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Purpose: This study aims to investigate the most appropriate effect-site concentra-
tion of remifentanil to minimize cardiovascular changes during inhalation of high 
concentration desflurane. Materials and Methods: Sixty-nine American Society of 
Anesthesiologists physical status class I patients aged 20-65 years were randomly 
allocated into one of three groups. Anesthesia was induced with etomidate and ro-
curonium. Remifentanil was infused at effect-site concentrations of 2, 4 and 6 ng/
mL in groups R2, R4 and R6, respectively. After target concentrations of remifent-
anil were reached, desflurane was inhaled to maintain the end-tidal concentration of 
1.7 minimum alveolar concentrations for 5 minutes (over-pressure paradigm). The 
systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pres-
sure (MAP), heart rate (HR) and end-tidal concentration of desflurane were mea-
sured for 5 minutes. Results: The end-tidal concentration of desflurane increased 
similarly in all groups. The SBP, DBP, MAP and HR within group R4 were not sig-
nificantly different as compared with baseline values. However, measured parame-
ters within group R2 increased significantly 1-3 minutes after desflurane inhalation. 
The MAP within group R6 decreased significantly at 1, 2, 4, and 5 minutes 
(p<0.05). There were significant differences in SBP, DBP, MAP and HR among the 
three groups 1-3 minutes after inhalation (p<0.05). The incidence of side effects 
such as hyper- or hypo-tension, and tachy- or brady-cardia in group R4 was 4.8% 
compared with 21.8% in group R2 and 15.0% in group R6. Conclusion: The most 
appropriate effect-site concentration of remifentanil for blunting hemodynamic re-
sponses by inhalation of high concentration desflurane is 4 ng/mL.
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INTRODUCTION

Desflurane has the lowest solubility among volatile anesthetics; therefore, it allows 
for rapid induction and recovery from anesthesia, in addition to more precise ad-
justments of its concentration in response to surgical stimuli during anesthetic 
maintenance.1-5 This agent strongly resists biodegradation in the body and is de-
void of potential toxicity in the tissue.3,6 However, an abrupt rise in the concentra-
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ficult airway; 5) patients with HR greater than 100 or less 
than 45 beats per minute before induction; 6) patients with 
the systolic blood pressure (SBP) greater than 160 mm Hg 
or less than 90 mm Hg before induction. Patients were ran-
domly allocated into three groups by a computer-generated 
randomization schedule according to target effect-site con-
centrations of remifentanil (R2=2 ng/mL, R4=4 ng/mL, R6 
=6 ng/mL). Two patients in group R4 and three patients in 
group R6 did not receive allocated intervention because 
their SBP were greater than 160 mm Hg. 

General anesthesia
Patients were randomly assigned to three groups and as-
signment was concealed in an envelope until the patient’s 
entrance into the operating room. And independent observ-
er took an envelope and prepared the target controlled infu-
sion pump (Orchestra®, Fresinius Vial, France) for the infu-
sion of remifentanil.

Premedication was not provided and patients were moni-
tored with continuous electrocardiography, pulse oximetry 
and automated noninvasive blood pressure measurements. 
Patients were allowed to rest prior to baseline BP and HR 
measurements. 

After the injection of lidocaine 30 mg and etomidate 0.2 
mg/kg, remifentanil was infused in target effect-site concen-
trations of 2 ng/mL (Group R2, n=23), 4 ng/mL (Group R4, 
n=21) and 6 ng/mL (Group R6, n=20). The Minto model 
was used for remifentanil pharmacokinetic parameters. After 
confirmation of a loss of consciousness, rocuronium 0.6 mg/
kg was injected. A semiclosed circle system was used with 
ventilation controlled by mask to maintain normocarbia as 
measured with end-tidal carbon dioxide (ETCO2) level. Oxy-
gen flow rates were maintained at 5 L/min throughout this 
study.

