Annals of Clinical Anesthesia Research

Research Article
Published: 06 Jul, 2021

The Optimal Timing of Ambu® AuraOnceTM Laryngeal
Mask Airway Insertion with Propofol Induction
Wei Chen1, Rebecca Downey1, Richard Sheu1,2, Hui Qu3, Iwona Bonney1 and Peishan Zhao1*
1

Department of Anesthesiology and Perioperative Medicine, Tufts Medical Center, USA

2

Department of Anesthesiology and Pain Medicine, University of Washington Medical Center, USA

3

Department of Epidemiology and Public Health, School of Public Health, Yale University, USA

Abstract
Background: Laryngeal Mask Airway (LMA) is usually inserted without muscle relaxants, which
requires good jaw relaxation. Previous studies have focused on creating the optimal condition
for LMA insertion with different anesthetic adjuncts. This study is to determine whether the time
interval between induction and insertion influences placement conditions.
Methods: This is a prospective randomized study with a total of 198 ASA I or II patients assigned
to three groups: Group 0”, Group 60” and Group 90”, with number representing the seconds from
loss of Eye Lash Reflex (ELR) to LMA insertion. All patients were pretreated with intravenous
midazolam 2 mg and fentanyl 1 mcg/kg at a given time. Induction was achieved with 2.5 mg/kg
propofol. Ambu® AuraOnceTM LMA was placed by a blinded anesthesiologist who also assessed the
condition for LMA insertion based on a score system. The primary outcome is to find the optimal
condition for LMA insertion in each group. The conditions were defined as optimal or non-optimal
based on the total score of 6 or >6, respectively.
Results: The percentage of the optimal condition was significantly different amongst the three
groups (p=0.031). The optimal condition was 68% in Group 60”, that was significantly higher than
45% in Group 0” (p=0.008).), but not than 58% in Group 90” (p=0.207).

OPEN ACCESS
*Correspondence:
Peishan Zhao, Department of
Anesthesiology and Perioperative
Medicine, Tufts Medical Center, Boston,
800 Washington, Street #298, MA
02111, USA, Fax: 617-636-8384;
E-mail: Pzhao@tuftsmedicalcenter.org
Received Date: 04 Jun 2021
Accepted Date: 03 Jul 2021
Published Date: 06 Jul 2021
Citation:
Chen W, Downey R, Sheu R, Qu H,
Bonney I, Zhao P. The Optimal Timing
of Ambu® AuraOnceTM Laryngeal Mask
Airway Insertion with Propofol Induction.
Ann Clin Anesth Res. 2021; 5(2): 1040.
Copyright © 2021 Peishan Zhao. This
is an open access article distributed
under the Creative Commons Attribution
License, which permits unrestricted
use, distribution, and reproduction in
any medium, provided the original work
is properly cited.

Remedy Publications LLC.

Conclusion: Induction of general anesthesia with 2.5 mg/kg of propofol, with pre-administration
of midazolam and fentanyl, provided the highest percentage of optimal condition of LMA insertion
at 60 sec after loss of ELR.
Keywords: Laryngeal Mask Airway (LMA); Optimal timing; Propofol; Laryngospasm; General
anesthesia

Introduction
Since its prototype introduction in 1983, Laryngeal Mask Airway (LMA) has been used worldwide for General Anesthesia (GA) in properly selected patients, as an alternative to the Endotracheal
Tube (ETT). By 2011, an estimated 56% of GA was managed by some form of supraglottic airway in the
United Kingdom [1]. Compared to ETT, the use of LMA results in lower incidence of laryngospasm,
postoperative hoarse voice, and coughing [2]. Similar to ETT placement, the insertion of LMA
requires a certain depth of anesthesia to achieve adequate jaw-opening and to avoid undesirable
events. These undesirable events include coughing, gagging, patient movements, and laryngospasm.
Prior studies have focused primarily on the comparisons of various anesthetic agents and anesthetic
adjuncts to create an optimally induced patient to aid easy insertion of LMA. Several anesthetic
adjuncts such as midazolam [3], opioids [4,5], lidocaine [6], and ketamine [7] have shown to reduce
the dose of propofol and create satisfactory LMA insertion conditions. LMA placement conditions
were also enhanced with muscle relaxants [8,9]. However, the time frames at which the LMAs were
inserted after induction in all of these studies were either subjective (determined by the inserter)
or inconsistent, thus making it unclear whether the time interval between induction and insertion
influences placement conditions.
This pilot study sought to investigate the optimal timing of Ambu® AuraOnceTM LMA (Ambu
Inc. Glen Burnie, MD, USA) insertion with the most commonly used IV anesthetic induction agent,
propofol, without co-administration of muscle relaxant. The 0 sec, 60 sec, and 90 sec were chosen
as the intervals in the study, because the argument about the timing of LMA placement usually falls
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immediately after or sometime after the induction. We hypothesized
that immediate placement after propofol induction, defined by loss
of Eye Lash Reflex (ELR), would provide the best LMA insertion
conditions based on empirical experience.

