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Introduction

Since its prototype introduction in 1983, Laryngeal 
Mask Airway (LMA) has been used world-wide 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 
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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 
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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 infl uences 
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. 0 seconds, 60 seconds, and 90 seconds were 
chosen as the intervals in the study, because the argument 
about the timing of LMA placement usually falls immediately 
after or sometime after the induction. We hypothesized that 
immediate placement after propofol induction, defi ned by loss 
of eye lash refl ex (ELR), would provide the best LMA insertion 
conditions based on empirical experience.

Material and methods

This study was approved by the Institutional Review Board 
(IRB) at Tufts Medical Center (TMC, IRB # 8910), 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 7, 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., that showed a 65% rate of “optimal condition” following 
induction of subjects at 90 seconds [10]. For the purpose of our 
power and sample size estimation, we took this 65% rate to be 
true for 60 seconds 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 signifi cant 
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 diffi cult airway; 
obstructive sleep apnea; morbid obese patients defi ned 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. We planned to recruit ASA III 
patients when registered at clinicaltrials.gov, then excluded 
these patients due to concerns of dramatic hemodynamic 
instability with 2.5 mg/kg propofol induction. 

After informed consents were obtained, the enrolled 
subjects were randomly assigned to one of the three study 
groups: Group 1: 0 seconds, Group 2: 60 seconds, and Group 
3: 90 seconds, 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 minute, 2 
minutes and 3 minutes after LMA insertion. Participants were 
preoxygenated for 3 minutes 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 second span 
and was concluded after loss of LER determined by investigator 
1. After investigator 1 tracked 0 seconds, 60 seconds, or 90 
seconds 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 defl ated cuff according to the technique 
described by Brain [12]. The cuff was then infl ated with 20-
30 mL of air. The correct position of the LMA was confi rmed 
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 defi ned 
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, diffi cult 2, and impossible 3); coughing or gagging 
(none 1, some 2, and signifi cant 3); hiccups (none 1, some 
2); head or body movement (none 1, some 2, and signifi cant 
3) and laryngospasm or airway obstruction (none 1, partial 
2, total 3). Laryngospasm is defi ned as airway obstruction 
with assumption that LMA is correctly placed. The numbers 
represent scores. 

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 fi rst attempt, another dose of propofol 1 mg/
kg was given with a second attempt 30 seconds later. If the 
second attempt was unsuccessful, propofol 0.5 mg/kg was 
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administered and a third attempt was performed 30 seconds 
later. If the third attempt was unsuccessful, ETT intubation 
was initiated. 

Statistical analysis

C ontinuous 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 seconds). 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, before and after insertion), we used a non-parametric 
test for association. When there were signifi cant differences 
among groups, we used a non-parametric test to show 
differences between each of the two groups. Statistical analysis 
was performed using SPSS (version 13.0; SPSS Inc., Chicago, IL, 
USA). The level of signifi cance was set at a p value < 0.05. 

R esults

W e 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. Detailed inclusion and exclusion are in Figure 1. There 
were no signifi cant differences between groups regarding age, 
gender, height, weight, BMI, ASA physical status, history of 
asthma or drinking/smoking (Table 1).

We found that Group 2 had the highest percentage of 
optimal condition for LMA insertion at 68%, followed by 58% 
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Assessed for eligibility (n=236) 

Excluded (n= 23) 
 Not meeting inclusion criteria (n=9) 
 Declined to participate (n=1) 
 Other reasons (n=1) 

66 Patients in Group 0 sec 

Enrolled in study n = 75 
Excluded to study n = 9 
Change of anesthesia plans n = 2*

Protocol violation n = 7** 

Allocation 

Follow-Up 

Randomized (n=225) 

Enrollment 

Allocated to Group 0 sec (n=75) Allocated to Group 60 sec (n=76) Allocated to Group 90 sec (n=74) 

Enrolled in study n = 76 
Excluded to study n = 10 
Change of anesthesia plans n = 3 

 

Protocol violation n = 7 

Enrolled in study n = 74 
Excluded to study n = 8 
Change of anesthesia plans n = 3 

 

