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Background: Remifentanil sometimes elicits cough during induction of anesthesia, as with the use of other fentanyl 
congeners. We designed this study to investigate the incidence of remifentanil-induced cough (RIC) in children and to 
evaluate the effect of injection speed on RIC.
Methods: One hundred twenty ASA physical status I-II patients, aged 3-12 yr, undergoing general anesthesia were en-
rolled in the study. Patients were randomly assigned to one of the three groups. Patients in Group R30 received remifent-
anil 1.5 μg/kg at a constant rate over 30 s. Patients in Group R45 received remifentanil 1.5 μg/kg over 45 s, and patients in 
Group R60 received remifentanil 1.5 μg/kg over 60 s, respectively. Episodes of cough were recorded and graded as mild 
(1-2), moderate (3-4), or severe (5 or more). Mean arterial pressure (MAP), heart rate (HR), and SpO2 were recorded on 
arrival in the operating room (baseline) and 1 min after remifentanil infusion. 
Results: The incidence of RIC was 33.3% in Group R30 (13 of 39 patients), 17.9% in Group R45 (7 of 39 patients), and 5.0% 
in Group R60 (2 of 40 patients). Patients in Group R60 had a significantly lower incidence of RIC than those in Group 
R30 (P = 0.001). The MAP, HR, and SpO2 values were not significantly different between groups.
Conclusions: When intravenous remifentanil 1.5 μg/kg was administered in pediatric patients, the incidence of RIC de-
creased from 33 to 5% by increasing the injection time from 30 to 60 s. Remifentanil should be administered slowly over 
60 s in children to suppress cough during anesthesia induction. (Korean J Anesthesiol 2014; 67: 171-174)
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Introduction

Remifentanil, a synthetic opioid used as an analgesic and 
antitussive agent, sometimes causes cough during induction of 
anesthesia, as with the use of other fentanyl congeners, such as 
fentanyl, alfentanil, and sufentanil [1-4]. The incidence of cough 
after intravenous administration of remifentanil varies between 
26 and 54% [1,3-6]. Although opioid-induced cough is usually 
benign and self-limiting in most patients; it may be explosive, 
especially in children. Some authors have reported that severe 
fentanyl-induced cough (FIC) can cause multiple conjunctival 
and periorbital petechiae [7], and explosive, spasmodic cough-
ing leads to massive engorgement of tongue and hypopharynx 
that can cause acute airway obstruction and severe hypoxia [8]; 
both these occurrences were reported in the pediatric popula-
tion. In addition, since FIC is more common in children, oc-
curring even after the administration of small doses and a more 
severe episode can develop after the administration of larger 
doses [9,10]; prevention of opioid-induced cough is particularly 
important in children. Meanwhile, prolongation of the injec-
tion time is a simple and safe method to effectively suppress FIC 
[11,12]. To date, there are no studies evaluating the frequency 
of remifentanil-induced cough (RIC) and the effect of injection 
speed on RIC in children. Therefore this study was designed to 
investigate the incidence of RIC in children and to evaluate the 
effect of injection speed on RIC.

Materials and Methods 

This study was approved by the Institutional Review Board 
and parents of all patients provided written informed consent. 
One hundred twenty ASA physical status I-II, un-premedicated, 
patients, aged 3-12 years, undergoing general anesthesia were 
included in this study. Patients with weight exceeding 20% of 
the ideal body weight, a history of bronchial asthma, respiratory 
tract infection were excluded. A 24-gauge cannula was placed 
over the dorsum of the hand, or forearm and connected to a 
T-connector for drug injection before arrival in the operating 
room. A researcher, blind to patient allocation, prepared the 
study syringe for each patient. Upon arrival in the operating 
room, standard monitoring was applied with electrocardiogram, 
pulse oximeter, and noninvasive blood pressure. 

Patients were randomly assigned to one of the three groups as 
a computer-generated, randomized manner. Patients in Group 
R30 received remifentanil 1.5 μg/kg (diluted with normal saline 
to make 10 μg/ml) at a constant rate over 30 s with a syringe 
pump (OrchestraⓇ, Fresenius Vial, Brezins, France). Patients 
in Group R45 received remifentanil 1.5 μg/kg over 45 s, and 
patients in Group R60 received remifentanil 1.5 μg/kg over 60 s, 
respectively. All patients were preoxygenated with 100% oxygen 

over 1 min before remifentanil administration. After IV remi-
fentanil infusion, the onset time (from the start of infusion 
pump to the beginning of coughing) and severity of cough 
were observed for 1 min and recorded by an observer who 
was blinded to the duration of injection given to the patients. 
Severity of coughing was graded based on the number of epi-
sodes of cough (mild, 1-2; moderate, 3-4; and severe, 5 or > 5) 
[9]. Assisted mask ventilation with oxygen was applied if desatu-
ration was observed (SpO2 < 95%). The incidence of apnea and 
muscle rigidity after remifentanil injection was also recorded. 
Apnea was defined as a pause in breathing that lasts more than 
15 s by inspection, and muscle rigidity was defined as increased 
muscle tone, which renders facemask ventilation during induc-
tion difficult or impossible. Mean arterial pressure (MAP), heart 
rate (HR), and SpO2 were recorded on arrival in the operating 
room (baseline) and 1 min after remifentanil infusion. Follow-
ing the study was terminated, anesthesia was induced with pro-
pofol, and maintained using sevoflurane with oxygen and air. 

