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1. Introduction
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Despite the fact that coronary artery bypass grafting surgery (CABG) with cardiopulmonary bypass (CPB) prolongs life and
reduces symptoms in patients with severe coronary artery diseases, these benefits are accompanied by increased risks. Morbidity
associated with cardiopulmonary bypass can be attributed to the generalized inflammatory response induced by blood-xenosurfaces
interactions during extracorporeal circulation and the ischemia/reperfusion implications, including exacerbated inflammatory
response resembling the systemic inflammatory response syndrome (SIRS). The use of specific anesthetic agents with anti-
inflammatory activity can modulate the deleterious inflammatory response. Consequently, anti-inflammatory anesthetics may
accelerate postoperative recovery and better outcomes than classical anesthetics. It is known that the stress response to surgery
can be attenuated by sympatholytic effects caused by activation of central («-)2-adrenergic receptor, leading to reductions in blood
pressure and heart rate, and more recently, that they can have anti-inflammatory properties. This paper discusses the clinical
significance of the dexmedetomidine use, a selective («-)2-adrenergic agonist, as a coadjuvant in general anesthesia. Actually,
dexmedetomidine use is not in anesthetic routine, but this drug can be considered a particularly promising agent in perioperative
multiple organ protection.

including generation or activation of complement, cytokines,
neutrophils, thrombin, mast cells, and other multiple

L1 Inflammatory Response and Ischemia/Reperfusion in
CABG Surgery. Surgery induces a variety of metabolic,
endocrine, and immune changes known as the “stress
response,” which may lead to prolonged in-hospital stay. The
clinical manifestation of this reaction includes postoperative
complications such as respiratory failure, wound infections
[1], myocardial damage with contractile dysfunction, renal
impairment, coagulopathy, neurologic dysfunction [2], and
altered liver function with an increased mortality [3].
Inflammatory response in cardiac surgical patients is
produced by complex interactions with numerous pathways

inflammatory mediators. Cardiopulmonary bypass responses
have often been compared with the pathophysiologic
changes occurring in systemic inflammatory response
syndrome (SIRS) [4] and remain not fully understood.
Several interlinked mechanisms could play a role in the
pathological effects associated with cardiopulmonary bypass,
for instance, the exposure of blood to nonphysiologic
surfaces, surgical trauma, anesthesia, changes in body
temperature, increased intestinal permeability to endotoxins,
and ischemia/reperfusion injury [5]. It results in a complex
immunologic reaction with the release into circulation of
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ScHEME 1: Cardiopulmonary bypass and the extracorporeal circulation responses with the pathophysiologic changes resembling the
systemic inflammatory response syndrome (SIRS). The contact of blood with xenosurfaces of the extracorporeal machine device, the
ischemia/reperfusion, and the hyperbaric oxygen triggered SIRS-like pathophysiological responses. The SIRS-like response is associated with
overactivation of leukocytes, platelets (which can contribute to an increased coagulopathy), and endothelial and cardiac cell. The secretion
of proinflammatory factors by leucocytes and the increase tension and blood oxygenation stimulate the overproduction of reactive oxygen
species (ROS), which feeds a vicious cycle of inflammation &= ROS production.

arachidonic acid metabolites, proinflammatory cytokines,
endothelins, platelet-activating factors, endothelial, and
leukocyte adhesion molecules that stimulate the overproduc-
tion of reactive oxygen species [6, 7] (Scheme 1).

Although it has been shown that, compared with clinical
management alone, conventional coronary artery bypass
grafting surgery with cardiopulmonary bypass prolongs life
and reduces symptoms in patients with severe coronary
artery diseases, these benefits are accompanied by increased
risks of transfusions (30-90%), mortality (2-6%), stroke
(2%), atrial fibrillation (30%), and neurocognitive dysfunc-
tion (50-60%) [8, 9]. The adverse clinical consequences, asso-
ciated with conventional coronary artery bypass surgery, have
been largely attributed to the extracorporeal blood circulation
(ECC) on cardiopulmonary bypass circuit, general systemic
effects (including exacerbated inflammatory response resem-
bling the SIRS, Scheme 1), hypothermic cardiac arrest, aortic
cannulation, and cross-clamping [10-12]. Consequently, it
may be of interest to study the potential benefit of specific
anesthetic drugs exhibiting anti-inflammatory mechanism.
By modulating inflammatory response, anesthetic drugs
could reduce the postoperative complications and mortality
associated with CABG.

