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INTRODUCTION

One of the most significant aspects of providing 
anaesthesia to a paediatric patient is the maintenance 
of a patent airway. The second‑generation supraglottic 
airways with their inbuilt gastric drainage channel and 
a better sealing pressure provide effective controlled 
ventilation and minimize the chances of gastric 
insufflation in children.[1] The most popular among 
the second‑generation SADs is the LMA ProSeal®, 
which is considered to be the prototype with a median 
seal pressure of 32 cmH2O.[2] 

The Ambu® AuraGain™ laryngeal mask airway 
(Ambu A/S, Ballerup Denmark) is a newer 

second‑generation supraglottic airway device launched 
in June 2014. It is a single use SAD made of polyvinyl 
chloride  (PVC) and is anatomically curved to follow 
the human airway and promises to provide high seal 
pressures [Figure 1]. In addition, it has an integrated 
gastric access, a bite block, and a wider airway tube, 
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ABSTRACT

Background and Aims: The LMA ProSeal® is considered a prototype among the 
second‑generation supraglottic airway devices (SAD). The Ambu AuraGain™ is a relatively 
new, single use, second‑generation SAD with a preformed shape. We conducted this study 
with the aim of comparing the difference in clinical performance between Ambu AuraGain™ 
and LMA ProSeal® in children receiving controlled ventilation. Methods: Ninety‑four children, 
aged between 6 months to 12 years, weighing 5 to 30 kg, belonging to American Society of 
Anesthesiologists Physical Status I and II, undergoing elective surgical procedures, were 
randomized into two groups. The primary end‑point was oropharyngeal seal pressure, and the 
secondary parameters were the number of attempts, time of insertion, ease of placement of 
the device and gastric tube, and fiberoptic visualization of the laryngeal aperture. Results: The 
mean oropharyngeal seal pressure with Ambu AuraGain™ was significantly higher than LMA 
ProSeal® (23.3 ± 4.6 cmH2O vs 20.6 ± 4.8 cmH2O, P = 0.007, respectively). The ease and 
success rate for device placement, fiberoptic visualization of the larynx, and complications 
were comparable. However, the time for insertion in Ambu AuraGain™ group was shorter 
when compared to LMA ProSeal® group, median (IQR [range]); 12 (10–15) s vs 20 (18–23) 
s  (P  <  0.001), respectively. The gastric drain was significantly easier to insert in Ambu 
AuraGain™ compared to LMA® ProSeal  (P = 0.01). Conclusion: Our study suggests that 
Ambu AuraGain™ could be a useful disposable alternative to LMA ProSeal® for securing 
airway in children.
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which provides an intubation conduit similar to LMA 
ProSeal.

We hypothesized that compared to the LMA 
ProSeal® the Ambu AuraGain™ would exhibit 
higher oropharyngeal sealing pressure in children 
under controlled ventilation. We also evaluated the 
performance of Ambu AuraGain™ with LMA ProSeal® 
in terms of the time, ease, and number of attempts 
needed for SAD insertion, the ease of insertion of the 
gastric tube, the fibreoptic view of larynx, and any 
complications.

METHODS

This study was conducted among ninety‑four 
children at a tertiary care centre in southern India 
after obtaining approval from institute’s ethics 
committee. Written informed consent was obtained 
from parents or guardians of all children. Inclusion 
criteria were children with American Society of 
Anesthesiologists (ASA) physical status I and II, aged 
between 6  months to 12  years, weighing between 
5 and 30  kg, and undergoing inguinal, urology, or 
orthopedic procedure in a supine position for which 
SADs are routinely used. Exclusion criteria were an 
expected difficult airway, active respiratory infection, 
and emergency surgeries.

The patients were randomized to receive either an 
either Ambu AuraGain™ SAD  (AuraGain Group) 
or LMA ProSeal® SAD  (ProSeal group) using a 
computer‑generated random number program, and 
allocation concealment was done using serially 
numbered opaque sealed envelope  (SNOSE) 
technique. All insertions were performed by the 
anaesthesiologists with an experience of more than 
250 SAD insertions in clinical practice.

Children were pre‑medicated with oral midazolam 
0.5 mg/kg body weight 30 min before the scheduled 
surgery. Inhalation induction was done using 100% 
oxygen with sevoflurane up to 8%, and after securing 
intravenous access, fentanyl 1 µg/kg and atracurium 
0.5  mg/kg were administered. Mask ventilation was 
performed for 3 min to allow full jaw relaxation, and 
subsequently supraglottic airway device was inserted.

