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Abstract

Introduction: After failed mask ventilation and tracheal intubation, guidelines issued by the Difficult 

Airway Society recommend placing a 2nd generation supraglottic airway device to secure oxygenation. 

Ultimately, a secure airway can be obtained by tracheal intubation through the supraglottic airway device 

using a bronchoscope. In this randomised trial, we compared the AuraGain™ with the i-gel™ as conduit for 

bronchoscopic intubation under continuous oxygenation performed by a group of anaesthesiologists with 

variable experience in a general population of patients. 

Method: We randomised one hundred patients who were equally allocated to flexible bronchoscopic 

intubation through the i-gel™ or the AuraGain™. In random order, 25 anaesthesiologists each performed 

four intubations, two using the i-gel™ and two using the AuraGain™. Our primary outcome was ‘total time 

for airway management’; i.e. total time from manually reaching the SAD to successful FBI confirmed at the 

end of the first inspiratory downstroke on the capnography curve.

Results: In total, 87% (95% CI, 79 – 92%) of the patients were successfully intubated through the allocated 

supraglottic airway device. There was no difference in total time for airway management between the i-

gel™ and the AuraGain™ (199 vs 227 sec, p=0.076). However, there was a difference in time for placement 

of the i-gel™, compared to the AuraGain™, (37 vs 54 sec, p<0.001). There were nine failed intubations in 

the AuraGain™ group compared to four in the i-gel™ group (p=0.147). 

Conclusion: We found no difference in total time for airway management between using the i-gel™ and 

using the AuraGain™. 

Editorial Comment: Time from anesthetic induction to successful intubation can be important, including 

when facilitating intubation with supraglottic airways.  In this trial, the time to intubation and start of 

ventilation was not different with fiberoptic intubation using two different types of supraglottic device, 

but the slightly limited sample size limits the certainly of these findings.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Introduction 

Difficult airway management can occur at any time and will preferably be handled by a senior 

anaesthesiologist. In case of inability to perform face-mask ventilation and tracheal intubation, placement 

of a supraglottic airway device (SAD) may secure oxygenation. In addition, some 2nd generation SADs may 

serve as a conduit for flexible bronchoscopic tracheal intubation (FBI)[1]. 

A correctly placed SAD may offer glottic visualisation which makes FBI easier. FBI through a SAD can be 

performed under continuous oxygenation to increase patient safety and at the same time provide the 

anaesthesiologist with sufficient time for the procedure[4]. Most trials have investigated FBI through SADs 

in the hands of anaesthesiologists experienced in this procedure[5–10] or have failed to report level of 

experience[11–14]. However, the performance of anaesthesiologists with limited experience in this 

technique has not been examined[3]. In a life-threatening situation, anaesthesiologists should have the 

most reliable and user-friendly SAD available as first line equipment. The SAD should provide both 

visualisation of glottic structures and serve as a conduit for easy delivery of the tracheal tube.

In our department, the AuraGain™ is the standard 2nd generation SAD. However, the most studied and 

recommended 2nd generation SADs are the LMA® Proseal™, i-gel™, and laryngeal tube[2]. Of those three, 

only the i-gel™ is designed for intubation. 

We aimed to compare the AuraGain™ with the i-gel™ as conduits for FBI under continuous oxygenation 

performed by a group of anaesthesiologists with variable experience in a general population of patients. 

Our null hypothesis was that there would be no significant difference in total time for airway 

management between the two SADs.
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Methods

Approval was given by the Ethics Committee (no. H-20016428) and unit for data security, Pactius (no P-

2020-440), both Capital Region of Denmark. The trial was published on clinicaltrials.gov (ID: 

NCT04680169¨, date of registration: 8th of January 2021). Data was collected at Nordsjællands Hospital 

from January 18th 2021 to May 4th 2021. The trial is reported in accordance with the CONSORT 

Statement[15]. All participants, both anaesthesiologists and patients, provided written and informed 

consent. 

Patients

We screened patients who were scheduled for ear-nose-throat, gynaecological, gastrointestinal, or 

orthopaedic surgical procedures for which general anaesthesia, including oral intubation, was planned. 

