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Abstract: Dexmedetomidine sedation is generally considered a safe and effective anesthesia method. However, 
successfully controlling a patient’s anxiety, tension, and discomfort is still a challenge when using dexmedetomidine 
sedation during deep brain stimulation surgery. 31 patients with Parkinson’s disease who were undergoing sub-
thalamic nucleus deep brain stimulation treatment were enrolled in this study. Randomized case-control analysis 
was conducted with a local anesthesia (LA) group (n = 16) and a dexmedetomidine sedation (DEX) group (n = 15). 
The sedation protocol used bispectral index (BIS) feedback to guide the low-dose dexmedetomidine administration 
process. The indicators used for comparison between the 2 groups of patients undergoing deep brain stimula-
tion surgery included: discomfort degree, blood pressure control, amplitude of neuronal firing suppressed during 
microelectrode recording, as well as complications of intracranial hemorrhage, confusion, and seizure. The mean 
visual analog scale (VAS) score of discomfort degree in the DEX group was 2.33 ± 0.816, which was lower than that 
of the LA group (4.06 ± 0.68) (P = 0.000). The mean arterial pressure in the 2 groups was below 95 mmHg and 
decreased during the deep brain electrode implantation compared with the baseline value. One elderly patient with 
an inhibited microelectrode recording was identified in the DEX group, and one case of intracranial hemorrhage 
was identified in the LA group, with no other complications. BIS-guided dexmedetomidine sedation can significantly 
improve patients’ comfort and meet blood pressure requirements during deep brain stimulation surgery, compared 
with local anesthesia. Elderly patients with Parkinson’s disease require a reduced dose of dexmedetomidine.
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Introduction

Subthalamic nucleus deep brain stimulation 
(STN DBS) has been widely accepted as an 
effective treatment for advanced Parkinson’s 
disease. However, successfully controlling a 
patient’s anxiety, tension, and discomfort dur-
ing DBS surgery still remains a challenge for the 
anesthesiologist. Furthermore, electrode inser-
tion into the deep brain nucleus requires blood 
pressure control in order to reduce the risk of 
intracranial hemorrhage during microelectrode 
targeting. Dexmedetomidine sedation is gener-
ally considered a safe and effective anesthesia 
method. However, the administration of dexme-
detomidine varied significantly in previous stud-
ies [1-7], with loading doses ranging from 0.5  
to 1.0 μg/kg and maintenance doses ranging 

from 0.1 to 1.0 μg/kg/min. During dexmedeto-
midine sedation, deep sedation affects the ne- 
uronal discharge of the subthalamic nucleus 
and interferes with electrode positioning [7]. 
The bispectral index (BIS) and Ramsay Sedation 
Scale (RSS) are commonly used to evaluate 
sedation depth. Research [2] has shown that 
when the BIS was less than 80, the microelec-
trode recording of the subthalamic nucleus may 
be inhibited. In order to meet the sedation 
demands of the surgery, we designed a BIS-
guided low-dose dexmedetomidine administra-
tion process, and used a randomized case-con-
trol study to observe patients’ comfort, micro- 
electrode recording inhibition, and blood pres-
sure control during electrode implantation in 
deep brain stimulation surgery.
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Materials and methods

Parkinson’s disease patients undergoing deep-
brain electrical stimulation surgery with a sub-
thalamic nucleus target were included in the 
study. Patients excluded were those with BMI ≤ 
18.5 kg/m2, BMI ≥ 30 kg/m2, chronic obstruc-
tive pulmonary disease, coronary heart dis-
ease, diabetes mellitus, grade II or III atrioven-
tricular block, liver or kidney dysfunction, or use 
of antidepressants, and those older than 80 
years of age, as well as those who refused to 
participate. All patients admitted to the study 

us. After the microelectrode recording had de- 
termined the targeted motor region, the neuro-
surgeon implanted a stimulation electrode for 
clinical testing. The stimulation device was a 
4-point electrode (Medtronic 3389, USA). The 
stimulation frequency was 130-180 Hz, the 
wave width was 60 µs, and the stimulation volt-
age was 1-5 V. When the appropriate current 
intensity was administered, the patient’s trem-
or or stiffness symptoms improved, indicating 
that the therapeutic target was accurate. Me- 
anwhile, the neurophysiology physician deter-
mined whether the microelectrode recording 

