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Abstract: Objective: To explore the analgesic and sedative effects of intrathecal dexmedetomidine (DEX) during
lower limb fracture surgery. Methods: We prospectively studied 88 patients undergoing elective lower limb fracture
surgery and divided them into the DEX group (n=44) and midazolam (MID) group (n=44) by a random number table.
Either dexmedetomidine infusion (DEX group) at a dose of 1 ug/kg, or midazolam infusion (MID group) at a dose of
0.05 mg/kg was used for the patients who received successful intrathecal anesthesia to maintain the anesthetic
effect. The levels of sedation and anesthesia and parameters of stress reactions, hemodynamic, respiratory and
circulatory functions were compared perioperatively at different time points between the two groups, and the post-
operative mental status, cognitive function and incidence of adverse reactions were compared between the two
groups. Results: At T2 and T3, the mean arterial pressure, heart rate and arterial partial pressure of carbon dioxide
showed significantly better results in the DEX group than in the MID group (all P<0.05). The pressure pain threshold
was significantly higher (P<0.001), and the auditory evoked potential index, Ramsay Sedation Score (P<0.05 or
P<0.001), and serum levels of norepinephrine, epinephrine and cortisol (P<0.001) were significantly lower in the
DEX group than in the MID group. After the surgery, the Mini-Mental State Examination scores were significantly
higher (P<0.01), and the total incidence of adverse reactions such as agitation and respiratory depression were sig-
nificantly lower in the DEX group than in the MID group (P<0.05). Conclusion: Intrathecal DEX is ideal for procedural
anesthesia and sedation during lower limb fracture surgery, which reduces intraoperative stress reactions signifi-
cantly, maintains respiratory and circulatory stability, and exerts mild postoperative effects on mental and cognitive
functions, with few adverse reactions such as respiratory depression.
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Introduction other vital signs, which further lead to periop-
erative metabolic disorders, abnormal cardiac

Lower limb fractures are common orthopedic function, etc. Meanwhile, most patients endure

injuries. As transportation and economy devel-
op rapidly, lower limb fractures such as frac-
tures of the tibia, fibula, femur and phalanges
have increased in recent years due to various
reasons, accounting for 25.0% of all limb frac-
tures [1]. Intrathecal anesthesia is commonly
used for lower limb fracture surgery, with the
advantages of being a simple operation, rapid
onset of action, and effective anesthetic block-
age. However, it is reported that intrathecal
anesthesia can cause complications like cogni-
tive dysfunctions, and intraoperative proce-
dures (e.g., traction) can result in stress reac-
tions of different degrees of severity and induce
changes in blood pressure (BP), respiration and

severe postoperative pain, which seriously
affects their rehabilitation and quality of life [2].
Generally, sedative and analgesic drugs are
supplemented to ensure the safety of anesthe-
sia, and reduce the physical and mental dam-
age so as to minimize stress reactions and rel-
evant complications caused by surgical anes-
thesia. Hence the use of such drugs is of great
concern in clinical practice [3]. Dexmedetomi-
dine (DEX) is a new type of o-2 adrenoreceptor
agonist characterized by potent effect, high
selectivity, short onset time and rapid recovery,
which can effectively decrease sympathetic
nerve activity. Owning to having potent seda-
tive, analgesic and hypnotic properties, dexme-
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Table 1. Comparison of general data (X * sd, n)

General data MID group (n=44) DEX group (n=44) P t/x?
Gender (male/female) 24/20 23/21 0.831 0.045
Age (year) 58.9+13.3 59.2+14.1 0.892 0.135
ASA grading (Grade I/11) 25/19 24/20 0.830 0.045
Cause of injury High falling 12 11 0.724 0.124
Traffic accident 19 20
Direct violence 8 9
Others 5 4
Operative method Open reduction 19 21 0.776 0.080
Closed reduction 17 16
Replacement 8 7

Note: DEX: dexmedetomidine; MID: midazolam; ASA: American Society of Anesthesiologists.

detomidine has become a commonly used
adjuvant for surgical anesthesia [4]. To date,
studies of intrathecal dexmedetomidine during
lower limb fracture surgery have showed cer-
tain positive results, but there is still a lack of
research on its sedative and analgesic effect,
stress reactions and adverse reactions. The-
refore, we investigated the analgesic and seda-
tive effects of intrathecal dexmedetomidine
during lower limb fracture surgery, hoping to
provide a theoretical basis for clinical practice.