Exclusion criteria were age under 18 years; inter-incisional distance below 30 mm; pregnancy and BMI 

above 40 kg.m-2; ASA physical status classification system grade above 3; earlier laryngeal or pharyngeal 

surgery; increased risk of aspiration (e.g. nasogastric tube inserted, planned Rapid Sequence Induction); 

stridor; hypoxemia defined as peripheral oxygen saturation below 90% without oxygen supplementation 

upon arrival to the operating room; use of oxygen supply at home; need for one of the following special 

tracheal tubes for scheduled surgery: neural integrity monitor electromyogram tracheal tubes, wire tubes; 

patients scheduled for any awake approach to secure the airway (e.g. awake videolaryngoscopy, awake 

FBI).

Pre-study Teaching Resource

Prior to trial commencement, all participating anaesthesiologists (senior residents or consultants) 

committed to a standardised five-step teaching resource: 1) A short podcast providing the background for 

the procedure as well as an introduction to the research project; 2) A video showing the procedure in real 

time without comments; 3)  A video showing the procedure with a step-by-step explanation; 4) An online 

test, where the anaesthesiologists were asked to recreate the correct order of the procedure based on a 

series of statements; 5) The trial investigator demonstrating the procedure on a manikin followed by 

training  on a manikin with both the i-gel™ and the AuraGain™ SADs.

Intervention, Randomisation, Allocation Concealment and blinding 

In our department, the AuraGain™ is the standard 2nd generation SAD and was thus considered the 

control, while the i-gel™ was considered the intervention. Each of the participating anaesthesiologists 

performed airway management in four patients. An assistant uninvolved in other parts of the trial made A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

the computer-generated block randomisation with equal number of patients for either I-gel™ or 

AuraGain™ using a web-based service (https://sealedenvelope.com/simple-randomiser/v1/lists). 

Furthermore, randomisation ensured that each anaesthesiologist was allocated to two of each SAD in 

random order. A learning effect would therefore have minimal impact on our outcomes. The sequentially 

numbered opaque envelopes ensuring allocation concealment were opened by the trial investigator just 

before initiating anaesthesia. Thus, patients were blinded, but the anaesthesiologist performing the 

airway management was not blinded.

General Anaesthesia Maintenance

Monitoring was in accordance with department standards including 3-lead electrocardiogram, non-

invasive blood pressure, peripheral oxygen saturation (SpO2), peripheral nerve stimulation by a train-of-

four (TOF) monitor, peak airway pressure, and capnography on a Dräger Primus ventilator, Dräger 

Danmark A/S, Herlev. All patients were preoxygenated with 100% oxygen and induced with propofol 1.5-

2.5 mg.kg-1 and rocuronium 0.6 mg.kg-1. Anaesthesia was maintained with propofol 4-6 mg.kg-1.hour-1 and 

remifentanil 0.3-0.6 ug.kg-1.minute-1.  A TOF ratio <4 defined sufficient neuromuscular block prior to 

intervention. Face-mask ventilation was performed before intervention. 

Airway Management

Prior to induction, the trial investigator prepared all equipment in a standardised manner (Figure 1). The 

size of the SAD and the tracheal tube was selected as per ideal weight of the patient in relation to 

manufacturer recommendations. The SAD was lubricated with water-soluble gel and loaded with the 

appropriate tracheal tube. The distal tip of the tracheal tube was located within the lumen of the SAD and 

with the tracheal tube’s cuff inflated. Lidocaine was sprayed inside the tube. 

Upon arrival to the operating room, the participant was positioned in supine position. The upper part of 

the body was elevated at an angle of 15 degrees to horizontal with the head in sniffing position.

When anaesthesia and neuromuscular block were achieved, the SAD loaded with the tracheal tube was 

inserted in accordance with manufacturer guideline with the patient’s head in neutral position after 

application of a jaw thrust using midline approach. The tracheal tube was connected to the ventilator to 

evaluate peak airway pressure and placement by capnography curve. After successful placement of the 

SAD, a swivel was applied to the tube through which a bronchoscope could be inserted during continuous 

oxygenation. An AMBU® aScope™ 4 Broncho Regular endoscope was used for FBI. The flexible 

bronchoscope was advanced through the top port of the swivel connector and tracheal tube tip, while the A
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tube was still located in the lumen of the SAD. The bronchoscope was then passed through the SAD and 

between the vocal cords to the carina. The cuff of the tracheal tube was deflated, and the tube was 

advanced into the trachea. Subsequently, the cuff was inflated again. When a capnography curve was 

visualised, the procedure was considered successful. 