Figure 1. Protocol for intraoperative management. DEX: dexmedetomidine; 
BIS: bispectral index; MER: microelectrode recording; TEST: Clinical testing.

signed informed consent for- 
ms. The study was approved  
by the Capital Medical Univer- 
sity Xuanwu Hospital Ethics 
Committee and was conducted 
in May 2016. The clinical trial 
registration number was Chi- 
CTR-IOR-16008464.

Surgical methods

All patients underwent nuclear 
magnetic resonance examina-
tion 1 day prior to surgery to 
determine the target location. 
On the morning of surgery, 
under local anesthesia with 1% 
lidocaine, the patient’s head 
was fixed in a Cosman-Robert-
Wells head frame, a computed 
tomography (CT) examination 
was performed, and the sub-
thalamic nucleus target was 
calculated through the recon-
struction of nuclear magnetic 
images. After the patient en- 
tered the operating room, his 
or her head was fixed to the 
surgical bed with the head fra- 
me. The neurosurgeon located 
the surgical incision site, cut 
the scalp at the site, drilled the 
skull, and cut open the dura 
mater (dura incision). A neuro-
physiology physician used a 
200-600 kΩ platinum/iridium 
electrode (Bowdoinham, ME, 
USA) for microelectrode record-
ing (MER) to determine wheth-
er the target position had re- 
ached the subthalamic nucle-
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was affected by the depth of sedation and 
whether the stimulation test was satisfactory.

Anesthesia methods

All patients fitted with head frames were br- 
ought into the operating room. An 18 G cathe-
ter was placed in the upper-limb peripheral ve- 
in, and ECG, non-invasive cuff blood pressure, 
and pulse oxygen saturation monitoring were 
established.

The patients were randomly divided into a dex-
medetomidine sedation (DEX) group and a lo- 
cal anesthesia (LA) group using Excel soft- 
ware-generated random numbers. The bispec-
tral index (Aspect, Vista Application Revision: 
3.20, USA) was used to monitor the patient’s 
sedation level in the DEX sedation group, and 
electrode pads were affixed to the forehead. 
After the patient’s extracranial frame was fixed 
to the operating bed, the dexmedetomidine 
bolus was started immediately. The loading 
dose was 0.5 μg/kg, and an intravenous pump 
bolus was administered for 10 min. After the 
pump bolus was finished, the continuous infu-
sion dose was adjusted to 0.2-0.5 μg/kg/min, 
according to the procedure (Figure 1). After 
shallow sedation was achieved, the skin inci-
sion was made. The dexmedetomidine bolus 
was stopped after the drilling had been com-
pleted. The patient was awakened during 
microelectrode recording and stimulation test-
ing. If the patient could not be awakened during 
the test, we waited until the patient had awak-
ened. The LA group received scalp 1% lidocaine 
local infiltration, but no sedative drugs.

The BIS was used to continuously monitor dex-
medetomidine sedation. This information was 
recorded and evaluated using the RSS after the 

90 mmHg or mean arterial pressure less than 
60 mmHg, 50 μg phenylephrine was adminis-
tered during each episode. If bradycardia oc- 
curred, 0.5 mg atropine was administered. The 
degree of discomfort during the deep-brain 
electrical stimulation procedure was assessed 
using the 10-degree visual analog scale (VAS: 
0, no discomfort; 10, absolute discomfort) [5] 
prior to pulse generator implantation.

