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ABSTRACT
 

التنفسية    الهواء  أقنعة  وأداء  السريرية  الفعالية  لمقارنة  الأهداف:  
يخضعون  الذين  الأطفال  عند   i-gel و   Ambu AuraOnceTM

للتخدير الكامل .

أعمارهم  تتراوح  مريضا   112 ل  العشوائية  الدراسة  تمت  الطريقة: 
تحت  اختيارية  جراحية  لعمليات  خضعوا  والذين  سنة،   0-14 بين 
التخدير الكامل حيث أستخدم أي من Ambu AO أو i-gel  وتمت 
المقارنة الشاملة  بينهما من حيث الفعالية والأداء, وقسم المرضى الى  
بينها  دراسة تحليلية  وأجريت  الوزن  على  بناءا  فرعية  3 مجموعات 

وبداخلها لتقييم أداء القناعين.

من   بكثير  أعلى   i-gel ل  الهواء  تسريب  ضغط  كان  النتائج: 
 ،H2O مقابل 22.5 ± 3.9 سم H2O 4.1±25.4 سم( Ambu AO
الفرعية  المجموعات  تحليل  أظهر   .)0.001 الأحتمالية>  القيمة 
بالنسبة  القناع  نفس  ضمن  الأداء  في  كبيرة  أختلافات  وجود  عدم 
لأعلى  إحصائية  دلالة  ذات  فروق  هناك  ولكن  المختلفة,  للأوزنة 
ضغط تسريب هواء لمجموعة 2 و3 لصالح i-gel )القيم الأحتمالية 
p=0.01 و p=0.002, على التوالي(, وأقل تعديل موقع القناع وأقل 
نقص لمستوى الأوكسجين للمجموعة 1 لصالح Ambu AO )القيم 
الأحتمالية p=0.04و ,p=0.03 على التوالي(, ومنظر كامل للحبال 
 i-gel 2 لصالح  الهوائية لمجموعة  القصبة  الصوتية عن طريق منظار 
      Ambu AO لصالح   3 p=0.03 )وللمجموعة  الأحتمالية  )القيمة 

.)p=0.02 القيمة الأحتمالية(

القناعين أداء جيد مع قلة المضاعفات، وربما تميز  الخاتمة: أظهر كلا 
إحصائيا Ambu AO بسهولة إدخاله في الحنجرة وقلة تعديل موقعه 
أثناء العملية الجراحية، وذلك يحتاج إلى دراسات أوسع نطاقا لتأكيد 

ذلك.

Objectives: To compare the efficacy and performance of 
the pediatric Ambu AuraOnce (Ambu AO) mask (Ambu, 
Copenhagen, Denmark) and i-gel mask (Intersurgical 
Ltd., Wokingham, United Kingdom).

Methods: From May 2015 to September 2016, 112 
patients, 0-14 years old, underwent elective surgery at a 
tertiary university hospital (Riyadh, Saudi Arabia). They 
were randomly assigned to the Ambu AO or i-gel group. 
Three groups underwent a subgroup analysis: ≤5 kg 
(group 1), 5.1–10.0 kg (group 2), and >10 kg (group 3).

Results: The oropharyngeal leak pressure was 
significantly higher for the i-gel (25.4±4.1 cm H2O) 
than for the Ambu AO (22.5±3.9 cm H2O, p<0.001). 
The Ambu AO had a slightly higher ease of insertion 
compared to the i-gel (100% versus 94%, p=0.08)  and 
required less manipulation (2% versus 11%, p=0.07).The 
Ambu AO and i-gel showed non-significant differences 
in performance between weight groups. There were 
statistically significant differences for higher leak pressure 
in group 2 (p=0.01) and group 3 (p=0.002) in favor of 
the i-gel, and for less manipulation in the Ambu AO in 
group 1 (p=0.04). Fiberoptic viewing was superior in 
group 2 for the i-gel (p=0.03) and in group 3 for the 
Ambu AO (p=0.02).

Conclusion: Both devices demonstrated equally good 
performance with low morbidity. The Ambu AO had 
a statistical tendency towards easier insertion and less 
manipulation. Confirming this finding will require large 
scale trials.
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Airway management is a critical element in the 
practice of anesthesia. Since the early 1980s, 

laryngeal mask airways (LMAs) have been used in 
pediatric patients as they are more practical than 
face masks and less invasive than endotracheal tubes 
(ETTs).1 Their use is internationally recognized for 
airway management, especially in difficult and failed 
intubation. An LMA is advantageous over an ETT 
in pediatric patients due to its ease of insertion, it 
rapidly secures the airway, the use of muscle relaxants 
is avoided, the incidence of sore throat is reduced, 
postoperative hoarseness and coughing at the time of 
extubation are reduced, and the patient has greater 
hemodynamic stability.2,3 Different types of pediatric 
supraglottic airway devices (SGADs) are available such 
as the i-gel (Intersurgical Ltd., Wokingham, United 
Kingdom), LMA ProSeal (Teleflex, Athlone, Ireland), 
LMA Supreme (Teleflex), LMA Classic (Teleflex), LMA 
Unique (Teleflex), LarySeal (Flexicare, Irvine, CA, 
USA), and Ambu AuraOnce (Ambu A/S, Copenhagen, 
Denmark; hereafter, “Ambu AO”).

Most SGADs provide a perilaryngeal seal through an 
inflatable cuff that wedges into the upper esophagus.4 The 
pediatric i-gel is a new disposable SGAD for children. It 
is a smaller model of the i-gel used in adult patients.5 It 
consists of a soft gel-like elastomer with a noninflatable 
cuff and a channel for gastric catheter placement, except 
for size one.6 Its design enables a mirrored impression of 
the pharyngeal and laryngeal structures and provides a 
perilaryngeal seal without cuff inflation. The potential 
advantages of the i-gel are an easy and rapid insertion 
and a reduced risk of pharyngeal tissue compression 
due to high cuff pressure. Moreover, it has an inbuilt 
drainage channel, which allows the insertion of a gastric 
tube (maximum 14F gauge) to facilitate the efflux of 
gastric fluids and gas.