Materials and methods
General data

A total of 88 patients undergoing elective lower
limb fracture surgery in the China Coast Guard
Hospital of the People’s Armed Police Forces
from October 2017 to June 2019 were enrolled
and divided into the DEX group and midazolam
(MID) group using a random number table, with
44 cases in each group.

The included patients aged 18 to 80 years old,
were diagnosed with grade | or Il lower limb
fractures defined by the American Society of
Anesthesiologists (ASA) and accorded with the
indications for surgery [5]. All patients volun-
teered to participate in this study and gave
their written informed consent. Additionally,
patients were excluded if they had mental and
psychological diseases (e.g., cognitive dysfunc-
tion, and depression), important organ diseas-
es and malignant tumors (e.g., diseases in liver,
kidney, spleen and lung), or other types of frac-
tures (e.g., upper limb fractures). Patients were
also excluded because of systemic infection,
immune system diseases, incomplete data or
death.

6748

As is shown in Table 1, there was no significant
difference in gender, age, ASA grading, cause
of fracture, surgical methods, etc. between the
two groups (all P>0.05), suggesting the two
groups were comparable. Ethics approval for
the study was given by the Ethics Committee of
China Coast Guard Hospital of the People’s
Armed Police Forces.

Surgical methods

All patients routinely fasted for 12 h. After
admission to the operating room, complete pre-
operative preparation was performed, includ-
ing nasal catheter oxygen inhalation (3 L/min),
establishment of upper limb venous access,
and infusion of sodium lactate Ringer’s solution
(Shanghai Zcibio Technology Co., Ltd., China)
(8-10 mL/kg). Besides, the multifunctional
electronic monitor (Criticare Systems Inc., USA)
was also used for closely monitoring electrocar-
diogram, heart rate (HR), BP, saturation and
other indicators. The patients were placed in
the lateral decubitus position, and received
intrathecal anesthesia at the L, , interspace
using 1.0% lidocaine (Guangzhou Hongcheng
Biological Technology Co., Ltd., China) and
0.375% ropivacaine (Wuhan Biocar Bio-phar-
maceutical Co., Ltd). All patients were anesthe-
tized below T, level. After successful intrathe-
cal anesthesia, the patients in the DEX group
were given DEX (Anhui Dexinjia Biopharm Co.,
Ltd., China) at a dose of 1 ug/kg over a period
of 15 min through intravenous pump, followed
by a continuous dose of 0.2-0.4 ug/(kg-h), and
patients in the MID group were given midazol-
am (MID) at a dose of 0.05 mg/kg through
intravenous pump (Jiangsu Jiuxu Pharma-
ceutical Co., Ltd., China). Before the surgery,
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the patient’s vital signs were closely monitored.
If systolic BP decreased to less than 90 mmHg,
ephedrine (Brilliant Pharmaceutical Co., Ltd.,
Chengdu, China) was moderately administered
to increase the BP. If the heart rate reduced to
50 beats/min, 0.5 mg atropine (Changchun
Changhong Pharmaceutical Co., Ltd., China)
was administered to accelerate the heart rate.

Outcome measures

The parameters of respiratory and circulatory
function and stress reactions, as well as levels
of sedation and anesthesia were measured at
the following stages: before surgery (TO), 10
minutes after administration (T1), 60 minutes
after administration (T2), and immediately after
surgery (T3).

Respiratory and circulatory parameters: The
mean arterial pressure (MAP), HR, arterial par-
tial pressure of oxygen (Pa0,) and carbon diox-
ide (PaCO,) were compared at different time
points between the two groups.

