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Background: Various methods have been used to reduce postoperative pain after thoracic surgery. However, these methods may affect the patient’s respiratory response and
delay recovery from anesthesia. We aimed to evaluate the effects of fentanyl and remifentanil during extubation after video-assisted thoracic surgery (VATS).
Methods: This study included 45 randomly-selected male patients who underwent VATS
for pneumothorax between July 2011 and August 2012. We divided the participants into
3 groups: the F group, which received a bolus injection of 1.0 µg/kg of fentanyl; the R1
group, which received a 0.04 µg/kg/min remifentanil infusion; and the R2 group, which
received a 0.08 µg/kg/min remifentanil infusion. Hemodynamics, pain, cough, consciousness level, and nausea were assessed for each group.
Results: The number and severity of coughs were lower in the R1 and R2 groups than
in the F group, and there were no differences between the R1 and R2 groups. Respiratory
depression and loss of consciousness were not observed in any of the patients, and there
were no differences in hemodynamics.
Conclusion: In comparison with fentanyl, remifentanil did not result in a wide fluctuation of blood pressure and heart rate upon emergence from general anesthesia. Moreover,
remifentanil contributed to cough suppression and postoperative pain control. Remifentanil seems to be a safe and effective analgesic after VATS.
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Introduction
Thoracic surgery causes postoperative pain due to the
nature of the procedure and leads to accumulated secretions in the lungs. Therefore, severe coughing due to bronchial irritation upon emergence from anesthesia is commonly observed; chest pain at the surgical site may also
cause dyspnea and instability, leading to emergence from
anesthesia. Coughing during emergence is caused by branchial stimulation, and may result in high blood pressure,
elevated brain pressure, tachycardia, arrhythmia, or bleeding at the surgical site [1-3]. Several studies have reported
that intravenous fentanyl is beneficial for hemodynamic
and airway-response safety during extubation [4,5]. Other
studies have shown that continuous intravenous administration of remifentanil provided the benefits of rapid onset

and fast recovery without accumulation after stopping administration [6-8] and that it reduces the aforementioned
side effects [9,10]. However, there is a general opinion that
remifentanil administration, which provides continuous
pain control, may delay a patient’s emergence from anesthesia when compared to temporary fentanyl administration. In the study, we evaluated the effects of temporary
administration of fentanyl and continuous administration
of remifentanil on airway stability, the emergence of patients from anesthesia, and postoperative pain during extubation after video-assisted thoracic surgery (VATS).