investigator 1 tracked 0 sec, 60 sec, or 90 sec of time-lapsed, a blinded
investigator 2 (LMA inserter) was summoned to insert size 4 LMAs
for females and size 5 for males. Investigator 2 was present in the OR
and blinded to randomized groups by facing the OR wall opposite to
the OR table. The LMAs were lubricated with a water soluble gel and
inserted with a deflated cuff according to the technique described by
Brain [12]. The cuff was then inflated with 20 mL to 30 mL of air. The
correct position of the LMA was confirmed by observing adequate
chest rise, auscultating leakage in the neck, observing the capnogram
and tidal volume, and absence of audible air leak. After LMA
placement, anesthesia management was transferred to the primary
team. Five attending anesthesiologists acted as investigator 2 and
were trained by the primary investigator prior to the study regarding
the score system used. The LMA insertion condition was graded by
investigator 2 based on 6 categories used in previous studies [10,13].
The primary outcome was the optimal condition defined as a total
score of 6 (see below) in each group. Non-optimal condition was
based on a total score >6. Secondary outcomes include: jaw opening
(full 1, partial 2, and nil 3); insertion of LMA (easy 1, difficult 2, and
impossible 3); coughing or gagging (none 1, some 2, and significant
3); hiccups (none 1, some 2); head or body movement (none 1, some
2, and significant 3) and laryngospasm or airway obstruction (none 1,
partial 2, total 3). Laryngospasm is defined as airway obstruction with
assumption that LMA is correctly placed. The numbers represent
scores.

Material and Methods
This study was approved by the Institutional Review Board (IRB)
at Tufts Medical Center (TMC), and written informed consent was
obtained from all subjects. The trial was registered at clinicaltrials.
gov before patient enrolment (NCT 00972491, Principal investigator:
Peishan Zhao, date of registration: September 7th, 2009) and this
manuscript followed the applicable Equator guidelines.
Sample size estimation
With limited literature on the research topic of this study, the
sample size calculation was based on a study by Wong et al. [10]
that showed a 65% rate of “optimal condition” following induction
of subjects at 90 sec. For the purpose of our power and sample size
estimation, we took this 65% rate to be true for 60 sec as well. To
achieve 90% power to detect a linear trend in the optimal condition
of LMA insertion, while using a two-sided Chi-squared test for trends
and a significant p-value of 0.05, a sample size of 66 per group was
needed. The simple size estimation and patient randomization scheme
were generated by statistician in the research institute at TMC.
Patient selection and randomization
Between October 2009 and December 2013, 250 eligible subjects
were selected to be recruited to make sure the sample size was met
for proper analysis. Regardless of gender or ethnicity, patients 18
years or older with an American Society of Anesthesiologists (ASA)
physical status I-II and scheduled to undergo a surgical procedure
at TMC for which LMA was an appropriate choice were recruited.
Exclusion criteria included: patients with risk of aspiration; mouth
opening <2.5 cm; limitation of neck movement; anticipated difficult
airway; obstructive sleep apnea; morbid obese patients defined as
Body Mass Index (BMI) ≥ 40 or 35 with one serious obesity-related
condition; pregnant women; prisoners; use of sedative or recreational
drugs; patient refusal, known allergic reaction to the drugs used and
operative procedure for which use of an LMA was not deemed safe.

The apneic patient was mask ventilated with 100% oxygen only
if O2 saturation decreased to less than 92% between loss of LER and
LMA placement. If the LMA insertion was not successful on the first
attempt, another dose of propofol 1 mg/kg was given with a second
attempt 30 sec later. If the second attempt was unsuccessful, propofol
0.5 mg/kg was administered and a third attempt was performed 30
sec later. If the third attempt was unsuccessful, ETT intubation was
initiated.
Statistical analysis
Continuous variables were summarized as mean ± standard
deviation, and categorical variables were summarized as frequency
and percentages. The dependent variable/primary outcome (optimal
conditions) and the independent variable (time of LMA insertion)
represent ordinal variables with logical ordering i.e. (yes, no) and (0,
60 and 90 sec). These variables were tested with a chi-squared test
for association. Other categorical outcomes such as jaw opening
ease of LMA insertion, presence of coughing/gagging/hiccups, head
and body movement, and occurrence of laryngospasm or airway
obstruction, were analyzed in the same way. We used ANOVA to
test the relationship between randomized groups and hemodynamic
responses to LMA insertion (continuous variables). When data was
skewed (number of attempts, total score, O2 saturation at baseline,
before and after insertion), we used a non-parametric test for
association. When there were significant differences among groups,
we used a t-test to show differences between each of the two groups.
All data was analyzed using SAS 9.4 (SAS Institute Inc., Cary, NC).
Statistical analysis was performed using SPSS (version 13.0; SPSS Inc.,
Chicago, IL, USA). The level of significance was set at a p value <0.05.

