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ARTICLE INFO ABSTRACT

with the increase of the aging population, more and more elderly patients need
surgery. According to statistics, the number of operations was 310millions in 2017 in
the world, of which the proportion of operations for the elderly increased significantly to
38.7% [1]. The pathophysiological characteristics of the elderly are mainly characterized
by the decrease of the function of the main organ system (nerve, respiration,
cardiovascular system, liver, kidney, etc.), and often coexist with a variety of chronic
diseases (hypertension, diabetes, coronary heart disease, etc.). Therefore, the selection
of anesthetic methods and anesthetic drugs for elderly patients should be cautious.
Dexmedetomidine hydrochloride (DEX) is a type of highly selective a 2-adrenergic
receptor agonist, which has good sedation, anti-anxiety, hypnosis, analgesia and anti-
sympathetic inhibition of perioperative stress response, and can stabilize hemodynamics
during anesthesia induction and maintenance. In recent years, many studies have
reported that Dexmedetomidine also has organ protective effects. The above advantages
of Dexmedetomidine are more suitable for the pathophysiological characteristics of
elderly patients, making it more widely used in anesthesia in elderly patients. Therefore,
the application and progress of Dexmedetomidine in senile anesthesia are reviewed in
this paper.
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Introduction

. Lo life is 2.1 to 3.1 hours, mainly through liver metabolism [4,5]. The
Pharmacological Characteristics . . .
clearance rate of dexmedetomidine decreases with the severity of

Dexmedetomidine, a dextral isomer of metomidine, is a novel  Jiver damage, so reducing the dose of Dexmedetomidine should be

« 2-adrenergic receptor agonist with a receptor selectivity (a«  considered in patients with liver function damage. [6] The common

2: a 1) of 1600. Its affinity to a 2-adrenergic receptor is 8 times
higher than that of clonidine, and it is a highly selective and
specific a 2-adrenoceptor agonist [1,2]. The central action of
dexmedetomidine is mainly in the locus ceruleus of the brainstem,
so it has the effect of sedation and inhibition of sympathetic activity.
In addition, it also acts on the locus ceruleus and « 2 receptors in
the spinal cord to produce analgesic effect [3]. Dexmedetomidine
mainly binds to a 2 adrenergic receptors to exert physiological
effects such as sedation, hypnosis, analgesia,
of

release and so on. The most common route of administration

sympathetic

inhibition, neuroprotection, regulation catecholamine
of Dexmedetomidine is intravenous infusion, which has a high
protein binding rate. 94% of Dexmedetomidine in plasma binds
to albumin. In healthy volunteers, the distribution half-life of

dexmedetomidine is about 6 minutes. The elimination half-

adverse reactions of Dexmedetomidine were hypotension and
bradycardia [7]. Some studies have reported hyperthermia during
the administration of Dexmedetomidine in critically ill patients,
which is highly indicative of drug fever. The mechanism of drug
fever related to dexmedetomidine is not clear at present [8].

Sedation and Analgesia

Dexmedetomidine mainly acts on the central and peripheral
nervous system, acts on a2 receptors in the brainstem-locus
ceruleus, does not activate the GABA system, simulates natural
non-eye movement sleep, and produces sedative effects. In
addition, DEX can directly act on the spinal cord level of a2
receptors in the peripheral nerve and spinal dorsal horn, inhibit the
transmission of pain signals to the brain, inhibit the transmission

of nociceptive stimuli in the posterior horn of the spinal cord, and
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thus produce analgesic effect. The analgesic effect is independent
of dose, and lug/kg reaches the capping effect [9]. At present,
most postoperative analgesics are opioids, which are easy to cause
adverse reactions such as nausea, vomiting and pruritus in a dose-
dependent manner. The organ function of the elderly decreased
and their tolerance to opioids was poor [10]. Dexmedetomidine
can also be used as an adjuvant for postoperative analgesia. Many
studies have shown that Dexmedetomidine has a good sedative and
analgesic effect in elderly patients after operation. Lubin [11] and
other studies have shown that the application of Dexmedetomidine
before anesthesia can enhance the effect of sedation and analgesia
in elderly patients undergoing abdominal tumor surgery, reduce
the incidence of adverse reactions such as respiratory depression,
nausea and vomiting, and improve the comfort of elderly patients.
There are studies to compare the sedative and analgesic effects of
ketamine-Dexmedetomidine and ketamine-propofol in patients
after coronary artery bypass grafting (CABG). Results the
extubation time of ketamine-Dexmedetomidine group was shorter,
and the analgesic effect of ketamine-Dexmedetomidine group was
better than that of ketamine-propofol group [12].