The authors hypothesized that the incidence of cough during 
remifentanil administration would be reduced with slow injec-
tion of remifentanil. Therefore, the primary outcome was the 
reduction in the incidence of RIC and the secondary outcome 
was the severity of RIC.

Based on the reports demonstrating an incidence of RIC of 
34% [6], and assuming that the incidence of RIC would be less 
than 5% after applying a regimen; this study required at least 38 
subjects per group for 5% level of significance and 80% power 
of test with the correction for multiple comparisons. The sample 
size was increased to 40 patients per group assuming the occur-
rence of dropouts.

Statistical analyses were performed with the statistical pack-
age (SPSS 13.0 for windows, SPSS Inc, Chicago, IL, USA). Data 
are presented as mean ± SD or number of patients. Patient 
characteristics, differences in the onset time of RIC, and hemo-
dynamic variables among the groups were compared using one-
way ANOVA with the Bonferroni correction. Incidence and 
severity of RIC were analyzed using a Fisher’s exact test or chi-
square test. P value < 0.05 was considered statistically significant. 

Results

Two patients did not complete the study protocol due to IV 
line obstruction and anxiety. There were no differences in pa-
tient characteristics between the groups, in terms of age, gender, 
weight, and ASA physical status (Table 1). The incidence and 
characteristics of RIC are shown in Table 2. Incidence of RIC 
was 33.3% (13/39 patients) in Group R30, 17.9% (7/39 patients) 
in Group R45, and 5.0% (2/40 patients) in Group R60. Patients 
in Group R60 had a significantly lower incidence of RIC than 
those in Group R30 (P = 0.001). However, there was no sig-
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nificant difference in the incidence of RIC between Group R30 
and Group R45. Also, there was no significant difference in the 
severity of RIC between the groups. None of the patients devel-
oped loss of consciousness and apnea during the study period. 
However, muscle rigidity occurred and SpO2 decreased to 92% 
in one patient of the Group R30 after coughing, and mask-
assisted ventilation with 100% oxygen was applied.

MAP, HR and SpO2 values during anesthesia induction are 
listed in Table 3. The MAP, HR, and SpO2 values at baseline and 
1 min after remifentanil infusion were not significantly different 
between groups. 

Discussion

This study demonstrated that intravenous remifentanil 1.5 
μg/kg, when administered over a 30 s period, provoked cough 
in 33% of pediatric patients, and that the incidence of RIC de-
creased to 5%, when it was injected slowly over a 60 s period. 

The incidence of RIC in the adults has been reported to be 
between 26 and 54% [1,3-6]. Shen et al. [4] found that the inci-
dence of RIC was 54% in the adult patients (18-60 years) when 
2 μg/kg remifentanil was injected over 5 s. In the study by Cho 
et al. [3], 26% of adult patients (18-70 years) developed a cough 
after receiving 1.0 μg/kg remifentanil over 10 s. In our study, 

when remifentanil 1.5 μg/kg (diluted to 10 μg/ml with 0.9% sa-
line) was administered over 30 s, the incidence of cough was 33 
% in children (3-12 years). On the other hand, the incidence of 
cough was less than 2% when fentanyl was administered over a 
30 s period in previous studies [11,12]. Lin et al. [11] reported 
that the incidence of cough by fentanyl (100 or 150 μg) was 
1.3% in patients, aged 18-80 years. And, Yu et al. [12] reported 
the incidence of cough by 3 μg/kg fentanyl (diluted to 10 μg/ml 
with 0.9% saline) was 2% in patients, aged 18-65 years. Taken 
together, remifentanil might provoke cough more commonly 
than fentanyl. Remifentanil might cause adverse effects such as 
muscle rigidity, or hemodynamic instability more commonly. It 
has been reported that 59% of patients experienced hypoxemia 
(< 90%) that required manually assisted mask ventilation, when 
remifentanil was administered by IV push over 5 s in the adult 
patients [4]. Therefore, in a routine clinical setting, remifentanil 
should be administered slowly and cautiously during anesthetic 
induction, especially in children.

