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Abstract. – OBJECTIVE: The aim of this
study was to investigate clinical application of
remifentanil in local anesthesia for resection of
tumors in functional brain area.

PATIENTS AND METHODS: Twenty-four pa-
tients were randomly divided into two groups:
control group and remifentanil group. In remifen-
tanil group remifentanil was infused intra-
venously with micro pump in 0.05-0.1 µg·kg-
1·min-1. The hemodynamic changes and compli-
cations during operation were monitored.

RESULTS: The satisfactory degree for surgical
procedure was evaluated. The surgery of two
groups could be completed in a conscious state.
Mean artery pressure (MAP), heart rate (HR) in
remifentanil group during opening or closing
skull or intra- cranial period were significantly
lower than control group (p < 0.05). There were
no conspicuous complications in two groups
such as respiratory depression, nausea, vomit-
ting and dysphoria. Satisfaction rate of remifen-
tanyl group was significantly higher than control
group (p < 0.05).

CONCLUSIONS: Awake brain tumor surgery
could be completed in rational use of remifen-
tanil on the base of good local anesthesia, and
hemodynamics were stable and the patients
were well tolerated.
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Introduction

Remifentanil is a µ-opioid receptor agonist
with ultra-short performance, rapid onset, short
duration of action and fast clearance. Its metabo-
lism does not depend on the liver and kidney
functions, and repeated administrations and con-
tinuous infusion do not result in the drug accu-
mulation in the body1. The ideal anesthetic
agents should meet the needs of quick changes in
sedation and analgesia during the surgical opera-
tion and easily subject to postoperative evalua-
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tion of nerve functions. Remifentanil fits the de-
scription of such a drug and has increasingly
been used in the clinical settings. However, the
majority of publically available data are generat-
ed from clinical trials in Europe and North Amer-
ica2,3. There are few reports in China that
remifentanil has been used to help surgically re-
move tumors in the functional areas of brain un-
der local anesthesia. From 2009 to 2010, 24 cas-
es of awake craniotomy surgery under remifen-
tanil anesthesia have been successfully per-
formed in our hospital and the results appear
promising. We hope to find a safe and effective
method of anesthesia for Chinese.

Patients and Methods

Patient General Information
24 patients with intracranial frontal glioma

were recruited in this study, including 14 in the
left side and 10 in the right side, respectively.
Their ages were from 20 to 60 years old and both
sexes included. This study was conducted in ac-
cordance with the Declaration of Helsinki and
approved from the Ethics Committee of First Af-
filiated Hospital of Xinxiang Medical University.
Written informed consent was obtained from all
participants. Their ASA classification defined as
II or III and the body weight index 30 kg/m. All
patients had no alcoholic and drug abuse history.
Patients with current diagnosis of opioid-drug al-
lergies, severe heart, lung, liver and kidney dys-
functions were excluded. Eligible patients were
randomly divided into remifentanil group and
control group, 12 patients for each group.
Prior to the operation, patient’s condition, sur-

gical procedure, unforeseen circumstances and
guidance with elements of the language and
physical movements monitoring were fully dis-
cussed and planned accordingly. Additionally,
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Mean age Sex (F/M) Body weight (kg) ASA (II/III) Operation Time (min)

Remifentanil 47.3 ± 4.2 6/6 24.8 ± 3.2 7/5 187.2 ± 21.8
Control 46.5 ± 5.6 5/7 25.5 ± 2.5 7/5 183.5 ± 19.6

Table I. Hemodynamic changes between two groups (n = 12).

efforts were made to relieve patient’s anxiety
and fear and obtain their understanding and
trust. Finally, assessments of patient’s airway
function, language and pattern recognition abili-
ties and lime movement were performed before
the operation.

Medication Before Anesthesia
Midazolam 0.02-0.05 mg/kg, hydrochloric

acid penehyclidine microphone 1 mg i.v. Patients
were monitored for ECG, BP, SpO2 before the
surgery, and 0.2% ropivacaine (dose < 3 mg/kg)
was injected locally and allowed to infiltrate to
have anesthetic effects. Oxygen was given to the
patient wearing a oxygen mask. In the treatment
group, remifentanil was given intravenously by a
micro pump at a constant flow rate of 0.1 µg/kg ·
min. The amount of anesthetic used in the opera-
tion could be adequately increased when strong
stimulus such as nailing, opening and closing the
skull occurred or decreased when tumors were
being removed. The control group received
saline instead of remifentanil. Patients in both
groups were kept conscious throughout the pro-
cedure. And the brain functions were monitored
with a method of continuous counting by the pa-
tients. After removal of the tumors, patient’s lan-
guage and movement abilities were assessed
again. Patients were well informed for the dis-
comfort due to keeping a certain position for a
long time during the operation and the cranioto-
my drilling. Patients were also advised to tell
surgeon and anesthesiologist when any discom-
fort occurred to them.

