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Abstract: Objective: It is controversial that whether the GABA receptors contribute to the hypnotic action of volatile 
anesthetics. This study was to detect the effect of GABA receptors on the hypnotic action of volatile anesthetics 
by evaluation of the effect of intravenous flumazenil on sevoflurane minimum alveolar anesthetic concentration–
awake (MAC-Awake) and emergence mental status. Methods: This study included two steps. Firstly, 49 healthy pa-
tients, aged 20-40 years scheduled for elective surgeries, were randomly assigned to two groups, a flumazenil group 
(n=24) and a saline group (n=25). The flumazenil group received 0.006 mg/Kg IV, and the control group received 
the same volume of saline 20 min before induction. The flumazenil group and the control group were compared with 
regard to MAC-Awake (anesthetic concentration achieving 50% probability of eye opening in response to a verbal 
command). We used the mask inhalation to measure the MAC-Awake by up-and-down method. The second steps, 
60 patients undergoing lower abdomen surgeries were randomly divided into two groups, a experimental group 
(n=30) and a saline group (n=30). All patients were anesthetized with sevoflurane/sulfentanil. The experimental 
group received flumazenil at 0.006 mg/Kg IV, and the control group received the same volume of saline at the end 
of surgery. We recorded the time to awake and extubation. After extubation, the patients’ recovery status was scored 
with the Mini-Mental state examination (MMSE) system in post anesthesia care unit (PACU). Results: The MAC-
Awake was 0.65% in the control group and 0.82% in the flumazenil group (p=0.34). After extubation, the recovery 
time and time to extubation showed no difference between the flumazenil group and the saline group (p>0.05). But 
the 10 min and 15 min MMSE scores after extubation were better in the flumazenil group than those in the saline 
group (p<0.05). There was no difference for MMSE scores after 30 min between two groups. Conclusion: We found 
that an IV flumazenil (0.006 mg/Kg) has no effect on sevoflurane MAC-Awake in humans. A single intravenous in-
jection of flumazenil (0.006 mg/Kg) can partially reverse the hypnotic effect of sevoflurane/sulfentanil but do not 
contribute to reduction in the time to recovery and extubation.

Keywords: Flumazenil, sevoflurane, sulfentanil, MAC-awake

Introduction

Flumazenil is an imidazobenzodiazepine that 
promptly reverses the sedative/hypnotic effe-
cts of benzodiazepines via competitive inhibi-
tion on gamma-aminobutyric acid (GABA) rece- 
ptors [1]. It was approved for the reversal of 
sedation from benzodiazepines used during 
therapeutic procedures [2]. It has a dose-inde-
pendent antagonistic effect on all actions of 
overdosed benzodiazepine, including amnesia, 
sedation and respiratory depression. Anesth- 
esiologists typically use flumazenil in patients 
to reverse the effect of midazolam, which is a 

kind of benzodiazepine. The question is wheth-
er the effect of flumazenil extends to volatile 
anesthetics. On this question, previous studies 
indicate either no significant effect of flumaze-
nil on volatile anesthetics or a significant effect 
[3-10]. Such an inconsistency in findings repre-
sent controversy on the issue of whether the 
GABA receptors contribute to the hypnotic 
action of volatile anesthetics [11, 12].

We conducted a randomized trial to investigate 
the controversial issue of the effect of flumaze-
nil on hypnotic action of volatile anesthetics. 
Patients in the trial were had lower abdominal 
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surgery for tumor excision. The specific objec-
tive of the trial was to compare those who had 
been administered flumazenil with those who 
had not, in order to determine what effect, if 
any, flumazenil has on a volatile anesthetic, 
particularly sevoflurane/sulfentanil. 

Minimum alveolar anesthetic concentration–
awake (MAC-Awake) is the measure of volatile 
agent’s potency with respect to loss of con-
sciousness [13], which is the alveolar anesthet-
ic concentration achieving 50% probability of 
eye opening in response to a verbal command. 
In this study, MAC-awake of sevoflurane in 
patients administrated flumazenil comparing 
with patients without flumazenil. Meanwhile, 
we scored the mental status at different points 
in PACU after sevoflurane/sulfentanil anesthe-
sia between patients with and without 
flumazenil. 

