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Abstract

Purpose Studies comparing the recently introduced

Ambu� AuraGainTM (Auragain) with the LMA�
SupremeTM (Supreme) supraglottic airway (SGA) have

reported conflicting results regarding differences in

oropharyngeal leak pressure (OLP). This randomized-

controlled trial investigated the OLP of the Auragain

compared with the Supreme in patients undergoing

ambulatory surgery.

Methods Adult patients with a body mass index B 40

kg�m-2 presenting for ambulatory surgery and requiring

an SGA were randomized to receive either the Auragain or

the Supreme. Anesthesia was induced with lidocaine (1

mg�kg-1), fentanyl (1-2 lg�kg-1), and propofol (2-3

mg�kg-1). The SGA was inserted using a standard

technique with the cuff inflated to 60 cmH2O. The groups

were compared for the primary outcome of OLP.

Results One hundred sixty-five patients (n = 81,

Auragain; n = 84, Supreme) completed the study.

Demographics were similar between the groups. The

mean (standard deviation [SD]) OLP was significantly

higher in the Auragain than in the Supreme group [26.4

(2.8) cmH2O vs 21.6 (3.4) cmH2O, respectively; difference

in means (MD), 4.8 cmH2O; 95% confidence interval (CI),

3.9 to 5.8; P\ 0.001]. The mean (SD) insertion time was

longer in the Auragain than in the Supreme group [13 (4)

sec vs 11 (3) sec, respectively; MD, 2 sec; 95% CI, 1 to 3

sec; P\ 0.001].

Conclusion In patients undergoing ambulatory

anesthesia, the OLP was higher but took longer to insert

with the Auragain than with the Supreme. A higher OLP

may allow for SGAs to be utilized in a wider range of

patients and procedures.

Trial registration www.clinicaltrials.gov (NCT02816463).

Registered 28 June 2016.

Résumé

Objectif Des études comparant les voies respiratoires

supraglottiques (SGA) Ambu� AuraGainTM (Auragain)

nouvellement commercialisé et LMA� SupremeTM

(Supreme) ont fourni des résultats contradictoires

concernant les différences de pressions de fuite

oropharyngée (OLP). Cet essai randomisé contrôlé a

étudié l’OLP de l’Auragain comparativement à celle du

Supreme chez des patients subissant une chirurgie

ambulatoire.

Méthodes Des patients adultes ayant un indice de masse

corporelle B 40 kg� m-2 venant pour chirurgie

ambulatoire et nécessitant une SGA ont été randomisés

pour bénéficier de l’Auragain ou du Supreme. L’anesthésie

a été induite avec de la lidocaı̈ne (1 mg� kg-1), du fentanyl
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(1-2 lg�kg-1) et du propofol (2-3 mg� kg-1). La SGA a été

insérée selon une technique standard et le ballonnet a été

gonflé à 60 cmH2O. Le principal critère d’évaluation

comparé entre les deux groupes était l’OLP.

Résultats Cent soixante-cinq patients (n = 81, Auragain;

n = 84, Supreme) ont terminé l’étude. Les données

démographiques étaient similaires entre les groupes.

L’OLP moyenne (écart-type [ÉT]) était significativement

plus élevée dans le groupe Auragain que dans le groupe

Supreme (respectivement, 26,4 [2,8] cmH2O contre 21,6

[3,4] cmH2O; différence des moyennes, 4,8 cmH2O;

intervalle de confiance [IC] à 95 % : 3,9 à 5,8;

P\ 0,001). Le temps moyen (ÉT) d’insertion a été plus

long dans le groupe Auragain que dans le groupe Supreme

(respectivement, 13 [4] s contre 11 [3] s; différence des

moyennes, 2 s; IC à 95 %, 1 à 3 s; P\ 0,001).

Conclusion Chez les patients subissant une anesthésie

ambulatoire, l’OLP a été plus élevée avec l’Auragain

qu’avec le Supreme, mais son insertion a pris plus de

temps. Une OLP plus élevée pourrait permettre d’utiliser

les SGA dans un plus vaste éventail de procédures et de

patients.

Enregistrement de l’essai clinique www.ClinicalTrials.

gov (NCT02816463). Enregistré le 28 juin 2016.

