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ABSTRACT
Background: The optimal dose of propofol and remifentanil induction to minimize the cardiovascular response associated with tracheal intubation may exist. We investigated the cardiovascular response associated with tracheal intubation
when various continuous induction doses of remifentanil in combination with propofol were used. Methods: Seventyfive patients were randomly allocated into 1 of 3 groups: the R-0.4 P-1 group (remifentanil 0.4 μg/kg/min and propofol
1 mg/kg); the R-0.5 P-1 group (remifentanil 0.5 μg/kg/min and propofol 1 mg/kg); and the R-0.4 P-2 group (remifentanil 0.4 μg/kg/min and propofol 2 mg/kg). One minute after remifentanil infusion commenced, a bolus of propofol was
injected. Rocuronium 1 mg/kg was administered 1 min after propofol injection following loss of consciousness. Controlled ventilation was then performed for 2 min, and the trachea was intubated 4 min after the start of the remifentanil
infusion. The infusion rate of remifentanil was decreased to 0.1 μg/kg/min after intubation. Blood pressure (BP) and
heart rate (HR) were measured during this period until 5 min after tracheal intubation. Results: The changes in BP response due to tracheal intubation in the R-0.4 P-1 group were greater than those in the other 2 groups, whereas the HR
responses to tracheal intubation were similar among the 3 groups. Conclusion: The combination of remifentanil 0.4
μg/kg/min and propofol 1 mg/kg led to an exaggerated cardiovascular response to tracheal intubation compared with the
other combination groups.
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1. Introduction
Increased blood pressure and tachycardia associated with
tracheal intubation could cause detrimental effects such
as myocardial infarction and cerebral hemorrhage in certain patients [1]. Therefore, many studies have been suggested to investigate ways to suppress the cardiovascular
responses to tracheal intubation [1-3].
Based on an earlier study, EC95 of remifentanil to suppress cardiovascular responses during tracheal intubation
was 6.0 ng/mL with an effect site propofol concentration
of 3.4 μg/mL [4]. The time to reach the 6.0 ng/mL concentration of remifentanil is about 4 min at an infusion
rate of 0.4 μg/kg/min using Tivatrainer®. There was a
synergistic interaction between remifentanil and propofol
with regard to hypnosis using response surface models
[5-7]. Thus, the concentration of remifentanil required to
achieve hypnosis can be reduced in the presence of propofol. Furthermore, when propofol is used to induce anesthesia, concomitant interaction of propofol and re*
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mifentanil can cause hypotension after tracheal intubation, even if the cardiovascular response is prevented by
propofol and remifentanil. The optimal dose of propofol
and remifentanil induction to minimize the cardiovascular response associated with tracheal intubation may exist
when both a single bolus of propofol and a continuous
infusion of remifentanil are used for induction. Therefore,
in the present study, we investigated the cardiovascular
response associated with tracheal intubation when various dose combinations of propofol and continuous remifentanil infusion were used.

2. Methods
2.1. Selection and Description of Patients
This study was approved by the Ethics Committee of our
institution, and informed consent was obtained from each
patient. A prospective randomized comparative design
was used. The study was conducted in a university hospital.
The sample size calculation was based on the assumpOJAnes
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tion that a relative systolic blood pressure (BP) difference of 20 mmHg would be detected. For a power of 0.8
and an α of 0.05, a sample size of 17 patients in each
group was calculated to be appropriate. Therefore, we
collected 25 patients in each group to account for the
possibility of exclusion data.
Seventy-five patients 23 - 80 years of age with an
American Society of Anesthesiologists physical status I
or II who received scheduled general anesthesia were
selected for the study. All patients received no premedication including opioids or sedatives before arriving in
the operating room.