After informed consents were obtained, the enrolled subjects were
randomly assigned to one of the three study groups: Group 1: 0 sec,
Group 2: 60 sec, and Group 3: 90 sec, which respectively represented
the time-lapse in seconds after loss of ELR. The randomization
scheme was developed using SAS 9.1.3 (SAS Institute Inc., Cary, NC).
Randomization envelopes were opened only when the subject agreed
to participate in the study.
Study protocol
A peripheral Intravenous (IV) line and infusion of lactated
ringer’s solution were started in the holding area prior to surgery. In
addition, routine 2 mg of IV midazolam was given to all participants’
right before being taken to the OR. Upon arrival to the OR, IV
fentanyl 1.0 mcg/kg was given before standard ASA monitors were
placed. Vital signs were taken as a pre-induction baseline and then
taken immediately 1 min, 2 min and 3 min after LMA insertion.
Participants were preoxygenated for 3 min and pre-treated with 2 ml
of 2% lidocaine IV to decrease pain upon injection [11]. Induction
was performed immediately after lidocaine injection by investigator
1 with IV propofol 2.5 mg/kg injected over a 15 sec span and was
concluded after loss of LER determined by investigator 1. After
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Results
We planned to recruit 250 subjects to make sure we had 66
subjects in each group. In reality, we approached 236 subjects after
meeting the goal of 198 subjects in total for statistical analysis. There
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were no significant differences between groups regarding age, gender,
height, weight, BMI, ASA physical status, history of asthma or
drinking/smoking.

for LMA insertion in most studied subjects (65% of cases) [10]. Lower
dose (0.5 mcg/kg) of fentanyl or placebo had higher incidence of
unsatisfied mouth opening and LMA insertion, more swallowing and
patient movement, while higher doses (1.5 and 2.0 mcg/kg) of fentanyl
resulted in higher incidence of coughing/gagging and laryngospasm
[10]. In addition, 1 mcg/kg fentanyl provided similar conditions for
LMA insertion and better hemodynamic parameters than 2 mcg/kg
fentanyl [20]. We injected fentanyl when the patient was brought to
the OR because the time from entering OR to induction of GA was
approximately 5 min, which is the optimal onset time of fentanyl
before tracheal intubation [21]. During the study period, we routinely
gave each patient midazolam as an anxiolytic before transferring to
OR.

We found that Group 2 had the highest percentage of optimal
condition for LMA insertion at 68%, followed by 58% in Group 3. The
least percentage of optimal condition was 45% in Group 1. Although
there were no significant differences in the individual score amongst
the three groups, there was significant difference in the number of
optimal conditions (score =6) amongst these groups (p=0.031). The
percentage of optimal conditions was significantly higher in Group 2,
compared with Group 1 (p=0.008). However, there was no significant
difference of number of optimal conditions between Group 1 and
Group 3 (p=0.164) or Group 2 and Group 3 (p=0.207). The greatest
contribution of this difference came from jaw opening where 80.3%
in Group 2 were able to have full jaw opening, which was significantly
higher than 65.2% in Group 1 (p=0.051).