Methods
This study was conducted after receiving approval from
the Institutional Review Board of Ulsan University Hospi-
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tal (approval no., 2011-031), and written informed consent
was obtained from all patients. It included men between 16
and 30 years of age with an American Society of Anesthesiologists score of 1 or 2 who underwent VATS for pneumothorax from July 2011 to August 2012. Patients with respiratory diseases, difficult airways, hypertension, diabetes,
heart disease, liver disease, or kidney disease were excluded from the study. We used G*Power ver. 3.1.9.2 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany;
http://www.gpower.hhu.de/) and referred to the study of
Gesztesi et al. [11] to calculate the sample size using a standardized effect size (α=0.05 and β =0.3). The resulting
sample size was 15 patients per group. Patients were randomly selected and assigned to each group by a computer
program until 15 patients were included in each group.
After the patients arrived at the operating room, vital
signs were measured using a non-invasive automatic sphyg
momanometer, electrocardiogram, pulse oximeter, and
thermometer. Patients were divided into 3 groups: the F
group, which received an intravenous bolus of fentanyl (1.0
µg/kg); the R1 group, which received a 0.04 µg/kg/min infusion of remifentanil (Model AS50 Infusion Pump; Baxter, Deerfield, IL, USA); and the R2 group, which received
a 0.08 µg/kg/min infusion of remifentanil (R2 group).
Anesthesia induction was performed with continuous
administration of remifentanil (0.15 µg/kg/min) and sequential injection of thiopental (5 mg/kg), 2% lidocaine (1
mg/kg), and rocuronium (0.8 mg/kg). The size of the tube
used for tracheal intubation differed depending on the
height of the patient; specifically, 35F (Mallinckrodt Endobronchial Tube; Covidien, Dublin, Ireland), 37F, and 39F
tubes were used for those less than 160 cm tall, 160–180 cm
tall, and 180 cm or taller, respectively. Each of the tracheal
and bronchial air sacs was filled with air using a manometer until a pressure of 20 mm Hg was reached. To maintain
anesthesia, remifentanil (0.1 µg/kg/min) was continuously
administered, and the concentration of sevoflurane was
controlled between 1.0% and 3.0% to maintain systolic
blood pressure and heart rate during surgery within 20%
of the pre-anesthesia state. The anesthesia machine was set
to inject 4 L/min of 100% oxygen and to maintain end-tidal CO2 at 30 mm Hg to control tidal volume and the number of breaths per minute.
Once suturing began, the sevoflurane concentration was
lowered to 0.5%, and ondansetron (4 mg) was intravenously administered for anti-vomiting purposes. After suturing
was completed, remifentanil injection was stopped in the F
group, and fentanyl (1.0 µg/kg) was administered. In the
R1 and R2 groups, the injection rate of remifentanil was
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adjusted to 0.04 µg/kg/min and 0.08 µg/kg/min, respectively, for continuous administration. With the patient in
the supine position, sevoflurane injection was stopped, and
mechanical breathing was switched to spontaneous breathing. The patient’s name was called every 30 seconds to encourage the patient to open his eyes. If the train of four
(TOF) ratio was 0.8 or higher in the muscle acceleration
test (TOF-Watch; Organon Ltd., Dublin, Ireland), 15 mg of
pyridostigmine and 0.4 mg of glycopyrrolate were administered. Extubation was performed when spontaneous
breathing was more than 15 times per minute but less than
30 times per minute, respiratory volume was more than 5
mL/kg, and the patient could follow simple verbal instructions. After extubation, the patient was moved to the recovery room when the tidal volume was measured to be
over 8 mL/kg while wearing an anesthetic mask. The time
intervals from inhalation stopping until the patient opened
his eyes (after being prompted), until anesthesia injection
stopped, and until extubation of the tracheal tube were
measured. In addition, the number and severity of coughs
before extubation of the tracheal tube were measured, as
were the number and severity of coughs from after extubation until arrival in the recovery room. All patient groups
were anesthetized by a single skilled anesthesiologist, and
all measurements were evaluated by a single anesthesiologist, who did not participate in anesthesia. Patients in the
R1 and R2 groups received continuous administration of
their respective concentrations of remifentanil until 10
minutes before leaving the recovery room.
The severity of coughs was measured using the 3-category scale established by Minogue et al. [12]. One cough was
recorded as mild. Continuous coughing that lasted no
more than 5 seconds and continuous coughing that lasted
more than 5 seconds were recorded as moderate and severe, respectively. Blood pressure and heart rate were measured before the induction of anesthesia, before extubation,
after extubation, and 5 minutes after extubation. The presence or absence of respiratory depression, level of consciousness and presence or absence of loss of consciousness, severity of pain, severity of nausea and vomiting,
number of additional analgesic administrations, and time
spent in the recovery room were recorded until the patient
left the recovery room. If percutaneous oxygen saturation
was less than 95% for more than 5 minutes, the patient was
considered to have respiratory depression. The Riker Sedation-Agitation Scale was used to assess the patient’s level of
consciousness, and a score of 3 or less was evaluated as a
loss of consciousness [13]. Severity of pain and severity of
nausea were measured using a Visual Analog Scale (VAS).
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No pain or nausea was recorded as 0 points, and unbearable pain or nausea was given 10 points. If respiratory depression or loss of consciousness was observed, the administration of remifentanil was discontinued and appropriate
measures were taken. If the pain VAS score was 8 or higher, fentanyl (0.5 µg/kg) was administered. Additional fentanyl (0.5 µg/kg) was administered as necessary for pain
control. The traditional Aldrete scoring system was used to
assess if the patient was well enough to leave the recovery
room.
Categorical variables were analyzed using the Fisher exact test, and continuous variables using the Kruskal-Wallis
test. Hemodynamic variables were analyzed using repeated-measures analysis of variance. All statistical analyses
were performed using IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, USA), and p-values less than 0.05 were considered to indicate statistical significance.