Data collection

Data collected included the patient’s age, gen-
der, height, weight, approximate disease on- 
set date, Levodopa dosage, and other general 
information. Main end events included the VAS 
score of discomfort in patients undergoing 
deep brain stimulation and the number of pa- 
tients with microelectrode recording inhibition. 
Secondary clinical indicators included the re- 
corded RSS of baseline (T1), drilling (T2), left-
side electrode placement (T3), and right-side 
electrode placement (T4), as well as the mean 
arterial pressure (MAP), heart rate (HR), and 
pulse oxygen saturation (SPO2). Additionally, we 
recorded perioperative surgery-related compli-
cations such as intracranial hemorrhage, con-
fusion, and seizure. BIS values were continu-
ously collected for all patients using the BIS 
monitor. Electroencephalograms (EEGs) were 
acquired from the BIS monitor.

Statistical analysis

Statistical analyses were carried out using the 
Statistical Package for Social Sciences, Win-
dows version 16.0 (SPSS, Chicago, IL, USA). A 
p-value less than 0.05 was considered signifi-
cant. Normality of the data distribution was 
assessed using the Kolmogorov-Smirnov test. 
MAP, HR, BIS, SPO2, and VAS data with normal 

Table 1. Demographic data, basal MAP, and the amount of 
preoperative Levodopa used in the 2 study groups

DEX Group LA Group P-value
Age (y) 60.20 ± 8.40 58.38 ± 7.23 0.521
Weight (kg) 68.00 ± 9.44 62.84 ± 10.78 0.168
Sex (M/F) 10/5 12/4 0.556
MAP (mmHg) 90.24 ± 8.38 89.33 ± 9.10 0.478
Levodopa (mg) 516.67 ± 194.03 566.47 ± 191.58 0.774
Operation time (min) 82.53 ± 21.76 83.06 ± 32.32 0.958
DEX: dexmedetomidine, MAP: baseline mean blood pressure, Levodopa: 
preoperative levodopa dosage, Operation time: time from surgical incision to 
stimulation test completion.

completion of the dexmedetomidi- 
ne bolus. Oxygen masks with a flow 
of 3 L/min were used during deep-
brain electrode implantation. Dur- 
ing microelectrode implantation, 
antihypertensive therapy consisted 
of 0.5 mg/kg esmolol (when the he- 
art rate was greater than 60 beats/
min) and 5 mg urapidil (when the 
heart rate was less than 60 beats/
min), maintaining an average arte-
rial pressure targeted below 95 
mmHg. If hypotension occurred, wi- 
th systolic blood pressure less than 
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distributions were expressed as mean ± stan-
dard deviation. Maximum and minimum values 
of MAP, HR, BIS, and oxygen saturation were 
also recorded for the 2 groups. These data 
were compared using the Independent Sampl- 
es t-test. Repeated measurement data within 
groups were analyzed by the one-way analysis 
of variance (ANOVA) followed by the least sig-
nificant differences (LSD) method. Fisher’s 
exact test was used to compare DBS sur- 
gery complications. Pearson correlation analy-
sis was conducted for the BIS and RSS.

difference in general information between the 
2 groups, and there was no difference in basal 
blood pressure, approximate date of disease 
onset, or amount of preoperative Levodopa 
used (Table 1).

Deep brain stimulation surgical results

There were 3 cases of unilateral electrode im- 
plantation and 12 cases of bilateral electrode 
implantation in the DEX group, and 3 cases of 
unilateral electrode implantation and 13 cases 

Table 2. Intraoperative MAP, HR, BIS, and SPO2 between the DEX and LA groups

Data Time
DEX Group LA Group

p-value
DEX Group LA Group

Mean, SD Mean, SD Min Max Min Max
MAP T1 98.07 ± 11.62 101.19 ± 8.79 0.404 76.00 117.00 85.00 120.00

T2 91.40 ± 14.06 96.19 ± 10.55 0.290 71.00 126.00 80.00 118.00
T3 86.13 ± 8.74§ 89.85 ± 6.87§ 0.228 63.00 95.00 77.00 99.00
T4 84.73 ± 7.91§ 88.31 ± 8.57§ 0.276 72.00 100.00 69.00 106.00

