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Purpose: The purpose of this study was to determine the effect-site concentration
(Ce) of remifentanil in 50% of patients (EC50) and 95% of patients (EC95) for smooth
laryngeal mask airway (LMA) removal in adults under propofol and remifentanil
anesthesia. Materials and Methods: Twenty-five patients of ASA physical status
I‒II and ages 18‒60 years who were to undergo minor gynecological or orthopedic
surgery were assessed in this study. Anesthesia was induced and maintained with
propofol and remifentanil target-controlled infusion (TCI). Remifentanil was maintained at a predetermined Ce during the emergence period. The modified Dixon’s
up-and-down method was used to determine the remifentanil concentration, starting
from 1.0 ng/mL (step size of 0.2 ng/mL). Successful removal of the LMA was regarded as absence of coughing/gagging, clenched teeth, gross purposeful movements, breath holding, laryngospasm, or desaturation to SpO2<90%. Results: The
mean±SD Ce of remifentanil for smooth LMA removal after propofol anesthesia
was 0.83±0.16 ng/mL. Using isotonic regression with a bootstrapping approach, the
estimated EC50 and EC95 of remifentanil Ce were 0.91 ng/mL [95% confidence interval (CI), 0.77‒1.07 ng/mL] and 1.35 ng/mL (95% CI, 1.16‒1.38 ng/mL), respectively. Conclusion: Our results showed that remifentanil TCI at an established Ce is a
reliable technique for achieving safe and smooth emergence without coughing, laryngospasm, or other airway reflexes.
Key Words: 	Laryngeal mask airway, effect-site concentration, general anesthesia,
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During removal of laryngeal mask airways (LMA) at emergence, airway reflexes,
such as coughing, biting, laryngospasm, or bronchospasm, should be obtunded to
prevent airway complications.1,2 Removal of a LMA during an awake state can increase complications associated with airway hyper-reactivity and damage the
LMA.1,3 However, in a deep anesthetic state, suppression of airway reflexes may
increase the incidence of aspiration and airway obstruction.4,5 Therefore, providing
an appropriate depth of anesthesia to achieve airway reflex suppression without delayed awakening is important for safe removal of a LMA.
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Remifentanil is a potent short-acting opioid that provides
rapid and predictable recovery. Maintaining a low dose
remifentanil infusion during emergence after total intravenous anesthesia (TIVA) or balanced anesthesia decreases the
cough reflex during tracheal extubation and the hemodynamic response, with minimal effects on delayed recovery.6-8
Therefore, remifentanil can be an ideal agent for smooth
LMA removal during emergence. A recent study showed that
maintaining remifentanil infusion during emergence from
desflurane anesthesia reduces the incidence of complications associated with LMA removal without delayed recovery.9 However, to date, no dose-finding study has investigated effective concentrations of remifentanil for facilitating
smooth LMA removal after propofol and remifentanil anesthesia. The aim of this study was to determine the effect-site
concentration (Ce) of remifentanil in 50% of patients (EC50)
and 95% of patients (EC95) for smooth LMA removal in
adults under target-controlled infusion (TCI) with propofol
and remifentanil.

MATERIALS AND METHODS
This study was approved by the Institutional Review Board
of Ajou University Hospital (Suwon, Korea) and registered
at ClinicalTrials.gov (NCT 01931683). Written informed
consent for the study was acquired from each patient. Twenty-five patients of ASA physical status I‒II and ages 18‒60
years who were to undergo minor orthopedic or gynecological surgery under general anesthesia were assessed. Patients
were excluded for a suspected difficult airway, reactive airway disease, recent upper respiratory tract infection, gastrointestinal reflux, and obesity (body mass index>30 kg/m2).
No sedative premedication was given before surgery.
Upon arrival in the operating room, all patients were monitored with an electrocardiogram, pulse oximeter, noninvasive blood pressure, and bispectral index (BIS) (BIS VISTATM
monitor, four electrode sensor; Aspect Medical Systems,
Norwood, MA, USA). Induction of anesthesia was performed with propofol TCI at an Ce of 5.0 μg/mL and remifentanil TCI at a Ce of 4.0 ng/mL, using a two-channel TCI
pump (Orchestra®, Fresenius Vial, Brezins, France). The
pharmacokinetic models (Marsh model10 and Minto model11)
were applied for calculating target Ces of propofol and remifentanil. Following loss of consciousness, the patients’
lungs were manually ventilated with 100% oxygen through
a face mask connected to a semi-closed anesthesia circuit.