It is recommended that remifentanil should be administered 
over at least 30 s, when given as a bolus infusion at induction [13]. 
Although remifentanil was injected over 30 s in this study, ac-
cording to the recommendations, remifentanil provoked cough 
in 33% of the children. Incidence of RIC decreased to 18% when 
the injection time was increased to 45 s, and the incidence of 
RIC decreased to 5% when the injection time was increased 
to 60 s. These results imply that incidence of RIC seems to be 
inversely related to the injection time. From a pharmacologic 
viewpoint, remifentanil is likely to induce cough when the plas-
ma concentration of remifentanil increases abruptly, and conse-
quently, the plasma concentration of remifentanil is greater than 
the effect-site concentration of remifentanil. The duration of the 
drug infusion time can affect the peak plasma concentration. 
The peak plasma concentration is decreased as the infusion time 
is prolonged. If remifentanil is injected over 60 s, the possibility 

Table 1. Patient Characteristics

Group R30
(n = 39)

Group R45
(n = 39)

Group R60
(n = 40)

Age (yr)
Sex (M/F)
Weight (kg)
ASA class (I/II)

7.1 ± 1.9
23/16

24.7 ± 6.2
35/4

6.7 ± 1.9
28/11

24.4 ± 8.1
34/5

6.3 ± 2.2
28/12

24.0 ± 7.2
37/3

Values represent mean ± SD or numbers. Group R30: remifentanil 1.5 
μg/kg was injected over 30 s, Group R45: remifentanil 1.5 μg/kg was 
injected over 45 s, Group R60: remifentanil 1.5 μg/kg was injected over 
60 s.

Table 2. Incidence and Characteristics of Remifentanil-induced Cough

Group R30
(n = 39)

Group R45
(n = 39)

Group R60
(n = 40)

Incidence 
Severity
    Mild (1-2)
    Moderate (3-4)
    Severe (> 5)
Onset (sec)
Number of cough
Duration of cough (sec)

13 (33.3%)

6
4
3

27.5 ± 4.6
3.3 ± 2.4
4.5 ± 4.3

7 (17.9%)

3
2
2

26.3 ± 7.8
3.4 ± 2.6
4.0 ± 3.3

2 (5.0%)*

1
1
0

30.5 ± 2.1
3.0 ± 1.4
2.0 ± 1.4

Values represent the number of patients (proportion) or mean ± SD. 
Group R30: remifentanil 1.5 μg/kg was injected over 30 s, Group R45: 
remifentanil 1.5 μg/kg was injected over 45 s, Group R60: remifentanil 
1.5 μg/kg was injected over 60 s.  *P < 0.05 compared with Group R30.

Table 3. Mean Arterial Pressure and Heart Rate during Anesthesia Induction  

Group Baseline 1 min after  
remifentanil infusion

MAP (mmHg)

HR (beats/min)

SpO2 (%)

R30
R45
R60
R30
R45
R60
R30
R45
R60

81.5 ± 11.2 
80.1 ± 9.7
80.0 ± 12.1 
95.9 ± 12.0 
91.8 ± 10.4 
95.4 ± 13.4 
99.7 ± 0.6 
99.5 ± 0.6 
99.7 ± 0.6 

78.5 ± 11.0 
76.2 ± 12.5 
74.2 ± 12.9 
93.0 ± 12.9 
90.4 ± 13.2 
92.7 ± 14.0 
99.6 ± 1.5 
99.6 ± 0.5 
99.4 ± 0.9 

Values represent the mean ± SD.  Group R30: remifentanil 1.5 μg/kg was 
injected over 30 s, Group R45: remifentanil 1.5 μg/kg was injected over 
45 s, Group R60: remifentanil 1.5 μg/kg was injected over 60 s, MAP: 
mean arterial blood pressure, HR: heart rate.
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of reaching the plasma concentration threshold for cough will 
be lesser because remifentanil has a brief half-time for equilibra-
tion between plasma and effect-site (t1/2ke0 of 1.0-1.5 min) [14]. 
Although the discrepancy between plasma and effect-site con-
centration of remifentanil existed, when remifentanil was inject-
ed over 30 s in this study, remifentanil did not provoke cough 
in 67% of children. Thus, the difference between the plasma 
concentration and the effect-site concentration of remifentanil 
or equilibrium state could not explain the mechanism of RIC 
entirely. Further studies are warranted to elucidate these issues.

Because the injection speed and doses of opioids are the im-
portant factors that affect the frequency of cough, the incidences 
of RIC in this pediatric study could not be directly compared to 
those in previous adult studies [1,3]. The incidence of RIC might 

be different between children and adults. Lin et al. [15] assumed 
that higher frequency of cough induced by fentanyl in children 
may be associated with heightened irritant receptor activity 
(rapidly adapting receptors), which mediate the pulmonary 
chemoreflex in the tracheal smooth muscle. Furthermore, it was 
found that the number of rapidly adapting receptors decreased 
with age in an animal study [16]. The study to investigate this is-
sue might be needed.

In conclusion, the incidence of RIC was 33% in children when 
1.5 μg/kg remifentanil was administered over a 30 s period, and 
prolonged administration of remifentanil over 60 s effectively 
suppressed RIC. Remifentanil should be administered slowly in 
children for safe and smooth induction, especially in case as the 
first drug of anesthetic sequence.
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