HR T1 79.27 ± 11.14 81.56 ± 13.29 0.607 58.00 97.00 62.00 108.00
T2 72.13 ± 10.16 84.44 ± 12.48 0.006 44.00 83.00 63.00 104.00
T3 72.83 ± 8.74 84.77 ± 12.42 0.011 52.00 82.00 64.00 112.00
T4 74.80 ± 10.73 82.50 ± 14.43 0.104 50.00 99.00 56.00 116.00

BIS T1 94.08 ± 4.09 93.46 ± 3.36 0.679 83.00 98.00 85.00 98.00
T2 79.62 ± 10.10§ 91.46 ± 3.82 0.001 53.00 90.00 86.00 98.00
T3 87.30 ± 6.96* 90.73 ± 4.29 0.186 74.00 96.00 83.00 98.00
T4 84.38 ± 8.09§ 91.46 ± 4.65 0.012 68.00 97.00 85.00 98.00

SPO2 T1 97.40 ± 1.40 98.25 ± 1.44 0.107 95.00 100.00 95.00 100.00
T2 96.80 ± 2.31 97.50 ± 1.83 0.406 92.00 100.00 96.00 100.00
T3 96.67 ± 2.06 97.15 ± 1.72 0.527 94.00 100.00 95.00 100.00
T4 97.00 ± 1.96 97.43 ± 1.71 0.513 94.00 100.00 95.00 100.00

*P < 0.05 compared with the baseline (T1), §P < 0.01 compared with the baseline (T1). MAP: mean arterial pressure, HR: heart 
rate, BIS: bispectral index, SPO2: pulse oxygen saturation. Data were expressed as mean ± SD, minimum, maximum. T1: base-
line; T2: drilling; T3: left side electrode placement; T4: right side electrode placement.

Figure 2. A case of microelectrode recording under dexmedetomidine seda-
tion. During the recording period, the patient had a BIS of 65 and an RSS 
of 5 (A). The arrow indicates the potential change recorded by the micro-
electrode after entering the subthalamic nucleus. The firing rate increased 
sharply after the patient awoke (B). (A) Sedated state, (B) Waking state.

Results

Demographics and baseline 
characteristics

A total of 31 patients with 
Parkinson’s disease were in- 
cluded in this study, including 
6 cases of unilateral deep-br- 
ain electrical stimulation and 
25 cases of bilateral deep-br- 
ain stimulation. No cases we- 
re excluded. After random gr- 
ouping, there were 15 patients 
in the dexmedetomidine (DEX) 
sedation group and 16 cases 
in the local anesthesia (LA) 
group. There was no significant 
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of bilateral electrode implantation in the LA 
group. During the stage of deep brain stimula-
tion, the operation time from surgical incision 
to stimulation test completion was 82.53 ± 
21.76 min in the DEX group, which did not  
differ significantly from that of the LA group 
(83.06 ± 32.32 min, P > 0.05; Table 1). 
Microelectrode recording and positioning was 
performed on each side of the subthalamic 
nucleus in all patients. There were 2 cases of 
microelectrode adjustment in the LA group;  
the microelectrode positions of the remaining 
cases were satisfactory.

There was 1 case of intracranial hemorrhage, 
confirmed by postoperative CT, in a 52-year-old 
male patient in the LA group (1/16), which had 
improved at discharge after conservative treat-
ment. This patient’s preoperative mean arterial 
pressure in the ward was 97 mmHg, and up  
to 114 mmHg during the drilling. After being 
administered 320 mg esmolol and 40 mg ur-
apidil, the mean arterial pressure on both sid- 
es during the drilling was 87-89 mmHg. There 
were no cases of intracranial hemorrhage in 
the DEX group (0/15, P > 0.05 compared with 
LA group). No other patients in the 2 groups 
experienced complications.

Anesthesia management results

15 patients were managed using BIS and RSS 
evaluations. 5 cases required the infusion of 
only a single loading dose and 10 cases need-
ed a loading dose plus continuous infusion. 
The continuous infusion time was 30.40 ± 7.01 
min after administration of the loading dose.