Since their introduction, supraglottic airways (SGAs) have

been widely used for airway management during general

anesthesia. These devices are designed to provide a seal

around the laryngeal inlet and have been utilized as

ventilation devices as well as conduits for tracheal

intubation.1-5

Oropharyngeal leak pressure (OLP)—i.e., the airway

pressure at which gas leaks back around the SGA cuff—is a

key marker of the efficacy and safety of SGAs. A higher OLP

suggests a better seal between the SGA and the supraglottic

mucosa and is thought to allow for greater levels of positive

pressure ventilation and improved gastric aspiration

protection.2 Improvements in newer SGAs have aimed to

achieve higher OLPs, enhance gastric venting, and facilitate

SGA-guided intubation.2 Certain clinical situations require

SGA devices to maintain high OLP such as patients with

obesity, increased intra-abdominal pressure in laparoscopic

surgery, and patients with restrictive lung disease.6

The LMA� SupremeTM (Supreme) (Teleflex,

Morrisville, NC, USA) is a single-use, anatomically

curved SGA with a gastric access conduit.7 The Supreme

features a preformed curved shaft with a double lumen, a

built-in bite block, and moulded fins at the laryngeal outlet

(Fig. 1).7-9 It is the one of the most commonly used SGAs

with a well-established safety and efficacy profile.6

The Ambu� AuraGainTM (Auragain) (Ambu Inc.,

Columbia, MD, USA) is a newer SGA released in 2014.

The Auragain similarly has a preformed curved shaft with a

double lumen, but it also features a comparatively wider

airway tube to facilitate the passage of a larger

endotracheal tube and does not have fins at the laryngeal

outlet (Fig. 1).9-11

Previous studies have reported conflicting results

regarding differences in OLP between the Auragain and

the Supreme. Lopez et al.10 compared the Auragain with

the Supreme and showed a higher mean OLP of 34 cmH2O

for the Auragain (vs 29 cmH2O in the Supreme).

Nevertheless, other studies comparing the Auragain with

the Supreme have reported no significant differences in

OLP between the two devices.9,12 To date, limited data are

available regarding the OLP of the Auragain vs the

Supreme in patients undergoing ambulatory surgery.

The purpose of this study was to compare the OLP

(primary endpoint) of the Auragain with that of the

Supreme in patients undergoing ambulatory surgery with

general anesthesia. We hypothesized that the Auragain

would provide a higher OLP than the Supreme.

Methods

The study was approved (11 August 2015) by the

institutional research ethics board (University Health

Network, Toronto, ON, Canada) and registered with

ClinicalTrials.gov (NCT02816463). It was conducted at

Toronto Western Hospital, a tertiary hospital located in

Toronto, ON. Written informed consent was obtained from

all patients. Inclusion criteria were American Society of

Anesthesiologists physical status I-III, [ 18 yr of age,

elective ambulatory surgery under general anesthesia with

an anticipated duration\two hours, and suitability for SGA

use. Exclusion criteria included reduced mouth opening (\
2.5 cm), recent history of upper respiratory tract infection,

sore throat\ two weeks, and contraindication to SGA use

including morbid obesity (body mass index[40 kg�m-2) or

severe symptomatic esophageal reflux disease.

Patients were randomized to either the Auragain or the

Supreme group. Randomization was done by the

institutional biostatistician using a computer-generated

block randomization procedure. Sealed randomization

envelopes were kept by the research coordinator and

opened by a single investigator 30 min before the

scheduled case, after which the patients were assigned to

their study groups.

Patients were positioned supine on the operating

table and routine intraoperative monitors13 were applied.

General anesthesia was initiated with lidocaine 1-1.5
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mg�kg-1, fentanyl 1-2 lg�kg-1, and propofol 2-3 mg�kg-1.

The assigned SGA was inserted when the depth of

anesthesia was deemed appropriate by the

anesthesiologist. Anesthesiologists (fellow trainees or

consultant-level attendings) who had a minimum of one-

year experience with SGAs having inserted more than 100

of them were involved in the study.