Methods

Study composition

The study was composed of two parts. In the 
first part, MAC-awake values of sevoflurane 
were obtained by up-and-down method for 
patients who had been administered flumazenil 
and those who had not. Having determined the 
MAC-awake values, the purpose of the second 
part was, to detect the recovery time, extuba-
tion time and the recovery status at different 
points from sevoflurane/sulfentanil anesthesia 
after flumazenil was or was not administered. 

Research site and ethical review

The Study was conducted at West China 
Hospital of Sichuan University, which is a large-
scale, (4,300 impatient beds) comprehensive 
hospital in Chengdu, Sichuan Province, China. 
The study protocol was approved by the institu-
tional Review Board of West China Hospital, 
Sichuan University and registered in Chinese 
Clinical Trial Registry (ChiCTR-TRC-11001509). 
Informed written consents for the study were 
obtained from all patients included in both part 
1 and part 2 of the study.

Patient population

Patients ages 18 to 40 were included in part 1 
of the study and ages 18 to 60 in part 2 of the 
study. All included patients were graded I or II 

according to the American Society of Anesth-
esiologists physical status measure. The rea-
son why ages differed for the two parts of the 
study was that the age will affect the MAC-
awake value of volatile anesthetics. The 
patients in part 1 were scheduled for the sur-
geries about removal of implants in orthopedic 
ward. The patients in part 2 were scheduled for 
selective rectum or colon surgeries. 

Exclusion criteria for both parts of the study 
were history or presence of neurologic diseas-
es, hearing disorders, a pre-existing pain prob-
lem, and malignant hyperthermia history. All 
baseline laboratory results were normal.

Anesthesia protocol, part 1 of study

In the first part, we measured MAC-Awake 
before surgery. The unpremedicated patients, 
aged 20-40 years, were randomly assigned to 
flumazenil group and saline group. All patients 
took three maximum (vital capacity) breaths, 
using modified Ruffle and Snider’s triple-breath 
technique [14], and were induced by 8% sevo-
flurane in oxygen 6 L/min using the mask till 
loss of consciousness and then maintained 
with the target concentration for 20 min. We 
observed the response to the command of eye 
opening onverbal, which was finished by the 
same record voice previously of “please open 
your eyes”. The recording was applied 500 click 
stimuli of 0.1 ms at 80 dB and frequency of 5 
Hz using earphones. The initial concentration 
of sevoflurane was 1.2% and varied by steps 
with ± 0.2% using the Dixon’s up-and-down 
method. No other stimuli were used during the 
study period. If the previous patient failed to fol-
low three commands, the end-tidal concentra-
tion of sevoflurane of next patient was reduced 
by 0.2%. If patients could open their eyes after 
commend, they were judged awake and the 
concentration of next patient was increased by 
0.2%. As previous studies, MAC-awake was 
defined as the concentration of 50% patients 
were response to the command of eye opening 
onverbal, as well as the concentration midway 
between the value permitting the first response 
to command and the value just preventing it 
[15, 16]. When the cross over midpoint was up 
to 6, the study will be discontinued and MAC-
wake would be analyzed by calculating the mid-
point concentration of all independent pairs of 
patients involving a cross-over (i.e., response or 
no response).
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Protocol, part 2 of study