During deep brain stimulation, the VAS score of 
the DEX group had a mean value of 2.33 ± 
0.82. This was lower than the 4.06 ± 0.68 value 
of the LA group (P = 0.000). The mean arterial 
pressure in the 2 groups was less than 95 
mmHg and decreased during deep-brain elec-
trode implantation compared with the baseline 
value (P < 0.01). There was no significant differ-
ence in mean arterial pressure between the 2 
groups during deep-brain electrode implanta-
tion (Table 2). A 77-year-old in the DEX group 
experienced a subthalamic nucleus microelec-
trode recording inhibition; the BIS showed a 
burst suppression. The amplitude of subtha-
lamic nucleus firing increased after the patient 
was awakened. This event did not affect the 
determination of the targeted subthalamic nu- 
cleus (Figure 2).

As expected, the BIS was significantly lower in 
the DEX group than in the LA group at the  
time of drilling. This study found that dexme-
detomidine loading dose administration redu- 
ced the BIS from 94 to a minimum of 53 over 
10 min. An unexpected result was that the BIS 
remained lower in the DEX group after the right 
electrode was implanted. The mean heart rate 
was lower in the DEX group than in the LA group 
at the time of skull drilling and left electrode 
implantation. There was no significant differ-
ence between the 2 groups in oxygen satura-
tion during drilling and electrode implantation 
(Table 2). There was also no significant differ-
ence in administration of the antihypertensive 
drugs urapidil (DEX 46.7% vs. LA 75.0%, P = 
0.149) or esmolol (DEX 40.0% vs. LA 56.2%, P 
= 0.479).

We collected 57 pairs of BIS and RSS data and 
found that the 2 variables were negatively cor-
related, R = -0.637 (Figure 3). The mean RSS of 
the DEX group was 3.17 ± 1.03 at the time of 
left electrode insertion and 3.08 ± 1.31 at the 
time of right electrode insertion.

One patient receiving a 0.5 μg/kg dose of dex-
medetomidine was observed to have an inhibi-
tion of subthalamic nucleus discharge. We ob- 
served burst suppression after administration 
of the dexmedetomidine bolus (Figure 4) in this 
patient. From the trend graph, it can be seen 
that when the BIS was below 70, the EMG also 
decreased significantly, which may have led to 
the lessening of the patient’s tremor symp-

Figure 3. Correlation between the BIS and RSS in 
the DEX group. Pearson r = -0.637, P = 0.000. BIS: 
bispectral index, RSS: Ramsay Sedation Scale.
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toms. Therefore, the stimulation test was de- 
layed, but the MER and stimulation test results 
of the patient were not affected. Additionally, 
we also found that in 5/15 cases of the DEX 
group, when the patients opened their eyes by 
themselves the BIS EEG exhibited an “eye blink 
wave”, which was consistent with blinking. Wh- 
en the patients entered a shallow sedation 
state, their eyes closed and the “blink wave” 
disappeared (Figure 5), accompanied by a 
decrease in the BIS value.

Discussion

Dexmedetomidine is an α2-adrenergic receptor 
agonist, which mainly acts on the central locus 
coeruleus and spinal cord α2 receptor, result-
ing in a sedative and analgesic effect. It is wide-
ly used in deep-brain electrical stimulation, and 
its safety and effectiveness have been fully 
confirmed [1, 2, 5, 7-15]. In particular, its respi-
ratory safety is superior to that of propofol. 
According to the results of a literature review 
[16], the dexmedetomidine ED95 is 0.38 μg/kg 
for those older than 65 years and 0.57 μg/kg 
for those aged 45 to 64 years. Since the aver-
age ages of the patients included in this study 

of dexmedetomidine sedation. By monitoring 
the BIS and RSS in ICU patients, one study  
[17] discovered that when the RSS = 3, the  
BIS was 81.42 ± 14.85. Therefore, for seda- 
tion management designed to control a pa- 
tient in a shallow sedation state, the initial 
threshold of the BIS was set to 80 and the  
RSS was set to 3.

