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Background: Sevoflurane and propofol are used widely for interventional neuroradiology (INR). Using the bispectral 
index (BIS), we compared the clinical properties of sevoflurane and propofol anesthesia in patients undergoing INR at 
comparable depths of anesthesia.
Methods: The patients were allocated randomly into two groups. The sevoflurane group received propofol (1.5 mg/kg), 
alfentanil (5 μg/kg), and rocuronium (0.6 mg/kg) for induction, and the propofol group was induced with a target effect-
site concentration of propofol (4 μg/ml), alfentanil (5 μg/kg), and rocuronium (0.6 mg/kg). After intubation, anesthesia 
was maintained with sevoflurane or propofol with 67% nitrous oxide in 33% oxygen. Sevoflurane and propofol concen-
trations were titrated to maintain the BIS at 50-60. Phenylephrine or opioid was used to maintain the mean arterial pres-
sure within 20% of the baseline values. The amounts of phenylephrine or alfentanil used, the number of patients showing 
movement during the procedure, and the recovery times were recorded.
Results: Compared to the propofol group, the sevoflurane group showed faster recovery in spontaneous ventilation, eye 
opening, extubation, and orientation (4 vs. 7 min, 7 vs. 9 min, 8 vs. 10 min, 10 vs. 14 min, respectively; P < 0.01). In the 
propofol group, significantly greater amounts phenylephrine were used (P < 0.05), and more patients moved during the 
procedure (P < 0.05). 
Conclusions: The use of sevoflurane in maintaining anesthesia during INR was associated with faster recovery, less pa-
tient movement during the procedure, and a more stable hemodynamic response when compared to propofol. (Korean J 
Anesthesiol 2014; 66: 290-294)
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Introduction

General anesthesia is used for immobilizing patients during 
interventional neuroradiology (INR) procedures to enhance im-
age quality, decrease patient discomfort, and improve control of 
respiratory and hemodynamic profiles [1-3]. Anesthetic agents 
such as propofol, sevoflurane, isoflurane, and desflurane are 
commonly used to maintain anesthesia in patients undergoing 
general anesthesia for INR [4]. Previous studies have shown 
that sevoflurane is associated with more rapid recovery than 
that achieved using propofol, whereas isoflurane and propofol 
showed similar recovery profiles in patients emerging from 
anesthesia [5,6]. However, these studies used hemodynamic 
variables to titrate the depths of anesthesia, and neither move-
ment nor intraoperative awareness can be assessed using hemo-
dynamic indices [7].

The bispectral index (BIS) is used widely to monitor the 
depth of anesthesia. The use of BIS counters superfluous anes-
thesia and might result in quicker recovery [8]. In a previous 
study comparing anesthetic practice with and without BIS titra-
tion, the BIS-monitored group showed more rapid recovery 
from anesthesia with reduced propofol use [9]. BIS is a better 
predictor of patient response than the hemodynamic status [10].

The present study compared the effectiveness of sevoflurane 
and propofol in anesthesia maintenance during INR at com-
parable depths of anesthesia and examined differences in the 
maintenance and recovery profiles. 

Materials and Methods

With approval from the Institutional Review Board in our 
hospital, and after obtaining written informed consent, we 
prospectively studied 66 patients (American Society of Anes-
thesiologists physical status I-III, ages 18-65 years) who were 
scheduled for elective INR coiling of unruptured aneurysms. 
Exclusion criteria included a ruptured aneurysm, history of neu-
rologic disease, alcohol or drug abuse, and preexisting renal or 
hepatic dysfunction. Using the block randomization technique, 
the 66 patients were randomly divided into the sevoflurane (n 

= 33) and propofol (n = 33) groups before anesthesia induction. 
The two groups did not differ in age, sex, weight, height, total 
procedure time and total anesthetized time (Table 1).

The electrocardiogram, noninvasive arterial blood pressure, 
pulse oximetry, and capnography were monitored in the neu-
roradiology suite. We measured the baseline heart rate (HR), 
peripheral arterial hemoglobin oxygen saturation, mean arterial 
pressure (MAP) and BIS values.

Midazolam (0.03 mg/kg) was administered intravenously 15 
min before induction. In the sevoflurane group (n = 33), anes-
thesia was induced by the administration of propofol (1.5 mg/
kg), alfentanil (5 μg/kg), and rocuronium (0.6 mg/kg) and main-
tained with sevoflurane with 67% nitrous oxide in 33% oxygen. 
In the propofol group (n = 33), anesthesia was induced with the 
target effect-site concentration of 4 μg/ml of propofol, 5 μg/kg 
of alfentanil, and 0.6 mg/kg of rocuronium, and anesthesia was 
maintained with propofol and 67% nitrous oxide in 33% oxygen. 
The concentration of sevoflurane and propofol was adjusted to 
maintain the BIS at 50-60. In cases of BIS values < 50 or > 60, 
the propofol infusion was adjusted by 0.5 μg/ml target effect-
site concentration or the end-expiratory sevoflurane concentra-
tion was adjusted by the 0.25 minimum alveolar concentration 
(MAC). 