One potential candidate that has been little explored is
dexmedetomidine. Dexmedetomidine, an («)-2-adrenergic
receptor agonist, can provide anxiolysis and sedation without
respiratory depression [13]. It decreases central nervous
system sympathetic outflow in a dose-dependent manner
and has analgesic effects described as opioid-sparing effect.
There is increasing evidence that dexmedetomidine has organ

protective effects against ischemic and hypoxic injury, includ-
ing cardioprotection, neuroprotection, and renoprotection
[13]. However, little is known about the cellular and molec-
ular mechanism(s) involved in dexmedetomidine protective
effects. Here we will discuss the potential systemic antioxi-
dant and anti-inflammatory action of dexmedetomidine and
its possible relationship with cardio- and neuroprotective
effects after coronary artery bypass grafting surgery (CABG).

2. Cardiopulmonary Bypass (CPB)

Cardiopulmonary bypass (CPB) replaces the functions of the
heart and lungs during cardiac surgery, allowing the heart to
be opened and operated on (Figure 1). The first successful
human intracardiac operation was performed by Gibbon Jr
in 1953, using a mechanical extracorporeal pump oxygenator
[14]. Despite the long time since the first CPB surgery and
numerous studies about CPB pathophysiological side effects,
the complex mechanisms involved in the responses of blood
and tissues to cardiopulmonary bypass are still far from clear.

Clinical points of evidence suggest that morbidity associ-
ated with cardiopulmonary bypass can in part be attributed
to the generalized inflammatory response induced by blood-
xenosurfaces (from catheters and filtration membranes)
interactions during extracorporeal circulation [4] (Scheme 1,
Figure 1). Although conflicting data exist, the prominent
hypothesis is that a metabolic unbalance occurs during
extracorporeal blood recirculation involving every line of
the inflammatory response including complement activation.
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FIGURE 1: Overview of a standard extracorporeal circulation system (upper panel) and a detailed view of a heart undergoing artery bypass
grafting surgery (lower panel). Cardiopulmonary bypass is achieved by gravity drainage of blood from the vena cava into a reservoir, followed
by its pumping through a heat exchanger, oxygenator, and filter, followed by its return to the arterial system, usually the ascending aorta, by
means of a centrifugal or roller pump. The heart is excluded from the patients circulation by a single venous cannula inserted into the
right atrium and advanced into the inferior vena cava, or by dual catheters placed into the superior and inferior vena cava. An aortic cross-
clamp is placed between the anterograde cardioplegia catheter and the arterial inflow catheter to separate the heart from the circulation
and allow cardioplegic arrest. When the heart is isolated from the circulation, total cardiopulmonary bypass is present, and ventilation of
the lungs is no longer necessary to maintain oxygenation. The bypass pump produces nonpulsatile flow into the patient’s aorta by either
a centrifugal or roller pump. Myocardial preservation is achieved by decreasing myocardial oxygen consumption by infusing cardioplegia
solutions containing potassium into the aortic root, which in the presence of a distally cross-clamped aorta and competent aortic valve ensures
diversion of the solution into the coronary arteries. Alternatively, the cardioplegia solution may be administered in retrograde fashion through
a cannula placed into the coronary sinus. An additional route for infusion of cardioplegia solutions is directly into newly placed bypass
grafts. Cardioplegia solutions may also contain many additives, including blood, insulin, glucose, aspartate, glutamate, calcium, magnesium,
nitroglycerine, and superoxide dismutase. None of these additives are definitively better than cold blood cardioplegia with a short cross-clamp
time.
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ScHEME 2: The inflammatory response to cardiopulmonary bypass is divided into 2 phases: “early” and “late” phases. The first phase is induced
by the contact with xenosurfaces and the late phase is more related to oxygen reperfusion after ischemia and endotoxemia.

Total perioperative values of inflammatory markers are prob-
ably less important than the balance between the oxida-
tive inflammatory cascade and anti-inflammatory feedback
mechanisms. Oxidative stress and inflammation are related
and perhaps inseparable and a reduced cytokine response
may be directly translated into changes in clinical outcomes
(15, 16].