In both groups, the SGA was sized according to

manufacturer recommendations. In patients weighing\ 50

kg, a size 3 SGA was used; 50-70 kg, size 4 SGA; and[70 kg,

size 5 SGA. Minor variations of the sizing of the SGA were

permitted at the discretion of the anesthesiologist. The SGA

was lubricated on its dorsal surface with a water-soluble, non-

conductive lubricant (MUKO lubricating jelly, Cardinal

Health Canada Inc. Mississauga, ON, Canada) and was

inserted as per the manufacturer’s instructions. The SGA was

inflated to an intracuff pressure of 60 cmH2O, as measured by

a Portex cuff manometer (Smiths Medical, Dublin, OH,

USA). Initial assessment of ventilation was achieved by

observation of capnography and thoraco-abdominal

movement. The SGA was repositioned, if necessary, to

optimize ventilation or capnography. A maximum of three

attempts at SGA insertion were permitted, after which

patients were excluded from the study.

The OLP was measured using the technique described

by Zhang et al.2 with the patient’s head in a neutral

position and the adjustable pressure limiting (APL) valve

of the circle system set at 70 cmH2O with a fresh gas flow

of 3 L�min-1. The anesthesia circuit airway pressure was

measured with a T-piece interposed between the SGA and

the breathing circuit, using a pressure manometer Portex

cuff manometer (Smiths Medical, Dublin, OH, USA). The

OLP was defined as the measured circuit airway pressure

when an audible leak was first detected using a stethoscope

placed over the neck. Once the OLP had been measured,

the APL valve was opened and either spontaneous or

controlled ventilation was resumed.

Patients were maintained on desflurane in air/oxygen

with a FIO2 of 0.3-0.5. No nitrous oxide was used. After

insertion, all patients were ventilated manually for the first

few breaths. Later they were ventilated spontaneously or

controlled as clinically indicated. Muscle relaxation was

not used. Fentanyl was used for intraoperative analgesia,

titrated according to patient requirements. The

anesthesiologist removed the SGA at the end of the

procedure once patients were awake and obeyed

commands. Patients were moved to the postanesthesia

care unit (PACU) for routine PACU care and discharged

home according to standardized discharge criteria.14 A

single investigator (K.S.) who was blinded to the patient

group allocation interviewed the patients, collected

perioperative data, and contacted patients after discharge

home via a telephone interview to collect data at 24 hr.

The primary outcome of the study was the OLP.2

Secondary outcomes included pharyngolaryngeal

complications, anesthesiologist’s satisfaction with the

Fig. 1 A) (Left) lateral and

(right) frontal view of the

Ambu� AuraGainTM (Ambu

Inc., Columbia, MD, USA). B)

(Left) lateral and (right) frontal

view of the LMA� SupremeTM

(Teleflex, Morrisville, NC,

USA)
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SGA, and patient satisfaction with the anesthesia.

Additional variables assessed included: SGA insertion

time, number of insertion attempts, ease of SGA insertion,

laryngospasm and blood staining on the SGA after

removal, and length of PACU stay.

Assessment for pharyngolaryngeal complications was

done at one and two hours in the postoperative recovery

period and at 24 hr postoperatively during a phone call to

the patient. Sore throat was defined as ‘‘constant pain or

discomfort in the throat independent of swallowing’’;

dysphonia was defined as ‘‘difficulty speaking or pain on

speaking’’ and dysphagia as ‘‘difficulty or pain provoked

by swallowing’’.15 The composite pharyngolaryngeal

complication was rated as present if sore throat,

dysphagia, or dysphonia was present at one, two, or 24

hr postoperatively. Anesthesiologist satisfaction with use

of the SGA was subjectively assessed as high, moderate, or

low.16 Patient satisfaction in relation to experience with the

airway was measured at two hours after the surgery in the

postoperative period. It was graded using a five-point

Likert scale (0 = very dissatisfied to 5 = extremely

satisfied). Insertion time was measured from the removal of

the face mask until ventilation was confirmed by a

satisfactory end-tidal capnography tracing. Ease of

insertion with the SGA was assessed by the

anesthesiologist as easy, fair, or difficult.

Statistical analysis

Based on a literature review,2,7,17-32 the mean (SD) OLP of

the Supreme was determined to be 25 (10) cmH2O. We

aimed to show that the difference in mean OLP of the

Auragain would be greater than 5 cmH2O, which would be

considered clinically significant. With a power of 80% and

an alpha of 0.05, and accounting for a dropout rate of 10%,

a sample size of 85 patients in each group was required.