The size selection of the SAD size was based on the 
children’s actual body weight (size 1.5 for 5–10 kg, size 
2 for 10–20 kg, and size 2.5 for 20–30 kg). The device 
insertion technique was based on the manufacturer 
recommendations. Once in place, the cuff was 
inflated according to the size of the SAD, as per the 
manufacturer’s instruction manual  (1.5 size: 7  ml; 
2 size: 10 ml, and 2.5 size: 14 ml), and cuff pressure 
was kept below 60 cmH2O using a calibrated aneroid 
manometer.

Anaesthesia was maintained with 1 minimal alveolar 
concentration (MAC) of sevoflurane in a mixture of 50% 
oxygen and air. Controlled ventilation was performed 
with a tidal volume of 8–10 ml/kg and respiratory rate of 
18–24/min to keep the end‑tidal carbon dioxide (EtCO2) 
between 35 and 40  mmHg. Study parameters were 
collected by an unblinded observer.

The time taken for insertion of the device was 
calculated from the time of picking the device till the 
appearance of square wave capnography upstroke. 
The attempt was considered a failure if more than two 
attempts were needed and airway was secured using a 
tracheal tube. The ease of insertion of the device was 
evaluated by the resistance offered to SAD insertion 
on a four‑point rank scale between 1 and 4  (1 = no 
resistance, 2  =  mild resistance, 3  =  moderate 
resistance, 4 = unable to pass the device).[3]

A lubricated gastric tube of predetermined size 
(8 Fr, 10 Fr, and 10 Fr sizes for 1.5, 2 and 2.5‑sized 
airway devices, respectively) was passed through the 

Figure 1: (a) The preformed Ambu AuraGain™ size 2 and the LMA 
ProSeal® size 2. (b) Mask bowls of LMA ProSeal® (left) and that of 
Ambu AuraGain™ (right) which is slightly bigger in size

b

a
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channel and its position was confirmed by epigastric 
auscultation of air. The ease of insertion of gastric tube 
was assessed on a three‑point rank scale  (1  =  easy, 
2 = difficult, 3 = unable to pass).[3]

Oropharyngeal seal pressure was determined by 
closing the adjustable pressure‑limiting  (APL) valve 
with a fresh gas flow of 3  l/min and observing the 
airway pressure at which equilibrium was attained 
in the aneroid manometer and an audible leak was 
auscultated in the neck with a stethoscope placed just 
beside the thyroid cartilage.[4]

A flexible fiberoptic laryngoscope  (external diameter 
of 3.7  mm: Karl‑Storz, Tuttlingen, Germany) was 
introduced into the airway tube and positioned 1 cm 
before the end of the airway tube to view the placement 
of the device with respect to the larynx, and the view 
obtained was scored using the Brimacombe score on a 
four‑point rank scale between 1 and 4 (1 = vocal cords 
not seen, 2 = vocal cords plus anterior epiglottis seen, 
3 = vocal cords plus posterior epiglottis seen, 4 = only 
vocal cords visible).[5]

After the surgical procedure, sevoflurane was 
discontinued and neostigmine  (50 µg/kg) and 
glycopyrrolate (10 µg/kg) were administered to 
antagonize the residual neuromuscular block. The 
SAD was removed when the children were fully awake, 
and any blood‑staining on the device was noted. The 
patients were transferred to the post‑anaesthesia 
recovery unit and incidence of laryngospasm or 
complications such as sore throat, hoarseness of voice, 
and persistent cough were noted.

The sample size was calculated using the statistical 
formula for comparing two independent means. 
The minimum expected difference in the mean 
oropharyngeal seal pressure was taken as 5 cmH20 
with a standard deviation of 7.5 cmH20, and the 
sample size was estimated at 5% level of significance 
and 90% power.[3] The estimated sample size was 47 in 
each group. The data were recorded on a standardized 
data collection sheet, entered using Microsoft Excel 
spreadsheet, and analyzed using the Statistical Package 
for the Social Sciences (SPSS) Version 19 (SPSS Inc., 
Chicago, IL, USA). Statistical comparisons between 
the devices were made using Chi‑square test or 
Fisher’s exact test for categorical data, Student’s 
t‑test for continuous data, and Mann–Whitney U‑test 
for ordinal data. A P value of < 0.05 was considered 
statistically significant.

RESULTS

We recruited 94 children and randomized them into 
two groups – 47 in group AuraGain and 47 patients in 
group ProSeal, as shown in the CONSORT flowchart 
[Figure 2]. Patient characteristics and device size‑based 
distribution were comparable in both groups [Table 1].

Time of insertion was shorter in the AuraGain group 
compared to the ProSeal group, which was found to 
be statistically significant  (P < 0.001)  [Table 2]. The 
mean oropharyngeal seal pressure in AuraGain group 
was higher than that in the ProSeal group, which was 
statistically significant (P = 0.007) [Table 2].