The pump and the oxygenator are used for cardiopul-
monary bypass function in a nonphysiologic manner, with
altered vascular pressure and gas composition. Inflammation
is the initial, nonspecific response of vascularized tissue to a
variety of injuries, involving both the activation of humoral
and cellular inflammatory pathways. Significant hemodilu-
tion also occurs leading to a dilution and denaturation of
plasma proteins. The blood exposition to nonendothelial
surfaces activates the production of vasoactive mediators,
altering capillary permeability and causing hemolysis (which
increase the free concentration of the prooxidant heme and
nonheme iron) and the coagulation system will be impaired
[17]. One important question that needs to be explored in
details is whether or not the ECC induced hemolysis increases
the concentration of iron in pathologically relevant tissues
such as brain, heart, and kidney. Increase in free hemoglobin,
heme, and iron can further feed the pro-oxidative-pro-
inflammatory cycle in different tissues [18-24]. The potential
role of iron on “early and late phases” of inflammation
associated with cardiopulmonary bypass (see below) should
be investigated in detail as well as the possibility of utilizing
chelation therapy as coadjuvant in patients at risk of devel-
oping SIRS-like response. Of particular significant, literature
data have indicated a beneficial effect of deferoxamine in
sepsis [25-27], which indicate that buffering of free iron

can reduce the toxicity found in SIRS or SIRS-like situations
[25-27].

The inflammatory response to cardiopulmonary bypass
can be divided into 2 phases: “early” and “late” (Scheme 2).
The early phase occurs as a result of the direct blood
contact with nonendothelial surfaces, and the late phase is
triggered by ischemia/reperfusion injury and endotoxemia
(for a comprehensive review see the work of Warren and
colleagues) [17].

In the early phase, coagulation becomes favorable, and
it can be reduced or ameliorated with the administration
of heparin before cardiopulmonary bypass initiation. When
heparinized blood comes into cardiopulmonary bypass cir-
cuit, plasma proteins are adsorbed onto the circuit, lead-
ing to the activation of plasma protein systems and cell
groups. These initiate a whole-body inflammatory response,
associated with tissue edema, coagulopathy, and organ dys-
function [28]. With the course of cardiopulmonary bypass,
the activation of the humoral and cellular components
diminishes, but a second phase of inflammatory response
initiates, which is related to ischemia/reperfusion injury
and release of endotoxins from intestinal microflora [29].
The ischemia/reperfusion injury is mediated by neutrophil-
endothelial interactions (Figure 2). High levels of endothelial
injury occur during ischemic period, resulting in neutrophil
activation and sequestration on reperfusion. Independent of
leukocytes, production of toxic reactive oxygen species also
occurs, leading to release of arachidonic acid metabolites,
proinflammatory cytokines by ischemic cells (e.g., plasma
tumor necrosis factor-alpha and interleukins like IL-1, IL-6,
and IL-8), and activation of the humoral protein systems [30].
The reintroduction of oxygen during reperfusion promotes
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FIGURE 2: Cardiopulmonary bypass neutrophil activation. At neutrophil activation by inflammatory mediators a neutrophil rolling phase
occurs, with posterior endothelial adhesivity, initially light, then firmly, resulting in the neutrophil-endothelial transmigration. It leads
to neutrophil accumulation, reactive oxygen species (ROS) production, and cytokine release, maintaining the vicious circles. CPB:
cardiopulmonary bypass; PMN: polymorphonuclears; ROS: reactive oxygen species; ICAM: intercellular adhesion molecule; PECAM:

platelet/endothelial cell adhesion molecule.

a high concentration of damaging reactive oxygen species in
previously ischemic cells and can damage cell membranes,
denature proteins, and act as second messengers to stimulate
an acute inflammatory response [4] (Schemes 2 and 3).

There are many possible sources of endotoxin, includ-
ing lipopolysaccharides from cell wall of gram-negative
bacteria, release during bypass, with gut translocation as
the primary source [31]. The increased level of endotoxin
related to cardiopulmonary bypass stimulates the release of
nitric oxide and proinflammatory cytokines and increases
levels of oxygen consumption [32]. These stimuli and the
complexity of this disequilibrium, the balance between the
processes of activation and inhibition of these systems, sug-
gest that the implementation of effective anti-inflammatory
and antioxidant strategies (though to be desirable in theory)
can be a difficult challenge. Of particular pharmacological
significance, recent experimental data have indicated that
dexmedetomidine can attenuate sepsis-induced lung and
kidney damage, in part by decreasing tissue migration of
inflammatory cells in rats [33]. These results may indicate

a potential role of dexmedetomidine as a negative modulator
of SIRS-like response in cardiopulmonary bypass.