The overall VAS discomfort score of the DEX 
group during drilling and electrode implantation 
was lower than that of the LA group, demon-
strating the effectiveness of dexmedetomidine 
sedation. After dexmedetomidine sedation, th- 
ere was no significant difference in blood pres-
sure during drilling and electrode implantation 
compared to the LA group. There was also no 
significant difference in the administration of 
antihypertensive drugs. The mean arterial pres-
sure during electrode implantation was less 
than 95 mmHg. This finding indicates that dex-
medetomidine does not reduce the need for 
antihypertensive drugs, though this may be due 
to the low dose of dexmedetomidine that was 
used. This is consistent with the results of pre-
vious research [6]. Dexmedetomidine sedation 
also had a significant effect on heart rate. Dur- 

Figure 4. A typical case of continuous monitoring of BIS, EMG, and SR 
trends during deep brain stimulation surgery. 24 min after dexmedetomi-
dine (0.5 μg/kg) administration, the patient fell asleep; at this time, BIS = 
50 and RSS = 4. During drilling, the BIS value increased after the patient 
was awakened. Before MER, the patient was awakened, the BIS value rap-
idly increased, and MER and TEST were successfully completed. This shows 
that the EMG decreases during dexmedetomidine sedation, suggesting 
that dexmedetomidine may reduce EMG activity via deep sedation. Burst 
suppression (↓) was observed simultaneously with dexmedetomidine deep 
sedation.

were 60.20 years (DEX group) 
and 58.38 years (LA group),  
we used 0.5 μg/kg as the initi- 
al loading dose. A previous st- 
udy had suggested that a BIS 
lower than 80 can inhibit mi- 
croelectrode recording [2]. De- 
ep sedation with dexmedetomi-
dine can reduce the firing rate 
of target nuclei [11], but one 
study found that dexmedetomi-
dine increased the subthalam-
ic nucleus discharge frequency 
[7]. In addition, either the RSS 
[5, 13] or the Observer’s As- 
sessment of Alertness/Seda- 
tion (OAA/S) [1, 11] is com- 
monly used to monitor seda-
tion during deep-brain electri-
cal stimulation, controlling for 
an RSS ≤ 3 or an OAA/S ≥ 3. 
Since the RSS is based on the 
patient’s response to the envi-
ronment and the BIS is based 
on EEG analysis, the combina-
tion of the 2 methods can im- 
prove the monitoring accuracy 
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ing drilling, the heart rate in the sedation gr- 
oup was lower than that in the LA group, with a 
minimum value of 44 beats per minute. Past 
research [18] has shown that the heart rate 
was less than 50 beats per minute during dex-
medetomidine infusion. Therefore, attention sh- 
ould be paid to hemodynamic changes during 
dexmedetomidine sedation in Parkinson’s dis-
ease patients.

In this study, the discharge of the subthalamic 
nucleus could be inhibited when deep sedation 
occurred in a Parkinson’s patient (Figure 2). 
However, the inhibition due to dexmedetomi-
dine was reversible. The sedation effect of dex-
medetomidine is dose-dependent and charac-
terized by natural non-rapid eye movement 
sleep [19], as well as the existence of a wake-
up system function. We therefore speculate 
that dexmedetomidine has an indirect inhibito-
ry effect on the electrical activity of subtha- 
lamic nucleus neurons, which can be reversed 
after awakening.