A muscle relaxant was not used. After reaching a BIS <50
and appropriate jaw relaxation was achieved, a LMA Supreme (Laryngeal Mask Company Limited, Singapore, Singapore) was inserted (size 3 for women and size 4 for men).
Mechanical ventilation was adjusted to maintain end-tidal
CO2 at 35‒40 mm Hg in 50% oxygen and air (total flow 3
L/min). Anesthesia was maintained with an effect-site TCI
of propofol and remifentanil at 2.5‒4.0 μg/mL and 2.0‒4.0
ng/mL, respectively, to maintain blood pressure and heart
rate (HR) within 20% of baseline values during the surgery.
After completing the surgery, the propofol infusion was
stopped, and the remifentanil Ce was adjusted according to
a predetermined concentration. Mechanical ventilation was
stopped, and manual ventilation was performed with 100%
oxygen at a total flow of 4 L/min, maintaining an end-tidal
CO2 of 35‒45 mm Hg. Once remifentanil Ce reached the
predetermined value, it was maintained throughout the emergence period until 1 min after LMA removal. During the
emergence period, patients were asked to open their eyes
verbally at 30 s intervals without tactile stimulation. When
patients opened their eyes spontaneously or responded to
verbal commands, we encouraged them to breathe deeply,
and the LMA was removed with the cuff inflated. Then, patients were given 100% oxygen using a facemask with jaw
lifting. After confirming stable vital signs, the patients were
transferred to the post-anesthesia care unit (PACU). In the
PACU, Ramsay score, visual analogue scale (VAS) for pain,
and duration of stay were measured, and fentanyl 1 μg/kg
was administered if pain scores exceeded 5 on the VAS.
Hemodynamic data and BIS were recorded at baseline, at
the end of surgery, prior to LMA removal, and 1 min and 2
min after LMA removal. Emergence time was defined as the
time from discontinuation of propofol to LMA removal.
The remifentanil Ce for each patient was determined according to the response of the previously tested patient, using the modified Dixon’s up-and-down method.12 The first
patient was tested at a 1.0 ng/mL Ce of remifentanil (step
size of 0.2 ng/mL). Successful removal of the LMA was regarded as absence of coughing/gagging, clenched teeth,
gross purposeful movements, breath holding, laryngospasm,
or desaturation to SpO2 <90%, during or immediately after
removal. If LMA removal was successful, the target Ce of
remifentanil for the next patient was decreased by 0.2 ng/
mL. Conversely, if LMA removal was unsuccessful, the target Ce of remifentanil was increased by 0.2 ng/mL. A single
measurement was obtained from each patient. The anesthesiologist who performed LMA removal and assessed “suc-
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RESULTS
We enrolled 27 patients in this study. However, two patients
were excluded because of incomplete LMA ventilation and
changes in the surgery plan during anesthesia; a total of 25
patients completed the study protocol. Patient characteristics
and recovery profiles are shown in Table 1 and 2.
The sequences of successful and unsuccessful LMA removal for each patient obtained by the up-and-down method
are illustrated in Fig. 1. One patient with a remifentanil Ce
of 1.4 ng/mL, four of five patients with a remifentanil Ce of
1.2 ng/mL, five of nine patients with a remifentanil Ce of
1.0 ng/mL, and three of seven patients with a remifentanil
Ce of 0.8 ng/mL showed smooth and successful LMA removal. All three patients with a remifentanil Ce of 0.6 ng/mL
failed to show smooth removal of the LMA. The required
mean±SD of remifentanil Ce for smooth LMA removal after propofol anesthesia was 0.83±0.16 ng/mL according to
Dixon’s method. Using isotonic regression estimated from
the PAVA response rate, the EC50 and EC95 of remifentanil Ce
were 0.91 ng/mL (95% CI, 0.77‒1.07 ng/mL) and 1.35 ng/
mL (95% CI, 1.16‒1.38 ng/mL), respectively.
Removal of the LMA was unsuccessful in 12 of 25 pa1130

tients. Causes of unsuccessful LMA removal were coughing/gagging (five patients), teeth clenching (five patients),
gross purposeful movements (six patients), and breath
holding (one patient). The one patient who showed breath
holding was treated easily with positive pressure ventilation
Table 1. Patient Characteristics
Gender (M/F)
Age (yrs)
Weight (kg)
Height (cm)
ASA physical status (I/II)
Smoker

Success (n=13)
2/11
40.8±8.9
56.6±10.2
163.3±6.6
11/2
3

Failure (n=12)
3/9
36.1±9.5
61.3±8.9
162.1±7.0
9/3
3

ASA, American Society of Anesthesiologists.
Values are mean±SD or numbers.