Contrary to our hypothesis, we found that the best time to
insert LMA is 60 sec after loss of ELR, since 68% patients had the
optimal condition for LMA insertion at this time point. Compared
with 0 sec, the odds ratio of optimal condition is 2.57 at 60 sec and
1.62 at 90 sec. No study was found comparing time-lapse between
induction and LMA insertion. Previous studies that focused on the
insertion condition and complications of LMA placement used 0
sec 3 min intervals from propofol induction to insertion of LMA
[20,22]. However, in a dose response study to determine an optimal
dosage of fentanyl used with propofol for LMA insertion, Wong et
al. [10] pre-administered fentanyl 1 mcg/kg (injected over 10 sec)
followed immediately by 2.5 mg/kg propofol (injected over 10 sec)
as an induction agent and achieved optimal condition for LMA
insertion in 65% of subjects. The author's inserted LMA 90 sec after
patient received the first medication, fentanyl. Considering patient
loss of ELR within 10 sec after propofol injection [13], we calculated
insertion time in Wong’s study that is very close to 60 sec after patient
loss of ELR. Bapat et al. [6] compared condition for LMA insertion
after induction with 1 mcg/kg Fentanyl, followed 60 sec later by 2.5
mg/kg propofol (Group P), or 1.5 mg/kg lidocaine followed 30 sec
later by 5 mg/kg thiopentone (Group LT), or 0.1 mg/kg midazolam
followed 3 min later by 5 mg/kg thiopentone (Group MT). LMA was
inserted 60 sec after induction. They found 66% (33/50) of patients
in propofol group had excellent conditions for LMA insertion. In
addition, there was no laryngospasm in propofol group compared to
28% and 6% in LT group and MT group, respectively. No midazolam
was given to the patients in these 2 comparable studies. In this study,
2 mg of IV midazolam (average 0.03 mg/kg) was given to all patients.
Midazolam at 0.04 mg/kg reduced the propofol induction dose of GA
for LMA insertion [3], which might explain the better result we found.
It should be noticed that induction with only 2.5 mg/kg propofol does
not seem to provide an optimal condition for LMA insertion at 60 sec
after loss of ELR. When compared to induction with 8% sevoflurane
in 50% nitrous oxide and oxygen, induction with 2.5 mg/kg propofol
without pre induction opioids or benzodiazepines led to 11% (5/44)
laryngospasm and higher incidences of coughing, gagging and body
movement [23].

Multivariable ordered logistic regression models were developed
and used to scan for potential confounding variables. Adjustments
were made to age, height, weight, BMI, history of asthma, smoking
and drinking status, ASA physical status and time to insertion in the
full model. Using a backward selection procedure, findings that only
“time to insertion” was significant (p=0.0328), so it remained in the
reduced model. It showed that compared to Group 1, the odds of
getting an optimal condition was 2.57 times significantly higher in
Group 2 [95% CI (1.265 to 5.226)], and 1.62 times higher in Group 3
[95% CI (0.819 to 3.236)].
There was no difference in pre-induction systolic and diastolic
Blood Pressures (BP) and Heart Rate (HR) amongst the three groups.
However, the immediate post-insertion systolic BP of Group 1 was
significantly higher than that of Group 2 (p=0.0004) and Group 3
(p=0.0014). In addition, the immediate post-insertion HR of Group
1 was significantly higher than that of Group 2 (p=0.028) and Group
3 (p=0.0184). When compared, the hemodynamic changes between 1
min post LMA insertion and pre-induction showed that there were no
significant changes in HR and systolic BP amongst the three groups.
In regard to diastolic BP changes, that of Group 1 was not significantly
higher than that of Group 2 (p=0.054) but was significantly higher
than that of Group 3 (p=0.021). There were 7 patients in Group 1, 5
patients in Group 2 and 2 patients in Group 3 that required second
attempts to place LMA. However, no patients required intubation
throughout the entirety of the study.

Discussion
Propofol has rapid onset of action with a peak effect of 1.6 min
and a decline of effects within minutes due to redistribution from
Central Nervous System (CNS) to muscles and adipose tissues [14].
Moreover, propofol possesses muscle relaxing properties with central
mechanisms [15]. The onset time of muscle relaxation is 10 sec to 20
sec, with effect lasts 4 min to 6 min [16]. IV propofol induction has
been shown to be superior to thiopental due to its lower incidence of
postoperative complications [8,17]. These properties make propofol
a popular induction agent for GA with LMA. A 2.5 mg/kg dose was
recommended for IV bolus induction of GA [18]. However, when
2.5 mg/kg propofol is used alone in un-premedicated patients it may
provide less satisfactory conditions of LMA insertion, giving rise to
patient gagging, coughing, body movement and even laryngospasm
[19]. We co-administered 1 mcg/kg fentanyl with 2.5 mg/kg propofol
because this dose, in a previous study, provided optimal conditions
Remedy Publications LLC.