Results
No significant differences in age, operation time, weight,
and anesthesia time were observed among the groups (Table 1). Blood pressure and heart rate increased in all 3
groups when extubation was performed, and no significant
differences were observed among the groups (p=0.176 for
systolic blood pressure; p=0.435 for diastolic blood pressure; p=0.196 for heart rate) (Fig. 1A–C).
The details of patients’ recovery profile are summarized
in Table 2. No significant differences were found among
the groups in the time until the patient opened his eyes after stopping the anesthesia injection (p=0.251) or in the
time until extubation after sevoflurane was discontinued
(p=0.262). The number and severity of coughs were lower
in the R1 and R2 groups than in the F group (p<0.05).
Moreover, the level of consciousness after arriving in the
recovery room did not significantly differ among the
groups (p=0.25). The pain scores after arrival in the recovery room and 5 minutes before leaving the recovery room
were lower in the R2 group than in the F group (p=0.040).

In addition, the frequency of analgesic administrations was
highest in the F group (p=0.002). The nausea score was
higher in the R1 group than in the R2 group, but without
statistical significance (p=0.105)
Respiratory depression and loss of consciousness were
not observed in any of the patients, and there were no differences among the groups in the departure time from the
recovery room.

Discussion
Coughing during emergence from general anesthesia
should be avoided, as it can cause various side effects such
as high blood pressure, elevated brain pressure, tachycardia, arrhythmia, and bleeding at the surgical site. Coughs
are triggered by the cough reflex, which is induced by organ stimulation. Rapidly adapting receptors distributed in
the epithelium of organs with Aδ fibers receive stimuli and
transmit signals to the central nervous system, leading to
coughing. Coughs can be reduced using local anesthetics
to suppress peripheral nerve irritation, opioid agents that
act on the central nervous system, and GABA (gamma-aminobutyric acid) receptor agonists [14]. Opioid
agents mainly signal through μ-opioid receptors [15]. Opioid agents not only suppress coughing, but also reduce excitatory emergence and contribute to hemodynamic stability. Thus, opioid agents have been used widely for emergence
from general anesthesia in recent years [16].
Remifentanil, which is a 4-aniline-piperidine derivative,
is a selective agonist that acts on μ-opioid receptors with a
rapid onset of action. Thus, it is useful for rapid anesthesia
induction. Remifentanil contains two methyl-ester bonds
and is rapidly removed by non-specific esterase in blood
and tissues, resulting in a final half-life of less than 10
minutes. Moreover, its context-sensitive half-time is approximately 3 minutes, regardless of the time of injection.
Therefore, remifentanil is relatively safe, even after repeated administration or long-term use [15,17,18]. It has been
reported that continuous administration of low-dose

Table 1. Patients’ characteristics
Characteristic
Age (yr)
Body weight (kg)a)
Height (cm)a)
Operation time (min)a)
Left-side pneumothoraxb)
a)

Fentanyl group (n=15)
17.85±1.12
60.42±9.17
176.43±5.31
44.28±3.19
5

Remifentanil group 1 (n=15)
18.25±2.10
55.12±14.86
172.63±9.77
46.43±15.05
6

Remifentanil group 2 (n=15)

p-value

20.25±5.38
56.97±18.80
170.25±8.21
36.88±15.95
4

0.937
0.465
0.565
0.675
0.866

Values are presented as mean±standard deviation or number.
a)
Statistical significance was tested using the Kruskal-Willis test of variance among groups. b)Statistical significance was tested using the Fisher exact test.
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Fig. 1. Hemodynamic variables after the procedure. (A) Patients’
systolic blood pressure (SBP) showed no significant differences
among the 3 groups (p=0.176). (B) Patients’ diastolic blood pressure (DBP) showed no significant differences among the 3 groups
(p=0.435). (C) No differences were found among the 3 groups in
the heart rate during the procedures (p=0.196). Statistical significance was tested using repeated-measures analysis of variance
among the 3 groups. F, fentanyl (1.0 µg/kg, IV); R1, remifentanil
(0.04 µg/kg/min, IV); R2, remifentanil (0.08 µg/kg/min, IV); IV, intravenous.