In the second part, the patients, ASA I-II and 
aged from 18-60 years, scheduled for selective 
rectum or colon surgeries were enrolled into 
the study. After obtained the information con-
sent form, the patients were randomly assigned 
into two groups using a SPSS-generated ran-
dom number assignment. The study was dou-
ble-blind and placebo controlled, including flu-
mazenil group and control group. Oxygen satu- 
ration, electrocardiogram (ECG), noninvasive 
blood pressure (NBP), end-tidal carbon dioxide 
values (ETCO2), Bispectral index (BIS) and 
ETSevo were monitored continuously. Anes- 
thesia was induced with 8% sevoflurane in 
100% oxygen via a facemask. After loss of con-
sciousness and injected sulfentanil 0.3 μg/Kg 
and rocuronium bromide 0.6 mg/kg, the 
patients were intubated. Maintenance of anes-
thesia was with 2-4% sevoflurane in nitrogen/
oxygen at 0.5 fraction of inspired oxygen (FiO2) 
to keep the BIS with range of 40-60. ETCO2 was 
maintained 35-45 mmHg and BIS value was 
kept 40-60. Sulfentainil were added 0.3 μg/Kg 
before skin incision and 0.1 μg/Kg at 30 min 
before the end of snuggery. After the end of sur-
gery, all patients were randomly assigned to 
receive 5 mL saline (control group, n=30), or 
flumazenil 6 μg/Kg diluted in 5 mL of saline (flu-
mazeni group, n=30) injected. All syringes with 
study drugs or placebo were prepared by the 
same investigator. All patients were injected 40 
mg Parecoxib Sodium and 8 mg Ondansetron 
for analgesia and preventing postoperative 
nausea and vomiting. Sevoflurane and nitrous 
oxide were discontinued simultaneously at the 
end of surgery. Ventilation was continued at the 
same parameter setting and a total gas flow of 
4 L/min of oxygen, without any attempt to stim-
ulate the patient. After return of sufficient spon-
taneous ventilation (VT>8 mL/kg and respira-
tory rate>12 breaths/min) and the gag reflex, 
the endotracheal tube was removed. 

After anesthesia, patients were transferred to 
the postanesthesia care unit (PACU) after moni-
tored 5 min and evaluated every 2 minutes. 
Time of response to verbal commands, sponta-
neous eye opening, date of birth, place of stay, 
were recorded. Patients were scored at 5 min, 
10 min, 15 min, and 30 min after extubation by 
the MMSE system [17] and visual analogue 
scales for pain. The MMSE was used to gauge 

the severity of dementia by assessing cognitive 
functions. It consists of tests on orientation, 
short-term memory, registration, language use, 
comprehension, and basic motor skills. Patients 
are considered to be in a mild mental decline 
when score≥20; in a moderate stage when 
score between 10 and 19; and in a severe 
stage when scoring<10.

The patients were transferred to the ward from 
the PACU when they satisfied with a modified 
Aldrete score≥9 [18]. The stay in PACU and 
complications, for example nausea, vomiting, 
delirium, hypoxemia also were recorded.

The MAC-awake estimates using the up and 
down method for the two groups and the differ-
ence between the MAC-awake estimates for 
the two groups were obtained by using the SAS 
9.1 (North Carolina, USA). Statistical analysis 
was performed for other parameters using 
SPSS software (version 18.0, SPSS Inc., 
Chicago, IL). The parameters related to the 
recovery from general anesthesia were exp- 
ressed as means ± standard deviation (SD). A 
normality test was performed with respect to 
each of the parameters to compare the time to 
reach the index representing recovery from 
anesthesia between the two groups. After veri-
fying that the parameters satisfied normality, a 
two-sample t-test was performed. A P value of 
less than 0.05 was considered significant.

Results

There were no significant differences between 
two groups in the demographic data in both 
parts of studies (Table 1).

MAC-awake test 

In this part, 49 patients were finished the tests 
and 25 patients were in control group, 24 in flu-
mazenil group. The MAC-Awake was 0.65% in 
the control group and 0.82% in the flumazenil 
group. The differences in MAC-Awake between 
the two groups were not statistically (p=0.34) 
(Figures 1 and 2).

Recovery status test

60 patients were involved in the second part 
and there were no differences between the 
groups in time to opening eyes, extubation, 
birth to date, and stay in PACU. Table 2 is the 
summary of Recovery data of study 2.
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For the recovery status, the MMSE scores at 5 
min and 10 min in PACU after extubation in flu-
mazenil group were better than in saline group 
(p<0.05). There was no difference for MMSE 
score at 15 min and 30 min in PACU between 
two groups. The 0 min value after in PACU was 
similar because of most of patients were not 
awake. (Figure 3: MMSE score at different 
points in PACU).

