
were censured at 750 seconds – a period with the potential to 
demonstrate meaningful efficacy while maintaining partici-
pant safety. Patient age, sex, weight, height, BMI, intubating 

Figure 1. Adapted 3.5-mm south-facing Ring-Adair-Elwyn (RAE) 
tube for administration of buccal oxygen. Pictures from left to right 
show intact apparatus, connector removed, and distal tube cut 
above Murphy eye, modified apparatus with auxiliary oxygen tubing 
attached to cut end.

Figure 2. Adapted Ring-Adair-Elwyn (RAE) tube secured for oxygen 
delivery to the left buccal space.
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position, and fat distribution (central, peripheral, or even) 
were documented on the case report form (CRF). Arterial 
hemoglobin saturations (Spo2) were recorded at baseline on 
room air, at induction after preoxygenation (time-zero), and 
then at the following time-points: 60 seconds, 150 seconds, 
and every minute thereafter until a study end point was 
reached. At study end, the peak Etco2 value and the lowest 
Spo2 value were recorded.

Statistical Analysis
Sample size was calculated for a comparison of means of 
2 independent groups. A recent study investigating apneic 
oxygenation by nasal prongs reported improvements in 
mean time to desaturation <95% of approximately 90 sec-
onds, with a standard deviation up to 80 seconds.3 To repli-
cate these findings with type I and type II errors of 5% and 
20%, respectively, 14 patients per group were required. To 
allow sufficient power for statistical tests in the event of 
abnormal distributions, the sample size was inflated by 
15%. To allow for withdrawals in the event of Spo2 < 98% 
after preoxygenation or difficult laryngoscopy, a further 
inflation of 20% was applied. Therefore, 20 patients were 
required in each group.

The primary outcome was analyzed using Kaplan-Meier 
survival curves, and log-rank tests were applied. Apnea 
times with Spo2 ≥ 95% were reported in each group for com-
parison with preceding studies – differences were assessed 
with the Mann-Whitney U test. Analyses were performed on 
an intention-to-treat basis using GraphPad Prism 6.0, with 
a statistical significance level of P < .05 on 2-tailed testing.

RESULTS
Forty patients were recruited with no exclusions for Spo2 
< 98% after preoxygenation or difficult laryngoscopy. 
Perioperative patient characteristics were similar in the 
2 study arms (Table), including fat distribution that can 
impact respiratory physiology.20 All patients achieved the 
preoxygenation target of Eto2 ≥ 80%. No patients reported 
buccal RAE tube discomfort. Two patients in the interven-
tion arm inadvertently commenced buccal oxygenation 
before standard preoxygenation, thus interfering with Eto2 
monitoring. This was acknowledged by the study investi-
gators after commencement of TIVA and noted on the CRF 
(apnea time 223 seconds and 330 seconds). One additional 
buccal oxygenation patient developed transient supraven-
tricular tachycardia and hypotension on induction, with 
associated loss of the oxygen saturation trace (apnea time 
of 180 seconds documented at loss of trace). These patients 
are included on an intention-to-treat basis. There were no 
missing data points.

Spo2 at baseline and on induction were no different 
across study arms (Table). Thereafter, individual patient 
Spo2 profiles varied considerably (Figure 3). Patients in the 
buccal oxygenation arm were less likely to reach Spo2 < 95% 
in the first 750 seconds of apnea; hazard ratio 0.159, 95% 
confidence interval 0.044–0.226, P < .0001 (Figure  4). This 
manifested in a longer median (IQR) safe apnea time; 750 
seconds (389–750) versus 296 seconds (244–314), P < .0001 
(Figure 5). Of note, 11 of 20 patients in both arms had at least 
the first twitch (T1) of the train-of-four present 150 seconds 
after rocuronium administration. At the end of the study, 

Table. Perioperative Characteristics
Standard Care (n = 20) Buccal Oxygenation (n = 20)

Age, y 42 ± 14 (19–66) 42 ± 18 (19–80)
Weight, kg 105 ± 13 (83–132) 104.3 ± 15 (75–133)
Height, cm 174 ± 9 (160–191) 174 ± 8 (157–188)
BMI 34.5 ± 2.8 (30.5–39.3) 34.3 ± 3.0 (30.3–39.0)
Male, n (%) 15 (75) 13 (65)
Even fat, n (%) 11 (55) 13 (65)
Central fat, n (%) 8 (40) 5 (25)
Peripheral fat, n (%) 1 (5) 2 (10)
Baseline Spo2, % 98 (97–100) 98 (96–100)
Induction Spo2, % 100 (99–100) 100 (99–100)
Peak Etco2, mm Hg 40 (38–45) 44 (39–50)
Persistent T1, 150 s after rocuronium, n (%) 11 (55) 11 (55)

Abbreviation: BMI, body mass index.
Data are presented as mean ± SD (range), or median (interquartile range); n is the number of patients; T1 is the first twitch of the train-of-four.

