Am J Transl Res 2021;13(10):12058-12064
www.ajtr.org /ISSN:1943-8141/AJTR0O130973

Original Article

The effect of dexmedetomidine combined with epidural
anesthesia on post-operative cognitive dysfunction

in elderly patients after orthopedic surgery

Yong Zhu?, Guohui Le?

1Department of Anesthesiology, The Sixth People’s Hospital of Kunshan City, Kunshan 215321, Jiangsu, China;
2Department of Anesthesiology, Traditional Chinese Medicine Hospital of Kunshan City, Kunshan 215321,
Jiangsu, China

Received January 28, 2021; Accepted March 10, 2021; Epub October 15, 2021; Published October 30, 2021

Abstract: Objective: To investigate the effect of dexmedetomidine combined with epidural anesthesia on cogni-
tive dysfunction (POCD) in elderly patients after orthopedic surgery. Methods: A total of 187 elderly patients who
needed orthopedic surgery in our hospital from January 2019 to December 2020 were randomly divided into an
experimental group (n=95) and a control group (n=92). The patients in the experimental group were administered
1 ug/kg dexmedetomidine hydrochloride injections, and the patients in the control group were administered 0.9%
sodium chloride injections, which were infused using a micropump for about 10 minutes. The two groups’ cognitive
function, VAS scores, and vital signs were compared. Results: There were significant differences in the two groups’
mean arterial pressures and heart rates at intubation time (T3), operation start time (T4), and extubation time (T6)
(P < 0.05). The VAS scores in the experimental group were significantly different from the VAS scores in the control
group at 24 hours after the operations, 48 hours after the operations, 72 hours after the operations, and 7 days
after the operations (P < 0.05). There were no significant differences in the anesthesia times, the average bleed-
ing volumes, or the average operative durations (P > 0.05). 48 hours after the operations, the MMSE score in the
experimental group was (27.15+1.17), which was significantly different than the MMSE score in the control group
(23.11+0.83), and the difference was statistically significant (P < 0.05). Conclusion: Epidural anesthesia combined
with dexmedetomidine has little circulatory interference in elderly patients; moreover, it can reduce the incidence of
postoperative cognitive dysfunction in elderly patients.
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Introduction

With the aging of the global population, about
30%-35% of the elderly need to undergo vari-
ous surgical treatments [1]. According to a sta-
tistical analysis, about 62% of elderly patients
need orthopedic surgery, and postoperative
cognitive dysfunction (POCD) is a common
complication of the central nervous system in
elderly patients [2]. The incidence of postoper-
ative POCD in elderly patients over 65 years old
is 2-10 times higher than it is in young patients,
and the incidence of postoperative POCD in
elderly patients over 75 years old is 3 times
higher than it is in patients over 65-75 years
old, indicating that age is a significant and inde-

pendent risk factor for the development of
POCD [3, 4]. At present, the pathogenesis of
POCD is unclear, but it has been proved that the
inflammatory reactions caused by anesthesia,
surgery, pain, and stress may be closely related
to POCD [5, 6]. Determining the correct pos-
toperative analgesia and relieving stress and
inflammation are important challenges for re-
ducing postoperative cognitive dysfunction in
elderly patients.

Dexmedetomidine can selectively excite the
presynaptic membrane «, receptor, so as to
play the negative feedback role of the sympa-
thetic nerve. It has the effects of sedation, the
inhibition of anxiety, the reduction of anesthetic
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drugs, etc., and it can weaken the stress res-
ponse without causing significant respiratory
depression, and it has a potential neuroprotec-
tive effect [7]. Some animal studies have found
that dexmedetomidine can effectively reduce
the post-surgical inflammatory mediators in
rats, thus reducing the occurrence of a large
bundle of POCD [8, 9]. The purpose of this study
is to explore the effect of the perioperative con-
tinuous application of dexmedetomidine com-
bined with epidural anesthesia on the early
postoperative cognitive function, postoperative
analgesia, and vital signs of elderly patients
undergoing orthopedic surgery, and we want
to provide a strong guarantee for clinical
anesthesia.