Figure 2 illustrates the airway management set-up.

Primary Outcome Measure  

‘Total time for airway management’: Total time from manually reaching the SAD to successful FBI 

confirmed at the end of the first inspiratory downstroke on the capnography curve. 

Secondary Outcome Measures

1) ‘Time to placement of SAD’: Time measured from manually reaching the SAD to correct placement of 

SAD confirmed at the end of the first inspiratory downstroke on the capnography curve. 2) ‘Time to trans-

device tracheal intubation’: Time measured from confirmed placement of SAD until successful tracheal 

intubation confirmed at the end of the first inspiratory downstroke on the capnography curve. 3) ‘Number 

of attempts needed for correct placement of SAD”: Two placement attempts were allowed. An attempt 

was classified as failed if no curve appeared on capnography. If first attempt failed, a new attempt was 

allowed after adjusting the patient's head and neck position. If second attempt failed, airway 

management with the allocated SAD was considered unsuccessful. If it was considered meaningful, a new 

attempt was initiated with another SAD.  4) ‘Number of attempts needed for correct intubation’: Attempt 

of FBI began when entering the scope into the swivel. An attempt was classified as failed if the airway was 

not visualised; the tracheal tube could not be advanced in the trachea; SpO2 decreased below 85%; or 

total time exceeded 360 sec. Three attempts of intubation were allowed.

Explorative Outcome Measures

After completion of airway management, the anaesthesiologist was asked to report feasibility of the 

airway management and feeling of resistance during tracheal intubation as described in the following: 1) 

‘Number of attempts and reason if intubation failed’. 2) ‘Feeling of resistance during tracheal intubation’: 

The anaesthesiologist reported resistance as: no resistance, light resistance, severe resistance or 

impossible. 3) ‘Feasibility of SAD placement’. 4) ‘Feasibility of intubation’. 5) ‘Feasibility of total airway 

management’: The anaesthesiologist was asked to report feasibility of the airway management on a scale 

of 1-10, 1=easy, 10=very difficult. 6) ‘Best Brimacombe score’ for the bronchoscopy: Class 1: Unable to see A
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vocal cords. Class 2: Vocal cords and anterior aspect of the epiglottis visualised. Class 3: Vocal cords and 

posterior aspect of the epiglottis visualised. Class 4: Only vocal cords visualised. 

‘Prevalence of severe adverse events’: Patient telephone follow-up approximately two weeks post-

operatively. 

If the procedure as described above failed, the patient was intubated by video laryngoscopy. The entire 

procedure was recorded on video to ensure correct time measurements. All video recordings were 

reviewed individually by two assessors to ensure outcome measures. 

Statistics and Power Calculation

We used SPSS Software Package (IBM SPSS Statistics, Version 22.0.0, IBM Corporation, Armonk, NY, USA). 

Intergroup comparisons were done using independent samples t-test and Chi-squared test. 

The protocolised process of intubation through a tracheal tube placed in the SAD under continuous 

oxygenation has not been used previously; thus, no published data on time for airway management was 

available. Therefore, we performed an internal pilot study on manikins and a few patients. Based on these 

findings, we assumed a total time of 210 sec for airway management in our control group. We considered 

a reduction in ‘total time for airway management’ of 30 sec to be clinically relevant. With a significance 

level of 5% and a power of 90%, 48 patients in each group would be needed to show superiority. To 

compensate for possible dropout, we decided to randomise 100 patients, 50 in each group 

(https://sealedenvelope.com/power/continuous-superiority/).

Because of four pre-defined secondary outcomes, we adjusted the threshold for statistical significance of 

our secondary outcomes in accordance with the method suggested by Jakobsen et al.[16]. Thus, a p-value 

below 0.05/((1+4)/2)= 0.02 was considered statistically significant for our secondary outcomes. The 

remaining outcomes were labelled explorative, and therefore, for these outcomes, we decided not to 

correct the significance level.