LMA is usually placed without muscle relaxants. Full jaw
opening shows reduced muscular tone and increased success rate of
LMA insertion. Limited jaw opening is acknowledged as a cause of
difficult placement of LMA. Ganatra et al. [13] used maximum jaw
relaxation as the time point to insert LMA. They used fentanyl 1 mcg/
kg followed 3 min later with 2.5 mg/kg propofol injected over 45 sec.
The mean time taken from induction to successful LMA insertion was
73 sec. We injected propofol over 15 sec and had the most optimal
jaw opening condition at 60 sec (80.3%). The total time from start of
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induction to LMA insertion was 75 sec, which is very close to the 73
sec in Ganatra’s study. The maximum muscle relaxing property of
propofol seemed to be well correlated with its peak effect at 1.6 min.

mmHg to 20 mmHg and 8 mmHg to 13 mmHg respectively, 1 min
post insertion. This decrease in BP is within 20% of pre-induction
values that is an acceptable change under GA. However, patients with
cardiac comorbidities may not tolerate this BP change. In contrast, the
HR of patients was stable during induction and LMA insertion, which
is consistent with previous studies [20,31]. Heart Rate Variability
(HRV) is controlled by the central nervous system. Propofol may have
differential effects on the peripheral and cardiac autonomic nervous
systems. Propofol inhibits the cardiac parasympathetic nerve to a
greater degree than the sympathetic nerve [31]. However, the direct
negative chronotropic effect of propofol [32] may offset an increase
in HR response. This may explain the stability of HR after propofol
injection in our study.

Early studies indicated that in adults, the incidence of
laryngospasm was 1% to 4% during LMA placement [24]. One patient
in study Group 1 had a laryngospasm. This patient was a 41 year old
otherwise healthy non-obese female who presented for excision of left
breast mass. She had no history of tobacco or chronic alcohol use.
After LMA insertion, the patient had typical inspiratory stridor, then
paradoxical respiratory effort and tracheal tug, but no end tidal CO2
was seen on the monitor. The laryngospasm was broken by injection
of more propofol, removing of LMA and positive pressure ventilation.
Among the risk factors for laryngospasm during anesthesia [25], we
found the only possible provoker of laryngospasm in our patient was
light level of anesthesia. In comparison to pre-induction vital signs,
the systolic BP and HR of Group 1 immediately after post-insertion,
maintained significantly better than that of Group 2 and Group 3.
This may suggest depth of anesthesia in Group 1 was not as deep as
the other 2 groups. Our result clearly indicated that the time of 0 sec
was not the best time to place LMA. Previous studies also indicated
that in most instances, the conditions were less than optimal when
insertion of LMA was attempted immediately after the loss of verbal
contact [26].

This is a prospective, double-blind, randomized controlled study.
However, there were several limitations noticed during the study.
First, time intervals of 30 sec, 45 sec, 120 sec, etc., were not included
due to the nature of a pilot study. The time points within 120 sec is
worthy of further study, since most anesthesia providers do not wait
2 min after disappearance of ELR to insert LMA. Secondly, previous
study showed that males were more sensitive to propofol [33] and
sensitivity to propofol also increased with age [34]. However, patients’
demographics were evenly distributed in the three groups. We do not
believe that this gender and age difference in propofol pharmacology
affected the outcome of our study. Thirdly, to make sure the accurate
insertion time occurred, the LMA inserter (anesthesiologist 2)
needed to be present in the OR. Although one may argue that this
anesthesiologist may not be totally blind by guessing the study time
point, we asked LMA inserter not to look at the induction of GA and
inducing anesthesiologist kept talking to the patient even in sleep.

Anesthesia providers usually place LMA even without optimal
condition. In our study, 32% to 55% of patients did not have an
optimal condition for insertion. Only 3% (2/66 in Group 3) to 11%
(7/66 in Group 1) had LMA inserted with second attempt. Similarly,
7% to 20% of patients required more than one attempt for LMA
insertion in Wong’s study although less than 65% subjects had
optimal conditions [10]. With current advances in medication such
as propofol and anesthesia providers’ techniques, laryngospasms
during LMA insertion does not happen as often as it used to [24,27].
However, to avoid potential complications, one should wait for the
optimal condition achieved before LMA insertion, especially in
current busy practice.

Conclusion
In conclusion, under our study condition, we found that the best
time to insert Ambu® AuraOnceTM LMA was 60 sec after loss of ELR,
since 68% patients had the optimal condition for LMA insertion at
this time point. The odd ratio of optimal condition is 2.6 at 60 sec and
1.6 at 90 sec compared to 0 sec.

Coughing and gagging occurred in 2 patients in Group 1 and 1
patient in Group 3, but none in Group 2, which is consistent with
the overall result those 60 sec, is the best time to insert LMA. Body/
head movement occurred in some patients in each group with
similar incidence. The dose of propofol required to produce loss of
motor response to jaw thrusting varies considerably (95% reference
interval: 1.7 mg/kg to 3.6 mg/kg) [26]. This wide variability implies
that a fixed dose of propofol, 2.5 mg/kg may be more than needed for
some patients, while not enough for others. The wide inter-individual
variability may be the reason why similar numbers of patients in each
group had movement.
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