After remifentanil reached the target effect-site concen-
tration, desflurane vaporizer was immediately advanced to 
2 minimum alveolar concentrations (MAC) (Table 1) and 
controlled ventilation continued. The vaporizer was then 
adjusted so that the end-tidal desflurane concentration could 
be maintained at 1.7 MAC for 5 minutes (over-pressure 
paradigm was employed). In previous reports regarding the 
cardiovascular stimulation effects of desflurane, the same 
vol% of desflurane was inhaled by all patients regardless of 
age.7,14 Since MAC of an inhaled anesthetic may differ de-
pending on age, the MAC of desflurane was calculated de-
pending on the age of each patient in this study.15,16 A gas 
analyzer (Smart Anesthesia Multi-gas ModuleTM, General 

tion of desflurane can lead to increases of blood pressure 
(BP) and heart rate (HR) following sympathetic hyperacti-
vation.7      

Such hemodynamic instability, though transient, may cause 
myocardial ischemia or cerebral hemorrhage in patients 
with cardiac or cerebrovascular disease. To blunt cardiovas-
cular stimulation following a rapid increase of inspired des-
flurane concentrations, opioids (such as fentanyl or alfent-
anil) as well as esmolol or clonidine can be administered.8,9

Remifentanil, a recently developed opioid derivative, has 
a rapid onset with a blood-brain equilibrium half-life of 1-2 
minutes. It is rapidly eliminated from the body by nonspe-
cific esterase within the blood and tissues. This agent has a 
short context-sensitive half-time of 3 minutes regardless of 
infusion time, and does not accumulate even in patients 
with hepatic or renal failure.10,11 Such merits make remifen-
tanil an appropriate pharmacologic agent for out-patient 
procedures or prolonged operations while maintaining the 
advantage of desflurane.12,13  

An intravenous bolus of alfentanil effectively blunts the 
hemodynamic effect of desflurane.9 Compared with esmo-
lol and clonidine, fentanyl may be the most clinically useful 
because it blunts the increase in HR and BP, has minimal 
cardiovascular depressant effects, and imposes little postan-
esthetic sedation.8 However, there has been no research on 
the effect-site concentration of remifentanil limiting cardio-
vascular instability. Therefore, we conducted a prospective 
study to determine the effect-site concentrations of remifen-
tanil to prevent cardiovascular instability, which can devel-
op during induction with high desflurane concentrations. 

MATERIALS AND METHODS
　　　

Subjects
After approval by the Institutional Review Board and Ethics 
Committee (SNUMC/SNUHIRB of Seoul National Univer-
sity Hospital, Seoul, Korea, H-0904-016-276, chairman Prof 
BJ Park, 23 May 2009) and receiving individual written in-
formed consent, 69 patients with the American Society of 
Anesthesiologists (ASA) physical status I between the age 
20-65 years undergoing general anesthesia during the period 
of May 2009 to July 2009 were enrolled in this study. Pa-
tients were excluded if they met any of the following crite-
ria: 1) habitual drug abuse of a sedative or hypnotic; 2) ane-
mia (hematocrit less than 24%) or patients who require 
premedication; 3) high gastric content aspiration risk; 4) dif-
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sphericity and in cases where the sphericity assumption was 
significantly violated; a Greenhouse-Geisser adjustment of 
degree of freedom was used. One way ANOVA with a Dun-
can test as a post-hoc test was used for the comparisons of 
BP and MAC among groups. Fisher’s exact tests were used 
to compare development frequencies of side effects. p-values 
less than 0.05 were considered statistically significant. 

RESULTS
 

Sixty-nine patients were recruited for this study and random-
ly allocated into 3 groups. Two and three patients in group 
R4 and R6, respectively, did not receive allocated interven-
tion due to exclusion criteria. Eighteen, twenty, and seven-
teen patients in group R2, R4, and R6, respectively, were 
included in analysis (Fig. 1). 

There were no significant differences in age, sex, weight 
and height among 3 groups (Table 2). There were no signif-
icant differences in baseline BP and HR before induction 
(Table 3). There were no significant differences in MAC in-
crease after desflurane administration among the groups 
(Fig. 2). The mean end-tidal desflurane concentrations mea-
sured at 1, 2, 3, 4 and 5 minutes after inhalation in total pa-
tients were 1.06±0.21, 1.38±0.18, 1.50±0.13, 1.58±0.13 and 
1.63±0.11 MAC. 