The success rate of device insertion and fibreoptic 
view of the larynx by Brimacombe score were not 
significantly different. Ambu AuraGain™ exhibited 
more resistance to insertion than LMA ProSeal, 
although this difference was not statistically 
significant. A gastric tube was successfully placed in 
all children and its insertion was significantly easier 
in the AuraGain group than the LMA ProSeal group 
(P = 0.01). Finally, apart from minor blood staining of 
both the devices upon removal, there were no major 
complications with either of the devices [Table 2].

DISCUSSION

Our study results suggest that the Ambu AuraGain™ 
is a suitable disposable alternative to LMA ProSeal® 

Table 1: Patient characteristics of children undergoing 
controlled ventilation with Ambu AuraGain™ or LMA 

ProSeal
Parameters Group AuraGain 

(n=47)
Group ProSeal 

(n=47)
Age (Years) 3 (3‑5) 3 (2‑6)
Gender

Male 37 (78.7) 31 (66)
Female 10 (21.3) 16 (34.0)

Weight (kg) 12.5 (10‑16) 13 (10‑16)
ASA* Physical status

ASA I 45 (95.7) 47 (100)
ASA II 2 (4.3) 0

Type of surgery
Inguinal 32 (68.1) 27 (57.4)
Urology 11 (23.4) 11 (23.4)
Orthopedic 4 (8.5) 9 (19.1)

Size of LMA†

1.5 13 (27.7) 10 (21.3)
2 31 (65.9) 30 (63.8)
2.5 3 (6.4) 7 (14.9)

Values are expressed as median (IQR) or number (%). *ASA - American Society 
of Anesthesiologist; †LMA - laryngeal mask airway
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for securing the airway in children under controlled 
ventilation.

The Ambu AuraGain™ provided higher oropharyngeal 
seal pressures  (OSP) when compared with LMA 
ProSeal® in anaesthetized and paralyzed children 
under controlled ventilation. This can be attributed 
to the preformed shape and slightly larger cuff size of 
Ambu AuraGain™ compared to LMA ProSeal, which 
forms a good seal around the oropharynx  [Figure 1]. 
Seal pressure is one of the properties that determine 
the efficiency of a SAD, as the device that can offer 
lower peak airway pressure with higher oropharyngeal 
sealing pressure and effective ventilation is expected 
to have a greater margin of safety.[4] The preformed 
shape of Ambu AuraGain™ and the larger size of the 
bowl could be responsible for the better positioning 
and seal provided by the device.

The OSP in our study was comparable to a recent 
study in mechanically ventilated children comparing 
Ambu AuraGain™ to LMA Supreme.[6] Studies in the 
adult population using Ambu Aura gain for airway 
control revealed a much higher OSP.[7-9] The higher seal 
pressures in adult patients probably reflect a difference 
in their anatomy with the pediatric airway. However, 

the OSP of Ambu AuraGain™ was comparable to that 
of other SADs such as i‑gel, LMA ProSeal, and LMA 
Supreme, as reported in other studies.[10‑13]

In our study, the insertion success rate of the Ambu 
AuraGain™ was similar to the LMA ProSeal, with 
both groups having high success rates of 95.7% in the 
first and 100% in the second attempt, thus reducing 
the chances of airway trauma. A  previous study in 
children using Ambu AuraGain™ device also reported 
a high success rate of insertion.[6]

The time for insertion was significantly shorter 
for Ambu AuraGain™ in comparison to LMA 
ProSeal® (P < 0.001). This result is comparable with 
the findings of some recent studies in children and 
adults.[6,7,14] The time of insertion was significantly 
more rapid in Ambu AuraGain™ than LMA ProSeal® 
due to the preformed anatomical curve. This finding 
is of importance in children who are prone to a 
rapid desaturation during apnea due to higher 
oxygen consumption and lower functional residual 
capacity.[15] The quicker insertion time combined with 
the comparable successful insertion at first attempt 
makes Ambu Aura Gain a preferred SAD in children.

Figure 2: CONSORT diagram depicting patient enrolment data
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The ease of insertion was comparable in both the 
groups. Previous studies have also demonstrated an 
easy insertion for LMA ProSeal® compared to Ambu 
AuraGain™.[7,16] Clinicians probably experienced more 
resistance with Ambu AuraGain™ due to differences 
in the design; the Ambu AuraGain™ has a bulky 
posterior curvature, a slightly larger cuff, and a firm 
material when compared to LMA ProSeal. More 
familiarity with usage of LMA ProSeal® could also 
have contributed to this difference in ease of insertion.