Dexmedetomidine can not only exert the effect of sedation and
analgesia through intravenous administration, but also be used for
epidural administration. A systematic review and meta-analysis of
dexmedetomidine as an epidural analgesia and anesthetic adjuvant
found that epidural injection of Dexmedetomidine is safe and
effective, and can prolong the time of analgesia, and the sedation
score is significantly increased [13].

Organ Protection

In the research reports on dexmedetomidine, in addition to
affirming its sedative and analgesic effects, more and more studies
have found that dexmedetomidine may protect a variety of organs
through mechanisms such as inflammatory response, oxidative

stress, apoptosis and so on.

Spinal Cord Protection

Spinal cord ischemia-reperfusion injury mainly occurs after the
operation of spine and thoracic and abdominal arteries, which can
cause unpredictable complications and even paraplegia [14]. Spinal
cord ischemia-reperfusion injury is a pathophysiological process in
which multicellular and multi-mediators play a role together, and
its main mechanisms are oxidative stress, inflammatory response
and apoptosis. In the study of Fang B [15], it was confirmed that
dexmedetomidine could reduce the damage of blood spinal cord
barrier induced by spinal cord ischemia-reperfusion injury in aged
rats, and its mechanism was mediated by inhibition of MMP-9 and
enhancementofAng1-Tie2 system.Excessiveinflammatoryresponse
plays an important role in spinal cord ischemia-reperfusion injury,
and the anti-inflammatory effect of Dexmedetomidine can inhibit
excessive inflammatory response. HuiRong et al. [16] studied the
effects of dexmedetomidine preconditioning on pro-inflammatory
and anti-inflammatory systems after spinal cord injury in rats. It

was found that:

a) Spinal cord ischemia-reperfusion injury led to a significant
increase in the expression of TLR4 and a 7nAChR.
b) dexmedetomidine inhibited the expression of TLR4, but

significantly increased the expression of a 7nAChR.

c¢) thedownregulation of TLR4 induced by dexmedetomidine
needs to activate 7nAChR/PI3K/Akt/PU.1 pathway at least to
some extent.

d) theupregulationofa7nAChRinducedbydexmedetomidine
requires the activation of a2R/PI3K/Akt/Ly6h pathway. These
mechanisms may be the basis that dexmedetomidine can
reduce apoptosis and promote the recovery of motor function
in rats with spinal cord injury. LiuJ [17] and other researchers
have found that Dex preconditioning can protect the spinal
cord from ischemia / reperfusion injury by inhibiting HMGB1-
TLR4-NF-KB signal pathway, thereby inhibiting inflammatory
response and stabilizing the integrity of the blood-spinal
cord barrier. Dexmedetomidine also increases the number of
astrocytes in the spinal cord by activating a 2 receptors, and
astrocytes protect the spinal cord by releasing neurotrophic
factors to maintain the activity of neurons [18,19] and other
experiments found that Dexmedetomidine can reduce spinal
cord ischemia-reperfusion injury by blocking mast cell
degranulation. Dexmedetomidine can protect spinal cord
ischemia-reperfusion injury through a variety of mechanisms
and can play a better spinal cord protection role in thoracic and
abdominal arteries and spinal surgery in elderly patients, so as
to reduce a series of postoperative complications.

Lung Protection

With the development of laparoscopic technology and the rise
of the concept of rapid rehabilitation, laparoscopy is often the first
choice forabdominal surgery. However, during laparoscopic surgery,
CO, pneumoperitoneum can increase intraabdominal pressure and
move the diaphragm upward, resulting in obstruction of chest and
lung activity. High tidal volume of traditional mechanical ventilation
leads to a significant increase in intrathoracic pressure and a sharp
increase in airway pressure [20], resulting in a decrease in chest
and lung compliance, pulmonary collapse and expansion, alveolar
ventilation, decreased functional residual capacity, and atelectasis.
In severe cases, it may lead to imbalance of pulmonary ventilation
blood flow ratio and injury of lung tissue [21]. Obvious changes in
pulmonary compliance and airway pressure during operation can
lead to damage of oxygenation function and ventilatory function.
The increase of intrathoracic pressure will lead to lung ischemia,
when the pneumoperitoneum is released, the ischemic lung tissue
is reperfused, and the oxygen free radicals produced by ischemic
lung tissue will cause secondary injury in the process of reperfusion.
Dexmedetomidine not only produces anesthetic effect, but also
plays a protective role in lung injury by inhibiting inflammatory