Protocol violation n = 5 

66 Patients in Group 60 sec 66 Patients in Group 90 sec 

Analysis (n=198) 

Figure 1: CONSORT fl ow diagram for participants.
* Change of anesthesia plans: endotracheal intubation was needed per surgeon’s request after consent was obtained
** Protocol violation included 
Group 0: 1 inaccurate calculation of drug dose; 6 morbid obese patients
Group 60: 2 inaccurate calculation of drug dose; 5 morbid obese patients
Group 90: 1 LMA insertion without defl ation of cuff; 4 morbid obese patients.
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in Group 3. The least percentage of optimal condition was 
45% in Group 1 (Figure 2). Although there were no signifi cant 
differences in the individual score amongst the three groups, 
there was signifi cant difference in the number of optimal 
conditions (score = 6) amongst these groups (p = 0.031). The 
percentage of optimal conditions was signifi cantly higher in 
Group 2, compared with Group 1 (p = 0.008). However, there 
was no signifi cant 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 j aw opening where 80.3% in Group 2 were able to have 
full jaw opening, which was signifi cantly higher than 65.2% in 
Group 1 (p=0.051) (Table 2). 

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, fi ndings that only “time to insertion” was 
signifi cant (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 signifi cantly higher in Group 
2 [95% CI (1.265 – 5.226)] and 1.62 times higher in Group 3 
[95% CI (0.819 – 3.236)] (Figure 3).

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 signifi cantly 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 signifi cantly higher than 
that of Group 2 (p = 0.028) and Group 3 (p = 0.0184). (Table 
3). When compared, the hemodynamic changes between 1 min 
post LMA insertion and pre-induction sh owed that there were 
no signifi cant changes in HR and systolic BP amongst the three 
groups. In regard to diastolic BP changes, that of Group 1 was 
not signifi cantly higher than that of Group 2 (p = 0.054) but 
was signifi cantly 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. 

Table 1: Patients’ demographic data. Mean (SD).

Group 0’’ 60’’ 90’’ P value

Sex (Male/Female) 33/33 34/32 33/33 0.980

Age (year) 39.67 ± 13.67 41.03 ± 12.63 40.73 ± 12.93 0.821

Height (m) 1.72 ± 0.11 1.69 ± 0.11 1.72 ± 0.11 0.383

Weight (kg) 76.27 ± 17.50 74.98± 14.98 76.32 ± 14.73 0.860

BMI (Kg/m2) 25.71 ± 4.21 25.92 ± 3.86 25.64 ± 3.68 0.910

ASA (n, %) 0.862

I 26 (39.39%) 24 (36.36%) 27 (40.91%)

II 40 (60.60%) 42 (63.63%) 39 (59.09%)

Asthma (n, %) 7 (10.61%) 4 (6.06%) 5 (7.58%) 0.367

Smoking (n, %) 16 (24.24%) 16 (24.24%) 17 (25.76%) 0.974

Drinking (n, %) 26 (39.39%) 19 (28.79%) 20 (30.30%) 0.518

45.45%

68.18%

57.58%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

Group 0 Group 60 Group 90

P=0.031 

Figure 2: Percentage of optimal condition for LMA placement in each group..

Table 2: Outcomes of LMA insertion at different time point.

Group 0’’ 60’’ 90’’ P value

Jaw opening (n, %) 0.249 *

Full 43 (65.15%) 53 (80.3%) 47 (71.21%)

Partial 22 (33.33%) 13 (19.7%) 19 (28.79%)

Null 1 (1.52%) 0 (0%) 0 (0%)

Ease of LMA insertion (n, %) 0.487

Easy 53 (80.3%) 58 (87.88%) 58 (87.88%)

Diffi  cult 12 (18.18%) 8 (12.12%) 8 (12.12%)

Impossible 1 (1.52%) 0 (0%) 0 (0%)

Coughing or gagging (n, %) 0.197

None 64 (96.97%) 66 (100%) 65 (98.48%)

Some 2 (3.03%) 0 (0%) 0 (0%)

Signifi cance 0 (0%) 0 (0%) 1 (1.52%)