The Ambu AO is constructed from a single-piece 
polyvinyl chloride mold and incorporates a 90° 
preformed curvature that better approximates the airway 
anatomy. Unlike the i-gel, it does not feature a gastric 
channel. Its clinical use is well documented in adult 
and pediatric studies,7,8 which have demonstrated the 

device’s safety and effectiveness tolerability. Numerous 
studies carried out in adult populations demonstrated it 
has the capability of easy insertion, high oropharyngeal 
leak pressure (OPLP), and low complication rates with 
few postoperative complaints.

Few studies have compared the effectiveness of 
the 2 aforementioned SGADs in different pediatric 
age groups.5,9 Therefore, the aim of this single-blind, 
prospective, randomized, controlled trial was to 
compare the clinical performance of the pediatric i-gel 
and the well-established Ambu AO in pediatric patients 
across all ages and weights, and to examine the safety 
and feasibility of LMA usage in young infants weighing 
≤5 kg.

Methods. After obtaining approval from the 
Institutional Review Board and written, informed 
consent from parents, 112 patients, aged 0-14 years, 
were enrolled. Between May 2015 and September 
2016, the patients were admitted to a tertiary 
university hospital in Riyadh, Saudi Arabia, and 
underwent elective operations lasting less than 2 hours 
under general anesthesia. The trial was registered in 
ClinicalTrials.gov NCT02938039 and was conducted 
according to the principles of the Helsinki declaration 
for medical research involving human subjects. An 
overall comparison of clinical performances of Ambu 
AO versus i-gel across all ages and weights was carried 
out.

The inclusion criteria were an American Society 
of Anesthesiologists physical status 1 or 2, an elective 
general surgical procedure on an area below the 
umbilicus, an expected operation duration of less 
than 2 hours, and the need for muscle relaxant agents 
was unlikely. The exclusion criteria were an upper 
respiratory tract infection, rhinorrhea, fever, potentially 
difficult intubation, contraindication to caudal block or 
failed caudal block, failed SGAD insertion, and the use 
of muscle relaxant agents.

All patients were randomly divided in 2 groups 
(AmbuAO group or i-gel group) by using online 
software.10 Subgroup analysis was carried out to compare 
the performances of both SGADs between 3 different 
weight groups (group 1, ≤5 kg; group 2, 5.1-10 kg; and 
group 3, >10 kg).

All patients received inhalational induction with 8% 
sevoflurane in 100% oxygen at flow of 8 L per minute 
through a circle system. The anesthetic gas was delivered 
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through a tightly fitted face mask and all patients 
received 2 µg/kg fentanyl intravenously. Manually 
assisted ventilation of the lungs was provided with the 
same anesthetic mixture until the heart rate dropped 
by 20% of the baseline value and adequate depth of 
anesthesia was confirmed by a lack of response to the 
jaw thrust maneuver.11,12 The Ambu AO or i-gel mask 
was inserted by a well-experienced anesthetist who had 
more than 20 years’ experience in the specialty and 
more than 1000 successful insertions of these SGADs.

The head of the patient was maintained in the semi-
sniffing position. The SGAD was well lubricated and the 
cuff of Ambu AO was partially inflated with 2-3 mL of air 
before insertion. The cuff of the Ambu AO was inflated 
with air to a pressure of 50-60 cm H2O and checked by 
the Ambu pressure gauge.13 After confirming the proper 
placement of the SGAD, it was fixed in place, based on 
the manufacturer’s guidelines. After attaining control 
of the airway, the patients were turned to the lateral 
position for a caudal block. The block was carried out 
with 0.25% bupivacaine at the dose of 0.5-1.0 mL/kg, 
depending on the area of the surgery. The patients 
were returned to the supine position after the block 
placement and the head of the patient was placed in the 
neutral position. The anesthetist reconfirmed the proper 
position by checking all aforementioned parameters, 
and made fine adjustments in position and refixed the 
position, if required.

No muscle relaxant agents were used in this study. An 
effective airway was defined as a square wave capnograph 
trace during manual ventilation. The time between 
picking up the SGAD and obtaining an effective airway 
was recorded as the effective airway time. The ease of 
placement was assessed using a subjective scale of 1-4 
(“1” was no resistance and no maneuvers; “2” was mild 
resistance and one maneuver; “3” was moderate resistance 
and more than one maneuver; and “4” was inability to 
place the SGAD). The insertion was labeled as a “failure” 
if the SGAD could not be successfully placed within 2 
attempts or lacked a square wave capnograph tracing, 
or if there was airway obstruction (oxygen desaturation 
<90%, abnormal thoraco-abdominal movements, or 
obstructive noises or no rise of the chest) or inadequate 
ventilation (an inability to deliver a minimum of 7 mL/
kg tidal volumes, or an audible leak). The trachea was 
intubated for all cases of failed SGAD insertion. To 
determine the OPLP, the expiratory valve was closed 
with a fresh gas flow of 3 L/min until an audible leak 

was heard; the airway pressure was not allowed to 
exceed 25-30 cm H2O, and then released completely.14 
During OPLP testing, auscultation with a stethoscope 
was performed over the epigastrium to detect gastric 
insufflation.15 To view the anatomic alignment of the 
SGAD to the larynx, a well lubricated flexible fiberoptic 
scope (2.8 mm optical density; Olympus America, 
Inc., Melville, NY, USA) was inserted into the SGAD. 
Its tip was maintained within the bowl of the SGAD 
(approximately one cm proximal to the end of airway 
tube). The images were graded by a surgeon who was 
blinded concerning the type of SGAD used. The grading 
was based on the Brimacombe score, as follows: grade 
1, only the larynx is visible; grade 2, the larynx and 
epiglottis posterior surface is visible; grade 3, the larynx 
and epiglottis tip of the anterior surface is visible with 
<50% visual obstruction of epiglottis to larynx; grade 
4, the epiglottis is downfolded and its anterior surface 
is visible with >50% visual obstruction of epiglottis to 
larynx; and grade 5, the epiglottis is down-folded and 
the larynx cannot be observed directly.