2.1. Miniextracorporeal Circulation (MECC). Biocompatible
circuits designed to prevent the early activation of inflam-
matory cascades have been shown to affect some aspects
of blood activation but not all. There have been some
progresses in cardiopulmonary bypass design that has shown
promising clinical outcomes, particularly those aiming to
reduce the incidence of SIRS-like response and its complica-
tions. Recently, a new cardiopulmonary bypass system, the
miniextracorporeal circulation (MECC), has been developed
and its use has been associated with a reduced inflammatory
response, when compared with the conventional system
(standard cardiopulmonary bypass or extracorporeal circula-
tion). It has no venous reservoir, a reduced priming volume,
and less blood-synthetic interface contact (Figure 3).

In a review, Vohra and colleagues have consolidated
the current literature on the mini-extracorporeal circula-
tion system [34]. They have paid particular attention to
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ScHEME 3: Complex cascade of pathophysiologic phenomena associated with ischemia/reperfusion in CABG. Anaerobic metabolism causes
an increase on lactate and reduced pH with transmembrane pump impairment, which lead to an intracellular Ca** and Na* increases,
and consequently cellular edema. Increase on intracellular Ca** activated phospholipase A2 and calpain, with arachidonic acid degranulate
and protein synthesis inhibition. Thus, caspase and neutrophil activation occur with cellular apoptosis. The neutrophils activation induces
membrane lesions and more proinflammatory mediators liberation, including nitric oxide, via nitric oxide synthase (NOS) activation and
that leads to microvascular damage and endothelial impairment, in a vicious circle.

the role that cardiopulmonary bypass has in generating a
systemic inflammatory response and have outlined ways in
which MECC may be superior to standard cardiopulmonary
bypass. The MECC system has shown promising results with
regard to cardiac damage and end-organ dysfunction. Many
studies cited by this author have also shown that changes
in blood markers of inflammation (for instance, C-reactive
protein, leucocytes, and cytokines) were lower when MECC
is used. Of clinical significance, utilization of MECC has
been associated with a decrease in complications found more
frequently in standard ECC, particularly arrhythmias and
thromboembolic events.

2.2. Oxidative Stress and Inflammation Associated with Coro-
nary Artery Bypass Grafting Surgery (CABG). Reactive oxy-
gen species are recognized as critical mediators of cardiac
and neurologic injury during ischemia and reperfusion.
Sources of these reactive oxygen species are the mito-
chondrial electron transport chain, the enzymes xanthine
oxidase, NADPH oxidase, lipoxygenase/cyclooxygenase and
nitric oxide synthase (NOS), and autooxidation of various

substances, such as catecholamines. An unpaired electron
usually makes the species highly reactive. There are endoge-
nous antioxidant systems that counteract the potential for
injury to cellular structures by regulating the balance of
reactive oxygen species. These endogenous antioxidants are
upregulated when exposure of the cell to the reactive oxygen
species is increased. Under pathologic conditions, such as
ischemia/reperfusion, their formation can rapidly overcome
antioxidant defenses and cellular injury ensues. It is known
that the cardiopulmonary bypass can be responsible for
activating neutrophils that represents a prominent source
of systemic primary reactive oxygen species production
(Figure 2). The synergism of damages related to reactive
oxygen species, activation, and infiltration of neutrophils in
reperfused tissues has been well recognized for many years
[4].