Table 2. Anesthesia and Recovery Profiles

Remifentanil Ce (ng/mL)
Duration of surgery (min)
Duration of anesthesia (min)
Propofol Ce at LMA
removal (μg/mL)
Emergence time (min)
In PACU
Ramsay score (1/2/3)
Visual analogue scales
for pain
Staying time (min)

Success
(n=13)
1.0 [0.8‒1.4]*
15.2±9.8
40.0±19.3

Failure
(n=12)
0.8 [0.6‒1.2]
27.6±20.6
54.4±23.9

1.0 [0.9‒1.2]

1.1 [0.9‒1.3]

10.4±2.5

10.6±2.4

0/10/3

2/4/6

3.0±2.3

4.3±1.9

39.2±2.8

40.8±2.9

Ce, effect-site concentration; LMA, laryngeal mask airway; PACU, postanesthesia care unit.
Values are mean±SD or median [range] or a number of patients.
*p<0.05 compared with failure group.
1.6
Concentration of remifentanil (ng/mL)

cess” or “failure” was unaware of the remifentanil Ce.
Sample size was decided based on that in prior literature,
which demonstrated that at least six independent pairs with
successful/unsuccessful LMA removal are required for reliable estimates of the optimal remifentanil Ce when applying
the modified Dixon’s up-and-down method;12 thus, data from
six independent pairs of patients were collected for this study.
Statistical analyses were performed using SPSS 13.0 for
Windows (SPSS Inc., Chicago, IL, USA) and R for Windows (version for R 3.0.1). Data are expressed as mean±SD
or median [range] or the number of patients. The EC50 of remifentanil Ce that enabled successful LMA removal was
determined by calculating the average of the midpoint dose
of all independent pairs of patients after six crossover points
were obtained. For backup analysis, the data were also subjected to isotonic regression estimators for calculation of
EC50, EC95, and 95% confidence interval (CI).13 An adjusted
response probability was easily calculated by the pooled adjacent-violators algorithm (PAVA), and the CI was estimated
by a bootstrapping approach.14 Hemodynamic changes were
compared by repeated measures ANOVA. All p-values<
0.05 were considered significant.

Success
Failure
Mean of pair

1.4
1.2
1.0
0.8
0.6
0.4
0

5

10
15
20
25
Consecutive patients
Fig. 1. The responses of 25 patients to laryngeal mask airway removal and
the remifentanil concentration. Arrows represent the midpoint doses of all
independent pairs of patients involving a crossover (i.e., success to failure).
The remifentanil concentration required for smooth removal in 50% of the
patients was 0.83±0.16 ng/mL.
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Table 3. Hemodynamic Profiles and Bispectral Indices (BIS) during Laryngeal Mask Airway (LMA) Removal

MAP (mm Hg)
HR (beats/min)
End-tidal CO2 (mm Hg)
Respiratory rate (/min)
BIS

Baseline

End of surgery

92.9±10.8
70.5±10.3
97.5±0.7

72.7±10.1*
53.9±7.2*
31.2±1.9
9.6±0.9
46.0±6.9*

Prior to LMA
removal
90.0±13.8
65.4±13.8
36.8±3.6
10.3±2.3
83.5±5.1*

1 min after LMA
removal
90.4±15.0
66.5±13.3
34.9±3.7
11.7±3.3
84.6±5.6*

2 mins after LMA
removal
89.7±15.5
63.6±12.6
33.7±4.1
13.2±3.9
86.4±4.9*

MAP, mean arterial blood pressure; HR, heart rate.
Values are mean±SD.
*p<0.05 compared with baseline value.

with 100% oxygen. Laryngospasm and desaturation to SpO2
<90% were not observed in any of the patients.
The hemodynamic and respiratory profiles of all patients
are presented in Table 3. Mean arterial pressure and HR at
the end of surgery were significantly lower than those at
baseline, although they returned to baseline prior to or after
LMA removal. No patient had clinically significant bradycardia or hypotension.

DISCUSSION
We investigated the Ce of remifentanil for achieving smooth
LMA removal at emergence from TIVA with propofol and
remifentanil. Obtained via Dixon’s method, a Ce of 0.83±
0.16 ng/mL of remifentanil facilitated smooth LMA removal, and the estimated EC50 and EC95 values of remifentanil
by isotonic regression were 0.91 ng/mL (95% CI, 0.77‒
1.07 ng/mL) and 1.35 ng/mL (95% CI, 1.16‒1.38 ng/mL),
respectively.
For smooth and safe emergence during removal of a
LMA, proper depth of anesthesia is required to minimize
the upper airway reflexes and to prevent adverse events of
coughing, gagging, and laryngospasm. Remifentanil infused with a TCI pump during emergence can be predicted
and safely maintained at a targeted Ce. During emergence,
remifentanil enables easy titration of the Ce to the desired
depth of anesthesia with minimal airway complications and
early awakening. We focused on the depressant effects of
remifentanil on upper airway and cough reflexes, and investigated a suitable concentration of remifentanil to facilitate smooth removal of LMA at emergence after TIVA. In
this study, the EC95 of remifentanil TCI was 1.35 ng/mL. A
recent study by Ozkan, et al.9 reported that smooth removal
of LMA was possible in 86% of patients during emergence
after desflurane-remifentanil anesthesia when maintaining
remifentanil Ce at 1.5 ng/mL. This difference in the required