The gastric port in a second‑generation SAD assists 
in preventing aspiration and confirms correct 
positioning of the device.[6,10,17] The insertion of the 
gastric drain was successful in all cases with both the 
devices, however, it was significantly easier in Ambu 
AuraGain™ compared to LMA ProSeal®  (P  =  0.01). 
This difference can be attributed to the low friction 
inner surface of the polyvinyl material in Ambu 
AuraGain™ and the longer gastric drain tube in LMA 
ProSeal, which follows a curved path as it comes into 
the silicone mask when compared to the gastric drain 

in Ambu AuraGain™ which is more straight as well as 
shorter and wider.[18]

Fiberoptic visualization of the larynx using the 
Brimacombe score was comparable in both the groups. 
A good view where vocal cords are visible with less 
epiglottic down folding  (a fiberoptic score  >2) was 
obtained in 59.5% with Ambu AuraGain™ and in 
66% with LMA ProSeal, which was comparable. 
Even in previous studies, the epiglottis was visible 
fiberoptically, and it was recommended to use a 
flexible endoscope to guide tracheal intubation to 
avoid injuries during blind intubation.[14] The Ambu 
AuraGain™ has an advantage of having a shorter and 
wider airway tube, which may facilitate tracheal tube 
passage through the SAD. Further studies can be taken 
up to assess its use in tracheal intubation.

The incidence of complications was minimal in both 
the groups except for blood staining in a few children, 
which was comparable and not clinically significant. 
Other studies have also reported minor complications 
in Ambu AuraGain™ such as hiccup, cough, blood 
staining, and sore throat.[14,16]

Ambu AuraGain™ is a newer device with a favorable 
profile, and can prove effective when there is a 
need for a disposable SAD. Despite washing and 
standard sterilization of reusable devices, resistant 
proteinaceous material, such as Prions, could linger 
and cause neurodegenerative disorders such as 
Creutzfeldt–Jakob disease. Thus, Ambu AuraGain™, 
a disposable SGA, provides a superior safety profile 
and is convenient in patients who are highly infective 
justifying the choice of disposable devices.[19,20] As only 
children with normal airways were involved in the 
study, further studies in patients with difficult airway 
are needed to evaluate the performance of this device. 
The  study was done under controlled ventilation; 
had it been performed in spontaneously breathing 
patients, the ease of insertion could have been better 
defined. The analysis of ventilation parameters such 
as tidal volume, leak fractions, and airway pressure 
was not formally evaluated, and there was no blinding 
in data collection as the observer could see which 
device was being evaluated. Supraglottic airways 
are indispensable in pediatric anaesthesia as they 
allow the avoidance of complications associated with 
tracheal intubation. Single use devices are encouraged 
to minimize the chances of transmitting infections and 
are also preferred by pediatric anaesthesiologists.[21]

Table 2: Clinical performance of Ambu AuraGain™ and 
LMA ProSeal

Parameters Group 
AuraGain 

(n=47)

Group 
ProSeal 
(n=47)

P

Number of attempts
(1/2) 45/2 45/2 0.9

Time of insertion of SAD* in 
first attempt

12 (10‑15) 20 (18‑23) <0.001

Ease of insertion of SAD† 0.3
1 34 38
2 11 8
3 2 1
4 0 0

Ease of insertion of the 
gastric tube‡

1/2/3 46/1/0 39/8/0 0.01
Oropharyngeal seal 
pressure (cm H2O)

23.3±4.6 20.6±4.8 0.007

Fibreoptic view of the larynx
Brimacombe scores 0.5

1 0 1
2 19 15
3 23 28
4 5 3

Complications
Nil/Yes 
(Blood staining upon removal)

45/2 46/1 0.6

Values are expressed as mean±SD, median (IQR) or number. *SAD‑ supraglottic 
airway device; †Ease of insertion of device as grade: 1=no resistance; 2=mild 
resistance; 3=moderate resistance; 4=unable to place device. ‡Ease of gastric 
tube insertion grading: 1=easy, 2=difficult, 3=unable to pass. Fibreoptic view of 
larynx as graded by Brimacombe score: 1=vocal cords not seen; 2=vocal cords 
and anterior epiglottis seen; 3=vocal cords and posterior epiglottis seen; 4=only 
vocal cords seen. P value <0.05
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Single use devices in addition to preventing 
transmission of infections also cost almost one‑tenth 
of the reusable ones; however, in the long run they 
might not be cost effective. It has been found that 
reusable devices were more favorable financially as 
well as from an environmental viewpoint.[22]

CONCLUSION

We conclude that the Ambu AuraGain™ provides 
a significantly better oropharyngeal seal pressure, 
a shorter insertion time, and an easier gastric tube 
insertion compared to LMA ProSeal® and can be 
considered as an option to LMA ProSeal® in children 
for controlled ventilation.
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