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Background: This study determined the dose of remifentanil to use during insertion of a ClassicTM laryngeal mask 
airway (LMA, The Laryngeal Mask Co., Nicosia, Cyprus) in elderly patients during emergency airway management 
when combined with a single dose of propofol. 
Methods: Patients aged 65-80 years were enrolled. Anesthesia was induced with propofol 1 mg/kg, and then a blinded 
dose of remifentanil was infused over 30 s after confirming the patient’s loss of consciousness. The dose of remifentanil 
was determined using Dixon’s up-and-down method, starting at 0.5 μg/kg (a step size of 0.1 μg/kg). Insertion of the LMA 
was attempted 60 s after loss of consciousness. 
Results: In total, 23 patients were recruited and the mean age ± standard deviation was 72 ± 3 years. The effective dose 
for successful LMA insertion in 50% of the patients (ED50) was 0.20 ± 0.05 μg/kg. No patient needed more than 0.3 μg/kg. 
Conclusions: Remifentanil 0.20 ± 0.05 μg/kg with propofol 1 mg/kg resulted in excellent LMA insertion in 50% of 
elderly patients without significant hemodynamic changes during emergency airway management. (Korean J Anesthesiol 
2014; 66: 278-282)
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Introduction

The use of the laryngeal mask airway (LMA) has increased 
in anesthesia. In addition to the induction of anesthesia, LMA 
insertion is also useful during emergency airway management, 
such as with a difficult airway or in an emergency [1,2]. How-

ever, an adequate depth of anesthesia is needed for success-
ful insertion of the LMA to prevent untoward events such as 
coughing and laryngospasm [3]. Recent studies have shown that 
remifentanil, in combination with propofol, provides adequate 
conditions for LMA insertion in adults [3-6]. 

The number of elderly patients is increasing with advances 
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in medicine and public health care [7]. These patients often 
have comorbidities and respond differently to anesthetic agents 
due to altered pharmacokinetics and pharmacodynamics [7]. 
Therefore, it is important to understand the differences in sensi-
tivity to many drugs in elderly patients and to use titrated doses 
to minimize untoward cardiovascular events [8]. However, 
we could find no article on the remifentanil dose during LMA 
insertion in elderly patients during emergency airway manage-
ment. Therefore, this study was performed to determine the 
dose of remifentanil needed to obtain excellent ClassicTM LMA 
insertion in elderly patients when used in combination with 
a single induction dose of propofol during emergency airway 
management. 

Materials and Methods

The study protocol was approved by the Institutional Review 
Board and registered with the Clinical Research Information Ser-
vice (ref: KCT0000088). After obtaining written informed con-
sent, ASA physical status I or II patients aged 65 to 80 years, who 
were scheduled for elective surgery under general anesthesia 
and eligible for LMA were enrolled. Patients with uncontrolled 
hypertension, a history of reactive airway disease or body mass 
index (BMI) ≥ 30 kg/m2, or who had a suspected difficult airway 
(Mallampati class III, IV) were excluded. 

The patients were premedicated with intravenous (IV) gly-
copyrrolate 0.2 mg and midazolam 0.02 mg/kg in the reception 
area before inducing anesthesia. In the operating room, all 
patients were monitored with an electrocardiogram, pulse oxi-
metry, and noninvasive blood pressure. After preoxygenation for 
3 min, anesthesia was induced with IV propofol (AnepolⓇ, Hana 
Pharmaceutical, Seoul, Korea) 1 mg/kg. Then, a predetermined 
dose of remifentanil (UltivaⓇ, GlaxoSmithKline Korea, Seoul, 
Korea) was injected over 30 s after confirming the patient’s loss 
of consciousness (loss of eyelash reflex). The dose of remifent-
anil was determined using Dixon’s up-and-down method [9], 
starting from 0.5 μg/kg. If the previous patient’s LMA insertion 
was excellent, the next patient’s remifentanil was decreased by 
0.1 μg/kg. If the previous patient’s LMA insertion was good or 
poor, the next patient’s remifentanil was increased by 0.1 μg/kg. 
Assisted mask ventilation with 100% O2 was given as needed. 
ClassicTM LMA (The Laryngeal Mask Co., Nicosia, Cyprus) in-

sertion was attempted 60 s after remifentanil infusion (Fig. 1). 
The LMA was inserted by a single experienced anesthesiologist 
who was blinded to the dose of remifentanil used using a 90º 
rotation technique [10]. Patients with poor condition for LMA 
insertion were assisted mask ventilation with sevoflurane and 
100% O2 and then administered 0.6 mg/kg of rocuroniums for 
endotracheal intubation. 