Continuous variables were presented as mean (SD) and

categoric variables as number (%). The primary outcome of

OLP was compared between the two groups using an

independent samples t test. Continuous and categorical

variables were analyzed using the t test and Chi square test,

respectively. Bonferroni adjustments for multiplicity were

done for the secondary endpoints. P\0.05 after correction

for multiplicity was considered significant. The data were

analyzed according to per-protocol analysis. Statistical

analyses were performed using IBM SPSS Statistics 20

(IBM Corporation, Armonk, NY, USA).

Results

Between 28 June 2016 and 9 May 2017, 344 patients

scheduled for ambulatory surgery were assessed for

eligibility and 170 patients were enrolled in the study

(Fig. 2). Four patients in the Auragain group were

subsequently excluded; two exceeded the maximum of

three insertion attempts, and ventilation was deemed

inadequate in another two patients after SGA insertion.

One patient in the Supreme group was excluded because of

excess leak and poor ventilation with the largest available

size 5 device. Seven anesthesiologists were involved in the

study: five fellows and two attendings. After the

exclusions, 165 patients (81 in the Auragain and 84 in

the Supreme group) were analyzed.

Patient demographic data and baseline characteristics,

including age and body mass index, were similar between

the two groups (Table 1). Surgeries included ambulatory

orthopedic, ophthalmologic, and urologic procedures.

The mean (SD) OLP was significantly higher in the

Auragain than in the Supreme group [26.4 (2.8) cmH2O vs

21.6 (3.4) cmH2O, respectively; difference in means (MD),

4.8 cmH2O; 95% CI, 3.9 to 5.8 cmH2O; P \ 0.001]

(Table 2). The mean (SD) insertion time was also

significantly longer in the Auragain than in the Supreme

group [13 (4) sec vs 11 (3) sec, respectively; MD, 2 sec;

95% CI, 1 to 3 sec; P\ 0.001], and the first pass success

was also significantly lower (77% vs 94%, respectively; P

= 0.003). Anesthesiologist satisfaction was significantly

lower with the Auragain, with only 53% rating it with high

satisfaction compared with 72% with the Supreme (P \
0.001). The Auragain was also subjectively rated as more

difficult to insert than the Supreme, with 48% of insertions

of the Auragain scored as easy compared with 92% for the

Supreme (P\ 0.001).

Postoperative symptoms were analyzed in 160 patients

(n = 78 Auragain; n = 82 Supreme) as five patients could

not be contacted by telephone at 24 hr postoperatively.

There were no significant differences in the composite

pharyngolaryngeal complications, laryngospasm, blood

stains, PACU stay, and patient satisfaction regarding

SGA use between the two groups (Table 2).

Discussion

In this study, we found that the OLP of the Auragain was

4.8 cmH2O higher than that of the Supreme. Additionally,

the Auragain was associated with increased insertion time,

decreased first pass success, decreased ease of insertion,

and decreased anesthesiologist satisfaction compared with

the Supreme in patients undergoing ambulatory surgery.

The OLP is used to quantify the efficacy of the seal

between the supraglottic airway and the supraglottic

mucosa2,20 and is associated with the feasibility of

positive pressure ventilation, degree of protection from

aspiration, and suitability of a supraglottic airway for
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laparoscopic surgery.3,33 A higher OLP for the Auragain

suggests that the Auragain can achieve a better glottic seal

(and thus higher ventilatory pressures) for ambulatory

surgical patients.

Previously, three studies compared the OLP of the

Auragain vs the Supreme and reported conflicting

results.9,10,12 In a randomized-controlled trial by Lopez

et al.,10 60 adult patients undergoing gynecologic

laparoscopic surgery were studied. The OLP was higher

in the Auragain vs the Supreme [34 (5) cmH2O vs 29 (5)

cmH2O, P\ 0.001]. Conversely, in an Asian population

characterized by smaller build and smaller mouth opening,

no significant difference in OLP was found between the

Auragain and the Supreme12 (24.1 cmH2O vs 23.6 cmH2O;

P = 0.72).