SBP
The SBP in group R2 increased significantly compared with 
baseline 2 minutes after inhalation, while it decreased sig-

Electric-Marquette Medical Systems, Milwaukee, WI, USA) 
was used to measure the ETCO2 and end-tidal desflurane 
concentrations. 

This study was double-blinded. To minimize investigator 
bias, the desflurane inhalation procedure was performed by 
one anesthesiologist who did not know the effect-site con-
centration of the infused remifentanil. SBP, diastolic blood 
pressure (DBP), mean arterial pressure (MAP), HR and 
end-tidal desflurane concentration were measured at 1 min-
ute intervals during the 5 minutes of desflurane inhalation 
by another independent observer. 

The experiment was stopped for appropriate treatments 
when any of the following side effects developed: 1) MAP 
less than 50 mm Hg or SBP greater than 190 mm Hg; 2) HR 
greater than 130 beats per minute or less than 40 beats per 
minute; 3) MAP greater than 110 mm Hg 5 minutes after in-
halation; 4) development of arrhythmia; 5) cases where 
proper ventilation was not possible (i.e., laryngospasm). 

Patients were intubated 5 minutes after desflurane inha-
lation.      

Statistical analysis
Sample size calculation was done by G* Power (Ver 3.2.1, 
Kiel, Germany). Through the preliminary tests of five pa-
tients per each group, the mean and standard deviation 
(SD) of SBP and HR were calculated. Using these values, 
total sample size was calculated as 45 (15 in each group) 
for the effect size f of 0.49, a power of 80%, and a level of 
significance of 0.05. Assuming a 50% dropout rate, 23 pa-
tients in each group were needed.

SPSS version 12.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analyses and all data were expressed as the 
mean±SD. Age, weight and height among groups were ana-
lyzed with one-way analysis of variance (ANOVA) and 
chi-square tests were performed to investigate differences 
of sex ratios among groups. Shapiro-Wilk tests were used 
to analyze the distribution of BP, HR, and MAC. A Fried-
man tests were performed to compare HR according to time 
and a Wilcoxon-signed rank test with Bonferroni correction 
for changes of HR as compared with baseline HR within 
group was performed. A Kruskal-Wallis test was used for 
comparison of HR among groups at specific time. Repeated 
measures ANOVA was used for the comparisons of BP and 
MAC including main effects of remifentanil groups as a be-
tween-subject variables and time points of measurements as 
within-subject variables, and time-group interaction. The 
sphericity assumption was tested using a Mauchly’s test for 

Table 1. Age Corrected MAC Values of Desflurane Calcu-
lated by Mapleson’s Method16

Age (yrs) 1 MAC (vol%) Age (yrs) 1 MAC (vol%)
20 7.5 44 6.4
22 7.4 46 6.4
24 7.3 48 6.3
26 7.2 50 6.2
28 7.1 52 6.1
30 7.0 54 6.1
32 6.9 56 6.0
34 6.8 58 5.9
36 6.8 60 5.8
38 6.7 62 5.8
40 6.6 64 5.7
42 6.5 66 5.6

MAC, minimum alveolar concentration.
Mapleson’s method: MACage=MAC40×10^[-0.00269×(age-40)], MAC40: 
MAC value at 40 years old. 
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Table 2. Patient Characteristics
Group R2 (n=18) Group R4 (n=20) Group R6 (n=17)

Age (yrs)     40.8 (SD 11.0)     43.3 (SD 10.9)     45.6 (SD 15.2)
Sex (M/F) 7/11 9/11 9/8
Weight (kg)     63.7 (SD 13.3)   62.9 (SD 6.6)   62.4 (SD 8.8)
Height (cm) 164.4 (SD 9.5) 163.6 (SD 8.4) 164.7 (SD 8.4)

SD, standard deviation.