The LMA insertion was graded on a three-point scale: grade 1, 
excellent, no response to LMA insertion; grade 2, good, slight 
gagging or swallowing with LMA insertion; grade 3, poor, un-
able to open mouth, biting or gross movement upon LMA in-
sertion [6]. Only excellent was regarded as a success. The mean 
arterial pressure (MAP) and heart rate (HR) were recorded 
on arrival in the operating room, before the start of anesthesia 
induction (Base), after injecting the propofol (Propofol), just 
before inserting the LMA (PreLMA), and 1, 2, and 3 min after 
inserting the LMA (LMA1, LMA2, and LMA3, respectively). 
Bradycardia (HR < 60 /min or a decrease > 15 /min from base-
line) was treated with atropine 0.5 mg, and hypotension (systolic 
blood pressure [SBP] < 90 mmHg or a decrease in SBP > 20% 
from baseline) was treated with ephedrine 5 mg intravenously. 
Patients were also asked about sore throat and any recall of in-
traoperative events just before discharge from the postanesthesia 
care unit (PACU). 

The patient data are presented as mean ± SD. Dixon’s up-and-
down method needs at least six success-failure pairs for statisti-
cal analysis [9]. ED50 was defined as the mean of the cross-over 
doses. Differences in MAP and HR over time for each dose of 
remifentanil were analyzed with repeated measures analysis of 
variance (ANOVA) with the Bonferroni multiple-comparison 
test. A P value less than 0.05 was considered significant. 

Table 1. Patient Characteristics 

Gender (M/F)
ASA physical status (I/II)
Age (yr)
Weight (kg)
Height (cm)
Body mass index (kg/m2)

15/8
5/18

72 ± 3
69 ± 7

166 ± 5
25 ± 2

Values are mean ± SD or numbers. ASA: American Society of Anesthe-
siologists.

Fig. 1. Time line of medications during 
induction of anesthesia. LMA: laryngeal 
mask airway. 
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Results

Twenty-eight patients were assessed for eligibility. Five pa-
tients were excluded: two refused to participate, two were obese 
(BMI ≥ 30 kg/m2), and one had a history of asthma. The 23 
enrolled patients finished the study and were analyzed to obtain 
seven pairs of success-failure combinations. The patient charac-
teristics are shown in Table 1. 

The plots of the dose of remifentanil associated with success or 
failure of LMA insertion for each consecutive patient are shown 
in Fig. 1. The ED50 of remifentanil for excellent LMA insertion 
(grade 1) was 0.20 ± 0.05 μg/kg with Dixon’s up-and-down 
method. As a result, patients received 0.1 (n = 5), 0.2 (n = 10), 0.3 

(n = 6), 0.4 (n = 1), or 0.5 (n = 1) μg/kg of remifentanil (Fig. 2). 
MAPs of success group were lower than those of fail group 

just before inserting the LMA (PreLMA), 1, and 3 min after in-
serting the LMA (LMA1 and 3) whereas there was no significant 
difference in HR over time between success and fail group (Fig. 3). 

The LMA insertion conditions for each dose of remifent-
anil are presented in Table 2. All patients in the success group 
showed excellent condition. In the fail group, 70% (7/10) showed 

Fig. 2. The responses of 23 consecutive patients to LMA insertion. Arrows 
indicate the midpoint of the dose of remifentanil of all independent pairs 
of patients involving crossover from a failure to a success. The dose of 
remifentanil needed for excellent condition of LMA insertion in 50% of 
patients (ED50) was 0.2 ± 0.05 μg/kg with a Dixon’s up-and-down method.