concentration of remifentanil for smooth LMA removal
may be related to the type of main anesthetic. Desflurane is
an inhalational anesthetic with an airway irritant property
and is associated with a higher incidence of airway complications, such as coughing and breath holding, at emergence
from anesthesia and removal of LMAs, compared to those
for sevoflurane.15,16 Propofol is known to suppress pharyngeal and laryngeal reflexes, and laryngospasm during tracheal extubation can be prevented even at subhypnotic doses of propofol.17 In addition, one study demonstrated that
TIVA with propofol and remifentanil causes less coughing
of lower severity during emergence, compared to sevoflurane-based balanced anesthesia.18 Further studies may be needed to demonstrate the relationship between the type of anesthetic agent and remifentanil Ce for smooth LMA removal.
Considering that irritation of the upper airway and pharynx
might be greater for an endotracheal tube than an LMA,19 it
is not surprising that the EC95 of remifentanil for smooth
LMA removal in our study was lower than the EC95 of remifentanil for suppressing cough during tracheal extubation
from balanced desflurane anesthesia. During desfluraneremifentanil anesthesia, that EC95 of remifentanil Ce for
smooth removing endotracheal tube without coughing was
2.88 ng/mL.20 In contrast, smooth LMA removal was reportedly possible in 86% of the patients at a remifentanil Ce 1.5
ng/mL during emergence.9 Additionally, the EC95 of remifentanil during propofol-remifentanil anesthesia for smooth
LMA removal was 1.35 ng/mL in our study and that for suppressing cough during extubation was 2.14 ng/mL.21
In our study, a mean remifentanil Ce of 1.0 ng/mL (0.6‒
1.4 ng/mL) was administered, and respiratory function was
well preserved without apnea or desaturation during emergence. This result is in concordance with that of a previous
study,9 which reported that TCI of remifentanil <1.5 ng/mL
during the emergence period does not influence the level of
sedation and cause respiratory depression or delayed recovery after desflurane-remifentanil anesthesia. However, the
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risk of hypoventilation and delayed awakening should be
cautioned at a remifentanil TCI 2.0 ng/mL.22 The predicted
optimal concentration of remifentanil for preventing coughing and airway reflexes during endotracheal tube extubation
varies according to the type of surgery. During propofolremifentanil TIVA, the EC50 of remifentanil Ce for suppressing cough at emergence was 1.46 ng/mL during thyroid
surgery.21 In contrast, maintaining remifentanil Ce at 2.0 ng/
mL prevented cough in only 54% of patients after laryngomicrosurgery.22 Although our study was limited to minor
surgery, because LMA insertion is generally used in anesthesia for minor surgery, the application of our results to other types of surgeries should be considered carefully.
There are some limitations to our study. First, emergence
from propofol anesthesia might be more rapid in females due
to gender differences in the pharmacokinetics and pharmacodynamics of propofol.23 Our study population had a higher
portion of females; therefore, this difference should be considered. Second, the incidence of smokers may have affected
the remifentanil Ce. Upper airway sensitivity is increased in
smokers and can theoretically affect the incidence of cough.
A previous study reported that the incidence and severity of
cough during emergence is significantly higher in smokers
than that in non-smokers.24 However, smoking had less influence on coughing during TIVA with propofol because of
the suppressive effect on the airway reflex; thus, the smoking bias could be acceptable. Third, Ces of propofol at LMA
removal in this study varied in each patient: the propofol
Ce at the end of surgery and at the time to achieve the predetermined remifentanil concentration after the surgery were
different among patients. In addition, pharmacodynamic interactions between propofol and remifentanil could differ
according to propofol concentration.25 However, since the
range of propofol Ce at LMA removal in this study was
small, we expect that the varying concentrations of propofol might have little clinical significance.
In conclusion, the EC50 and EC95 of remifentanil Ce for
smooth removal of a LMA from propofol anesthesia were
0.91 ng/mL and 1.35 ng/mL, respectively. We showed that
remifentanil TCI at an established Ce is a reliable technique
for achieving safe and smooth emergence without coughing, laryngospasm, or other airway reflex movements.
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