Results 

We randomised 100 patients 1:1 for FBI through the i-gel™ or the AuraGain™. In random order, 25 

anaesthesiologists performed four intubations, two using the i-gel™ and two using the AuraGain™. 

Inclusion of patients is displayed in the CONSORT diagram (Figure 3). Baseline characteristics are outlined 

in Table 1. Placement of i-gel™ SAD was abandoned in one patient, and therefore only 49 patients were 

included for assessments in the i-gel™ group.A
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Primary Outcome 

Mean difference in total time for airway management was -28.8 sec (95% CI -60.5 to 3.1; p=0.076) 

between the i-gel™ and the AuraGain™ (Table 2). 

Secondary Outcomes

Time to placement of SAD was significantly reduced in favour of the i-gel™ (mean difference -16.5 sec; 

95% CI -24.2 to -8.7; p<0.0001). However, there was no difference in time of trans-device tracheal 

intubation (mean difference -12.3 sec; 95% CI -41.8 to 17.2; p=0.410). No differences in number of 

attempts needed for correct placement of SAD and number of attempts needed for correct intubation 

were observed. 

Explorative Outcomes

Number of failed attempts of tracheal intubation was nine (18%) with the AuraGain™ and four (8%) with 

the i-gel™ (p=0.147). In 9 of the 13 failed attempts, the reason for failed intubation was total time 

exceeding 360 sec.

Feasibility of SAD placement was in favour of the i-gel™ (mean difference -1.4; 95% CI -2.3 to -0.4; 

p=0.007). Difference in feasibility of FBI was not significant, while the feasibility of total airway 

management was in favour of i-gel™ (mean difference -1.6; 95% CI -2.5 to -0.6; p=0.002).

There was a significant difference in Brimacombe score in favour of the i-gel™ (p=0.018) indicating better 

visualisation using this SAD for trans-device tracheal intubation.

After a successful intubation, the SAD was removed, leaving the tracheal tube in situ for further 

ventilation. This procedure was not part of the present trial but caused accidental extubation in five 

patients (three i-gel™, two AuraGain™) out of 86 patients (5.8%, 95% CI 2.8 – 12.9%). Peak airway 

pressure was within normal levels for all patients. None of the participants reported serious adverse 

events at follow-up. 
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Discussion

To our knowledge, this is the first randomised trial comparing FBI via 2nd generation SAD under 

continuous oxygenation performed by a group of anaesthesiologists with variable experience in the 

procedure. 

Our primary outcome was total time for airway management, and we found no difference between using 

the i-gel™ and using the AuraGain™ SAD as a conduit for FBI. However, time required to position the SAD 

was significantly reduced for the i-gel™, whereas there was no difference between the two SADs in the 

time needed to achieve FBI. Number of failed intubation attempts was more than doubled when using the 

AuraGain™. This difference was not statistically significant, possibly due to a lack of statistical power.

The variation in time for FBI and total time for airway management was substantial. We observed a trend 

towards better airway management properties in favour of the i-gel™; i.e. feasibility of placement and 

reduced time for positioning of the i-gel™. However, many of these findings were explorative, and the 

estimated differences were small and of minor clinical importance. 

The anaesthesiologists performing the procedures reported considerable variability in confidence and 

feasibility, even though the feasibility of total airway management and positioning of the SAD marginally 

favoured the i-gel™. Finally, bronchoscopic visualisation was in favour of the i-gel™.

One major difference between the SADs is that the AuraGain™ has an inflatable cuff to ensure a high 

sealing pressure, whereas the i-gel™ has a non-inflatable cuff made of a gel-like material. The 

manufacturer recommends positioning the AuraGain™ with the cuff deflated and inflating the cuff when 

the SAD is in place. This creates an additional step in the AuraGain™ procedure and may be one of the 

reasons why there was a significant difference in the time required to position the SAD in favour of the i-

gel™. When inspecting the video material, the additional step in the AuraGain™ procedure was clearly an 

element of confusion for the anaesthesiologists. It is noteworthy that anaesthesiologists in our 

department are expected to be familiar with the AuraGain™ because it is the standard 2nd generation SAD 

in the department.