Some investigators suggested that strategies of neuro-
logical and myocardial protection must not be limited to
interventions targeted at the heart or brain itself but should
take into account the systemic response of organism to
cardiopulmonary bypass [35, 36]. These concepts should be
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FIGURE 3: Miniextracorporeal circulation system compared to standard extracorporeal circulation system. In MECC system there exist various
advantageous, such as a shorter tubular circuit, only a centrifugal pump use, a closed system where blood did not contact with air, and a
smaller priming volume resulting in lesser hemodilution as compared to SECC. MECC: miniextracorporeal circulation; SECC: standard

extracorporeal circulation.

particularly relevant for high-risk patients, who are more
prone to organ injuries. But despite the improvement in
the medical cardiac treatment, for instance, endovascular
interventions and robotic surgery, cardiopulmonary bypass
remains an essential part of many cardiovascular procedures.
The multifactorial nature of inflammatory response suggests
that no single pharmaceutical or technical intervention can
in isolation inhibit the adverse clinical outcomes of such
type of surgery. And more, theoretical and experimental data
supporting that negative modulation of systemic inflamma-
tory response (observed during and after cardiopulmonary
bypass) might ameliorate brain injury found after cardiac
surgery are not clear. Accordingly, the association between
cardiopulmonary bypass-induced inflammation and neu-
rocognitive deficits is still a matter of controversy.

Clermont et al. [37] demonstrated with electron spin
resonance spectroscopy measurements the time course and
origin of reactive oxygen species release, derived from
myocardial source or not, in patients undergoing coronary
artery surgery involving cardiopulmonary bypass. Their
results demonstrated that systemic oxidative stress occurs
in patients undergoing open heart surgery, illustrated by
the increased alkyl and alkoxy radicals detected and quan-
tified by electron spin resonance spectroscopy. Other studies
have already taken an interest in classical indirect oxidative
stress markers such as vitamins, antioxidant plasma status,
or thiobarbituric acid reactive substances and the results

were controversial. The concept that oxidative stress could
influence postoperative outcome in patients subjected to
coronary artery bypass surgery also remains a controversial
and inconclusive issue [38-40].

Oxidative stress (measured by lipid peroxidation) also
has been compared in patients undergoing coronary artery
surgery with or without cardiopulmonary bypass (on-pump
or off-pump) [41], and it has been shown to be lesser in the
oft-pump (without cardiopulmonary bypass) than in the on-
pump (with cardiopulmonary bypass) group. These results
are not surprising since it is clear that the ischemia and
reperfusion involved in on-pump surgery are expected to
induce oxidative stress. However, there are some results in
the literature indicating that glutathione levels decreased and
catalase activity increased to similar values between on-pump
or oftf-pump groups with a little difference between them [41].
These observations may support the assumptions of Milei
and colleagues [42], that the induction of oxidative stress
could be relatively benign. It is interesting to note that the
patients in this study were at low risk with good ventricular
function; it is expected, therefore, that these patients could
have minimal increases in oxidative stress. The study of
Milei and colleagues [42] investigated markers of oxidative
stress in a small number of low risk patients (24 in total)
undergoing coronary artery bypass surgery. They measure
myocardial release of glutathione, myocardial antioxidants
(vitamin E and ubiquinol), and lipid peroxidation markers



(TBARS) in blood, as well as ultrastructural assessment of
tissue injury (from myocardial biopsies) and evaluation of
postischemic hemodynamic function and clinical outcome.
The results show that there was evidence of increased glu-
tathione release in the initial 20 min of reperfusion, and a
decrease in tissue antioxidant levels of ubiquinol (but not
vitamin E), and minimal increase in tissue lipid peroxidation
or any ultrastructural damage. The study indicates that, for
the majority of low risk patients undergoing coronary artery
bypass surgery, oxidative stress remains a constant underlying
factor, unlikely to significantly influence clinical outcome as
long as myocardial protection is provided and the ischemic
duration is kept as short as possible. However, in critically ill
patients an intervention to attenuate oxidative stress might
be considered beneficial, because reactive oxygen species may
contribute to myocardial stunning, infarction and apoptosis,
and vascular disfunction [1-3].

2.3. Neuroinflammation Associated with Coronary Artery
Bypass Grafting Surgery (CABG). 1t is largely suggested that
neurocognitive decline after cardiopulmonary bypass results
from an inflammatory response that is initiated by extracor-
poreal circulation [43-45]. However, a more comprehensive
review of the literature does not consistently support this
hypothesis. For example, in an animal model that included
both elderly rats and diabetic rats, de Lange and colleagues
[46] found no differences in short-term neurocognitive per-
formance (8-14 days after surgery) in rats undergoing surgery
with cardiopulmonary bypass, compared with those under-
going a sham operation. They noted an increase in cytokine
release (interleukin-6) after cardiopulmonary bypass in dia-
betic rats but not in elderly rats. In humans, Westaby
and colleagues [47] did not found an association between
maximal levels of inflammatory markers (complement C4a
and C5b-9) with early or late neurocognitive function after
coronary artery bypass graft surgery with cardiopulmonary
bypass. Furthermore, Parolari and colleagues [48] demon-
strated that postoperative levels of inflammatory markers,
including interleukin-6, plasma tumor necrosis factor-alpha,
C-reactive protein, and fibrinogen, differed little in patients
undergoing coronary artery bypass graft surgery with or
without cardiopulmonary bypass.