Discussion

Flumazenil is the specific benzodiazepine 
antagonist, which can inhibit GABA receptors in 

rane between patients with or without flumaze-
nil. Second steps, sevoflurane/sulfentanil anes-
thesia were performed in unpremeditated 
patients without benzodiazepines and the 
results showed that injection of flumazenil 
(0.006 mg/Kg) at the end of operation signifi-
cantly could not reduce the time taken to recov-
ery from the anesthesia but increased the 
MMSE score when compared to the control 
group.

Kochs concluded in 1989 that flumazenil does 
not have such an effect: flumazenil was inject-

Table 1. Demographic data of two parts of studies
Control group Flumazenil group

Part of studies Part 1  Part 2 Part 1 Part 2
Number of patients 24 30 25 30
Gender (Female/Male) 14/10 12/18 12/13 11/19
Age (y) 26 ± 3.6 43 ± 7.5 25 ± 4 44 ± 10.7
Index of body (kg/m2) 22.7 ± 6.4 21.02 ± 2.12 22.1 ± 2.08 22.00 ± 2.22
Basic Hb (g/L) 139.6 ± 19.8 129.0 ± 16.5 131.1 ± 15.5 126.8 ± 13.1
Basic ALT (IU/L) 22.2 ± 16.5 26.1 ± 10.4 21.5 ± 8.5 22.1 ± 4.2
Basic creatine (mmol/L) 71.8 ± 19.3 59.7 ± 9.3 62.4 ± 16.9 60.7 ± 18.1
Basic BIS 95.7 ± 3.6 95.1 ± 3.9 95.4 ± 3.0 95.0 ± 3.3
BIS at loss of consciousness 82.1 ± 22.4 87.9 ± 12.7 87.8 ± 11.3 82.0 ± 22.0
ETSevo at loss of consciousness (%) 5.1 ± 1.6 4.3 ± 1.6 4.6 ± 1.4 3.9 ± 0.8
Time to loss of consciousness during induction (s) 78.0 ± 33.6 80.1 ± 22.5 73.8 ± 25.8 76.4 ± 28.2

Figure 1. Verbal command of 25 patients in the control group was attempted, 
and the concentration of end-tidal sevoflurane in oxygen. Each patient’s data 
are showed with a circle. The minimum alveolar anesthetic concentration for 
awake of sevoflurane on verbal command was possible in 50% of patients was 
0.66%.

the central nervous system. 
This effect of flumazenil is 
specifically caused by com-
petitive inhibition of the 
GABAA receptors, the tar-
gets for benzodiazepines 
[19]. So it is used to reverse 
the overdose of benzodiaz-
epines, such as diazepam 
and in operation room for 
overly sedating with mid-
azolam and failing to recov-
ery from anesthesia [20]. 
However, for reverse of vol-
atile agents, there were dif-
ferent opinions from previ-
ous studies. Because of the 
unclear mechanism of vola-
tile agents for hypnotic 
effect, GABAA receptors’ 
action for volatile agents 
also still unknown. In this 
study, first step we tested 
the MAC-awake of sevoflu-
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ed to the groups that with or without midazol-
am, only in the midazolam-treated group, the 
auditory and somatosensory evoked cortical 
reaction was increased [21]. Other studies also 
showed that the reversal action of flumazenil 
for other general anesthetics. Weinbroum 
found that flumazenil can improved in the cog-
nitive, motor abilities and the subjective feel-
ings of the patients after halothane, enflurane 
and isoflurane anesthesia [5]. Roald found that 
cerebral metabolic rate of oxygen (CMRO2) of 
dogs anesthetized with isoflurane was increa- 
sed after injected with flumazenil, but not in the 
non-anesthetized dogs [3]. These studies con-
cluded that flumazenil may have a partial 

flurane, or a fentanyl-enflurane combination 
[8]. Moreover, Schwartz found that flumazenil 
may play the role of an agonist but not an 
antagonist in reducing the MAC in dogs anes-
thetized with isoflurane [6]. Murayama also 
found that flumazenil does not antagonize halo-
thane anesthesia in rats [23]. Hosaka reported 
that a single intraoral injection of flumazenil 
(0.2 mg) do not immediately reverse overseda-
tion with triazolam [24]. These studies suggest 
that volatile anesthetics may do not interact 
with the benzodiazepine receptor.