Jagannathan et al.9 studied 100 children and found no

significant difference in OLP between the Auragain and the

Supreme. Whereas Jagannathan et al.9 studied pediatric

patients, the current study focused on adults using larger

supraglottic airways. Singh et al.34 studied 60 patients

undergoing laparoscopic cholecystectomy and reported no

significant difference in OLP between the Auragain and the

LMA ProSeal (28.8 cmH2O vs 27.2 cmH2O; P = 0.30) but

obese patients (defined as body mass index C 30 kg�m-2)

were not included in the study. In our study, the OLP of

21.5 cmH–2O for the Supreme was lower than expected,

but it was comparable to the OLPs provided by previous

meta-analyses ranging from 21 to 32 cmH2O.35,36

Anesthesiologist satisfaction was significantly lower for

the Auragain than for the Supreme. Previous studies have

Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram (www.consort-statement.org) for patient participation
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not examined anesthesiologist satisfaction with the

Auragain, although one study found no significant

difference in anesthesiologist satisfaction or insertion

time between the Supreme and LMA� ProSeal (Teleflex

Medical, Morrisville, NC, USA).16 Anesthesiologist

satisfaction may have been related to first pass success or

ease of insertion, both of which were lower with the

Auragain in this study.

There was no significant difference in the incidence of

composite pharyngolaryngeal complications between the

Auragain and the Supreme (32% vs 38%; P = 0.51). The

potential of the Auragain to provide an improved

supraglottic seal without increasing adverse postoperative

outcomes is reassuring. Shariffuddin et al.12 reported a

lower sore throat incidence for the Auragain compared

with the Supreme. Other studies reported no significant

differences in the incidence of pharyngolaryngeal

complications between the Auragain and the Supreme.9,10

Comparisons of the Auragain vs the Supreme found that

the incidence of postoperative sore throat varied from 3.2-

10% for the Auragain to 0-38% for the Supreme.10,12 Two

meta-analyses comparing the Supreme with other

supraglottic airways found that the incidence of

postoperative sore throat for the Supreme varied from 2-

56.7% to 6.7-11.7%.35,36

Similar to a previous study,12 the insertion time was longer

for the Auragain than for the Supreme (12.6 sec vs 10.5 sec; P

\ 0.001). Although there is a statistically significant

difference in insertion time between the devices, it is

unclear whether a difference of two seconds is considered

clinically significant. To accommodate for the bulky

curvature of the Auragain, the device generally has to be

inserted laterally via a paramedian or side-sweeping

technique, potentially contributing to an increased insertion

time.11 On the contrary, other studies found no significant

difference in insertion time when the Auragain was compared

with the Supreme or the air-Q.9,10,37 Nevertheless, Singh

et al.34 observed that the Auragain took longer to insert than

the LMA ProSeal (13.57 sec vs 11.60 sec; P = 0.001).

With respect to the first pass success, it was significantly

lower for the Auragain than for the Supreme (77% vs 94%;

P = 0.01). This could be due to the comparatively bulky

shaft and the width of the bowl of the Auragain compared

with the Supreme. Our findings were different from

previous studies that found no significant difference in

first pass success between the Auragain and the

Supreme.9,10,12 Compared with the Supreme, the

Auragain was found to require more maneuvers to secure

device placement, but fewer adjustments were required to

optimize ventilation.9,10 No significant difference in first

pass success was found when the Auragain was compared

with the air-Q� intubating laryngeal airway (Cookgas

LLC, Mercury Medical, Clearwater, FL, USA) and/or the

LMA ProSeal.34,37

Table 1 Study characteristics

Auragain (n = 81) Supreme (n = 84)

Age (yr) 51 (15) 50 (13)

Gender

Male 44 (54%) 51 (61%)

Female 37 (46%) 33 (39%)

BMI (kg�m-2) 28.2 (5) 28.8 (5)

ASA physical status

I 35 (43%) 45 (54%)

II 36 (45%) 27 (32%)

III 10 (12%) 12 (14%)

Experience of anesthesiologists

\ 5 yr 23 (29%) 25 (30%)

5-10 yr 31 (38%) 34 (40%)

[ 10 yr 27 (33%) 25 (30%)

Size of the SGA

3 10 (12%) 2 (2%)

4 38 (47%) 31 (37%)

5 33 (41%) 51 (61%)

Duration anesthesia (min) 34 (9) 36 (15)

Data presented as mean (SD) or absolute numbers (%)

ASA = American Society of Anesthesiologists; Auragain = Ambu AuraGain; BMI = body mass index; SGA = supraglottic airway; Supreme =

LMA Supreme
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As in a previous study,12 we found that the Auragain

was rated as more difficult to insert than the Supreme (48%

vs 92% of insertions scored as easy; P \ 0.001).