Table 3. Baseline Systolic and Diastolic Blood Pressure, Mean Arterial Pressure and Heart Rate
Group R2 (n=18) Group R4 (n=20) Group R6 (n=17)

SBP (mm Hg) 114.4 (SD 10.6) 115.8 (SD 9.1) 115.1 (SD 9.7)
DBP (mm Hg) 71.7 (SD 7.9)   71.6 (SD 8.6)   74.8 (SD 7.7)
MAP (mm Hg) 85.8 (SD 7.9)   86.4 (SD 8.3)   88.2 (SD 7.7)
HR (beats/min) 66.7 (SD 7.5)   66.2 (SD 7.5)   67.1 (SD 9.7)

SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; HR, heart rate; SD, standard deviation.

Fig. 1. CONSORT flow chart showing participant disposition. SBP, systolic blood pressure; MAP, mean arterial pressure; HR, heart rate; CONSORT, consoli-
dated standards of reporting trials.

Fig. 2. Changes in MAC value during desflurane inhalation. There were no 
significant differences among the groups. MAC, minimum alveolar concen-
tration.

Fig. 3. Changes in SBP during desflurane inhalation. *p<0.05 compared 
with baseline value within groups, †p<0.05 compared with R2 group, ‡p<0.05 
compared with R4 group. SBP, systolic blood pressure.
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nificantly in group R6 5 minutes after inhalation (p<0.05). 
Comparing the SBP among these groups, the SBP of group 
R2 was significantly higher than that of group R4 or R6 1 
minute after inhalation. There were significant differences 
in SBP between groups R2, R6 and group R4 after 2 min-
utes of inhalation. The SBP of group R6 was significantly 
lower 3 minutes after inhalation compared to group R2 or 
R4 (p<0.05) (Fig. 3).

DBP 
The DBP in group R2 increased significantly 1 and 2 min-
utes after inhalation compared with the baseline value and 
then decreased significantly 5 minutes after inhalation. The 
DBP decreased significantly 5 minutes after inhalation in 
group R6 (p<0.05). Comparing the DBP among the three 
groups, DBP of group R2 was significantly higher 1 and 2 
minutes after inhalation than that of group R4 or R6 (p<0.05) 
(Fig. 4).

MAP
The MAP in group R2 increased significantly 1 and 2 min-
utes after inhalation compared with baseline values, but it 
decreased significantly 1, 2, 4 and 5 minutes after inhalation 
in group R6 (p<0.05). Comparing the MAP among the three 
groups, the MAP of group R2 was significantly higher than 
that of group R4 or R6, and there were significant differenc-
es in MAP 2 minutes after inhalation between groups R2, R6 
and group R4 (p<0.05) (Fig. 5). 

 
HR  
The HR in group R2 increased significantly 2 and 3 min-
utes after inhalation compared to baseline values (p<0.05). 
Among the three groups, the HR of group R2 at 1, 2 and 3 
minutes after inhalation was significantly higher than that 
of group R4 or R6 (p<0.05) (Fig. 6).

 
Group R4 
The SBP, DBP, MAP and HR in group R4 did not show a 
significant change compared with baseline values during 
the 5 minutes of desflurane inhalation (p>0.05) (Figs. 3-6).

 
Cases with side effects
In nine cases the experiment was stopped due to side effects. 
In group R2, 3 cases had a SBP greater than 190 mm Hg, 1 
case with a MAP greater than 110 mm Hg at 5 minutes after 
inhalation, and 1 case with a HR greater than 130 beats per 
minute. In group R6, there were no cases with severe hyper-

Fig. 4. Changes in DBP during desflurane inhalation. *p<0.05 compared 
with baseline value within groups, †p<0.05 compared with R2 group. DBP, 
diastolic blood pressure.

Fig. 5. Changes in MAP during desflurane inhalation. *p<0.05 compared 
with baseline value within groups, †p<0.05 compared with R2 group, ‡p<0.05 
compared with R4 group. MAP, mean arterial pressure. 