Hiccups (n, %) 0.553

No 65 (98.48%) 63 (95.45%) 63 (95.45%)

Yes 1 (1.52%) 3 (4.55%) 3 (4.55%)

Head/body movements (n, %) 0.677

None 54 (81.82%) 55 (83.33%) 56 (84.85%)

Some 6 (9.09%) 7 (10.61%) 8 (12.12%)

Signifi cance 6 (9.09%) 4 (6.06%) 2 (3.03%)

Laryngospasm (n, %) 0.366

None 65 (98.48%) 66 (100%) 66 (100%)

Partial 0 (0%) 0 (0%) 0 (0%)

Total 1 (1.52%) 0 (0%) 0 (0%)

Total score 6.92 ± 1.11 6.60 ± 1.01 6.67 ± 0.95 0.068

Optimal score (n, %) 0.031 **

Optimal (=6) 30 (45.45%) 45 (68.18%) 38 (57.58%)

Suboptimal (>6) 36 (54.55%) 21 (31.82%) 28 (42.42%)

Attempts 1.12 ± 0.45 1.08 ± 0.27 1.05 ± 0.27 0.437

* The percentage of full jaw opening was 80.3% in group 60, signifi cantly higher 
than 65.2% in group 0 (p = 0.051). There is no signifi cant difference between either 
group 0 and group 90  (p = 0.455) or group 60 and group 90 (p = 0.223)
** The difference in optimal condition was signifi cant between group 60 and group 
0 (p = 0.008). There is no signifi cant difference between either group 0 and group 
90 (p = 0.164) or group 60 and group 90 (p = 0.207)
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Discussion

Propofol has rapid onset of action with a peak effect of 
1.6 minutes 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 10-20 seconds, with effect lasts 4-6 
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 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 unsatisfi ed 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.

Contrary to our hypothesis, we found that the best time to 
insert LMA is 60 seconds after loss of ELR, since 68% patients 
had the optimal condition for LMA insertion at this time point. 
Compared with 0 seconds, the odds ratio of optimal condition is 
2.57 at 60 seconds and 1.62 at 90 seconds. 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 seconds - 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. pre-administered fentanyl 1mcg/kg (injected 
over 10 seconds) followed immediately by 2.5 mg/kg propofol 
(injected over 10 seconds) as an induction agent and achieved 
optimal condition for LMA insertion in 65% of subjects [10]. 

The authors inserted LMA 90 seconds after patient received 
the fi rst medication, fentanyl. Considering patient loss of ELR 
within 10 seconds after propofol injection [13], we calculated 
insertion time in Wong’s study that is very close to 60 seconds 
after patient loss of ELR. Bapat, et al. compared condition for 
LMA insertion after induction with 1 mcg/kg Fentanyl, followed 
60 seconds later by 2.5 mg/kg propofol (Group P), or 1.5 mg/
kg lidocaine followed 30 seconds later by 5 mg/kg thiopentone 
(Group LT), or 0.1 mg/kg midazolam followed 3 minutes later by 
5 mg/kg thiopentone (Group MT). LMA was inserted 60 seconds 
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 [6]. 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 seconds after loss of ELR. When compared to induction with 
8% sevofl urane 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, gaging and body movement [23]. 

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 

Figure 3:  Odds ratio of optimal condition for LMA placement.
The odds of getting an optimal condition was 2.57 times signifi cantly higher in 
Group 60 [95% CI (1.265 – 5.226)], and 1.62 times higher in Group 90 [95% CI (0.819 
– 3.236)] compared with group 0.

Table 3: Hemodynamic response to LMA insertion, Mean (SD).
Group 0’’ 60’’ 90’’ P value

Pre-induction
BP S 120.41 ± 14.21 117.53 ± 15.31 120.86 ± 14.71 0.373
BP D 69.24 ± 11.21 68.30 ± 14.25 70.00 ± 11.42 0.733
HR 71.98 ± 14.06 69.75 ± 10.97 69.80 ± 10.04 0.466

Immediate Post-
insertion

BP S 111.89 ± 19.55 100.68 ± 15.76 101.77 ± 15.81 0.0002
BP D 64.00 ± 16.04 57.98 ± 14.91 59.45 ± 14.38 0.061
HR 74.06 ± 12.49 69.39 ± 11.54 69.14 ± 11.16 0.027