Figure 3. (A) Standard care, (B) buccal 
oxygenation. Arterial oxygen satura-
tion profiles during study period includ-
ing lowest recorded value after study 
termination.
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no difficult airways were encountered. Median Spo2 values 
briefly dropped in the standard care arm before reoxygen-
ation occurred – the median (IQR) of the lowest observed 
Spo2 values was higher in the buccal oxygenation arm; 97 
(92–99) versus 91 (89–92), P < .001. Peak end-tidal CO2 levels 
remained within a safe range. All patients had uneventful 
surgery and met recovery discharge criteria in the expected 
time course.

DISCUSSION
This study demonstrates a median safe apnea time of 
12.5  minutes in obese patients receiving buccal RAE tube 
oxygenation; a 2.5-fold increase compared with standard care 
and the longest safe apnea time reported in a randomized 
trial. In the only comparable study in obese patients (BMI 
31), low-flow oxygen via Salter type nasal prongs extended 
safe apnea by 1.8 minutes, with only 8 of 15 patients main-
taining Spo2 ≥ 95% for the duration of a 6-minute apnea test.3 
The long duration of efficacy with buccal oxygenation is con-
sistent with clinical studies in nonobese patients,16 animal 
experiments,21 and physiologic simulators.22

The benefits of an extended period of safe apnea with 
buccal oxygenation are multiple. First, sufficient time can 
be allowed for full neuromuscular junction blockade before 
intubation attempts, even if ventilation difficulties are 
encountered – an issue highlighted in the current study 
by rocuronium onset times slower than values accepted 
in the literature.23 Second, once the feasibility of facemask 

ventilation is established, the need for further ventila-
tion can be eliminated even during prolonged intubation 
attempts. This is particularly relevant where facemask 
ventilation may encourage aspiration, eg, during rapid 
sequence induction. Third, mitigating the stress of evolving 
hypoxemia in the unanticipated difficult airway will likely 
improve operator performance.24 The buccal RAE tube sys-
tem can deliver these benefits with equipment that is well 
tolerated, inexpensive, and widely available across stan-
dard anesthetic departments.

A number of alternative apneic oxygenation devices are 
employed in clinical practice. Nasopharyngeal catheters 
deliver oxygen close to the laryngeal inlet, maximizing 
efficacy by maintaining a high supralaryngeal oxygen frac-
tion22 and yielding near-perfect oxygenation in randomized 
trials.7,16,17 However, if oxygen flows do not vent through 
the mouth or nose after induction of anesthesia, significant 
barotrauma can occur – 19 such cases spanning 5 decades 
were recently described.19 The use of nasal prongs rather 
than nasal catheters has also been investigated. Moderate 
gains in apnea times have been reported with low-flow 
oxygen delivery,3,16 and efficacy may be limited in obese 
patients by retropalatal obstruction under anesthesia.25 In 
contrast, high-flow nasal cannulae (HFNC) deliver flows up 
to 70 L/min and in the process generate continuous positive 
airway pressure (CPAP) – a feature that can overcome retro-
palatal obstruction and augment functional residual capac-
ity.26 Indeed, Patel and colleagues successfully used HFNC 
at 70 L/min in a case series of 25 patients undergoing ear, 
nose, and throat surgery with known difficult airways,18 
reporting a median apnea time (range) with Spo2 ≥ 90% of 
14 (5–65) minutes and enhanced carbon dioxide clearance. 
Nevertheless, randomized studies of HFNC during intuba-
tion of critically ill patients have not reported efficacy,27,28 
pharyngeal pressures can rise when the oral29–31 and nasal32 
escape routes are attenuated, and bag-mask ventilation 
necessitates equipment removal, potentially rendering this 
an intermittent technique.