Fig. 6. Changes in HR during desflurane inhalation. *p<0.05 compared with 
baseline value within groups, †p<0.05 compared with R2 group. HR, heart 
rate.
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rane inhalation at about 1 to 1.5 MAC. Our study showed 
that remifentanil 4 ng/mL is a proper effect-site concentra-
tion for the initial 1-3 minutes and there is no clinical differ-
ence if 2 ng/mL or 4 ng/mL of remifentanil is administered 
after the first 3 minutes. 

Ahn, et al.17 reported that remifentanil effectively pre-
vented not only cardiovascular adverse reactions, but also 
airway response during induction with desflurane. In this 
study, there were no severe adverse reactions in the respira-
tory system such as laryngospasm for all groups. 

Desflurane induces airway irritation around 1 MAC and 
sympathetic activation above 1 MAC.7,18-20 In previous re-
ports on the cardiovascular stimulation effect of desflurane, 
10-11 vol% desflurane corresponding to approximately 1.7 
MAC was used.7,14 However, the MAC of a volatile anes-
thetic agent may vary depending on body temperature, age, 
concurrent use of pharmacologic agents (such as alcohol, 
amphetamine, opioid, ketamine) as well as BP and preg-
nancy.15 It is well known that MAC decreases with age.16 
Thus, inhalation of desflurane with the same concentration 
without an age consideration may lead to desflurane inhala-
tion at different MAC.

This study attempted to examine the cardiovascular stim-
ulation effect of desflurane with the administration of 1.7 
MAC, which would be the MAC-beta-adrenergic response 
(MAC-BAR). MAC-BAR (1.7-2.0 MAC) is the concentra-
tion of inhaled anesthetic required to block the autonomic 
responses to nociceptive stimuli.21 In our study, no differenc-
es in age corrected MAC of end tidal desflurane concentra-
tion among the groups were noted. Since the same MAC of 
desflurane is achieved in each group, the differences of hemo-
dynamic parameters among the groups may be determined by 
a concurrent effect-site concentration of remifentanil.  

Concurrent administration of remifentanil with propofol 
or an inhalation anesthetic may effectively suppress hemo-
dynamic change during surgery without increasing postop-
erative complications and enable rapid recovery and early 
extubation.12,22,23 

It is appropriate to provide a combined administration of 
desflurane and remifentanil in the following circumstances: 
1) cases where meticulous titration is necessary, especially 
in patients with underlying cardiovascular disorders; 2) cas-
es where prevention of postoperative respiratory depression 
is required given compromised respiratory function; 3) cas-
es where prolonged duration of anesthetics is expected due 
to impaired drug metabolism and excretion in patients with 
hepatic or renal disease; 4) cases of out-patient procedures 

tension or tachycardia, but there were 2 cases with MAP 
less than 50 mm Hg and 1 case with the HR less than 40 
beats per minute. There was 1 case with a SBP greater than 
190 mm Hg in group R4. However, there are no significant 
differences in the frequency of side effects among the three 
groups (Table 4).

DISCUSSION

The purpose of this study was to determine the appropriate 
effect-site concentrations of remifentanil to attenuate car-
diovascular response that could develop after inhalation of 
high concentration desflurane. When remifentanil was ad-
ministered with an effect-site concentration of 4 ng/mL, SBP, 
DBP, MAP and HR did not significantly change compared 
with the baseline values measured before induction. The 
experiment was stopped in only one patient (4.8%) in group 
R4 and this was the lowest rate among the 3 groups. When 
remifentanil was administered with an effect-site concentra-
tion of 2 ng/mL, SBP, DBP, MAP and HR increased signifi-
cantly compared with baseline values. The tachycardia or 
hypertension that was profound enough to discontinue the 
experiment occurred in 5 of 23 cases (21.7%). Given these 
findings, it can be assumed that remifentanil at 2 ng/mL did 
not effectively block increases in SBP, DBP, MAP and HR 
induced by desflurane. On the other hand, administration of 
6 ng/mL decreased SBP, DBP and MAP significantly com-
pared to baseline values. The number of cases that required 
cessation of the experiment due to hypotension or brady-
cardia was 3 out of 20 cases (15%). Based on these results, 
it appears that 6 ng/mL may not be the proper remifentanil 
concentration for the maintenance of hemodynamic stabili-
ty. However, no significant differences in the number of pa-
tients with side effects were noted among these groups which 
may be partly due to our small sample sizes. 