Levels of sedation and anesthesia: The audito-
ry evoked potential index (AAl), pressure pain
threshold (PPT) and Ramsay Sedation Score
(RSS) were compared at different time points
between the two groups [6-8]. Among them,
the AAl was measured by Depth of Anesthesia
Monitor TD-3200A. The RSS was evaluated
using a double-blind protocol by senior anes-
thesiologists who did not participate in the sur-
gery. The sedation level that ranged from 1 to 6
points was classified as anxious and agitated
or restless or both (1 point), cooperative, ori-
ented and tranquil (2 points), respondes to
commands only (3 points), brisk response to
glabellar tap or loud auditory stimulus (4
points), sluggish response to glabellar tap or
loud auditory stimulus (5 points), and no
response (6 points). One point was given for a
poor sedative effect, 2-3 points for the best
sedative effect, and 4-6 points for excessive
sedation. The PPT was assessed using an IITC
electric von Frey anesthesiometer in the medial
side of the brachioradialis muscle in the fore-
arm and the measurements were performed 3
times each to obtain the mean value.

Stress reaction parameters: The serum levels
of norepinephrine (NE), epinephrine (E) and
cortisol (COR) were compared at different time
points between the two groups. Fasting venous
blood (3 mL) was collected from each patient,
followed by centrifugation of sediment at 3,000
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r/min for 10 min. Then the serum E and NE lev-
els were determined by high performance liquid
chromatography, and the serum COR levels
were measured by radioimmunoassay using a
kit purchased from Shanghai Hengyuan Bio-
logical Technology Co., Ltd.

Cognitive function parameters: The scores of
Mini-Mental State Examination (MMSE) at 2
hours and 1 day postoperatively were com-
pared before and after surgery between the
two groups. The total score of MMSE was 30
points, with a score of >27 indicating normal
cognitive function.

Incidence of adverse reactions: The total inci-
dence of agitation, respiratory depression and
other adverse reactions was compared after
the surgery between the two groups.

Statistical analysis

Data analyses were performed with SPSS 24.0
software. The measurement data with the nor-
mal distribution were expressed as mean =+
standard deviation (X * sd), and t-test was
used for the comparison between the two
groups. Chi-square test (x? test) was adopted
for the comparison of enumeration data ex-
pressed as the case/percentage (n/%). P<0.05
was considered statistically significant.

Results

Comparison of respiratory and circulatory
functions at different time points

At TO and T1, no significant difference was indi-
cated in the MAP, HR, PaO2 and PaCO2 between
the two groups (all P>0.05). At T2 and T3, MAP
and HR levels were significantly lower (both
P<0.001), and the PaCO, was significantly high-
er in the DEX group than in the MID group
(P<0.05 or P<0.01). There was no significant
difference in the Pa0, between the two groups
(P>0.05). Besides, MAP and HR levels in both
groups were significantly lower, and the Pa0, in
both groups and the PaCO, in the DEX group
were markedly higher at T1, T2 and T3 than at
TO (all P<0.05). See Table 2 and Figure 1.

Comparison of levels of sedation and anesthe-
sia at different time points

At TO and T1, no significant difference was indi-
cated in AAl, PPT and RSS between the two
groups (all P>0.05). At T2 and T3, AAl and RSS
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Table 2. Comparison of respiratory and circulatory functions at different time points (X * sd)