Data and methods
Clinical data

187 elderly patients who needed orthopedic
surgery in our hospital from January 2019 to
December 2020 were randomly allocated into
two groups: the experimental group (n=95) or
the control group (n=92). The researchers sys-
tematically explained the role, purpose, and
process of the study to the patients and their
families. The patients and their families volun-
tarily signed the informed consent forms to par-
ticipate in this study. This study was approved
and recognized by the ethics committee of our
hospital.

Inclusion and exclusion standards

Inclusion criteria: O Age: > 65 years; @ ASA
grade lI-1ll; 3 No anesthesia contraindications;
and @ The patients were willing to cooperate
and help implement the experiment.

Exclusion criteria: O Patients who had a history
of mental iliness; @ Patients who had a history
of coronary heart disease, diabetes, cerebral
infarction, or hypertension; 3 Montreal Cog-
nitive Assessment Scale (MoCA) score < 26
points; @ Patients who had a serious cardiac
disorder, severe liver malfunction, or renal fail-
ure; ® Patients with a coagulation dysfunction:;
® Patients with a history of using antidepres-
sants or beta blockers; and () Patients unwill-
ing to participate in our research.

Method
All the patients underwent epidural anesthesia:

The operation time was 1.5~2.0 h. The patients
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were placed in a lateral position and punctured
in L2-3 space. After a successful puncture, the
catheter was placed at 3 cm, and 2% lidocaine
3 ml was given as a test dose. The patients
were asked to change to a supine position, and
0.5% ropivacaine 10 ml was given 5 min later,
and 0.5% ropivacaine 5 ml was given again dur-
ing the operation.

The control group: The patients were adminis-
tered 0.9% sodium chloride injections: before
the anesthesia, 1 yg/kg of 0.9% sodium chlo-
ride injection was infused using a micropump
for about 10 minutes. During the operation, 0.5
pg/(kg/h) of 0.9% sodium chloride injection
was continuously pumped.

The observation group: The patients were
administered dexmedetomidine hydrochloride
injection: before the anesthesia, 1 ug/kg dex-
medetomidine hydrochloride injection was in-
fused using a micropump for about 10 minutes.
During the operations, 0.5 ug/(kg/h) dexme-
detomidine hydrochloride injection was contin-
uously pumped.

The infusions of all the drugs were stopped 10
minutes before the end of operations in both
groups.

Assessing the cognitive function

The mini mental state assessment scale
(MMSE) scores are mainly suitable for screen-
ing POCD in the elderly and have become a
screening tool for cognitive impairment and
other functions. The scores range from 0-30
points, and the higher the score, the better the
cognitive function.

Vital signs

The mean arterial pressure (MAP) and HR
changes were recorded at 5 minutes before the
operations (T1), at the induction time (T2), at
the intubation time (T3), at the operation start
time (T4), at the operation end time (T5), and at
the extubation time (T6).

The VAS scores

The VAS scores and the occurrences of adver-
se reactions such as hypoxemia, laryngeal
spasms, agitation, and arrhythmia were record-
ed [10].
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Table 1. Comparison of the clinical data between the two groups

Experimental group (n=95) Control group (n=92) t/x? P

Age (years) 74.1+4.36 75.25+6.10 1.23 0.51
Sex 6.18 0.34

Male (n %) 58 (61.1%) 51 (55.4%)

Female (n %) 37 (38.9%) 41 (44.6%)
BMI 19.5+1.16 18.95+1.50 3.32 0.21
Smoking 46 (48.4%) 49 (53.3%) 4.16 0.28
ASA grade 6.79 0.36

I 28 (29.5%) 21 (22.8%)

Il 53 (55.8%) 55 (59.8%)

I 14 (14.7%) 16 (17.4%)
The average operative duration (min) 149.1+22.3 146.3+18.4 2.29 0.18
Anesthesia time (min) 161.2+27.7 163.4+24.5 1.94 0.22
Average bleeding volume (mL) 211+26.5 213+30.3 6.39 0.48

Note: Compared with the control group, a significant difference was P < 0.05.