By administering alfentanil or phenylephrine, we maintained 
the intraoperative MAP within 20% of the pre-induction values. 
The patients’ lungs were ventilated to an end-tidal carbon diox-
ide concentration of 30-35 mmHg. Rocuronium (10 mg/hr) was 
continuously infused to maintain muscle relaxation of either 
zero or one of the train-of-four (TOF) during the procedure us-
ing a nerve stimulator. 

The anesthetic and rocuronium infusions were stopped at the 
completion of the coiling procedure. Immediately after stopping 
rocuronium infusion, muscle relaxation of one TOF was con-
firmed by nerve stimulation, and any residual neuromuscular 
blockage was reversed with neostigmine and glycopyrrolate. 
The lungs were ventilated with 100% oxygen at a fresh gas flow 
rate of 10 L/min for both groups. The same minute ventilation 
was maintained during the procedure. No cases showed hyper- 
or hypoventilation. In each patient, extubation was performed 
when all the following requirements were met: adequate airway 
reflexes, open eyes, a minimum TOF ratio of 0.9, and adequate 
spontaneous breathing. The following recovery times were 
evaluated at 60 sec intervals by an observer who was blinded to 
the type of maintenance anesthesia: time of return to spontane-
ous ventilation, time to eye opening, time to extubation, and 
time to orientation (correctly answering the question, “What is 
your name?”). Additionally, the amounts of phenylephrine or 
alfentanil were recorded. Patient movements that might have 
interrupted the procedure were recorded.

The study was powered to detect a 2 min time difference in 

Table 1. Demographic Data 

Sevoflurane  
(n = 33)

Propofol  
(n = 33)

Age (yr)
Sex (M/F)
Weight (kg)
Height (cm)
Duration of surgery (min)
Duration of anesthesia (min)

58 ± 13
11/22

64 ± 10
158 ± 9

71 ± 36
98 ± 36

60 ± 11
9/24

64 ± 10
160 ± 9

65 ± 31
89 ± 31

Values are mean ± SD.
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awakening between the groups. Using a group standard devia-
tion of 2.7 min with a type 1 error of 0.05 and a power of 0.8 
(derived from pilot data), we determined that each group re-
quired 33 patients. The Student’s t-test was used to compare the 
demographic data, recovery times, and dose of phenylephrine. 
The sex ratio and patient movements were compared using Chi-
square analysis or Fisher’s exact test. All statistical tests were two 
tailed, and P < 0.05 was considered significant.

Results

The time to spontaneous ventilation, eye opening, extuba-
tion, and recovery of orientation were shorter in the sevoflurane 
than in the propofol group (P < 0.05) (Table 2). The sevoflurane 
group required an average of 4.1 ± 2.3 min for spontaneous 
ventilation, 6.7 ± 2.9 min for eye opening, and 8.2 ± 2.8 min for 
extubation. In contrast, the propofol group required 6.6 ± 3.0 
min for spontaneous ventilation, 9.2 ± 2.6 min for eye opening, 
and 10.4 ± 2.8 min for extubation. Furthermore, the sevoflurane 
group required only 10.0 ± 3.9 min for recovery of orientation, 
whereas the propofol group required 14.2 ± 5.7 min to recover. 
The use of phenylephrine during the procedure was significantly 
greater in the propofol group (P < 0.05). The sevoflurane group 
used 0.3 ± 0.3 μg/kg of phenylephrine, whereas the propofol 
group used 0.7 ± 0.9 μg/kg. Alfentanil was not used during the 
procedure in either group. Three of 33 patients in the sevoflurane 
group showed movement during the procedure, whereas 10 out 
of 33 patients in the propofol group showed movement (Table 3).

Discussion

We found that the sevoflurane group showed a quicker recov-
ery profile, lower incidence of movement during the procedure, 

and a lower phenylephrine requirement during the procedure 
compared with the propofol group. 

All recovery times noted in this study were within the range 
of 5-9 min, which were consistent with those reported previous-
ly [5,6]. Previous studies comparing the recovery profiles after 
maintenance of anesthesia for neuroradiology with inhalation 
anesthetics or propofol [5,6] showed that sevoflurane was asso-
ciated with a more rapid recovery profile than propofol, whereas 
isoflurane and propofol showed similar recovery profiles from 
anesthesia. These studies used hemodynamic variables to titrate 
the depth of anesthesia. Although vital signs are good indicators 
of patient status during anesthesia, hemodynamic responses are 
caused by many factors and therefore cannot be used to assess 
the depth of anesthesia. Adequate anesthesia and hemodynamic 
responses do not always exhibit high correlations [11].

We used the BIS value as an index of the depth of anesthesia 
[12] because it is a better predictor of patient response than is 
hemodynamic status [10]. BIS monitoring can be used to pre-
dict whether patients will show movement in response to skin 
incisions when using propofol [13] or an inhalation agent for 
anesthesia [9]. A previous study using BIS monitoring as a guide 
to anesthetic depth showed that a large number of patients could 
be “fast-tracked” when anesthetic depth was monitored [10].