The quality of the airway (clear, intermittent partial 
obstruction, intermittent complete obstruction, or 
complete obstruction) and the number and type of 
airway manipulations (gentle advancement, withdrawal 
of the SGAD without removal, jaw thrust, or neck 
extension) required to maintain airway patency during 
the surgery were also recorded. Failure of the SGAD 
during the maintenance of anesthesia was defined as 
inadequate ventilation (the same criteria as described 
previously for SGAD insertion and⁄or an end-tidal 
carbon dioxide level of >50 mm Hg), airway obstruction 
that could not be corrected with airway manipulation, 
or the need to replace the SGAD with an ETT.

All SGADs were removed under the deep plane 
of anesthesia at the conclusion of the procedure. 
Complications with both SGADs such as airway reflex 
activation (coughing, laryngospasm, or bronchospasm), 
desaturation (SPO2 <90%), gastric insufflation, and 
bloodstaining on the SGAD after removal were also 
recorded. All patients were observed in the postanesthesia 
care unit by a blinded investigator. In case of discharge, 
they were followed up by phone the next day regarding 
complications such as dysphonia, dysphagia, cough, or 
stridor, as reported by their parents.

The primary outcome in this study was a comparison 
of the OPLP between the Ambu AO and the i-gel masks. 
Secondary outcomes were ease of insertion, success at 
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first attempt and number of attempts, effective airway 
time, fiberoptic view of the glottis score, desaturation 
episodes, gastric insufflation, aspiration and emesis 
episodes, manipulation attempts, audible leak, airway 
reflex, and need for reinsertion of the SGAD.

Statistical analyses. The sample size was calculated, 
based on the OPLP data of other studies (17-33 cm 
H2O) of pediatric populations.16 Based on this data, for 
a type I error of 0.05 and a power of 0.9 to detect 10% 
of OPLP between the groups with standard deviation of 
±4, each group required a minimum of 22 patients to 
be powered for the primary outcome. The SGADs were 
evaluated per protocol analysis in which actual treated 
patients in each arm would be analyzed, excluding drop 
outs and missing outcomes. The categorical data were 
compared using the chi-square test. The continuous 
data were analyzed using the Mann-Whitney test, 
if the data were not normally distributed; otherwise 
the independent 2-tailed Student t test was used. 
Subgroup analysis was performed by a one-way analysis 
of variance (ANOVA) if the continuous data were 
normally distributed, by the Kruskal-Wallis test if the 
continuous data were not normally distributed, and 
by the chi-square test for frequency data. All data were 
analyzed using SPSS version 20.0 (SPSS Inc., Chicago, 
IL, USA) and are presented as the mean ± the standard 
deviation or as the number and percentage. A probability 
of p<0.05 was considered statistically significant.

Table 2 - Comparison of the overall performance of both devices. 

Variables Ambu (n=48) i-gel (n=64) P value 
Effective airway time (s) 16.1 ± 6.5 15.5 ± 7   0.62
Ease of Insertion 1/2/3/4 * (%) 48/0/0/0 (100/0/0/0) 60/4/0/0 (93.8/6.3/0/0)   0.08
Attempts 1/2/3 48/0/0 (100/0/0) 62/2/0 (97/3/0)   0.22
Leak pressure (cm H2O) 22.5 ± 3.9 25.4 ± 4.1   <0.001
Fiber-optic view 1/2/3/4/5† 31/3/6/6/2 

(64.6/ 6.3/12.5/12.5/4.2)
39/4/7/13/1 

(60.9/6.3/10.9/20.3/1.6)
  0.77

 Manipulation    1 (2.1) 7 (10.9)  0.07
 Gastric insufflation 0 (0) 3    (4.7)  0.13
 Desaturation 0 (0) 2    (3.1)    0.22
 Audible leak 0 (0) 2    (3.1)    0.22
 Airway Reflex Activation 0 (0) 0       (0) -
 Aspiration/ emesis 0 (0) 0       (0)  -
Reinsertion 0 (0) 2    (3.1)      0.22

Data are given as mean ± SD or number (%). *Ease of insertion (1 = no resistance and no maneuvers, 2 = mild 
resistance and one maneuver, 3 = moderate resistance and more than one maneuver, 4 = inability to place the device);  
†Fiber-optic view graded as 1: full view of the glottis, 2: partial view of the glottis, 3: only epiglottic structures seen, 4: 

no glottic/epiglottic structures visible, 5: missing data.

Table 1 -	Demographic data of  112 infants and children undergoing 
elective surgical procedures. 

Patients Ambu
(n=48)

i-gel
(n=64)

P-value

Males/ females, number (%) 35/13 (73/27)  56/8 (86/14) 0.05
Age (months) 32.3 ± 38    30.6 ± 37.4 0.82
Weight (kg) 13.2 ± 8.3 12.7 ± 8.2     0.72
ASA status* I/ II 41/7 (85/15) 53/11 (82/18) 0.67
Surgery duration (min) 19 ± 10.1 19.9 ± 13.7 0.78

Data are given as mean ± SD or number (%). *American Society of 
Anesthesiologists Physical Status (ASA I: a normal healthy patient, ASA 

II: a patient with mild systemic disease) 

Results. The study flow chart is shown in Figure 1. 
A total of 112 infants and children undergoing elective 
surgical procedures were recruited for this study (48 
patients with mean age of 32.3 ± 38 months in the 
Ambu AO group and 64 patients with mean age of 
30.6 ± 37.4 months in the i-gel group). All demographic 
data were comparable between the groups. More boys 
were included overall (Table 1). The reason for the 
predominance of male patients is due to circumcision 
or orchiopexy procedures.