Table 2. Recovery profiles by group
Variable
Time to eye opening (min)a)
Time to extubation (min)a)
No. of coughsa)
Cough gradeb)
0
1
2
3
Level of consciousnessb)
3
4
5
Pain (VAS score)a)
Nausea (VAS score)a)
Additional opioid administrationsa)

Fentanyl groupa

Remifentanil group 1b

Remifentanil group 2c

318.27±186.709
384.55±183.669
4.64±1.362

351.20±90.518
434.00±87.933
1.30±1.252

388.10±136.962
454.90±155.082
0.90±0.738

0
2 (18.2)
4 (36.4)
5 (45.5)

4 (40.0)
4 (40.0)
1 (10.0)
1 (10.0)

3 (30.0)
7 (70.0)
0
0

1 (9.1)
8 (72.7)
2 (18.2)
7.09±2.548
5.55±1.508
1.91±1.136

4 (40.0)
6 (60.0)
0
5.40±2.716
4.90±1.853
0.80±0.789

2 (20.0)
8 (80.0)
0
3.60±2.271
3.40±2.271
0.40±0.422

p-value Post hoc (Scheffé)
0.251
0.262
0.000
0.003

b,c<a

0.25

0.040
0.060
0.002

c<a,b
b,c<a

Values are presented as mean±standard deviation or number (%).
VAS, Visual Analog Scale.
a)
Statistical significance was tested using the Kruskal-Willis test of variance among groups. b)Statistical significance was tested using the Fisher exact test.
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remifentanil in critically ill patients on artificial ventilation
can provide adequate stability, breathing, and stable hemodynamic conditions [19]. After administration of anesthetics during extubation of the endotracheal tube, the patient
should be able to recover the protective reflex mechanism
within a short period of time. Moreover, the anesthetics
should not induce prolonged hypotension or respiratory
depression. The pharmacological properties of remifentanil satisfy these conditions, and many studies have shown its
effects on hemodynamic stability during intubation [20,21].
This study compared the effects of fentanyl and remifentanil, the 2 most popular opioid agents used recently, on
emergence from general anesthesia. Fentanyl was intravenously administered in a temporary manner, while re
mifentanil was continuously administered. We did not intend to compare the effects due to differences in the
pharmacokinetic and pharmacological properties of the 2
drugs. Instead, we aimed to evaluate the differences observed during recovery and extubation, including the different methods of administration. In particular, remifentanil offers several advantages, such as hemodynamic
stability and cough suppression. However, remifentanil has
also been known to delay recovery. Thus, differences
among the 3 groups in the time until the patient opened
his eyes after stopping the anesthesia injection and the
time until extubation of the tracheal tube were carefully
observed.
As noted above, there were no significant differences
among the groups in the time until the patient opened his
eyes after stopping the anesthesia injection or in the time
until extubation of the tracheal tube. The R1 and R2
groups showed significantly better results in the number
and severity of coughs, postoperative pain scores, and
number of additional analgesic administrations than the F
group, and the R2 group showed significantly better results
than the R1 group. Therefore, continuous administration
of remifentanil may be more helpful than temporary intravenous administration of fentanyl for maintaining a stable
state during extubation. Interestingly, there were no significant differences in blood pressure or heart rate among the
3 groups. As seen in previous studies, opioid agents contributed to hemodynamic stability during intubation, and
temporary administration of fentanyl may have demonstrated effects comparable to continuous administration of
remifentanil.
There are several limitations of this study. First, a control
group that did not receive drugs was not established. However, previous studies have already demonstrated that the
use of drugs contributed to emergence from anesthesia,
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cough suppression, and hemodynamic stability during extubation when compared to an untreated group [10,22].
Moreover, this study aimed to assess the differences between temporary administration of fentanyl and continuous administration of remifentanil. This is why we did not
include a control group that did not receive drugs. A second limitation relates to the dosages of the medications
that were analyzed. In particular, it is unknown whether
the same results would have been observed if a higher dose
of fentanyl had been used. Moreover, the remifentanil experimental group was divided into 2 groups, R1 (0.04 µg/
kg/min) and R2 (0.08 µg/kg/min). As better results were
observed in the R2 group, it seems necessary to assess the
results of higher doses of fentanyl as well. Contrary to concerns at the beginning of the study, side effects such as loss
of consciousness and difficulty breathing were not observed in the R2 group. Although this issue is difficult to
determine, continuous administration of higher doses of
remifentanil is possible. Further studies are needed to pinpoint the optimal rate of administration for remifentanil.
Lastly, the number of patients in the study groups was limited. Moreover, these patients with pneumothorax were
relatively young and healthy. A study conducted with more
patients would provide more reliable data.
In conclusion, continuous administration of remifentanil
did not lead to any delay in emergence from general anesthesia when compared to temporary administration of fentanyl, and remifentanil contributed to cough suppression
and postoperative pain control. Moreover, remifentanil was
not inferior in terms of its hemodynamic profile. Remifentanil is feasible and effective for recovery after VATS.
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