ltems Group TO T1 T2 T3
MAP (mmHg) DEX group (n=44) 98.63+10.39 86.92+8.87" 73.07+8.52"### 75.2949.41"###
MID group (n=44) 99.45+9.82 90.61+9.43" 87.36+8.96" 91.04+10.39"
HR (beats/min)  DEX group (n=44) 83.90+10.22  74.82+8.74" 66.75+8.42"### 69.15+8.98"###
MID group (n=44) 84.16+9.83 80.47+9.22" 75.91+£10.35" 77.83+8.25"
Pa0, (mmHg) DEX group (n=44) 98.73+13.29 192.53+20.40" 213.27+24.43" 230.74+20.86"
MID group (n=44) 98.31+14.06 188.39+18.68" 205.58+22.91" 211.82+21.45"
PaCO, (mmHg)  DEX group (n=44) 35.87+4.25 41.21+4.40" 40.18+5.07"* 39.3444.73"#
MID group (n=44) 36.05+4.17 39.52+4.95 37.25+4.51 36.85+4.04
MAP (P, t) 0.705,0.381 0.144, 1.476 <0.001, 6.115 <0.001, 7.043
HR (P, t) 0.835,0.209 0.113,1.601 <0.001, 4.849 <0.001, 4.619
Pao, (P, 1) 0.807,0.245 0.432,0.790 0.291, 1.063 0.204, 1.281
PaCo, (P, t) 0.849,0.191 0.204,1.281 0.032, 2.180 0.003, 3.052

Note: Compared with MID group, #P<0.05, #P<0.01, and ##P<0.001; compared with TO in the same group, ‘P<0.05. DEX: dex-
medetomidine; MID: midazolam; MAP: mean arterial pressure; HR: heart rate; Pa02: arterial partial pressure of oxygen; PaCOz:

arterial partial pressure of carbon dioxide.
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Figure 1. Comparison of respiratory and circulatory parameters at differ-
ent time points. A: MAP at different time points; B: PaCO, at different time
points; C: Pa0, at different time points; D: HR at different time points; Com-
pared with MID group, #P<0.05, #P<0.01 and #*#P<0.001; compared with
TO in the same group, “P<0.05. DEX: dexmedetomidine; MID: midazolam;
MAP: mean arterial pressure; HR: heart rate; Pa0,: arterial partial pressure
of oxygen; PaCO,: arterial partial pressure of carbon dioxide.

at TO (P<0.05). See Table 3
and Figure 2.

Comparison of stress reac-
tions at different time points

At TO and T4, no significant dif-
ference was indicated in se-
rum levels of NE, E and COR
between the two groups (P>
0.05). At T2 and T3, the serum
levels of NE, E and COR in the
DEX group were significantly
lower than those in the MID
group (P<0.001). In addition,
the serum levels of NE, E and
COR in the MID group were
significantly higher at T1, T2
and T3 than at TO; the serum
levels of NE, E and COR in the
DEX group were significantly
higher, and the serum COR
level in the MID group was
markedly higher at T2 and T3
than at TO (all P<0.05). See
Table 4 and Figure 3.

Comparison of cognitive func-

were significantly lower (P<0.05 or P<0.001),
and PPT was markedly higher in the DEX group
than in the MID group (P<0.001). Further-
more, AAl in both groups was significantly lower,
PPT in both groups was markedly higher, and
RSS in the MID group was much higher at T1,
T2 and T3 than at TO (all P<0.05). RSS in DEX
group was significantly higher at T2 and T3 than
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tion before and after surgery

At 1 day preoperatively, no significant differ-
ence was indicated in the MMSE scores bet-
ween the two groups (P>0.05). At 2 hours and 1
day postoperatively, the MMSE scores in the
DEX group were much higher than those in the
MID group (all P<0.01). Moreover, the MMSE
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Table 3. Comparison of levels of sedation and anesthesia at different time points (X * sd)

Iltems Group TO T2 T3
AAl (points) DEX group (n=44) 76.93+10.46 56.03+8.74" 40.53+6.09"### 51.70+10.83"#
MID group (n=44) 76.50+10.73 59.18+8.29" 50.81+8.56" 56.94+11.35"
PPT (mmHg) DEX group (n=44) 105.82+12.89 126.44+14.56° 153.68+12.90"### 167.43+14.48"###
MID group (n=44) 106.77+13.04 121.06+13.72" 130.43+11.36" 135.32+12.06"
RSS (points) DEX group (n=44)  1.90+0.41 2.11+0.36 2.47+0.51"## 2.25+0.46™###
MID group (n=44)  1.88+0.39 2.45+0.40" 3.62+0.66" 3.28+0.62"
AAl (P, 1) 0.849, 0.190 0.133, 1.518 <0.001, 6.633 0.021, 2.345
PPT (P, t) 0.634,0.478 0.086, 1.735 <0.001, 12.628 <0.001, 11.998
RSS (P, t) 0.815, 0.234 0.105, 1.641 <0.001, 9.146 <0.001, 8.198