Table 2 shows the comparative data between the 2 
SGADs. The primary endpoint was OPLP, which was 
completed and measured in all patients. The pediatric 
i-gel had a statistically significant higher OPLP, 
compared to the Ambu AO (25.4 ± 4.1 cm H2O versus 
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Table 3 -  Subgroup analysis according to the body weight for each device.

Subgroup Group 1
(≤5 kg)

Group 2
(5.1 -10 kg)

Group 3
(>10 kg)

P value

Ambu
Number of patients (%) 7 (14.6) 16 (33.3) 25 (52)
Age (months) 3.8 ±1.6 7.26 ± 6.3 56 ± 39
Weight (kg) 4.4 ± 0.3 7.6 ± 1.4 19.4 ±7
ASA  I/ II * 6/1(86/14) 15/1(94/6) 20/5(80/20) 0.48
Ease of insertion 1/2 †  7/0 (100/0) 16/0 (100/0) 25/0 (100/0) -
No. of Attempts 1/2 7/0 (100/0) 16/0 (100/0) 25/0 (100/0) -
Success at first attempt 7 (100) 16 (100) 25 (100) -
Overall success rate        7 (100) 16 (100) 25 (100) -
Leak pressure  (cm H2O)                        23.14 ±5.4 21.9 ± 2.9 22.8 ± 4.1 0.71
Effective airway time(s) 5.9 ± 6.4 17.8 ± 2.3 17.9 ± 5.7 <0.001
Fiber-optic view 1/2/3/4/5‡  5/0/0/2/0 

(71.4/0/0/28.6/0)
6/1/4/3/2 

(37.5/6.3/25/18.7/12.5)
20/2/2/1/0 

(80/8/8/4/0)
0.08

Audible leak 0 0 0 -
Desaturation 0 0 0 -
Gastric insufflation 0 0 0 -
Manipulation 0 0 1 (4) 0.63

i-gel
Number of patients (%) 2 (3.0) 34 (53.1) 28 (44)
Age (months) 2.9 ±1.2 7.9 ± 4.8 60 ± 40
Weight (kg) 4.5 ± 0.5 7.8 ± 1.4 19.2 ± 9
ASA  I/ II 1/1/(50/50) 30/4 (88/12) 22/6 (79/21) 0.46
Ease of insertion 1/2 2/0 (100/0) 33/1 (97.1/2.9) 25/3 (89.3/10.7) 0.42
No. of Attempts 1/2 2/0 (100/0) 33/1 (97.1/2.9) 27/1 (96.4/3.6) 0.96
Success at first attempt  2(100) 33(97.1) 27(96.4) 0.96
Overall success rate          2(100) 34(100) 28(100) -
Leak pressure  (cm H2O)                        28.5 ± 0.7 24.3 ± 3.6 26.6 ± 4.3 0.04
Effective airway time (s) 14.0 ± 14.1 13.7 ± 7.1 17.7± 5.8 0.08
Fiber-optic view 1/2/3/4/5 0/0/1/1/0 

(0/0/50/50/0)
25/1/1/6/1 

(73.5/3/3/17.5/3)
14/3/5/6/0 

(50/10.7/17.9/21.4/0)
0.14

Audible leak 0 0 2 (7.1) 0.27
Desaturation 2 (100) 0 0 <0.001
Gastric insufflation 0 3 (8.8) 0 0.25
Manipulation 1 (50) 4 (11.8) 2 (7.1) 0.17

P-value (Ambu versus i-gel)
Success at first attempt                               - 0.49 0.34
Leak pressure (cm H2O)                              0.23 0.01  0.002
Effective airway time (s) 0.24 0.005 0.88
Fiber-optic view (1 versus 2-5) 0.07 0.03 0.02
Desaturation 0.003 - -
Manipulation  0.04 0.15 0.62

 Data are given as mean ± SD or number (%). *American Society of Anesthesiologists Physical Status (ASA I: a normal healthy patient, 
ASA II: a patient with mild systemic disease); †Ease of insertion graded as 1: no resistance and no maneuvers, 2: mild resistance and 

one maneuver, 3: moderate resistance and more than one maneuver, 4: inability to place the device; ‡ Fiber-optic view graded as 1: full 
view of the glottis, 2: partial view of the glottis, 3: only epiglottic structures seen, 4: no glottic/epiglottic structures visible, 5: missing 

data

22.5 ± 3.9 cm H2O, p<0.001). Both SGADs showed 
comparable results in the effective airway time and a high 
overall success rate. The Ambu AO had a higher ease of 
insertion rate than the i-gel; however, the difference was 

not statistically significant (100% versus  94%, p=0.08). 
As shown in Table 2, there was no statistically significant 
difference between the Ambu AO and i-gel (p<0.07) 
in the number of manipulations needed to achieve an 
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effective airway with the insertion of SGAD or during 
the maintenance of anesthesia. Most interventions were 
attributable to the necessity of either pulling out the 
SGAD or pushing it in and then retaping it to hold 
it in place. The fiberoptic view of the glottis was also 
evaluated in all patients. The fiberoptic laryngeal view 
was slightly better in the Ambu AO group than in the 
i-gel group (64.6% versus 60.9%, p=0.77), but was not 
statistically significant.