Previously, it was suggested that the prominent size of

the Auragain cuff can impact the insertion time as well as

the ease of insertion.10,12 A recent cadaveric study

indicated that the firm tip of the Auragain conferred less

pliability and did not bend easily towards the hypopharynx

after contacting the posterior hypopharyngeal wall.11 In

children, no significant difference in ease of device

placement was found between the Auragain and the

Supreme.9 In addition, no significant difference in ease of

device placement was observed when the Auragain was

compared with the air-Q or the LMA ProSeal.34,37

There were several limitations of this study. First, the

anesthesiologists were not blinded to the SGA used,

leading to potential personal bias. Second, most

anesthesiologists generally had more experience with the

Supreme than with the Auragain, which could have

influenced insertion time and ease of insertion. Third, this

study examined the clinical use of the Auragain in adult

patients with normal airways. These results may not apply

to children or patients with more difficult airways. Fourth,

the use of this device in larger sample sizes would be

needed to assess its safety in patients undergoing positive

pressure ventilation and laparoscopic surgery. Finally, the

OLP and the intracuff pressure were not measured at the

end of the procedure, so it was not possible to comment on

how long the difference in OLP between the Auragain and

the Supreme persists.

Conclusions

The OLP was higher for the Auragain than for the Supreme

in patients undergoing ambulatory surgery with general

anesthesia. The insertion time was longer with the

Auragain, while first pass success, ease of insertion, and

Table 2 Study outcomes

Auragain (n = 81) Supreme (n = 84) Difference in means (95% CI) P value

OLP (cmH2O) 26.4 (2.8) 21.6 (3.4) 4.8 (3.9 to 5.8) \ 0.001

Anesthesiologist satisfaction

High 43 (53%) 60 (72%) 0.04

Moderate 32 (40%) 22 (26%)

Low 6 (7%) 2 (2%)

Patient satisfaction

1 0 (0%) 0 (0%)

2 0 (0%) 0 (0%)

3 4 (5%) 6 (7%)

4 26 (32%) 30 (36%)

5 51 (63%) 48 (57%)

Composite pharyngolaryngeal complication* 25 (32%) 31 (38%) 0.45

Insertion time (sec) 13 (4) 11 (3) 2 (1 to 3) \ 0.001

Insertion attempts

1 62 (77%) 79 (94%) 0.01

2 17 (21%) 4 (5%)

3 2 (2%) 1 (1%)

Ease of insertion

1 39 (48%) 77 (92%) \ 0.001

2 31 (38%) 7 (8%)

3 11 (14%) 0 (0%)

Laryngospasm 2 (3%) 2(2%) 0.97

Blood staining on device removal 12 (15%) 6 (7%) 0.11

PACU stay (min) 38 (5) 38 (5) - 1 (- 2 to 1) 0.99

*Composite pharyngolaryngeal complications (sore throat, dysphagia, or dysphonia at 1, 2, or 24 hr postoperative) and laryngospasm presented

for 78 subjects in the Ambu and 82 subjects in the Supreme group. Auragain = Ambu AuraGain; CI = confidence interval; OLP = oropharyngeal

leak pressure; PACU = postanesthesia care unit; Supreme = LMA Supreme

Data presented as means (SD) or absolute numbers (%). Patient satisfaction graded subjectively on a Likert scale (0 = very dissatisfied to 5 =

extremely satisfied)
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anesthesiologist satisfaction were lower. The difference in

insertion time between the devices is small and may not

have any clinical significance. The higher OLP attained

with the Auragain may make it more suitable for use with

positive pressure ventilation potentially increasing the

margin of safety in aspiration risk.
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