Nevertheless, it is largely known that necrosis and apop-
tosis after an acute ischemic event are accompanied by
other processes which lead to a posterior neurodegenera-
tion. It was demonstrated that release of cytokines, such as
tumor necrosis factor-alpha and interleukins, as mediated
by oxidative stress and prolonged microglial activation by
interleukin-1 induce to a neuronal degeneration that follow
cerebral ischemia [49] and that excessive formation of reac-
tive oxygen species induce to direct tissue damage and stim-
ulate inflammatory and proapoptotic cascades [50]. Central
norepinephrine release during brain ischemia also increases
neuronal metabolism and carries to the formation of reactive
oxygen species from autooxidation of neurotransmitters,
induces damage caused by glutamate during ischemia, and
can exacerbate the underlying disease of patients [49].
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If the inflammatory response is or not the primary
cause of neurocognitive injury after cardiopulmonary bypass,
the question is whether or not neurocognitive decline in adult
cardiac surgical patients could be related to the cardiopul-
monary bypass pump. van Harten and colleagues [51] discuss
the evidence for cardiopulmonary bypass-related neuronal
injuries in adult cardiac surgery patients and review the evi-
dence that immune priming is a key factor in the pathogenesis
of cognitive dysfunction after cardiac surgery. They suggest
further studies about pathophysiology of postoperative cog-
nitive dysfunction (POCD) that may lead to strategies and
therapies to prevent or attenuate POCD and also define
the better choice of hypnotic and dose of opioid, on the
inflammatory response to surgery and on the incidence of
POCD. These studies could determine the benefit, if any,
of immune system modulation, by anti-inflammatory agents
and also by other drugs that may exert beneficial effects on
the balance between pro- and anti-inflammatory mediators,
such as interleukin-6 or tumor necrosis factor-alpha and
interleukin-10, respectively.

A comparison of coronary artery bypass graft surgery
with percutaneous coronary intervention failed to show
difference in cognitive decline in patients undergoing cardiac
revascularization [52]. Age is considered to be the strongest
predictive factor of postoperative cognitive dysfunction
(POCD) and coronary artery bypass grafting without the use
of cardiopulmonary bypass could be considered less harmful
to the patient group, especially in terms of neurological
complications. Although an increasing number of patients
with advanced age and other risk factors for neurocogni-
tive injuries have been referred for coronary artery bypass
grafting, Jensen and colleagues [53], in a randomized trial,
investigated the effect of avoiding the heart-lung machine
on cognitive function 1 year after surgery in aged patient
population. They did not detect differences in cognitive out-
comes in elderly high-risk patients 1 year after the operation
between subjects which underwent coronary artery bypass
grafting surgery without cardiopulmonary bypass with those
subjected to extracorporeal circulation. The study of Jensen
and colleagues [53] are in line with other randomized study
about late cognitive outcome in younger patients with less
advanced coronary artery disease and lower preoperative
risk [54]. In Jensen et al. study [53], postoperative cognitive
dysfunction, unexpectedly, tended to be less common in
the on-pump group. This could be further suggestive that
many other factors such as inflammatory processes including
sternotomy, heparin administration, and hemodynamic vari-
ations may be responsible for cognitive dysfunction observed
after surgery [55]. It seems that patient characteristics, such
as the presence of atherosclerosis, are more relevant than the
type of intervention as predictive factor of neurocognitive
injury in patients with severe coronary artery disease [56]. In
addition, late cognitive decline occurring 5 to 6 years after
coronary artery bypass graft surgery did not differ in degree
from longitudinal cognitive decline observed in patients
of similar age either with coronary artery disease [57] or
without coronary artery disease [46, 58]. Perhaps, decline in
neuropsychological tests with time is related to progression of
underlying cardiovascular disease or simply to natural aging
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[59-61]. In fact, neurocognitive impairment in many patients
undergoing cardiac surgery may be preexisting, although
subclinical [62].