In our studies, we found that flumazenil can 
increases the value of MAC-awake of sevoflu-

Table 2. Recovery data of part 2
Control 
group

Flumazenil 
group

Time to recovery of spontaneous breathing (min) 8.0 ± 5.6 7.0 ± 5.2
BIS at recovery of spontaneous breathing 70.1 ± 14.3 64.8 ± 17.7
ETSevo at recovery of spontaneous breathing (%) 0.8 ± 0.6 0.8 ± 0.5
Time to extubation (min) 7.9 ± 7.1 6.4 ± 6.7
BIS at extubation 80.6 ± 7.5 79.8 ± 11.1
ETSevo at extubation (%) 0.5 ± 0.1 0.4 ± 0.3
Time to opening eyes on verbal command (min) 14.6 ± 5.6 11.4 ± 3.4
BIS at opening eyes on verbal command 83.8 ± 5.9 79.4 ± 10.7
Birth to date (min) 23.0 ± 4.7 19.4 ± 10.4

antagonizing effect to vola-
tile agents. Dahaba report-
ed that flumazenil can en- 
hance the recovery from 
propofol/remifentanil anes-
thesia and significantly inc-
rease the BIS value [22].

Karakosta recently found 
that 0.5 mg of flumazenil 
can improve the parame-
ters of recovery from sevo-
flurane/remifentanil anaes-
thesia after administrated 
to unpremedicated patients 
30 minutes before the end 
of operation [10]. Kim also 
reported that a single dose 
of 0.3 mg of flumazenil 
accelerated the emergence 
from anesthesia and incre- 
ased the BIS value after 
sevoflurane/fentanyl anes-
thesia without benzodiaze-
pines [9]. A recent study 
suggested that sevoflurane 
has separate binding sites 
and converging pathways 
on the GABAA receptor, al- 
though unknown the accu-
rately act way [11]. 

However, there are some 
studies with opposite con-
clusion that flumazenil did 
not reverse the hypnotic 
effect of volatile anesthet-
ics. Schwieger reported th- 
at flumazenil do not affect 
the MAC of enflurane, iso-

Figure 2. 24 patients in the flumazenil group (0.006 mg/Kg) in whom verbal 
command was attempted, and the concentration of end-tidal sevoflurane in 
oxygen. Each patient’s data are showed with a circle. The minimum alveolar an-
esthetic concentration for awake of sevoflurane on verbal command was pos-
sible in 50% of patients was 0.82%.



Flumazenil, sevoflurane and alveolar anesthetic concentration

678 Int J Clin Exp Med 2014;7(3):673-679

rane for healthy adult patients but the differ-
ences were not statistically significant (p<0.05). 
0.006 mg/Kg of flumazenil did not decrease 
the time to awake and intubation, but improve 
the MMSE score, after sevoflurane/sulfentanil 
anesthesia. As we known, the sedating effect 
maybe provoked after administrated single 
sulfentanil. We don’t know the relationship 
between sedation of sulfentanil and GABA 
receptors, which may cover partially the antag-
onist effect of flumazenil for sevoflurane. MMSE 
score can reflect the recognition status after 
anesthesia. The increasing of the MMSE score 
showed that flumazenil may partially reverse 
the hypnotic effect of sevoflurane. This result 
concluded that flumazenil may affect partially 
the hypnotic action of sevoflurane, which may 
result from the hypothesis of flumazenil antago-
nizing intrinsic benzodiazepines and also might 
help to explain that GABAA receptors may con-
tribute to hypnosis of sevoflurane. Although flu-
mazenil is not useful to accelerate the emer-
gence but help to improve the recognition level 
after sevoflurane/sulfentanil anesthesia, which 
could be helpful to some aged patients or neu-
rosurgery patients. 

Conclusion

This study showed that an IV flumazenil (0.006 
mg/Kg) has no effect on sevoflurane MAC-

2593; Fax: 86-28-8542-3591; E-mail: liangpeng_
world@hotmail.com
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