Fig. 3. Hemodynamic changes during the study period. Mean arterial pressures (MAPs) were lower in success group at immediately before LMA 
insertion and 2 and 3 min after There was no significant difference in the MAP and HR over time among patients with each dose of remifentanil. Base: 
before the start of induction of anesthesia, Propofol: 30 s after propofol injection, PreLMA: immediately before LMA insertion, LMA1, LMA2, LMA3: 
1 min, 2 min, 3 min after LMA insertion. *P < 0.05 compared with fail group.

Table 2. Conditions of LMA Insertion in Patients 

Grade
 Success group

   (n = 13)
 Fail group
   (n = 10)

1:  Excellent 
     No response to LMA insertion
2:  Good 
     Slight gagging or swallowing 
       with insertion of LMA
3:  Poor 
     Unable to open mouth, 
       biting or the gross movement 
       upon insertion of LMA

13 (100)

0

0

0

7 (70)

3 (30)

Values are presented as numbers (%).

Table 3. Adverse Events During Insertion of a LMA

Success group 
(n = 13)

Fail group
 (n = 10) P value

Sore throat  
Recall
Hypotension 
Bradycardia 

0 (0)
0 (0)
1 (8)
0 (0)

4 (40) 
0 (0)
1 (10)
0 (0)

0.024
NS

> 0.99
NS

Values are expressed as numbers (%).
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good condition and 30% (3/10) showed poor condition (Table 2). 
During insertion of LMA, 2 patients (each patient in suc-

cess and fail group) needed ephedrine for hypotension, and no 
patient showed bradycardia. Before discharge from the PACU, 
4 of the fail group (40%) complained sore throats. No patient 
recalled any intraoperative events (Table 3). 

Discussion

Using Dixon’s up-and-down method, we found that the dose 
needed for excellent LMA insertion in 50% of elderly patients 
(ED50) was 0.20 ± 0.05 μg/kg during emergency airway manage-
ment when combined with 1 mg/kg of propofol. 

The LMA should be inserted after adequate anesthesia [3]. 
Short-acting narcotics such as alfentanil improved the results 
of LMA insertion and reduced the incidence of laryngospasm 
[11,12]. Remifentanil is unique in that it has an ultra-short du-
ration of action due to rapid degradation by tissue and blood 
esterases [13]. Additionally, remifentanil provides immediate 
adequate conditions for airway management without delaying 
recovery, which is beneficial for emergency airway management. 

This study was designed to investigate the proper dose of 
remifentanil during LMA insertion for emergency airway man-
agement of elderly patients. We chose an initial remifentanil 
dose of 0.5 μg/kg. Various remifentanil doses for successful 
LMA insertion in adults have been reported [3-6]. Lee et al. [6] 
suggested that remifentanil 0.25 μg/kg with propofol 2.5 mg/kg 
was adequate for LMA insertion in adults. Another study esti-
mated the ED95 of remifentanil combined with propofol 2.5 mg/kg 
to be 1.2-1.4 μg/kg [3]. In general, elderly patients are more sen-
sitive to anesthetics and have higher serum concentrations for a 
given dose because of changes in pharmacodynamics and phar-
macokinetics [7]. The reduced clearance and volume of distribu-
tion in elderly patients results in high peak concentrations after 
remifentanil bolus administration. Usually, half the bolus dose 
of remifentanil is recommended in elderly patients [7,13], and 
therefore an initial remifentanil dose of 0.5 μg/kg was selected. 

The result of the current study with Dixon’s up-and-down 
method suggested that the dose of remifentanil 0.2-0.3 μg/kg 
with 1 mg/kg of propofol provided excellent LMA insertion in 
elderly patients. The dose of remifentanil from this result was 
somewhat less than the expected value considering that less pro-
pofol (1 mg/kg) was used compared with those with adults (2.5 
mg/kg) of the previous investigations [4,6]. 