2.4. $-100B as a Marker and Modulator of Neuroinflammation.
S100B protein is normally used as a marker of brain injury and
can participate in the brain inflammatory response. At the
nanomolar concentrations found in the brain extracellular
space, under normal conditions, SI00B acts as neurotrophic
factor, promoting neuronal survival under stress conditions
and neurite outgrowth [63] and stimulating the uptake of the
cytotoxic glutamate by astrocytes [64]. The level of S100B in
blood is considered a clinical marker of brain cell damage
and/or increased permeability of the blood-brain barrier.
Moreover, SI00B release by astrocytes can be augmented
upon stimulation by the proinflammatory cytokines tumor
necrosis factor-alpha, interleukin-1 (IL-1), and interleukin-
6 (IL-6) [65-68]. As demonstrated before, cytokines con-
tribute to a cascade of events typical of inflammation and
especially proinflammatory cytokines, such as IL-6 and IL-
8, are thought to contribute to the development of sickness
behavior [69]. Trophic effects of the SI00B protein on neu-
rons depend on interaction with the receptor for advanced
glycation end products (RAGE) [70], a multiligand receptor
belonging to the immunoglobulin family that has been
implicated in both neuroprotection and neurodegeneration,
and in the inflammatory response [71]. Acute stimulation of
RAGE with high doses of S100B causes neuronal apoptosis via
overproduction of reactive oxygen species [72] and stimulates
inducible nitric oxide synthase in astrocytes and microglia
[73-75], which might contribute to astrocytic and neuronal
apoptosis [75]. Moreover, S100B also stimulates interleukin-1
(IL-1) release from microglia [76].

S100B protein increases 50- to 100-fold after cardiac
surgery using standard cardiopulmonary bypass [77, 78], a
finding that could support association between cardiopul-
monary bypass and brain damage. The postoperative serum
concentration of S-100B appears to increase with the duration
of cardiopulmonary bypass and with the number of cerebral
emboli detected by transcranial doppler imaging [79]. Several
studies have suggested that, in the absence of clear neurologic
signs, transient elevations in serum S100B protein can reflect
subclinical cerebral damage [80, 81]. But early release of
S100B after cardiopulmonary bypass has not been associated
with adverse neurological outcome. In contrast, cerebral
complications such confusion, delayed awakening, and stroke
have been correlated with late increase in S100B detected 5
to 48 hours after cardiopulmonary bypass [82]. The increase
in plasma S100B could also be linked with postoperative
delirium incidence [83] and be a consequence of S100B
release by astrocytes stimulated by circulating proinflam-
matory mediators (IL-6, IL-8, etc.) [83, 84]. Such complex
and not fully well characterized relationship between S100B,
inflammatory markers, and neurobehavioral changes has
been studied in more detail in elderly hip fracture patients
[83].

Of particular clinical significance, many studies have
demonstrated that the development of delirium in critically ill
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patients increases morbidity, mortality, and healthcare costs
[85, 86]. Also a higher frequency of dementia in patients who
presented with delirium at the end of the surgery has been
hypothesized [87]. The neurocognitive impairments might
reflect an irreversible brain damage triggered by surgery
pathophysiological effects. Consequently, it could be sup-
posed that the higher the level of S100B in a delirious patient,
the higher the risk of dementia after delirium, and thus
cerebral damage. This cerebral damage could be mediated via
neuroinflammatory mechanisms because the level of SI00B
and the incidence of neurodegeneration are higher in patients
with an infectious disease (which normally is associated with
inflammatory response) as compared to noninfected subjects
(88, 89].

3. Alpha («a-)2-Adrenergic Receptor Agonists

Alpha (a-)2-adrenergic receptor agonists have been utilized
in surgery because they have sedative, analgesic, hemody-
namic-stabilizing properties and sympatholytic pharmaco-
logic effects [90, 91] (Figure 4).