Removing the SAD after performing the tracheal intubation was not defined as an outcome in our trial, 

but it is important to notice that 5 out of 86 (6%) patients were accidently extubated during this 

procedure. In a clinical setting, the SAD may remain in place during the surgical procedure after a 

successful tracheal intubation. To reduce the risk of airway injury, the cuff of the SAD should be deflated 

when the position of the tube has been verified by the capnography curve.A
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It was impossible to blind the anaesthesiologist and assistant performing the airway management, which 

introduced a potential risk of performance bias. We created a setting that mimicked difficult airway 

management. However, we excluded patients with an anticipated risk of difficult airway management. 

Thus, in case of an actual unanticipated difficult airway, the challenges that we faced during this study 

would probably be magnified. ‘Time spent’ is crucial in airway management and was therefore chosen as 

our primary outcome even though it might be argued that failed airway management is of more 

importance. However, one limitation of our study was that it may have lacked the statistical power 

necessary to evaluate this outcome. 

In contrast to previous studies with FBI through SAD, we loaded the tracheal tube within the lumen of the 

SAD, which made it possible to perform FBI under continuous oxygenation[4]. The existing literature 

comparing the i-gel™ with the AuraGain™ is sparse. In a RCT, there was no difference in time for FBI 

through SAD in 44 obese patients randomised to either i-gel™ or AuraGain™ with airway management 

being performed by three anaesthesiologists with experience in using both techniques[6]. A trial 

comparing the AuraGain™ with the Air-Q™ in 66 patients with a simulated cervical spine injury did not 

find any difference in time used for tracheal intubation between these two devices[17]. The time to 

placement of the AuraGain™ was similar to our findings, but time of trans-device tracheal intubation was 

only 71 sec compared to 174 sec in our trial. However, this outcome measure was not clearly defined in 

the former trial. Further, only one anaesthesiologist performed airway management. In another study of 

100 patients, optimal visualisation was obtained in 68% of the patients and 84% were successfully 

intubated using the AuraGain™ for FIB[18]. These findings are similar to our results. In another study, 

three experienced anaesthesiologists performed awake FBI through an i-gel™[19]. In this study, 69 of 85 

(81%) patients were successfully intubated at the 1st attempt. In our RCT involving 25 anaesthesiologists 

with variable experience, 86% of the patients allocated to the i-gel™ were intubated at the 1st attempt. 

Finally, the LMA® Protector™ was found comparable with the i-gel™ as a conduit for FBI by two 

experienced anaesthesiologists[5].

It was a strength that all anaesthesiologists, regardless of experience, committed to a standardised 

education programme involving online learning and training the procedure on a manikin, prior to the trial. 

We tested two different SADs in a broad patient population, and in the hands of 25 individual 

anaesthesiologists. To reduce the risk of interference, some may argue equipment testing is most valid 

when conducted by anaesthesiologists highly experienced in the given procedure. Previous trials have 

done this[5–10,20], but we argue that it is important that equipment for difficult airway management is 

easy to use, regardless of experience, since this resembles everyday clinical practice. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Conclusion

We found no difference in total time for airway management between using the i-gel™ and using the 

AuraGain™, but we found that the time to placement of SAD was significantly reduced in favour of i-gel™.  

Due to sample size we may not have been able to identify all clinically relevant outcomes.
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Table 1. Patient demographics and characteristics of the trial   

  i-gel 

Intervention 

AuraGain 

Control 
Missing p-value 

Number of included patients 50 50   

Patient demographics     

 Age (years) 53 (14) 51 (19)  0.494 

 Female (n) 35 (70%) 27 (54%)  0.099 

 ASA-classification (n)    0.903 

  

Class 1 

Class 2 

Class 3 

21 (42%) 

23 (46%) 

6 (12%) 

23 (46%) 

22 (44%) 

5 (10%) 

  

 Height (cm) 166 (24) 174 (8)  0.039 

 Weight (kg) 75 (18) 79 (17)  0.223 

 Body mass Index (kg x m
-2

) 26 (5) 26 (5)  0.796 

Characteristics related to difficult airway 

management 
    

 Mallampati Class (n)    0.889 

  

Class I 

Class II 

Class III 

Class IV 

29 (58%) 

9 (18%) 

7 (14%) 

5 (10%) 

28 (56%) 