Monitoring Parameters
Mean arterial pressure (MAP) and heart rates

(HR) were monitored before, during and after
craniotomy, intracranial surgery and craniotomy
closure. Complications associated with the oper-
ation such as respiratory depression (through the
monitoring of PCO2 and PaO2), nausea, vomit-
ing, body movement, bleeding, cerebral edema
and anesthetic toxicity were closed observed and
monitored. Patients were required after the oper-
ation to give a satisfaction score for the experi-

ence of pain and comfort during the operation,
the satisfaction scores were defined as: 4, very
good; 3, good; 2, fair; 1, poor.

Statistic Analysis
SPSS13.0 software (SPSS Inc., Chicago, IL,

USA) was used to analyze the date, and single-
factor analysis of variance for quantification and
χ2 test was used for data comparison. p < 0.05
was considered statistically significant.

Results

General Information
All patients successfully completed the opera-

tion. The hemodynamic of these patients was gen-
erally stable during the operation and the patients
had good compliance of continuously counting
numbers. All surgeries went well with clear le-
sions, good surgical conditions and complete re-
moval of tumors examined under the microscope.
Patients’ general information including age, sex,

body weight, ASA classification, operation time
and statistical significance (p > 0.05) (Table I).

Hemodynamic Changes
The MAP and HR of two groups did not show

statistically significant differences before the op-
eration, but remifentanil group showed statisti-
cally significant lower values compared with
control group in MAP and HR during skull
drilling, intracranial surgery and craniotomy clo-
sure (p < 0.05) (Table II).

Comparison of Complications Between
Two Groups
Two groups at selected time points showed

values of PCO2 and PaO2 within normal ranges
without statistical significance (p > 0.05). Pa-
tients did not show nausea, vomiting, cerebral
edema and anesthetic toxicity during the opera-
tion and the satisfactory scores given by the pa-
tients from remifentanil group were significantly
higher than those from control group (p < 0.05)
(Tables III and IV).
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Gruop No. Parameters Before Drilling Intracranial Closure

Remifentanil 12 MAP (mmHg) 83.1 ± 6.3 78.5 ± 6.2a 74.8 ± 5.3a 76.2 ± 5.8a

HR (time/min) 80.7 ± 7.2 76.1 ± 5.9a 73.7 ± 6.a 75.8 ± 6.5a

Control 12 MAP (mmHg) 82.8 ± 7.6 92.5 ± 7.3 89.2 ± 5.6 91.5 ± 8.2
HR (time/min) 79.6 ± 6.4 94.4 ± 9.8 90.5 ± 6.6 93.4 ± 7.

Table II. General information between remifentanil and control groups (n = 12, –x ± s).

Note: Statistically significant, ap < 0.05.

Gruop No. Parameters Before Drilling Intracranial Closure

Remifentanil 12 PCO2 (mmHg) 38.1 ± 4.3 38.5 ± 3.2 39.5 ± 5.0 41.2 ± 3.5
PaO2 (mmHg) 88.3 ± 6.4 87.5 ± 3.7 86.8 ± 4.4 86.2 ± 5.1

Control 12 PCO2 (mmHg) 37.3 ± 3.8 39.5 ± 4.5 38.7 ± 4.0 40.6 ± 3.8
PaO2 (mmHg) 87.3 ± 4.1 87.8 ± 4.4 88.1 ± 5.4 88.7 ± 3.5

Table III. Changes in respiratory parameters at selected time points (n = 12, –x ± s).

Nausea Cerebral Anesthetic Satisfatory
Gruop No Anxiety vomiting edema toxicity scores

Remifentanil 12 0 0 0 0 3.3 ± 0.6a

Control 12 0 0 0 0 2.4 ± 0.5

Table IV. Comparison of satisfactory scores between two groups (n=12).