2.2. Study Protocol
Standard monitoring included electrocardiography, a
noninvasive BP cuff, and a pulse oximeter. Patients received bicarbonate ringer solution (Bicarbon®; Ajinomoto Pharmaceutical Co. Ltd., Tokyo, Japan) at a rate of
10 mL/kg/h during the study period. All patients were
randomly allocated to 1 of 3 groups: the R-0.4 P-1 group
(remifentanil 0.4 μg/kg/min and propofol 1 mg/kg); the
R-0.5 P-1 group (remifentanil 0.5 μg/kg/min and propofol 1 mg/kg); and the R-0.4 P-2 group (remifentanil 0.4
μg/kg/ min and propofol 2 mg/kg). As shown in the
schema of times and study drug injection intervals in
Figure 1, oxygen (6 L/min, 100%) was delivered via a
face mask for 1 min before general anesthesia was induced. Then a predetermined dose of remifentanil was
started as a continuous infusion. One minute after remifentanil infusion, a predetermined dose of propofol
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was administered as a bolus. Rocuronium 1 mg/kg was
injected following loss of consciousness 1 min after the
propofol injection.
Tracheal intubation was performed 4 min after the
start of remifentanil administration following controlled
ventilation for 2 min with 2% sevoflurane. The infusion
rate of remifentanil was decreased to 0.1 μg/kg/min after
intubation. We measured the non-invasive BP (HewlettPackard HP M1008B) and heart rate (HR, HewlettPackard HP M1001B) during this period until 5 min after
tracheal intubation as baseline, at remifentanil administration, at propofol administration, at rocuronium administration, 1 min after rocuronium injection, before
intubation, and 1 min, 2 min, 3 min, 4 min, and 5 min
after intubation. If the patients were not intubated in a
trial or the time to intubation exceeded 60 s, the data
were excluded from the final analysis. If the systolic BP
decreased to <90 mmHg during the study period, ephedrine 5 mg was administered. If the HR decreased to <50
beats/min, atropine 0.5 mg was administered.

2.3. Statistical Analysis
Statistical analysis was performed using the statistical
software GraphPad Prism 5.0 (GraphPad Software, La
Jolla, CA, USA). Data are presented as mean ± SD. The
BP and HR data were compared using one-way analysis
of variance (ANOVA) and repeated-measures ANOVA
followed by Bonferroni comparison. Demographic data
were also analyzed using one-way ANOVA followed by
the Newman-Keuls test. Values of P < 0.05 were considered statistically significant.

Figure 1. Schematic study protocol. Measurement points included baseline, remifentanil, propofol, rocuronium, 1 min after
rocuronium injection, before intubation, and 1 min, 2 min, 3 min, 4 min, and 5 min after intubation.
Copyright © 2012 SciRes.
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3. Results
3.1. Demographic Data
Patient demographics are presented in Table 1. One patient in the R-0.4 P-1 group was excluded from the study
due to prolonged intubation time resulting from a difficult airway. Therefore, 24 patents in the R-0.4 P-1 group
and 25 patients in the other groups were ultimately analyzed. All tracheal intubations were performed by TG or
MY. There were no significant differences in age, height,
weight, or intubation time. The number of the patients
who were taking antihypertensive drugs was similar
among the 3 groups.

3.2. Blood Pressure
Changes in systolic and diastolic BP are shown in Figure
2. Systolic BP in the R-0.4 P-1 group increased significantly 1 min after rocuronium injection, before intubation, and 1 min, 2 min, 3 min, 4 min, and 5 min after intubation compared with the other 2 groups. Systolic BP
at baseline was significantly different from that at rocuronium administration, 1 min after rocuronium injection, before intubation, and 3 min, 4 min, and 5 min after
intubation within the R-0.4 P-1 group. Systolic BP at
baseline was significantly different from that at propofol
administration, at rocuronium administration, 1 min after

rocuronium injection, before intubation, and 1 min, 2 min,
3 min, 4 min, and 5 min after intubation within the R-0.4
P-2 group. Systolic BP at baseline was significantly different from that at rocuronium administration, 1 min after
rocuronium injection, before intubation, and 1 min, 2 min,
3 min, 4 min, and 5 min after intubation within the R-0.5
P-1 group.
Table 1. Patients’ demographic data, time for intubation
and dose of ephedrine.
R-0.4 P-1
group
(n = 24)

R-0.5 P-1
group
(n = 25)

R-0.4 P-2
group
(n = 25)

Age (year)

64 ± 15

59 ± 20

62 ± 13

Height (cm)

156 ± 7

161 ± 8

159 ± 9

Weight (kg)

59 ± 13

63 ± 11

60 ± 11

Male/female

15/9

13/12

12/13

HT (number)

14

11

14

Time for intubation (sec)

17 ± 12

21 ± 16

13 ± 5

Dose of ephedrine (mg)

0.8 ± 1.9

3.3 ± 5.3

5 ± 4.5*

R-0.4 P-1 group, remifentanil 0.4 g/k/min and propofol 1 mg/kg; R-0.5 P-1
group, remifentanil 0.5 g/kg/ min and propofol 1 mg/kg; and R-0.4 P-2
group, remifentanil 0.4 g/kg/min and propofol 2 mg/kg. HT = medicated
antihypertensive drug. Values are mean ± SD. *P < 0.05 vs R-0.4 P-1 group.