We used 0.6 mg/kg of rocuronium for induction and ap-
proximately 0.1-0.2 μg/kg/hr of rocuronium for maintenance. 
Large doses of muscle relaxants may have facilitated prevention 
of patient movement. However, large doses may produce long-
lasting muscle paralysis, which may be undesirable in the clini-
cal setting. 

Typically, the amount of maintenance anesthetic is one-third 
that used for intubation. In this study, we used considerably 
less than the typical amount. The average ED95 of rocuronium 
is 382 μg/kg for Koreans [14]; however, we set the amount for 
maintenance in the range of 0.1-0.2 mg/kg because we wanted 
to use the least amount possible so that we could awaken the 
patient as soon as possible following the coil embolization pro-
cedure. Sevoflurane, in comparison with propofol, is known 
to increase the potency of rocuronium and prolong recovery 
time [15]. However, this recovery time is affected by the dose of 
rocuronium, as well as the MAC of the inhalation agent and its 
duration. We used small doses of rocuronium, and neostigmine 
was used for anesthesia reversal. As the anesthesia time was rela-
tively short in this study, there were differences between types of 
anesthesia in the recovery time for adequate spontaneous respi-
ration.

The lack of movement is critical to reduce the risk of perfora-
tion during the coiling of a cerebral aneurysm [3]. The definition 
for patient movement for this study included increased muscle 
tone detected by the surgical operator, but there were no cases 
where the patient displayed movement of the limbs, coughing, 

Table 2. Recovery Times (min)

Sevoflurane  
(n = 33)

Propofol  
(n = 33) P value

Spontaneous ventilation 
Eye opening
Extubation
Orientation

4.1 ± 2.3
6.7 ± 2.9
8.2 ± 2.8

10.0 ± 3.9

6.6 ± 3.0
9.2 ± 2.6

10.4 ± 2.8
14.2 ± 5.7

<0.001
0.002
0.01

<0.001

Values are mean ± SD.

Table 3. Use of Phenylephrine and Patient Movements during Procedure

Sevoflurane 
(n = 33)

Propofol 
(n = 33)

Dose of phenylephrine (μg/kg)
Patient movements

0.3 ± 0.3
9.1% (3/33)

0.7 ± 0.9* 
30.3% (10/33)*

Values are mean ± SD or percentage of patients. *P < 0.05.
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or bucking. The sevoflurane group showed a lower incidence of 
movement during the procedure. An element of pain is associ-
ated with distention and traction of the vessels. We assumed 
that sevoflurane might provide deeper anesthesia than propofol 
at comparable BIS values. It seems that the BIS thresholds are 
related to the combinations of anesthetic agents administered. 
Different combinations of anesthetic agents that achieved com-
parable BIS values did not show the same level of anesthesia 
[10,16]. 

An argument might be made for avoiding the use of nitrous 
oxide because of the possibility of introducing air emboli into 
the cerebral circulation; however, no reports support this argu-
ment. Sevoflurane-nitrous oxide, as used in the present study, is 
currently the anesthetic combination of choice to induce rapid 
recovery. Nonetheless, nitrous oxide should be used with cau-
tion in interventional neuroradiology.

The propofol group used more phenylephrine than did the 
sevoflurane group. This result is in agreement with those of 
Ozkose et al. [17] who compared the total intravenous anesthe-
sia (TIVA), sevoflurane, and isoflurane anesthesia in patients 
undergoing laminectomy and discectomy operations. The MAP 
decreased significantly after induction and during the mainte-
nance of anesthesia in the TIVA group. During maintenance of 
anesthesia with propofol infusion, the systolic blood pressure 
was decreased to 20 to 30% less than the pre-anesthesia induc-
tion levels [18]. These decreases in blood pressure are often 
accompanied by corresponding changes in cardiac output and 

systemic vascular resistance.
Our study had several limitations. First, the BIS values re-

mained either unchanged or even elevated during nitrous oxide 
anesthesia. However, despite potential problems, BIS monitor-
ing proved predictive of movement when using propofol with 
nitrous oxide [13]. We attempted to obtain an equivalent depth 
of anesthesia by titrating the propofol or sevoflurane concentra-
tions via the BIS monitor. A significant limitation is that BIS 
values may not be independent of the anesthetic agent used 
[19]. Nonetheless, BIS monitoring yields the best combination 
of sensitivity and specificity of all devices currently available to 
monitor the depth of anesthesia. A short duration of anesthesia 
(less than 90 min) can affect the recovery profile rates due to the 
residual effects of the opioid or anesthetic agents used during 
induction [20]. Although recovery time differences of 2-5 min 
between the two groups were statistically significant, the clinical 
significance was uncertain. 

In summary, compared with propofol, the use of sevoflurane 
for the maintenance of anesthesia during INR was associated 
with a more favorable profile in terms of the recovery from 
anesthesia, incidence of patient movement, and hemodynamic 
response.
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