The buccal approach was designed to integrate seam-
lessly with existing airway management algorithms,33 
to eliminate the risk of barotrauma, and to offer a viable 
alternative when nasal instrumentation is contraindicated. 
Importantly, the RAE tube positioned within the left buc-
cal space allows normal use of Guedel, nasopharyngeal, 
and laryngeal mask airways, minimal interruption of face-
mask seal and unimpeded laryngoscopy. This position 
also ensures that any rise of pharyngeal pressure is vented 
through the oral escape route, comprising the sum inter-
dental gap area during facemask application and the open 
mouth during prolonged laryngoscopy. In a lung model for 
jet ventilation, we have previously shown end-expiratory 
lung pressures to be under 1 cm H2O when oxygen is applied 
to the trachea continuously at 15 L/min in the presence of 
a 1.1-cm2 surface area expiratory pathway (published as 
abstract).34 By reducing the flow rate to 10 L/min for buccal 
oxygenation, we aimed to generate negligible CPAP while 
maintaining a high supralaryngeal oxygen fraction and a 
patent airway through sustained laryngoscopy. In contrast 
to HFNC, the benefits of 10 L/min are likely restricted to 
pure apneic oxygenation with little contribution from CPAP 

Figure 4. Proportion of patients with Spo2 ≥ 95% during 750 s 
apnea (95% confidence bands shown with dashed lines). Hazard 
ratio for Spo2 < 95% 0.159, 95% confidence interval 0.044–0.226, 
P < .0001.

Figure 5. Apnea time with Spo2 ≥ 95%, horizontal line = median.
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or ventilatory exchange. Where sustained laryngoscopy is 
judged inappropriate, alternative techniques to maintain 
airway patency (eg, jaw thrust, Guedel airway) could be 
deployed and warrant further investigation.

A third of patients receiving buccal oxygenation did not 
maintain Spo2 ≥ 95% for the full study duration. Potential 
explanations include protocol deviations and a failure to 
maintain either a high supralaryngeal oxygen fraction or a 
patent airway, despite good views on video laryngoscopy. The 
observed incidence of early study termination is also consis-
tent with the high incidence of atelectasis and subsequent pul-
monary shunt that occurs in obese populations under general 
anesthesia.35,36 Even when apneic oxygenation techniques are 
perfectly implemented in animals, large shunt values associate 
with rapid desaturation at the onset of apnea.37 In such models 
of shunt, arterial oxygen values equilibrate at a higher plateau 
with apneic oxygenation,22,37 suggesting patients with shunt 
may still derive benefit from buccal oxygen delivery despite 
early desaturation below Spo2 of 95%. Minimizing atelectasis 
and pulmonary shunt on induction of anesthesia will likely 
maximize the efficacy of apneic oxygenation, highlighting 
the importance of the reverse Trendelenburg position and the 
potential advantages of techniques that generate CPAP.18 High 
shunt may also explain the apparent lack of utility of apneic 
oxygenation during intubation of critically ill patients.27,28

There are a number of limitations to the current work. 
First, this was a nonblinded, single-center study with associ-
ated risks of investigator bias. Given the hard end point of 
time to Spo2 < 95%, these risks were minimized. A blinded 
design was deemed impractical at this stage of investigation, 
because buccal oxygen administration is both audible and 
visible, and cannot easily be substituted with an alternative 
gas flow that is physiologically neutral. Blinding in future 
studies may be achievable by using sham RAE tubes or a 
concealed 3-way tap directing oxygen or air flow toward or 
away from the oral cavity. Second, the rationale for an oxygen 
flow rate of 10 L/min was based on limited data. Although 
this rate proved effective, experimental designs with mea-
surement of pharyngeal pressure generation, oxygen fraction 
above the larynx, and carbon dioxide clearance are required 
to better inform optimal flow rates. Third, although apneic 
oxygenation is functional across very small apertures, the 
utility of buccal oxygenation in patients that develop severe 
airway obstruction cannot be inferred. Finally, our study 
population did not include super morbidly obese patients, a 
particularly at-risk group during the induction of anesthesia.

In conclusion, buccal oxygen delivery is an inexpensive, 
readily available, and effective method of apneic oxygen-
ation during prolonged laryngoscopy in obese patients. 
Importantly, it offers a viable alternative to the nasal route. 
Future studies should focus on larger, multicenter designs, 
with reporting of extended safety profiles and clinically rel-
evant outcomes in high-risk patients.
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