factors and related proteins through antioxidation. In order to
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explore the protective effect of dexmedetomidine on lung tissue
during laparoscopic surgery, Geze S [22] and others have done
related experiments. The results suggest that dexmedetomidine
preconditioning has a protective effect on lung tissue injury caused
by pneumoperitoneum. Cardiopulmonary bypass ((CPB)) plays an
important role in the treatment of patients with cardiac surgery,
macrovascular surgery and cardiopulmonary failure [23-24], but as
a non-physiological mode of circulation, the injury of lung function
caused by CPB is more common [25-26]. Some studies have found
that dexmedetomidine can effectively reduce lung injury in rats
during cardiopulmonary bypass. Its mechanism is to activate
P13K/Akt signal pathway, inhibit downstream Caspase protein
expression, and reduce lung injury [27-29].

Myocardial Protection

When myocardial perfusion is restored after a certain period
of ischemia, the damage in metabolism, function and structure will
be further aggravated. the severity of the occurrence is related to
tissue oxygen demand, tolerance to ischemia and hypoxia, ischemia
duration, collateral circulation and other factors [30]. Most elderly
patients are complicated with hypertension, diabetes, coronary
heart disease and other basic diseases, these diseases themselves
increase the burden ofthe heart,damage the myocardiumtoacertain
extent, and can maintain the relative stability of hemodynamics
at rest, but general anesthesia, endotracheal intubation and
extubation, surgical stimulation will lead to hemodynamic
fluctuations and myocardial injury [31]. YuJ and other studies found
that Dex preconditioning has a protective effect on cardiacischemia-
reperfusion injury by down-regulating the expression of miR-665
and up-regulating the expression of AK1 and Cnr2 [32]. Youting
Ju [33] found that Dexmedetomidine protects myocardium from
ischemia-reperfusion injury through cholinergic anti-inflammatory
pathways. DongJing [34] explored the intraperitoneal injection
of dexmedetomidine before ischemia-reperfusion in aged rats,
and found that Dexmedetomidine preconditioning can effectively
reduce the area of cardiac ischemia-reperfusion injury in aged
rats. Shoulin Chen et al. studied 64 patients undergoing elective
coronary artery bypass graft surgery under cardiopulmonary
bypass. The results showed that continuous intravenous infusion
of dexmedetomidine during anesthesia could alleviate myocardial
injury and attenuate the systemic inflammatory response in

patients under cardiopulmonary bypass [35].

Intestinal Protection

Pathophysiological conditions such as intestinal obstruction,
trauma, shock and surgical stress can lead to intestinal ischemia-
reperfusion injury [36]. The elderly have a high incidence of
intestinal obstruction. Intestinal obstruction itself can cause
intestinal mucosal ischemia and necrosis, which leads to the
damage of intestinal barrier function. bacteria and toxins in the
intestine can reach mesenteric lymphoid tissue, lymph, blood

and extra-intestinal organs through the damaged intestinal

mucosa. It leads to intestinal sepsis and finally leads to multiple
organ dysfunction syndrome [37]. Therefore, the prevention of
intestinal ischemia-reperfusion injury is particularly important
to improve the prognosis of patients and reduce mortality [38].
Reported that intraperitoneal injection of dexmedetomidine can
inhibit inflammatory reaction, inhibit intestinal epithelial cell
apoptosis, maintain the integrity of intestinal structure, and has
obvious protective effect on intestinal ischemia-reperfusion injury
in rats [39]. Studied the effect of Dexmedetomidine at different
time and dose on intestinal ischemia-reperfusion injury in rats.
The results showed that Dexmedetomidine attenuated intestinal
ischemia-reperfusion injury by activating adrenergic a2 receptor
and inhibiting inflammatory reaction and intestinal epithelial cell
apoptosis. Believe that dexmedetomidine protects the intestinal
tract from ischemia-reperfusion injury, at least to some extent,
increases the activity of antioxidant enzymes and cell proliferation,
and inhibits the protein levels of caspase-3, MCP, PAR2 and the
activation of JAK/STAT signal pathway induced by injury [40]
the down-regulation of telomerase and caspase-3mRNA may be
involved in the protective effect of DEX on intestinal ischemia-

reperfusion injury [41].