Note: Compared with MID group, #P<0.05, ##P<0.001; compared with TO in the same group, “P<0.05. DEX: dexmedetomidine;
MID: midazolam; AAl: auditory evoked potential index; PPT: pressure pain threshold; RSS: Ramsay Sedation Score.
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abdominal surgery, with the
advantages of being a potent
analgesic and having muscle
relaxant effects as well as low
cost. Intrathecal anesthesia is
different from general anes-
thesia. During the whole pro-
cess of intrathecal anesthesia,
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Figure 2. Comparison of levels of
sedation and anesthesia at dif-
ferent time points. A: AAl at differ-
ent time points; B: PPT at different
time points; C: RSS at different time
points. Compared with MID group,
#P<0.05, ##P<0.001; compared with
TO in the same group, “P<0.05. DEX:
dexmedetomidine; MID: midazolam;
AAl: auditory evoked potential index;
PPT: pressure pain threshold; RSS:
Ramsay Sedation Score.

patients are conscious with
complete memory of surgery
when undergoing surgical pro-
cedures (e.g., invasive proce-
dures, use of tourniquet, and
immobilization). Since these
procedures can cause stress
reactions of different degrees
of severity, and even induce
respiratory depression, cogni-
tive impairment and other seri-

scores in the the MID group were significantly
lower at 2 hours and 1 day postoperatively
than at 1 day preoperatively (P<0.05). The
MMSE scores in the DEX group were signifi-
cantly lower at 2 hours postoperatively than at
1 day preoperatively (P<0.05). See Table 5.

Comparison of incidence of adverse reactions
postoperatively

The incidence of adverse reactions (e.g., respi-
ratory depression, agitation, nausea and vomit-
ing, shivering, and dizziness) in the DEX group
was significantly lower than that in the MID
group (P<0.05). See Table 6.

Discussion

Intrathecal anesthesia is commonly used for
patients undergoing lower limb and lower
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ous complications, the use of

sedative drugs is often requir-
ed in surgery. Stress reactions mainly refer to
the non-specific adaptive responses of the sy-
mpathetic nervous system and the hypothala-
mus-pituitary-adrenocortical axis to noxious
stimulations such as surgery or trauma. Under
normal circumstances, the changes are adap-
tive but can lead to direct health damage,
reduce the quality of prognosis and increase
the risk of complications when stress is exces-
sive [9]. Hence, improving sedative effect dur-
ing intrathecal anesthesia and reducing stress
reaction is the basis for rapid recovery.

Adjuvant drugs for anesthesia and sedation
are essential to reduce stress reactions. For
instance, MID, a new benzodiazepine receptor
agonist, can inhibit regulatory proteins to en-
hance the y-aminobutyric acid (GABA) effect,
inducing a sedative-hypnotic state, muscle-
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Table 4. Comparison of stress reactions at different time points (X + sd)

ltems Group TO T1 T2 T3
NE (ng/L) DEX group (n=44) 258.91+58.26 280.83+65.02 318.76+72.93"## 336.15+74.40"##
MID group (n=44) 260.15+59.03 293.40+71.58° 449.58+80.62" 473.78+83.07"
E (pmol/L) DEX group (n=44) 229.45+52.96 242.35+56.20 423.91+62.07"** 540.73+67.95"
MID group (n=44) 231.09+53.42 251.66+61.33" 598.64+81.36" 703.60+88.34"
COR (nmol/L) DEX group (n=44) 407.73+56.37 424.09+65.68 603.83+77.49™## 721.46+92.52"##
MID group (n=44) 408.63+55.94 441.73+70.45 785.37+82.75" 853.85+103.23"
NE (P, t) 0.878,0.154  0.389, 0.866 <0.001, 11.061 <0.001, 8.131
E(P1) 0.810,0.241  0.324,0.993 <0.001, 13.424 <0.001, 9.675
COR (P, 1) 0.926,0.094  0.114, 1.595 <0.001, 10.775 <0.001, 7.835