Figure 2. Changes of systolic and diastolic blood pressure. Systolic blood pressure is shown in the upper section and diastolic
blood pressure is shown in the lower section. *P < 0.05 vs the other 2 groups, $P < 0.05 vs R-0.4 P-2 group, #P < 0.05 vs R-0.5
P-1 group. Values are expressed as mean ± SD. R-0.4 P-1 group, remifentanil 0.4 g/kg/ min and propofol 1 mg/kg; R-0.5 P-1
group, remifentanil 0.5 μg/kg/min and propofol 1 mg/kg; and R-0.4 P-2 group, remifentanil 0.4 μg/kg/min and propofol 2
mg/kg.
Copyright © 2012 SciRes.
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Changes in diastolic BP are shown in Figure 2. Diastolic BP in the R-0.4 P-1 group was significantly increased at remifentanil administration, compared with the
R-0.4 P-2 group, and at 1 min after rocuronium injection
and 1 min, 2 min, 3 min, 4 min, and 5 min after intubation compared with the other 2 groups. Diastolic BP at
baseline differed significantly from that at rocuronium
administration, 1 min after rocuronium injection, before
intubation, and 3 min, 4 min, and 5 min after intubation
within the R-0.4 P-1 group. Diastolic BP at baseline was
significantly different from that at rocuronium administration, 1 min after rocuronium injection, before intubation, and 1 min, 2 min, 3 min, 4 min, and 5 min after intubation within the R-0.4 P-2 group. Diastolic BP at
baseline differed significantly from that at rocuronium
administration, 1 min after rocuronium injection, before
intubation, and 2 min, 3 min, 4 min, and 5 min after intubation within the R-0.5 P-1 group.

3.3. Heart Rate
Changes in HR are shown in Figure 3. HR in the R-0.4
P-1 group was significantly increased at 2 min after intubation compared with the R-0.4 P-2 group. HR at baseline was significantly different from that at 1 min after
rocuronium injection, before intubation, and 4 min after
intubation within the R-0.4 P-1 group. HR at baseline
differed significantly from that before intubation and 1
min and 5 min after intubation within the R-0.4 P-2
group. HR at baseline was significantly different from
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that at 1 min after rocuronium injection, before intubation, and 4 min and 5 min after intubation within the
R-0.5 P-1 group.

3.4. Side Effects
None of the patients developed airway complications
during the study period. Doses of ephedrine in the R-0.4
P-2 group were larger than those in the R-0.4 P-1 group
(Table 1).

4. Discussion
The findings of this study were that the changes in BP
response due to tracheal intubation in the R-0.4 P-1
group were greater than those in the other 2 groups, the
HR responses to tracheal intubation were similar among
the 3 groups, and the required ephedrine doses in the
R-0.4 P-2 group were larger than those in the other
groups.
Earlier reports demonstrated that the required EC95 of
remifentanil to suppress cardiovascular responses during
tracheal intubation was 6.0 ng/mL with an effect site
propofol concentration of 3.4 μg/mL [4]. According to
the Tivatrainer®, it takes about 4 min to reach an effect
site concentration of 6.1 ng/mL using a continuous remifentanil infusion of 0.5 μg/kg/min in a patient who is
160 cm tall, 60 kg, and 60 years old. When a remifentanil
infusion of 0.4 μg/kg/ min is started, the effect site concentration 4 min after infusion is 4.6 ng/mL. Therefore,

Figure 3. Changes in heart rate. $P < 0.05 vs R-0.4 P-2 group. Values are expressed as mean ± SD. R-0.4 P-1 group, remifentanil 0.4 μg/kg/min and propofol 1 mg/kg; R-0.5 P-1 group, remifentanil 0.5 μg/kg/min and propofol 1 mg/kg; and R-0.4 P-2
group, remifentanil 0.4 μg/kg/min and propofol 2 mg/kg.

Copyright © 2012 SciRes.