In this study, BP and HR showed significant differences 
among the 3 groups during the initial 3 minutes of desflu-

Table 4. Side Effects
Side effects n

Group R2 
SBP 190 mm Hg ≤ 3
MAP  110 mm Hg ≤ 1
HR 130 bpm ≤ 1

Group R4 SBP 190 mm Hg ≤ 1

Group R6 
MAP 50 mm Hg ≥ 2
HR 40 bpm ≥ 1 

SBP, systolic blood pressure; MAP, mean arterial pressure; HR, heart rate.
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other age groups. This may suggest that an experiment tar-
geting elderly patients might have different results. Further-
more, patients with cardiovascular disorders may present 
with more severe hemodynamic changes. Accordingly, fur-
ther studies focusing on elderly patients or patients with a 
cardiovascular disease are needed.

Second, epinephrine and norepinephrine, which reflect 
responses of the sympathetic nervous system following 
desflurane inhalation, were not measured. It has not been 
elucidated whether or not the effect-site concentration of 4 
ng/mL of remifentanil, required for hemodynamic stability, 
diminishes the responses of the sympathetic nervous sys-
tem. Evidences that fentanyl and alfentanil may attenuate 
hemodynamic responses without blunting sympathetic ner-
vous system activation suggest the need for further research 
on effects of sympathetic nervous system suppression by 
remifentanil.8.9   

Third, our study has no control group. However, there 
was no need for a control group because previous reports 
showed significant cardiovascular stimulation with desflu-
rane inhalation at high concentrations.7,14 

Fourth, we selected 2, 4, and 6 ng/mL of remifentanil as 
effect-site concentrations considering that effect-site con-
centrations of 5 ng/mL and 2 ng/mL were effective in blunt-
ing sympathetic responses to tracheal intubation and skin 
incision, respectively, in 50% of patients.26 However, more 
accurate and appropriate effect-site concentrations of remi-
fentanil to suppress the cardiovascular stimulation induced 
by high concentration of desflurane must be determined by 
further investigation using Dixon’s up-and-down method.27 

In conclusion, this prospective, randomized double-blind 
study demonstrates that, when compared with 2 or 6 ng/mL, 
4 ng/mL of remifentanil may be the most appropriate and 
clinically useful effect-site concentration to prevent hemo-
dynamic instability caused by inhalation of high concentra-
tion desflurane (1.7 MAC) because there were no signifi-
cant hemodynamic changes from the baseline values. 
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where rapid emergence and recoveries are needed.12,24           
This study did not have a control group without the remi-

fentanil administration because the previous studies docu-
mented increases in BP and HR by inhalation of desflurane 
only at high concentrations.7,14 Kim, et al.14 reported that in-
halation of high concentrations of desflurane (end-tidal 
concentration 10 vol%) led to a significant increase in SBP 
and DBP as well as the HR in ASA physical status class I 
patients. Ebert and Muzi7 reported that increasing the con-
centration of desflurane from 1.0 MAC (7.25 vol%) to 1.5 
MAC (10.9 vol%) led to hypertension and tachycardia due 
to sympatho-excitation.

Hemodynamic changes following desflurane inhalation 
may be different depending on age. In 20 to 50-year-old pa-
tients, the most severe changes may develop 60-150 sec-
onds after desflurane inhalation and remarkable rises may 
continue for 3-4 minutes.7,14 In our investigation, cardiovas-
cular responses and adverse reactions were observed over 
the 5 minutes after desflurane inhalation to include the peri-
od of the most profound hemodynamic change. However, 
clinical intubation is performed when muscle relaxation by 
rocuronium is sufficiently achieved (1.7 minutes).25 Thus, 
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