1 Min Post-
Insertion

BP S  105.74 ± 18.41 99.23 ± 14.50 100.55 ± 15.31 0.055
BP D 61.64 ± 15.54 56.03 ± 15.53 56.58 ± 13.51 0.048
HR 70.84 ± 13.23 68.49 ± 9.95 68.37 ± 9.46 0.354

Differences 
(immediate post 
insertion – pre-

induction)

BP S -8.52 ± 17.70 -16.84 ± 13.16 -19.09 ± 14.12 0.0002
BP D -5.24 ± 13.66 -10.32 ± 14.13 -10.56 ± 12.71 0.041

HR 2.076 ± 12.92 -0.36 ± 8.82 -0.67 ± 8.62 0.248

Differences (1 Min 
post insertion – 
pre-induction)

BP S -14.65 ± 18.80 -18.49 ± 13.01 -20.11 ± 14.02 0.121
BP D -7.71 ± 13.94 -12.38 ± 13.51 -13.41 ± 13.91 0.044
HR -0.83 ± 11.38 -1.22 ± 8.69 -1.46 ± 7.67 0.928

aBPS: Systolic blood pressure; BPD: Diastolic Blood Pressure; HR: Heart Rate; 
bTable values are mean ± SD.
cP value is for ANOVA (continuous variables of normal distribution) or non-
parametric test (continuous variables of skewed distribution)
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as a cause of diffi cult placement of LMA. Ganatra, et al. used 
maximum jaw relaxation as the time point to insert LMA. They 
used fentanyl 1 mcg/kg followed 3 minutes later with 2.5 mg/
kg propofol injected over 45 seconds. The mean time taken 
from induction to successful LMA insertion was 73 seconds 
[13]. We injected propofol over 15 seconds and had the most 
optimal jaw opening condition at 60 seconds (80.3%). The total 
time from start of induction to LMA insertion was 75 seconds, 
which is very close to the 73 seconds in Ganatra’s study. The 
maximum muscle relaxing property of propofol seemed to be 
well correlated with its peak effect at 1.6 minutes.

Early studies indicated that in adults, the incidence of 
laryngospasm was 1-4% 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 signifi cantly better than that 
of Group 2 and Group 3 (Table 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 seconds 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]. 

Anesthesia providers usually place LMA even without 
optimal condition. In our study, 32-55% of patients did not 
have an optimal condition for insertion. Only 3% (2/66 in 
Group 3) – 11% (7/66 in Group 1) had LMA inserted with second 
attempt. Similarly, 7% - 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. 

Body/head movement occurred in some patients in each 
group with similar incidence. Previous study showed that the 
dose of propofol required to produce loss of motor response 
to jaw thrusting varies considerably (95% reference interval: 
1.7-3.6 mg/kg) [26]. This wide variability implies that a fi xed 
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. 

Propofol is known to cause hiccups [28,29]. The incidence 
of propofol hiccups is unknown. Hiccups occurred in 1 patient 
in Group 1 and 2 patients in Group 2 and Group 3 each. Hiccups 
spontaneously resolved in each of the patients. However, 
hiccups could result in laryngospasm [29] and more attention 
should be paid to patient with this side effect. Lidocaine 1 mg/
kg IV was successfully used to relieve hiccups [29]. 

This is a  prospective, double-blind, randomized controlled 
study. However, there were several limitations noticed during 
the study. First, time intervals of 30 seconds, 45 seconds, 120 
seconds, etc., were not included due to the nature of a pilot 
study. The time points within 120 seconds is worthy of further 
study, since most anesthesia providers do not wait 2 minutes 
after disappearance of ELR to insert LMA. Secondly, previous 
study showed that males were more sensitive to propofol 
[30] and sensitivity to propofol also increased with age [31]. 

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.

In conclusion, under our study condition, we found that 
the best time to insert Ambu® AuraOnceTM LMA was 60 seconds 
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 seconds and 1.6 at 90 seconds compared 
to 0 seconds. 
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