OJAnes

158

Comparison of Hemodynamic Responses Associated with Tracheal Intubation under
Various Induction Doses of Remifentanil and Propofol

we intubated our patients 4 min after continuous remifentanil infusion in this study. The effect site concentrations of propofol at 3 min after the propofol bolus administration were 2.4 and 4.8 μg/mL at the dose of 1
mg/kg and 2 mg/kg, respectively, in a patient who was
160 cm tall, 60 kg, and 60 years old using Tivatrainer®.
There will theoretically be a sufficient effect site concentration for tracheal intubation 4 min after continuous remifentanil infusion at the rate of 0.5 μg/kg/min and 3 min
after 2 mg/kg propofol injection. Therefore, we did not
choose the combination of remifentanil 0.5 μg/kg/min and
propofol 2 mg/kg, and we used the combination of R-0.5
P-1, R-0.4 P-2, and R-0.4 P-1 in the present study to investigate the interaction between remifentanil and propofol.
There was a synergistic interaction between remifentanil and propofol concerning hypnosis using response
surface models [5-7]. Thus, the required concentration of
remifentanil to achieve hypnosis can be reduced in the
presence of propofol. In this study, the changes in systolic BP in the R-0.4 P-1 group were greater than those in
the R-0.4 P-2 group, suggesting that the addition of 1
mg/kg propofol suppressed the pressure response to tracheal intubation. These combined suppressions of remifentanil and propofol cannot be ascribed to a synergistic interaction in this study.
Most reports concerning the pressure response to tracheal intubation in the presence of remifentanil used a
bolus dose of propofol [8-13] or bolus followed by continuous infusion of remifentanil [14-16]. Miyake and
colleagues demonstrated that continuous administration
of remifentanil 0.5 μg/kg/min with midazolam 0.2 mg/kg
suppressed the pressure responses to tracheal intubation
compared with remifentanil 0.1 and 0.2 μg/kg/min [17]
There were no significant differences in mean arterial
pressure between continuous infusion of remifentanil 0.5
μg/kg/min following a bolus dose of remifentanil 1 μg/kg
and 0.25 μg/kg/min following a bolus dose of 0.5 μg/kg.
They used the propofol 0.5 mg/kg followed by 10 mg
every 10 s until loss of verbal contact. The present results
are consistent with the suppression of remifentanil 0.5
μg/kg/min shown by Miyake et al. but are not consistent
with the report by Hall et al. that infusion of remifentanil
0.25 μg/kg/min suppressed the pressure response to tracheal intubation [18]. The reason for the suppression by
low-dose remifentanil seems to be the use of 1% isoflurane and 67% nitrous oxide [18].
There were no differences in HR changes among the 3
groups except at one point in the R-0.4 P-1 group. This
result suggests that no combination of remifentanil and
propofol affects the changes in HR response to tracheal
intubation. This result was consistent with that of an earlier report [19].
Copyright © 2012 SciRes.

In this study, the time for tracheal intubation did not
differ among the 3 groups. The earlier report demonstrated that a long time for tracheal intubation could lead
to an increased pressure response to tracheal intubation
[20]. Thus, the influence of the required time for tracheal
intubation could be minimized in this study.
There are some considerable limitations of the present
study. First, we measured BP using noninvasive monitoring. This method raises the possibility of over- and
underestimation of large BP changes during tracheal intubation. Although it took only about 20 s to measure BP
in this study, invasive BP monitoring should be used to
measure exact BP changes. Second, patients who were
taking antihypertensives were included in the 3 groups.
Hypertensive patients have exaggerated cardiovascular
responses to laryngoscopy and tracheal intubation and
are susceptible to episodes of hypotension after the induction of anesthesia [21-23]. Therefore, changes in cardiovascular response to laryngoscopy and tracheal intubation in some hypertensive patients might be large. Because the distribution of hypertensive patients in the present 3 groups was equal, these effects might be negligible.
Further study is needed to clarify the effects of hypertension on responses to tracheal intubation using this regime.
Third, aging also could affect the cardiovascular response to laryngoscopy and tracheal intubation [24]. We
had a large variation in age from 23 to 80 years old,
whereas the mean age was similar among the 3 groups.
This effect might also be negligible because the age distribution was similar among the 3 groups.
In conclusion, when the combination of continuous
remifentanil and bolus propofol infusion was used, the
combination use of remifentanil 0.4 μg/kg/min and propofol 1 mg/kg led to an exaggerated cardiovascular response to laryngoscopy and tracheal intubation compared
to the combination of remifentanil 0.5 μg/kg/min and
propofol 1 mg/kg or remifentanil 0.4 μg/kg/min and
propofol 2 mg/kg. The combination of remifentanil and
propofol exhibited an interaction that suppressed the cardiovascular response to laryngoscopy and tracheal intubation.
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