Statistical analysis

All the data were analyzed using SPSS 22.0.
The statistical results are expressed as the
mean * standard deviation (M + SD), the data
comparison were conducted using t-tests and
the correlation analysis was conducted using
the Pearson correlation coefficient, and P <
0.05 was considered a significant difference.
The analyses were performed using GraphPad
Prism 7 Software (GraphPad Prism, San Diego,
CA).

Results
Clinical data

Table 1 shows the participants’ clinical charac-
teristics. The study included 187 patients,
including 95 patients in the experimental group
with a mean age of (74.1+4.36) years old, and
in the control group, the mean age was
(75.25+6.10) years old. The BMI in the experi-
mental group was (19.5+1.16) kg/m?, and in
the control group it was (18.95+1.50) kg/m?,
and there were no significant differences
between two group (P=0.21). There were 46
(48.4%) smokers in the experimental group,
and in the control group there were 49 (53.3%).
The average operative duration in experimental
group was (149.1+22.3) minutes, and in con-
trol group it was (146.3+18.4) minutes, and
there was no significant difference between the
two groups (P=0.18). The average anesthesia
timeinthe experimental groupwas (161.2+27.7)
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minutes, and in the control group it was
(163.44£24.5) minutes, and there was no signifi-
cance difference between the two groups
(P=0.22). The average bleeding volume in the
experimental group was (211+26.5) mL, and
the average bleeding volume in the control
group was (213+30.3) mL. The number of
patients who were ASA grades |, Il, or Il in the
observation group were 28 (29.5%), 53 (55.8%),
and 14 (14.7%) cases, respectively. The num-
ber of patients who were ASA grades |, Il, and llI
in the control group were 21 (22.8%), 55
(59.8%), and 16 (17.4%), respectively. The two
groups were similar in terms of their demo-
graphics and clinical characteristics, and there
were no statistically significant differences
between the two groups.

Vital signs

The mean arterial pressure at 5 minutes before
the operations (T1) in the experimental group
was (87.13+10.24) mmHg, and in the control
group it was (89.87+10.02) mmHg. The mean
arterial pressures at the induction times (T2),
the intubation times (T3), the operation start
times (T4), the operation end times, (T5) and
the extubation times (T6) in the experimental
group were (80.22+14.11) mmHg, (92.44+
13.27) mmHg, (88.57+14.27) mmHg, (91.27+
11.25) mmHg, and (93.36+8.94) mmHg, and
the corresponding values in the control group
were (82.14+13.25) mmHg, (99.49+14.56)
mmHg, (95.53+13.95) mmHg, (90.53+12.43)
mmHg, and (96.61+11.23) mmHg, and there
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Figure 1. Comparison of the vital signs between the
two groups. A: Comparison of the mean arterial pres-
sure between the two groups; B: Comparison of the
heart rates between the two groups. Note: Compared
with the control group, P < 0.05. T1: 5 minutes be-
fore Note: Compared with the control group, signifi-
cant difference as P < 0.05. T1: 5 minutes before the
operation; T2: induction time; T3: intubation time;
T4: the operation start time; T5: the operation end
time; T6: the extubation time.

were significance differences between the two
groups at T3, T4, and T6 (P < 0.05). The heart
rate at 5 minutes before the operations (T1) in
the experimental group was (71.45+11.23)
times/min, and in the control group it was
(71.57+11.19) times/min. The heart rates at
the induction time (T2), intubation time (T3),
operation start time (T4), operation end time
(T5), and extubation time (T6) in the experimen-
tal group were (76.21+4.15) times/min,
(77.32+9.51) times/min, (68.14+4.19) times/
min, (72.19+8.95) times/min, and (78.19%
9.14) times/min, and in the control group the
corresponding HR were (74.20+8.03) times/
min, (89.36+9.43) times/min, (79.16+6.29)
times/min, (75.18+12.25) times/min, and
(89.36+£12.09) times/min, and there were sig-
nificance differences between the two groups
at T3, T4, and T6 (P < 0.05) (Figure 1).
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Figure 2. Comparison of MMES scores between the
two groups. Note: Compared with the control group,
‘P < 0.05.