There were no serious adverse events with either 
SGAD (Table 2). In the i-gel group, there were 3 cases 
of gastric insufflation, 2 cases of desaturation, 2 cases of 
audible leakage, and 2 patients who required reinsertion. 
However, the difference was not statistically significant.
Table 3 shows the subgroup analysis for each SGAD 
to assess their performance between small and large 
children, based on 3 weight groups. No statistically 
significant differences existed within the Ambu AO or the 
i-gel arms between different weight groups with regard 
to success at first attempt, ease of insertion, number of 
attempts, and overall success rate. However, with Ambu 
AO, the effective airway time was significantly shorter 
in group 1 patients (5.9 ± 6.4 seconds) than in group 
2 (17.8 ± 2.3 seconds), and group 3 patients (17.9 ± 
5.7 seconds) (p<0.001). In the i-gel arm, patients in 
group 1 (100%) had a greater incidence of desaturation 
than patients in groups 2 (0%) and 3 (0%) (p<0.001).

The SGADs were compared within the same weight 
groups. The results are shown in Table 3. Patients in 
groups 2 (p=0.01) had a significantly higher OPLP 
with the i-gel than with the Ambu AO and 3 (p=0.002). 
In group 2 patients, the effective airway time was less 
with the i-gel than with the Ambu AO (13.7 ± 7.1 
seconds versus 17.8 ± 2.3 seconds; p=0.005). Fiberoptic 
viewing in group 2 patients was superior with the 
i-gel, compared to Ambu AO, as the grade 1 view was 
possible in significantly more patients (75% versus 
37%, p=0.03). However, in group 3, a grade 1 view was 
possible with more patients with the Ambu AO than 
with the i-gel (80% versus 50%, p=0.02). All incidences 
of desaturation occurred in group 1 in the i-gel group, 
compared to no patients in the Ambu AO group (100% 
versus 0%, p=0.003). All desaturation episodes were 
managed with manipulation of the head and neck.

Discussion. Our main results show that OPLP 
was higher with the i-gel than with the Ambu AO 
and, on subgroup analysis, higher in patients in 

groups 2 and 3. There was a statistical tendency towards 
a greater number of manipulations required to maintain 
a clear airway in the i-gel arm, especially in group 1. 
Fiberoptic viewing of the glottis was similar with both 
SGADs. On subgroup analysis, fiberoptic viewing of 
the glottis was superior with the i-gel in group 2 patients 
and with the Ambu AO in group 3 patients. The Ambu 
AO may have shown less  manipulation needed during 
insertion or during the maintenance of anesthesia, less 
gastric insufflation, less desaturation, and less audible 
leak; however, the differences were not statistically 
significant. Such findings needed to be interpreted with 
caution and to be further explored for more robust 
results.

In our study, we noted a statistically higher OPLP 
in favor of the i-gel. Our findings are similar to those 
of Theiler et al5 who showed that the OPLP of the i-gel 
was significantly higher than that of the Ambu AO. 
Supraglottic airway devices that provide ventilation 
with low peak airway pressure and high OPLP have 
a wider margin of safety.9 We carried out subgroup 
analysis on the performance of the SGADs to detect 
relevant differences in relation to the weight of infants 
and children. Due to the relatively small numbers of 
some subgroups, the power of this analysis was low. We 
analyzed whether excluding the small group 1 would 
change our outcome, and found the small number of 
patients in this subgroup had no effect on the overall 
outcome. There was no statistically significant difference 
in the OPLP through the subgroup analysis within the 
Ambu AO or i-gel arms, which indicated that both 
SGADs performed equally well throughout the range 
of weights.

For unexplained reasons, the children in group 2 had 
lower OPLP for both SGADs, compared to the other 
2 subgroups. This finding contrasts that of Monclus et 
al17 who found no statistical difference between SGAD 
sizes. A significantly higher OPLP was noted in groups 
2 and 3 between the 2 SGADs in favor of the i-gel. 
This finding shows its higher efficacy in creating seal 
pressures in children with a heavier weight. In a similar 
study, Goyal et al18 showed that the OPLP of the size 
2 i-gel was significantly higher than that of the size 2 
LMA ProSeal (Teleflex), which indicated that the i-gel 
has a better fit in the airway than the LMA ProSeal. 

The pediatric i-gel is a smaller version of the adult 
model.5 It has a straighter ventilating tube, which 
may explain the increased need for manipulation to 
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Figure 1 -	Flow chart of the 112 infants and children undergoing elective surgical procedures recruited 
for this study.

Figure 2 -	Ergonomics of supraglottic airway devices. I-gel® mask 
(left) and Ambu® AO (right).  The shape of Ambu® AOTM 
ventilating tube has a 90-degree angle. 

maintain a clear airway, as in our study. In our study, 
the fact that the pediatric i-gel needed to be pushed in 
to indicates that the i-gel often slid out of the mouth 
(despite following the manufacturer’s guidelines 
concerning fixation) and had to be secured in place with 
tape to achieve a sufficient seal to allow ventilation. The 
number of second-attempt insertions did not reach a 
statistically significant value. However, second-attempt 
insertions were comparatively greater in the i-gel group 
than in the Ambu AO group. Furthermore, this study 
demonstrated an increased number of second-attempt 
insertions with the pediatric i-gel. This factor may 
be attributable to the ergonomics of the tube, which 
may not be as user friendly as that of the Ambu AO 
(Figure 2).

The SGADs can be used as a conduit for fiberoptic 
intubation or to facilitate flexible fiberoptic bronchoscopy 
for diagnostic or interventional purposes.19 Fiberoptic 
viewing of the glottis was remarkably good with both 
SGADs, using the Brimacombe score.20 However, 
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subgroup analysis revealed that the view of the glottis 
was superior with the i-gel in infants who weighed 
5.1-10.0 kg and with the Ambu AO in children who 
weighed >10.0 kg. This can be explained by intraoperator 
subjectivity of insertion and better ergonomics in favor 
of the Ambu AO mask. In our study, fiberoptic viewing 
was similar in both SGADs overall. However, they had 
a significantly different OPLPs without any difficulties 
in ventilation. Our results support the finding of 
Inagawa et al,21 which indicated that a high OPLP does 
not imply adequate positioning of LMAs in pediatric 
patients.