The dexmedetomidine loading dose helps to 
relieve the discomfort caused by surgical pro-
cedures such as skin incision, drilling, and dura 
incision. Thus, we recommend the infusion of a 
dexmedetomidine loading dose 10 min before 
skin incision. A previous study [16] found that a 
single dose of less than 0.5 μg/kg could ensure 
a sedation time of 30 min, and some patients 
with only unilateral deep-brain electrical stimu-
lation were given only a loading dose to meet 
the sedation requirement. In this study, we fou- 
nd that dexmedetomidine still had a sedation 
effect during the MER and stimulation test 
stages, with minimum BIS values of 74 and 68, 
respectively (Table 2). Therefore, dexmedeto-
midine administration should be stopped after 
drilling. Another study [8] recommends stop-
ping drug infusion at least 15 minutes before 
MER. In addition, we observed that the micro-
electrode recording of an elderly patient was 
inhibited after the application of dexmedeto- 
midine (Figure 2). A previous investigation had 

Figure 5. Eye blink wave in electroencephalogram, 50 μv/division. A. Before the sedation, patient awake; BIS = 
97 and RSS = 2. EEG showed an eye blink wave (↑) and blink synchronization. B. After 13 min of 0.5 μg/kg DEX 
infusion, BIS = 73, RSS = 4, the “blink wave” disappeared. C. After awakening, the “blink wave” was recovered (↑); 
BIS = 97.7, RSS = 2. BIS: bispectral index, RSS: Ramsay Sedation Score.
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shown that up to 46% of elderly patients have 
RSS values of 5-6 from a 0.5 μg/kg bolus [14]. 
Also, an age greater than or equal to 64 years  
is an independent risk factor for postoperative 
complications in patients with Parkinson’s dis-
ease [6, 10]. Therefore, the single loading dose 
of dexmedetomidine should be reduced in 
elderly patients. Moreover, since research [20] 
has also indicated that dexmedetomidine ad- 
ministered at a rate of 0.2 μg/kg/min for 30 
min can reduce cerebral blood flow, it is impor-
tant to avoid hypotension during deep brain 
stimulation in elderly patients with Parkinson’s 
disease. In addition, since hypertension can 
cause intracranial hemorrhage, reducing blood 
pressure fluctuations by effectively controlling 
pain and tension during deep brain stimulation 
is of particular importance.

In this study, the BIS and RSS were significant- 
ly negatively correlated. The monitoring relia- 
bility of dexmedetomidine sedation depth has 
been reported using the bispectral index [18, 
21, 22]. In this study, we found that BIS moni-
toring could assess patients’ anxiety states, 
and BIS-acquired forehead EEGs showed po- 
tential changes synchronized with eye blink 
waves, which disappeared after the patient fell 
asleep, suggesting that BIS EEG changes are 
an effective method of judging the sedation 
effect. Therefore, anesthesiologists need to 
pay attention not only to changes in BIS values, 
but also to changes in EEGs, to ensure an ac- 
curate analysis of the patient’s sedation depth. 
Compared to the traditional sedation standard 
of an RSS = 3, administering sedative treat-
ment under the guidance of BIS monitoring  
was more secure and effective. Previous re- 
search [17] has found that an RSS of 3 corre-
sponds to a BIS value of 81.4 ± 14.9. It is 
apparent that the BIS has a broader range of 
values than the RSS and can better quantify 
the level of sedation, while the RSS scoring sys-
tem can reduce the error of BIS variations in 
sedation level monitoring. Therefore, the com-
bined application of the RSS and BIS is an 
effective method for monitoring sedation.

This study has a few limitations: (1) It was con-
ducted in a single center, with relatively few 
cases; (2) No blind method was used in the 
safety assessment of dexmedetomidine; (3) 
The firing frequency of subthalamic neurons 
was not quantified. Our study did not track the 

changes in BIS, MAP, HR, or SPO2 parameters 
over time, instead using surgical procedures  
as observational time points, since all patients’ 
operations were relatively consistent. The main 
goal of our study was to observe changes in  
the parameters at various surgical time points, 
since it was easy to grasp the patient’s seda-
tion and physiological states during surgery 
after the administration of dexmedetomidine, 
thus helping us to better evaluate the effect of 
dexmedetomidine sedation.

In conclusion, our study results suggest that 
the use of BIS-guided dexmedetomidine seda-
tion can improve patient comfort and meet 
blood pressure requirements during microelec-
trode recording, compared to local anesthesia. 
In addition, elderly patients with Parkinson’s 
disease require a reduced dose of dexmedeto- 
midine.
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