Note: Compared with MID group, ##P<0.05; compared with TO in the same group, "P<0.05. DEX: dexmedetomidine; MID:
midazolam; NE: norepinephrine; E: epinephrine; COR: cortisol.
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Figure 3. Comparison of stress reac-
tions at different time points. A: NE
at different time points; B: E at dif-
ferent time points; C: COR at differ-
ent time points. Compared with MID
group, *##P<0.001; compared with
TO in the same group, "P<0.05. DEX:
dexmedetomidine; MID: midazolam;
NE: norepinephrine; E: epinephrine;
COR: cortisol.

Table 5. Comparison of cognitive funtion before and after surgery

(X % sd, points)

Group

DEX group (n=44)
MID group (n=44)
T
P

1 day 2 hours 1 day
preoperatively postoperatively postoperatively
29.4145.33 26.49+3.54" 28.75+4.68
29.86+5.15  23.84+3.36" 25.90+3.87"
0.401 3.367 3.115
0.693 0.002 0.003

Note: Compared with cognitive function at 1 day preoperatively, “P<0.05. DEX:
dexmedetomidine; MID: midazolam.

relaxant, anxiolytic and anterograde amnesia
effects; which can provide satisfactory seda-
tion while helping patients maintain conscious-
ness, eliminating the pain caused by anesthe-
sia and surgical procedures, and reducing psy-
chological and physical stress to a certain
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extent. Nevertheless, it has
been identified that MID can
cause adverse reactions (e.g.,
nervous system disorders,
mental disorders, and disori-
entation) and hemodynamic
and respiratory instability, re-
duce patient compliance, and
thus affect the outcomes of
surgery and rehabilitation [10].
DEX as a highly potent, se-
lective a2-adrenergic receptor
agonist is an new adjuvant for
intrathecal anesthesia, which
has a short in-vivo half-life with
sedative, anxiolytic and stress
relaxation properties [11]. A
pharmacological study demon-
strated that DEX rapidly en-
tered the medulla oblongata
and pons, efficiently binds to
a2 adrenergic receptors, and
inhibites NE release to achi-
eve sedative effects after in-
travenous administration. Me-
anwhile, it was revealed that
DEX activated postsynaptic
o2-adrenergic receptors in the
posterior horn of the spinal
cord, inhibited the excitatory
synaptic transmission of pain
signals and the presynaptic

release of neurotransmitters (e.g., substance
P), blocked peripheral conduction in Ad- and
C-fibers, and thus produced a potent analge-
sic effect [12]. Additionally, DEX can bind to
presynaptic a2-adrenergic receptors, stimulate
parasympathetic nerves and inhibit sympath-
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Table 6. Comparison of incidence of adverse reactions (n, %)

Group Eg;?éfst%rz Agitation N?/zfnei?ir?gd Shivering Dizziness inci d?rfi(le %)
DEX group (n=44) 0 (0.00) 1(2.27) 2 (4.55) 0 (0.00) 0 (0.00) 6.82
MID group (n=44) 2 (4.55) 1(2.27) 4 (9.08) 3(6.82) 2 (4.55) 27.27
X2 5.446
P 0.013

Note: DEX: dexmedetomidine; MID: midazolam.

etic nerves, thereby reducing peripheral BP and
HR as well as enhancing sedative and analge-
sic effects [13]. As a result, DEX is considered
to be an ideal adjuvant for intrathecal anesthe-
sia, yet clinical results for evidence-based med-
icine is still lacking.