The high success rates of the Ambu AO and the i-gel 
in our study are in concordance with the findings of 
other researchers.22,23 Previous studies suggest that the 
Ambu AO may be easier to insert in neck-immobilized 
patients and its polyvinyl chloride material may be 
more adherent to the airway mucosa.9,24 Researchers 
have attributed the easy insertion of Ambu AO to the 
shape of its ventilating tube, which has a 90° angle.24,25 
On comparing the angle of both SGADs used in our 
study, the Ambu AO indeed had a more pronounced 
airway angle, which may fit anatomically better into the 
hypopharynx and onto the laryngeal inlet (Figure 2).

We found a trend toward easier insertion of the 
Ambu AO, compared to the i-gel. This difference was 
not statistically significant. However, our study was not 
powered to detect this trend. Thus, further large scale 
studies are needed.

Adverse events and postoperative complaints were 
rare in both groups. No incidences of airway reflex 
spasm or aspiration or emesis were noted. Among the 
patients in the i-gel group, only 7 patients had minor 
adverse events. In our experience, we believe both 
SGADs are safe for pediatric airway management. 
We noted relatively more adverse events for the i-gel, 
although this finding was not statistically significant. 
In group 1, 2 patients had respiratory distress in the 
form of desaturation; in group 2, 2 cases of an audible 
leak occurred; and in group 3, 3 patients had gastric 
insufflation.

The need for minor adjustments of the SGAD were 
greater in the i-gel group 1, which consisted of children 
weighing ≤5 kg. This finding may indicate differences in 
mask performance due to a child’s age and weight.23 The 
cause of airway obstruction in this age group was not 
established; however, researchers have implicated a long 

floppy epiglottis impinging on the ventilating orifice 
of the SGADs as a possibility.26 Similar to our results, 
Jagannathan et al27 found a greater need for airway 
manipulation with the i-gel, compared to the LMA 
Supreme (Teleflex), to maintain a clear airway. The 
long ventilating tube of the i-gel may be a contributing 
factor in dislodgement or in the need for airway 
manipulation, despite following the manufacturer’s 
guidelines concerning its fixation. Whether the shape 
of the pediatric i-gel, which is a smaller version of the 
adult model, fully addresses the relatively anterior and 
cranial position of the pediatric larynx is unknown. 
We suggest that, especially in lower weight infants, the 
pediatric Ambu AO may perform better because of its 
better designed shape and preformed angle; however, 
larger studies are needed to explore this finding.

Study limitations. First, the power calculation 
was based on vague figures and previous studies since 
few data were available for the pediatric i-gel.8,16 
Nevertheless, the study was powered for OPLP (primary 
outcome). Therefore, all results related to the secondary 
outcomes have to be interpreted with caution. Second, 
it was a single-blind study as the anesthesia personnel 
were aware of which SGAD was used. However, our 
primary outcome variable, OPLP, was an objective 
measurement obtained by the anesthesia machine 
without the influence of the study personnel. Third, 
all other data were obtained by a trained member of 
the research group who was not otherwise involved 
in the clinical procedure and who obtained it using a 
previously defined protocol. Fourth, we compared 2 
types of SGADs that were available in our hospital; 
therefore, our data may not be extrapolated to other 
types of SGADs. Fifth, our study consisted of healthy 
patients with a normal airway. Findings may differ for 
patients with deformities.

In conclusion, both SGADs performed well across 
all ages and weights, and are associated with only a few 
adverse events. A potential advantages for the Ambu 
AO are its relatively ease of insertion, and requirement 
for fewer manipulations. These potential advantages 
have to be interpreted with caution and may warrant 
further explorations. Clinicians have to choose which 
SGAD is the best fit for a specific patient, and probably 
use the SGAD with which he or she is more familiar. 
Larger scale trials are needed to examine the efficacy and 
performance of both devices in children, particularly, 
the neonates and young infants.

http://www.smj.org.sa/index.php/smj/index


490

Ambu  versus i-gel LMAs in children ... Alzahem et al

Saudi Med J 2017; Vol. 38 (5)      www.smj.org.sa

References
  
  1.	 Brain AI. The laryngeal mask--a new concept in airway 

management. Br J Anaesth 1983; 55: 801-806.
  2.	 Peker G, Takmaz SA, Baltacı B, Başar H, Kotanoğlu M. 

Comparison of four different supraglottic airway devices in 
terms of efficacy, intra-ocular pressure and haemodynamic 
parameters in children undergoing ophthalmic surgery. Turk J 
Anaesthesiol Reanim 2015; 43: 304-312.

  3.	 Ismail SA, Bisher NA, Kandil HW, Mowafi HA, Atawia HA. 
Intraocular pressure and haemodynamic responses to insertion 
of the i-gel, laryngeal mask airway or endotracheal tube. Eur J 
Anaesthesiol 2011; 28: 443-448.

  4.	 Miller DM. A proposed classification and scoring system for 
supraglottic sealing airways: a brief review. Anesth Analg 2004; 
99: 1553-1559.

  5.	 Theiler LG, Kleine-Brueggeney M, Luepold B, Stucki F, 
Seiler S, Urwyler N, et al. Performance of the pediatric-sized 
i-gel compared with the Ambu AuraOnce laryngeal mask in 
anesthetized and ventilated children. Anesthesiology 2011; 
115: 102-110.