Evaluate the cognitive function-MMES score

The MMES score on the day before the opera-
tions in the experimental group was (28.93+
0.75) points, and in the control group it was
(28.62+0.89) points. The MMES scores at 24
hours after the operations, 48 hours after the
operations, 72 hours after the operations, and
7 days after the operation in the experimental
group were (27.73+0.83) points, (27.15+1.17)
points, (26.89+1.44) points, and (28.49+0.88)
points, and in the control group the correspond-
ing values were (27.54+0.94) points, (23.11+
0.83) points, (22.61+1.21) points, and (21.96+
0.84) points, and there was a significant differ-
ence between the two group at 48 hours after
the operations, 72 hours after the operations,
and 7 days after the operation (P < 0.05)
(Figure 2).

Clinical relief of pain-the VAS scores

As shown in Table 2, the VAS score on the day
before the operations in the experimental group
was (1.19+0.48) points, and in the control
group the score was (1.23+0.54) points. The
VAS score at 24 hours after the operation, 48
hours after the operation, 72 hours after the
operation, and 7 days after the operation in the
experimental group were (3.9+0.74) points,
(2.5440.41) points, (2.29+0.48) points, and
(1.69+0.54) points, and the corresponding val-

Am J Transl Res 2021;13(10):12058-12064



Dexmedetomidine combined with epidural anesthesia on post-operative cognitive dysfunction

Table 2. Comparison of VAS scores between the two groups (X £ S)

Number The day before 24 hours after 48 hours after 72 hours after 7 days after

group of cases operation operation operation operation operation
Experimental group 95 1.19+0.48 3.9+0.74 2.54+0.41 2.29+0.48 1.69+0.54
Control group 92 1.23+0.54 4.02+0.81 3.76+0.77 3.44+0.51 2.51+0.33
t - 2.168 4.225 5.115 3.312
P - 0.312 0.007 0.006 0.003

Note: Compared with the control group, a significant difference was P < 0.05.

ues in the control group were (4.02+0.81)
points, (3.76+0.77) points, (3.44+0.51) points,
and (2.51+0.33) points, and there was a signifi-
cant difference between the two groups after
the operations (P < 0.05).

Discussion

Postoperative cognitive dysfunction (POCD) is a
group of neurological complications induced by
surgery and anesthesia in addition to the origi-
nal disease. More common in elderly patients,
patient performance of memory, attention,
learning ability, abstract thinking, and orienta-
tion and other aspects of the disorder, and this
is accompanied by a decline in social activity
ability, that is, a change in personality, abilities,
and skills [11]. It often lasts for weeks or
months, and in a few cases lasts for years or a
lifetime [12]. This kind of complication has
caused an increasingly heavy burden on hospi-
tals, families, and society. According to some
studies, the incidence of postoperative cogni-
tive dysfunction occurs mostly in elderly
patients, and it may be related to a degenera-
tion of the central nervous system and a decline
in neurological function to different degrees
[13]. The mechanism of postoperative cogni-
tive impairment involves an imbalance of the
nervous, endocrine, and immune systems.

One of the reasons it occurs is that intraopera-
tive stress and hemodynamic changes aggra-
vate neurologic impairment. Different anes-
thetics can damage cognitive function to vary-
ing degrees. Controlling cerebral blood flow and
maintaining a balance of the brain metabolism
and physiological regulation mechanisms are
the measures used to prevent and treat post-
operative cognitive dysfunction. o 2-adreno-
ceptor agonists can inhibit the release of nor-
epinephrine, and have sedative, analgesic and
anti-sympathetic effects. During the auxiliary
anesthesia, a 2-adrenoceptor agonists can sta-
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bilize blood pressure, slow down the heart rate
and reduce myocardial oxygen consumption
[14]. There is a high density of a 2 receptors in
the dorsal motor neuron complex of the medul-
la oblongata. It has been confirmed that there
is also a dense distribution of a 2 receptor in
the vagus nerve, the middle lateral cell column,
and the substantia nigra colloidal body [15].
Dexmedetomidine can activate this part of the
receptor to reduce the blood pressure and the
heart rate. Our results showed that the mean
arterial pressure and heart rate in the experi-
mental group were significantly lower than they
were in the control group at the moment of intu-
bation (T3), the beginning of the operation (T4),
and extubation (T6), and the hemodynamics
during intubation and extubation were more
stable, with statistical significance. It is sug-
gested that dexmedetomidine can reduce the
cardiovascular stress response induced by
intubation and extubation and maintain pa-
tients” hemodynamic stability.