Furthermore, Rajan et al. found that DEX was
more effective in inhibiting BP and HR variabili-
ty, maintaining intraoperative hemodynamic
stability, and reducing postoperative pain [14].
It was confirmed that DEX could effectively
inhibit sympathetic nerve activity and stress-
induced increases in BP, HR and other param-
eters by activation of postsynaptic a2-adre-
nergic receptors, which was especially suit-
able for patients with poor physical function.
At the same time, DEX can inhibit NE release
and the excitatory synaptic transmission of
pain signals by activation of presynaptic a2-
adrenergic receptors. Moreover, the research
also pointed out that DEX can maintain stable
respiratory function, and help patients be ex-
tubated in a short time after withdrawal. Hen-
ce DEX had little effect on the pH and PaOz,
tidal volume, respiratory rate, etc., and only
caused adverse reactions (e.g., mild sleep
apnea and hypoxemia) with large doses [15].
In this study, we found that MAP and HR were
significantly lower, and PaCO, was higher in the
DEX group than in the MID group at T2 and T3.
This may be due to the relatively slow respira-
tory movement caused by deeper anesthesia
in the DEX group, improper body position and
ventilator setting. Besides, Pa0, in both groups
was significantly higher at T1, T2 and T3 than
at TO, which may result from oxygen inhalation,
ventilator use and other operations that pro-
moted respiration, but there was no significant
difference between the two groups. The results
suggest that DEX can provide satisfactory
sedation, and reduce the respiratory and circu-
latory dynamic fluctuations caused by surgery,
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which was basically consistent with the current
study [16].

One of the most important goals of anesthesia
is to alleviate surgical stress. As indicators of
stress, catecholamines and COR highly reflect
the stress intensity and time in the body, with
high specificity and sensitivity [17]. In this
study, we identified that the serum levels of NE,
E and COR at T2 and T3 were much lower in the
DEX group than in the MID group, further con-
solidating that DEX can effectively reduce sur-
gical stress reactions. Besides, AAl and RSS
are reliable parameters for assessing the depth
of anesthesia and sedation [18]. AAIl can con-
tinuously and accurately reflect the excitability
of cortical and subcortical structures, and eval-
uate the response to noxious stimulation as
PPT by a simple numerical method. As to RSS,
the target range of optimal sedation was de-
fined as the scores of 2 to 3 [19]. In this study,
we demonstrated that the AAlI and RSS were
significantly lower, and the PPT was markedly
higher in the DEX group than in the MID group
at T2 and T3, suggesting once again the ideal
sedative effects of DEX. Moreover, abnormal
cerebral oxygen metabolism was confirmed to
be closely related to cognitive dysfunction.
Normally, cerebral blood flow autoregulation
can be achieved via vasodilatation, while anes-
thesia may lead to insufficient cerebral blood
supply and possible damage to the brain paren-
chyma to induce cognitive impairment during
surgery [20].

In addition, Memaria et al. reported that DEX
can protect hippocampal neurons, down-regu-
late brain metabolism and thus reduce isch-
emic brain injury in the mouse model of cere-
bral ischemia [21]. The results reveal that DEX
may be possible to protect postoperative cogni-
tive function, but there is no sufficient clinical
evidence. In our study, we identified that the
postoperative MMSE scores in the DEX group
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were significantly higher than those in the MID
group, suggesting that DEX can better protect
the neurological and cognitive function. This
may be due to its improvement in cerebral oxy-
gen metabolism caused by inhibition of sym-
pathetic nerve activity, vasodilation and BP
decrease, and reduction of perfusion pressure
and blood flow. Furthermore, the incidence of
adverse reactions (e.g., agitation and respira-
tory depression) in the DEX group was lower
than that in the MID group, indicating once
again that DEX has a slight effect on the respi-
ratory and circulatory system, while individual
cases of adverse reactions may result from
sympathetic activation after withdrawal [22].
With the small sample size in this wide-range
study, we are aware that more detailed and in-
depth studies with a larger sample size are
needed to get a more precise conclusion in the
future.

In summary, intrathecal DEX is an ideal anes-
thetic adjuvant with obvious analgesic and sed-
ative effects during lower limb fracture surgery.
It can markedly reduce intraoperative stress
reactions, maintain respiratory and circulatory
function, and exert mild effects on mental and
cognitive function, with few adverse reactions
such as respiratory depression.
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