Renal Protection

Ischemia-reperfusion injury is a common postoperative
complication in perioperative patients, which can lead to death
in severe cases. Patients who undergo long-term major surgery,
abdominal surgery and genitourinary surgery and suffer from risk
factors such as advanced age, peripheral artery disease, diabetes,
renovascular disease and congestive heart failure are more likely
to cause acute renal injury due to impaired renal perfusion and
decreased function [42]. Therefore, how to avoid perioperative
renal ischemia-reperfusion injury has become the focus of scholars
at home and abroad. In recent years, a large number of studies
have shown that Dexmedetomidine has a protective effect on
renal ischemia-reperfusion injury [43]. Some studies have shown
that dexmedetomidine preconditioning may reduce cell death
and HMGB1 release through a2 receptor activation of PI3K/pAKT
cell signal pathway, and inhibit TLR4 signal, thus reducing renal
ischemia-reperfusion injury [44,45]. Made a histopathological study
on the effect of Dexmedetomidine on renal ischemia-reperfusion
injury in rats. They found that Dexmedetomidine significantly
reduced the degree of edema in glomeruli and tubules by reducing
renal histological changes caused by ischemia-reperfusion injury
[46]. Detected the apoptosis of renal tissue in the rat model of
ischemia-reperfusion injury, and found that the histopathological
structure of rats treated with Dexmedetomidine was better and
the degree of apoptosis was lower. Sayana [47], using contrast-
enhanced ultrasound quantitative analysis technique combined
with pathological examination, found that Dexmedetomidine
could improve microcirculation perfusion during renal
ischemia / reperfusion injury in rabbits. The protective effect of

dexmedetomidine on kidney may be through anti-inflammatory
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reaction, antioxidant stress, anti-apoptosis, inhibition of renal
microvasoconstriction and other mechanisms [48].

Perioperative Neurocognitive Impairment (PND)

Postoperative cognitive dysfunction is the most common
complication of central nervous system after general anesthesia,
especially in elderly patients. PND will affect the prognosis
of surgical patients, and even affect the long-term survival of
patients. With the advent of the aging population, PND is an
urgent problem to be solved. At present, many studies have shown
that dexmedetomidine has a certain effect on the prevention of
postoperative delirium in elderly patients, such as [49]. A double-
blind randomized controlled study on the effect of time and dose
factors of dexmedetomidine on postoperative delirium in elderly
patients after laparoscopic major surgery found that intraoperative
continuous injection of Dexmedetomidine can reduce the incidence
of postoperative delirium more than postoperative continuous
injection of dexmedetomidine. A meta-analysis of the effect of
dexmedetomidine on postoperative cognitive impairment [50]
concluded that perioperative treatment of dexmedetomidine could
significantly reduce the incidence of POCD and inflammation and
improve postoperative neurocognitive function compared with
normal saline control group and anesthesia control group [51]
selected elderly patients who underwent carotid endarterectomy
as the research object and selected inflammatory mediators and
neurotrophic factor (BDNF) as the research index.

The experimental results showed that Dexmedetomidine
could improve the cognitive impairment of elderly patients after
carotid endarterectomy by inhibiting cerebral inflammation and
enhancing the expression of brain-derived neurotrophic factor. The
effect of dexmedetomidine on improving postoperative cognitive
function in elderly patients is affirmative. Some scholars have
conducted a series of studies on the mechanism of improving
postoperative cognitive function, such as [51] animal experiments
found that dexmedetomidine can reduce postoperative cognitive
dysfunction in elderly rats may play a role through SIRT1 signal
pathway [52] to explore the mechanism of dexmedetomidine in
improving postoperative cognitive dysfunction from the point
of view of neuronal mitochondrial membrane oxidative stress
and electrophysiological dysfunction. Studies have found that
Dexmedetomidine can reduce neuronal damage, which may be due
to reducing mitochondrial membrane oxidative stress, reducing
the damage of mitochondrial related enzyme activity, and reducing
the damage of mitochondrial respiratory chain enzyme complex,
and finally improving the patients with postoperative cognitive
impairment [52] found that the protective effect of Dex on POCD
may be through inhibiting GABABR, up-regulating cAMP-PKA-CREB
signal pathway, thus reducing hippocampal inflammation caused

by surgical trauma.

Summary

Most studies have confirmed that dexmedetomidine has the
effects ofanalgesiaand sedation, inhibition of sympathetic nerve and
organ protection, and has a good effect in clinical anesthesia. While
taking into account the sedation, analgesia and organ protection
of dexmedetomidine, we can explore different administration
times, appropriate doses and strategies of Dexmedetomidine, so
as to provide more reliable guidance for clinical use in the future.
In addition, the effect of DEX combined with other drugs is also
worthy of in-depth study.
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