Note: Statistically significant ap < 0.05.

had few complications associated with the anes-
thesia. Compared with control gruop, patients
with remifentanil showed better MAP and HR at
selected time points of operation and higher
scores of patient satisfaction.
Remifentanil is a µ-opioid receptor agonist

and has good analgesic effects with short dura-
tion of action and controllability. It is also capa-
ble of suppressing cardiovascular stress response
of surgery11,12. The low-dose regimen of remifen-
tanil could be routinely used to modify hemody-
namic responses to tracheal intubation in patients
with diverse hemodynamic characteristics13. And
the complication carsed by removal of LMA can
be reduced without any delay in recovery time14.
Using remifentanil as the sole analgesic allows
evaluation of the larynx with direct laryngoscopy
and other operation in conscious patient15-17. Ap-
plication of midazolam before surgery has multi-
ple effects of reducing anxiety, inducing hypno-
sis and anterograde amnesia, and increasing local
anesthetic seizure threshold. The combinational
use of remifentanil and midazolam in awake

Discussion

Applications of functional neuroimaging,
wake-upanesthesia, intraoperative electrophysio-
logical and lesion localization technologies in re-
cent years have significantly improved the quali-
ty of neurosurgery4,5. Although wake-up anes-
thetic craniotomy is safe and able to reduce pa-
tient’s anxiety and fear, it is still a complicated
procedure, in which patient’s consciousness does
not meet the requirements for live monitoring6,7.
Awake craniotomy technique is capable of

avoiding general anesthesia and enabling patents
to keep conscious and to communicate with doc-
tors throughout the operation. Thus, the surgical
doctors have better chance to precisely locate the
functional areas of brain and to remove tumors.
As a result, patients have lower rates of disease
relapse8-10. We have used local infiltrating anes-
thesia technique with remifentanil administered
by a small pump for brain surgery and the results
showed that the patients had excellent compli-
ance, cooperated well with surgical doctors and



craniotomy surgeries enables to facilitate the
rapid adjustment of analgesic depth and ensure
the patients’ cooperation, while reducing pa-
tients’ bad memories of the surgical operation.
Remifentanil has been reported to have many
side effects including respiratory depression,
nausea, vomiting and anxiety. Some research
showed remifentanil can improve respiratory pat-
tern and decreased inspiratory muscles effort in
patients, but did not affect oxygenation or seda-
tion18. However, the results of this study show
that values of PCO2 and PaO2 at selected time
points are all in the normal ranges when remifen-
tanil is administered at 0.05-0.1 µg/kg · min19,20

and that no carbon dioxide accumulation and hy-
poxic respiratory depression were observed, pos-
sibly due to the low dose of remifentanil, indicat-
ing that this dose can be safely used in such type
of surgery.
Despite the fact that patients well tolerated the

procedure due to the shallow locations of the tu-
mors and short duration of operations and that
the relatively smooth completion of the surgical
operation under the conscious sedation in this
study, we would like to suggest that the awake
anesthetic craniotomy would be better performed
for those patients who are relatively young with
good functions of heart and lungs, and strong
mentality, to make sure the safety and smooth co-
operation between patient and doctor throughout
the surgery. It often happens that some patients
are worried about the risks of wake-up anesthetic
craniotomy or misunderstand the steps of the
procedure, so they need to be educated in details
in advance about what they would see, hear and
feel during the surgical operation. It is usually
the case that the education of patients would
eliminate those worries. Besides the regular as-
sessments, it is important to assess patients’ addi-
tional capabilities including language, pattern
recognition, physical activity and tolerance of the
surgical procedures. Those patients unable to co-
operate or have language barriers or have mental
confusion should not be eligible for the awake
anesthetic craniotomy.
Sound monitoring during the surgical opera-

tion requires patient to full understand what is
going on and to cooperate well, there are current-
ly two methods for sound monitoring, one is to
ask patient to continuously count numbers and
speak out and the other to recognize certain
items. The method of counting numbers is rela-
tively easier to use and to detect the interruption
of the language; however, the areas in the brain

responsible for these two functions are separately
located. Electronic stimulation and functional
magnetic resonance imaging techniques have in-
dicated that item recognition is more precisely
located in the language areas of brain21.

Conclusions

In general, the use of remifentanil under the
condition of good local infiltrating anesthesia,
awake anesthetic craniotomy can be safely per-
formed with stable hemodynamics, few side ef-
fects and good patient satisfaction.
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