12 (24%) 

6 (12%) 

4 (8%) 

  

 Thyromental distance (≥ 6.5 cm) 50 (100%) 49 (98%) 1 (2%) 0.315 

 Mouth opening (≥ 4 cm) 49 (98%) 50 (100%)  0.315 

 Neck Movement (≥ 90 degrees) 49 (98%) 50 (100%)  0.315 

 Ability to prognathy (n) 48 (96%) 49 (98%)  0.558 

 History of difficult airway (n)  0 0   

 Snoring (n) 10 (20%) 14 (28%) 17 (34%) 0.229 

 Sleep apnoea (n)  1 (2%) 5 (10%)  0.092 

 Beard (n) 2 (4%) 4 (8%)  0.400 

 Radiation exposure of the neck (n) 1 (2%) 0  0.315 

 Ear-nose-throat surgery (n) 23 (46%) 22 (44%)  0.841 

Values: mean (standard deviation); numbers (column percent of total within group). Abbreviations: ASA: American 

Society of Anaesthesiologists; (n): number of patients. Cm = centimetre; Kg = kilogram; m = meter. 
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Table 2. Outcomes  

  i-gel 

Intervention 

AuraGain 

Control 
p-value 

Number of included patients 50 50  

Primary outcome measure    

 Total time for airway management (sec) 199 (74) 227 (85) 0.076 

     

Secondary outcome measures    

 Time to placement of SAD (sec) 37 (10) 54 (26) < 0.001 

 Time to trans-device tracheal intubation (sec) 162 (71) 174 (77) 0.410 

     

 Number of attempts needed for correct placement of SAD   0.114 

  

1. attempt 

2. attempts 

Shift to another SAD 

Abandoned 

48 (96%) 

1 (2%) 

0 

1 (2%) 

43 (86%) 

5 (10%) 

2 (4%) 

0 

 

     

 Number of attempts needed for correct intubation   0.259 

  

1. attempt 

2. attempts 

3. attempts 

Failed 

42 (86%) 

3 (6%) 

0 

4 (8%) 

39 (78%) 

1 (2%) 

1 (2%) 

9 (18%) 

 

    

Other outcome measures    

 Number of failed intubations 4 (8%) 9 (18%) 0.147 

 Reasons for failed intubation    

 

 Number of attempts >3 

Total time for airway management exceed 360 sec. 

Tracheal tube can’t be advanced into trachea 

SpO2 < 85% 

Airway management abandoned  

0 

4 

0 

0 

0 

0 

7 

1 

0 

1 

 

     

 Feeling of resistance during tracheal intubation    

 

 No resistance 

Light resistance 

Severe resistance 

Impossible  

41 (84%) 

6 (12%) 

2 (4%) 

0 

38 (79%) 

7 (15%) 

2 (4%) 

1 (2%) 
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 Feasibility of SAD placement  2.5 (2.1) 3.8 (2.7) 0.007 

 Feasibility of tracheal intubation  2.5 (1.9) 3.4 (2.7) 0.052 

 Feasibility of total airway management 3.1 (2.1) 4.7 (2.7) 0.002 

 Confidence of the total procedure  8.0 (2.2) 8.0 (2.0) 0.962 

 Best Brimacombe score    0.018 

  
Score = 4 

Score = 1, 2 or 3 

43 (88%) 

6 (12%) 

34 (68%) 

16 (32%) 
 

Values: mean (standard deviation); numbers (percent of total within group). Abbreviations: SAD = supraglottic airway device; 

sec= seconds. Feasibility of the airway management a scale 1-10, 1=easy, 10=very difficult. Confidence of the total procedure a 

scale 1-10, 1 = not confident at all, 10 very confident. As 1 placement of i-gel was abandoned, only 49 patients were included for 

assessments concerning tracheal intubation in the i-gel group. 
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Figure 1: Prior to airway management, equipment was prepared in a standardised manner. The tracheal tube was placed with 

the distal tip located within the lumen of the SAD and with the cuff inflated. 1: AuraGain™; 2: i-gel™.   
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Figure 2: Flexible bronchoscopic intubation through Supraglottic Airway Device performed under continuous oxygenation. 
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CONSORT 2010 Flow Diagram 
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