We hoped to determine the adequate dose of remifentanil for 
LMA insertion in emergency airway management, such as with 
an expected difficult airway or in urgent situations. Patients usu-
ally lost their consciousness within 30 s and the time interval be-
tween administration of propofol and insertion of LMA was less 
than 90 s. That is why we tried inserting the LMA at 60 s after 

the loss of consciousness and infusion of remifentanil, which is 
the maximum time interval without inducing arterial desatura-
tion [14]. However, the time to the peak effect of remifentanil is 
about 1.6 min [13] and, moreover, elderly patients have slower 
onsets, with times to the peak effect of 2-3 min [8]. If we had 
waited longer for time to the peak effect before LMA insertion, 
the results would have been different, tending to greater suc-
cess. That is, our data were acquired for an emergency airway 
management situation, but they can be used in stable situations 
without decreasing the success rate. 

Remifentanil was administered after confirming the loss of 
consciousness with propofol, and no patient needed additional 
propofol. Propofol is an anesthetic commonly used for LMA 
insertion [3-6]. Elderly patients require about 50% less propofol 
than do adult patients to maintain the same drug effect because 
of decreased clearance and increased intrinsic sensitivity [8]. 
Therefore, we used 1 mg/kg of propofol as the induction dose, 
which is much lower than the recommended adult induction 
dose of 2.5 mg/kg [3,6,15]. However, the concentration of pro-
pofol seems to be somewhat low in this study and there is a pos-
sibility that the need of remifentanil could be influenced by the 
concentration of propofol.

We regarded only excellent insertion as success, in line with 
previous studies [3,5,6], because subjectivity arises when distin-
guishing good and poor results. However, a good insertion, i.e., 
a slight response on inserting the LMA, may also be acceptable 
clinically. The insertion technique might have affected our suc-
cess rate. Instead of the conventional insertion technique, the 
90º rotation technique, which is reported to have a greater suc-
cess rate at the first attempt and to result in less sore throat and 
less laryngeal injury, was used for LMA insertion [10]. Addi-
tionally, premedication with midazolam may influence the dose 
of remifentanil and insertion results. One patient with 0.1 μg/kg 
and 2 patients with 0.2 μg/kg showed poor conditions for LMA 
insertion and endotracheal intubation was done after assisted 
ventilation with sevoflurane and administration of muscle relaxant. 

Remifentanil can attenuate the hemodynamic response dur-
ing the induction of anesthesia, but it may result in hypotension 
and bradycardia [16]. Despite this concern, the majority of our 
elderly patients maintained cardiovascular stability. This is an-
other important consideration in compromised elderly patients, 
i.e., avoiding hemodynamic instability during the induction 
of anesthesia. Two of the 23 patients (each patient in success 
and fail group) developed hypotension, which was treated with 
ephedrine. Bradycardia, a potential complication of remifent-
anil, did not occur. A possible explanation is the relatively small 
doses of remifentanil and premedication with glycopyrrolate. 

The weakness of this study is that only the ED50 (not the 
ED95) was determined with only 23 patients. As this study used 
the up-and-down method, the ED50 could be obtained with as 
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few as one-fifth the numbers (only 23 patients) of patients as 
the traditional design with a preset number of patients at each 
level [9]. This means that we could minimize the number of 
patients given insufficient treatment. However, ED95 could not 
be obtained with probit analysis because adequate number of 
remifentanil concentration was not used in this study. We as-
sumed that the ED95 of remifentanil is < 0.3 μg/kg because all six 
patients given 0.3 μg/kg remifentanil had excellent LMA inser-
tion but the number of patients seems to be inadequate to make 
a conclusion. 

In conclusion, we suggest that the ED50 of remifentanil in 
combination with propofol 1 mg/kg for elderly patients during 
emergency airway management was around 0.2 μg/kg, which is 
lower than that of adult patients. Therefore it seems that ED95 of 
remifentanil in elderly patients during LMA insertion may also 
be considered to be lower than that of previous investigations for 
adult patients. Further study is needed for the ED95 of remifen-
tanil in elderly patients during emergency airway management 
with LMA.
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