  6.	 Polat R, Aydin GB, Ergil J, Sayin M, Kokulu T, Öztürk İ. 
Comparison of the i-gel™ and the Laryngeal Mask Airway 
Classic™ in terms of clinical performance. Braz J Anesthesiol 
2015; 65: 343-348.

  7.	 Shariffuddin II, Wang CY. Randomised crossover comparison 
of the Ambu AuraOnce Laryngeal Mask with the LMA Classic 
laryngeal mask airway in paralysed anaesthetised patients. 
Anaesthesia 2008; 63: 82-85.

  8.	 Lopez AM, Valero R, Bovaira P, Pons M, Sala-Blanch X, 
Anglada T. A clinical evaluation of four disposable laryngeal 
masks in adult patients. J Clin Anesth 2008; 20: 514-520.

  9.	 Beylacq L, Bordes M, Semjen F, Cros AM. The I-gel, a 
single-use supraglottic airway device with a non-inflatable cuff 
and an esophageal vent: an observational study in children. 
Acta Anaesthesiol Scand 2009; 53: 376-379.

10. Urbaniak GC, Plous S. Research Randomizer (Version 4.0) 
[Computer software]. [Updated 2017  January 7]. Available 
from: http://www.randomizer.org/

11.	 Drage MP, Nunez J, Vaughan RS, Asai T. Jaw thrusting 
as a clinical test to assess the adequate depth of anaesthesia 
for insertion of the laryngeal mask. Anaesthesia 1996; 51: 
1167-1170.

12. Zaballos M, Bastida E, Jiménez C, Agustí S, López-Gil MT. 
Predicted end-tidal sevoflurane concentration for insertion of 
a Laryngeal Mask Supreme: a prospective observational study. 
Eur J Anaesthesiol 2013; 30: 170-174.

13. 	Maino P, Dullenkopf A, Keller C, Bernet-Buettiker V, Weiss 
M. Cuff filling volumes and pressures in pediatric laryngeal 
mask airways. Paediatr Anaesth 2006; 16: 25-30.

14. 	Lopez-Gil M, Brimacombe J, Keller C. A comparison of four 
methods for assessing oropharyngeal leak pressure with the 
laryngeal mask airway (LMA) in paediatric patients. Paediatr 
Anaesth 2001; 11: 319-321.

15. Brimacombe J, Keller C, Kurian S, Myles J. Reliability of 
epigastric auscultation to detect gastric insufflation. Br J 
Anaesth 2002; 88: 127-129.

16. Gasteiger L, Brimacombe J, Oswald E, Perkhofer D, Tonin A, 
Keller C, et al. LMA ProSeal(TM) vs. i-Gel(TM) in ventilated 
children: a randomised, crossover study using the size 2 mask. 
Acta Anaesthesiol Scand 2012; 56: 1321-1324.

17. Monclus E, Garcés A, De Jose Maria B, Artés D, Mabrock M. 
Study of the adjustment of the Ambu laryngeal mask under 
magnetic resonance imaging. Paediatr Anaesth 2007; 17: 
1182-1186.

18. Goyal R, Shukla RN, Kumar G. Comparison of size 2 i-gel 
supraglottic airway with LMA-ProSeal and LMA-Classic in 
spontaneously breathing children undergoing elective surgery. 
Paediatr Anaesth 2012; 22: 355-359.

19. Weiss M, Gerber AC, Schmitz A. Continuous ventilation 
technique for laryngeal mask airway (LMA) removal after 
fiberoptic intubation in children. Paediatr Anaesth 2004; 14: 
936-940.

20. 	Brimacombe J, Berry A. A proposed fiber-optic scoring system 
to standardize the assessment of laryngeal mask airway position. 
Anesth Analg 1993; 76: 457.

21. Inagawa G, Okuda K, Miwa T, Hiroki K. Higher airway seal 
does not imply adequate positioning of laryngeal mask airways 
in paediatric patients. Paediatr Anaesth 2002; 12: 322-326.

22. 	Hagberg CA, Jensen FS, Genzwuerker HV, Krivosic-Horber R, 
Schmitz BU, et al. A multicenter study of the Ambu laryngeal 
mask in nonparalyzed, anesthetized patients. Anesth Analg 
2005; 101: 1862-1866.

23. Beringer RM, Kelly F, Cook TM, Nolan J, Hardy R, Simpson T, 
et al. A cohort evaluation of the paediatric i-gel airway during 
anaesthesia in 120 children. Anaesthesia 2011; 66: 1121-1126.

24.	 Gernoth C, Jandewerth O, Contzen M, Hinkelbein J, 
Genzwürker H. Comparison of two different laryngeal mask 
models for airway management in patients with immobilization 
of the cervical spine. Anaesthesia 2006; 55: 263-269.

25. Vaida SJ, Yodfat UA. Angulation of the airway tube in the 
AMBU laryngeal mask could be responsible for improved 
insertion success. Anesth Analg 2006; 103: 264.

26. Jagannathan N, Sohn LE, Chang E, Sawardekar A. A cohort 
evaluation of the laryngeal mask airway-Supreme in children. 
Paediatr Anaesth 2012; 22: 759-764.