Some studies have shown that postoperative
pain can affect patients’ postoperative cogni-
tive function, and reducing the postoperative
pain has a significant effect on reducing the
postoperative cognitive function changes [16,
17]. In this study, the visual analogue scale
(VAS) was used. The data showed that the pain
score was not higher than 4, in order to reduce
the impact of postoperative pain on POCD. This
study showed that the VAS scores of the experi-
mental group were more significantly improved
than they were in the control group, and the
postoperative pain was reduced, suggesting
that dexmedetomidine has a protective effect
on the early postoperative cognitive function of
elderly patients.

There are many clinical methods to evaluate
POCD, but they mainly rely on neuropsychologi-
cal tests, such as WAIS, WMS and MMSE, but
other researchers have used Raven test and
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MMSE [18]. Among the tests, the memory test
is the most sensitive, and the most commonly
used method is MMSE. The scale is a screening
test, and it can quantitatively evaluate cogni-
tive function by asking patients a series of
questions. A MMSE score < 24 is an index to
judge cognitive impairment. In this study,
MMSE was used to evaluate the cognitive func-
tion. The results showed that the MMSE scores
in the control group were significantly lower
than they were in the same group before the
operations, but there was no significant change
in the dexmedetomidine group, suggesting that
dexmedetomidine has a protective effect on
the cognitive function of elderly patients.

The mechanism of dexmedetomidine protect-
ing postoperative cognitive function in elderly
patients is unclear. But now it is believed that
dexmedetomidine can produce a sympathetic
effect, which can effectively reduce the release
of inflammatory cytokines and improve the sur-
vival rate of septic rats. The stress response
occurring during an operation is one of the
main causes of perioperative complications,
and it is also a key factor leading to POCD [19].
On the other hand, the occurrence of mental
disorders is closely related to the function of
hypothalamus pituitary adrenal axis and the
immune system. Surgical stress and trauma
can activate the hypothalamus pituitary adre-
nal axis hyperfunction and the immune system,
increasing the circulating glucocorticoid levels
and releasing the inflammatory cytokines (IL-1,
IL-2, IL-6, and TNF) in the nervous system,
resulting in central serotonin, acetylcholine,
and norepinephrine. A disorder of the neu-
rotransmitter system leads to mental disorders
and cognitive dysfunction [20]. More impor-
tantly, surgical trauma leads to an inflammato-
ry reaction in the central nervous system, which
is mediated by inflammatory cytokines, result-
ing in POCD related to changes in the hippo-
campal function. The brain tissue of elderly
patients with progressive aging is often in a
state of chronic inflammatory reaction for a
long time. Under normal conditions, the inflam-
matory reaction of the central nervous system
is an important defense mechanism of the cen-
tral nervous system against external injury fac-
tors. However, the aging process and degenera-
tive diseases of the central nervous system
put the cerebral glial cells in a highly sensitive
state. When they are stimulated by a peripheral
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inflammatory reaction or injury factors again,
the central nervous system will produce an
extensive inflammatory reaction [21].

There are some drawbacks to our study. First,
in this study, the average hospitalization time of
the elderly patients undergoing orthopedic sur-
gery was 5-7 days, so we only observed the
patients’ cognitive function changes and anal-
gesic effects 7 days after the surgery, and we
did not carry out a long-term follow-up of the
elderly patients after their discharge. Second,
We did not discuss the optimal dose of dexme-
detomidine. Therefore, we need to expand the
sample size for further clinical observation, and
then optimize the anesthesia management
through dexmedetomidine and other drugs, so
as to improve the perioperative and postopera-
tive prognosis and the prognoses of elderly
patients.

In conclusion, dexmedetomidine combined wi-
th epidural anesthesia can significantly reduce
the incidence of postoperative cognitive dys-
function in elderly patients after general anes-
thesia, stabilize their hemodynamics, reduce
their pain responses, and improve their postop-
erative quality of life.
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