27.	 Jagannathan N, Sommers K, Sohn LE, Sawardekar A, Shah 
RD, Mukherji II, et al. A randomized equivalence trial 
comparing the i-gel and laryngeal mask airway Supreme in 
children. Paediatr Anaesth 2013; 23: 127-133.

http://www.smj.org.sa/index.php/smj/index
https://doi.org/10.1093/bja/55.8.801
https://doi.org/10.1093/bja/55.8.801
https://doi.org/10.5152/TJAR.2015.49091
https://doi.org/10.5152/TJAR.2015.49091
https://doi.org/10.5152/TJAR.2015.49091
https://doi.org/10.5152/TJAR.2015.49091
https://doi.org/10.5152/TJAR.2015.49091
https://doi.org/10.1097/EJA.0b013e328345a413
https://doi.org/10.1097/EJA.0b013e328345a413
https://doi.org/10.1097/EJA.0b013e328345a413
https://doi.org/10.1097/EJA.0b013e328345a413
https://doi.org/10.1213/01.ANE.0000134798.00069.2B
https://doi.org/10.1213/01.ANE.0000134798.00069.2B
https://doi.org/10.1213/01.ANE.0000134798.00069.2B
https://doi.org/10.1097/ALN.0b013e318219d619
https://doi.org/10.1097/ALN.0b013e318219d619
https://doi.org/10.1097/ALN.0b013e318219d619
https://doi.org/10.1097/ALN.0b013e318219d619
https://doi.org/10.1097/ALN.0b013e318219d619
https://doi.org/10.1016/j.bjan.2014.02.009
https://doi.org/10.1016/j.bjan.2014.02.009
https://doi.org/10.1016/j.bjan.2014.02.009
https://doi.org/10.1016/j.bjan.2014.02.009
https://doi.org/10.1111/j.1365-2044.2007.05284.x
https://doi.org/10.1111/j.1365-2044.2007.05284.x
https://doi.org/10.1111/j.1365-2044.2007.05284.x
https://doi.org/10.1111/j.1365-2044.2007.05284.x
https://doi.org/10.1016/j.jclinane.2008.05.015
https://doi.org/10.1016/j.jclinane.2008.05.015
https://doi.org/10.1016/j.jclinane.2008.05.015
https://doi.org/10.1111/j.1399-6576.2008.01869.x
https://doi.org/10.1111/j.1399-6576.2008.01869.x
https://doi.org/10.1111/j.1399-6576.2008.01869.x
https://doi.org/10.1111/j.1399-6576.2008.01869.x
http://www.randomizer.org/
http://www.randomizer.org/
http://www.randomizer.org/
https://doi.org/10.1111/j.1365-2044.1996.tb15062.x
https://doi.org/10.1111/j.1365-2044.1996.tb15062.x
https://doi.org/10.1111/j.1365-2044.1996.tb15062.x
https://doi.org/10.1111/j.1365-2044.1996.tb15062.x
https://doi.org/10.1111/j.1460-9592.2005.01672.x
https://doi.org/10.1111/j.1460-9592.2005.01672.x
https://doi.org/10.1111/j.1460-9592.2005.01672.x
https://doi.org/10.1046/j.1460-9592.2001.00649.x
https://doi.org/10.1046/j.1460-9592.2001.00649.x
https://doi.org/10.1046/j.1460-9592.2001.00649.x
https://doi.org/10.1046/j.1460-9592.2001.00649.x
https://doi.org/10.1093/bja/88.1.127
https://doi.org/10.1093/bja/88.1.127
https://doi.org/10.1093/bja/88.1.127
https://doi.org/10.1111/j.1399-6576.2012.02765.x
https://doi.org/10.1111/j.1399-6576.2012.02765.x
https://doi.org/10.1111/j.1399-6576.2012.02765.x
https://doi.org/10.1111/j.1399-6576.2012.02765.x
https://doi.org/10.1111/j.1460-9592.2007.02330.x
https://doi.org/10.1111/j.1460-9592.2007.02330.x
https://doi.org/10.1111/j.1460-9592.2007.02330.x
https://doi.org/10.1111/j.1460-9592.2007.02330.x
https://doi.org/10.1111/j.1460-9592.2011.03757.x
https://doi.org/10.1111/j.1460-9592.2011.03757.x
https://doi.org/10.1111/j.1460-9592.2011.03757.x
https://doi.org/10.1111/j.1460-9592.2011.03757.x
https://doi.org/10.1111/j.1460-9592.2004.01354.x
https://doi.org/10.1111/j.1460-9592.2004.01354.x
https://doi.org/10.1111/j.1460-9592.2004.01354.x
https://doi.org/10.1111/j.1460-9592.2004.01354.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=8424538
https://www.ncbi.nlm.nih.gov/pubmed/?term=8424538
https://www.ncbi.nlm.nih.gov/pubmed/?term=8424538
https://doi.org/10.1046/j.1460-9592.2002.00815.x
https://doi.org/10.1046/j.1460-9592.2002.00815.x
https://doi.org/10.1046/j.1460-9592.2002.00815.x
https://doi.org/10.1213/01.ANE.0000184181.92140.7C
https://doi.org/10.1213/01.ANE.0000184181.92140.7C
https://doi.org/10.1213/01.ANE.0000184181.92140.7C
https://doi.org/10.1213/01.ANE.0000184181.92140.7C
https://doi.org/10.1111/j.1365-2044.2011.06884.x
https://doi.org/10.1111/j.1365-2044.2011.06884.x
https://doi.org/10.1111/j.1365-2044.2011.06884.x
https://doi.org/10.1007/s00101-005-0921-3
https://doi.org/10.1007/s00101-005-0921-3
https://doi.org/10.1007/s00101-005-0921-3
https://doi.org/10.1007/s00101-005-0921-3
https://doi.org/10.1213/01.ANE.0000215213.05622.7E
https://doi.org/10.1213/01.ANE.0000215213.05622.7E
https://doi.org/10.1213/01.ANE.0000215213.05622.7E
https://doi.org/10.1111/j.1460-9592.2012.03832.x
https://doi.org/10.1111/j.1460-9592.2012.03832.x
https://doi.org/10.1111/j.1460-9592.2012.03832.x
https://doi.org/10.1111/pan.12078
https://doi.org/10.1111/pan.12078
https://doi.org/10.1111/pan.12078
https://doi.org/10.1111/pan.12078

	Title
	Affiliation
	ABSTRACT
	Methods
	Results
	Discussion
	References