The stress response to surgery can be attenuated by
sympatholytic effects caused by postsynaptic activation of
central («a-)2-adrenergic receptor, leading to reductions in
blood pressure and heart rate [89]. Of clinical significance,
two adrenergic agonists have been used as coadjuvant in
general anesthesia or even as anesthetic agents by themselves,
that is, clonidine and dexmedetomidine (Figure 5). Here we
will briefly discuss the use of clonidine, because clonidine
has a smaller selectivity for («-)2-adrenergic receptor than
dexmedetomidine, consequently, a low efficacy as an anes-
thetic agent.

3.1. Clonidine. Clonidine was first used for postoperative
pain relief and regional anesthesia [92-94]. In effect, cloni-
dine has antinociceptive properties and reduces anesthetic
requirements by attenuating sympathoadrenal responses dur-
ing surgery and plasma concentrations of norepinephrine
by stimulating presynaptic («-)2-adrenergic receptors. While
the use of clonidine during coronary artery bypass graft
surgery did not appear to influence the perioperative stress
response [95], its immunomodulatory effects remain to be
characterized. Of clinical significance, perioperative use of
clonidine was associated with reduction in the incidence of
myocardial ischemia and death after noncardiac surgery in
patients at risk of coronary disease [96-98]. von Dossow and
colleagues [99] investigated the influence of perioperative
clonidine infusion on the early T-cell immune response, in
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FIGURE 5: Dexmedetomidine clinical effects mediated via activation of («-)2-adrenergic and imidazoline receptors. Through the presynaptic
a-2A-adrenoreceptors agonism, dexmedetomidine induces sedation, anxiolysis, hipnose, analgesia, neuroprotection, reduces insulin release,
reduces heart rate and contractility, producing vasodilation. In addition, agonistic effect on a-2C- adrenoreceptors induces sedation, mood
and cognition modulation, sensorial processing, and reduction of adrenal medulla epinephrine. By the postsynaptic «-2B-adrenoreceptors
agonism, dexmedetomidine causes analgesia at spinal level, vasoconstriction (with high-bolus doses), improve of diuresis, and central
inhibition of shivering. Dexmedetomidine acts also at imidazoline receptors, with a neuroprotection mechanism (imidazoline-2) and with

antiarrhythmic effect (imidazoline-1).

patients undergoing elective coronary artery bypass graft
surgery, and demonstrated early T-cell response ratios in the
clonidine group 6 h after cardiac surgery. No differences were
found with respect to plasma cytokine levels. In contrast
to these findings, Ellis et al. [100] reported no influence
of clonidine on lymphocytes but a significant decrease in
plasma norepinephrine levels in patients undergoing major
noncardiac surgery. The decreased norepinephrine plasma
levels after clonidine administration have been previously
reported [101], especially in patients undergoing cardiac
surgery [102]. It has been hypothesized that the major effect
of (a-)2-adrenergic receptor agonists is on tonic activity,
while sympathetic nervous system responsiveness to stressful
stimuli appears to be unaffected.

Here it is important to emphasize that there are few
studies about the modulation of inflammatory response after
systemic use of clonidine in anesthesia. In a study with
7 patients, preoperative administration of clonidine was
associated with a reduction in plasma and cerebrospinal fluid
levels of TNF-alpha [103]. Similarly, perioperative epidural
clonidine administration caused a decrease in blood IL-6

and suggested that («-)2-adrenergic receptor stimulation can
modulate systemic inflammatory response in human [104].

3.2. Dexmedetomidine. Dexmedetomidine is a selective (o-)
2-adrenergic receptor agonist with an increased ratio of («-)2
to (a-)1 activity of 1.620 : 1, as compared to clonidine (220:1).
In 1999, dexmedetomidine was approved by the United
States of America (USA) Food and Drug Administration
(FDA) only for sedation of patients. In 2008, based on two
randomized, double-blind, placebo controlled, multicenter
trials [105], FDA approved the update labeling use for
dexmedetomidine, including the indication for sedation in
surgery or other procedures.

Dexmedetomidine is the dextro enantiomer of medeto-
midine, the methylated derivative of etomidine, and spe-
cific (a-)2 adrenergic receptor subtypes mediate its phar-
macodynamic effects (Figure 4). Agonism at the («-)2A
adrenergic receptor appears to promote sedation, hypno-
sis, analgesia, sympatholysis, neuroprotection [106], and
inhibition of insulin secretion [107]. Agonism at the («-)
2B adrenergic receptor suppresses shivering centrally [108]



ISRN Anesthesiology

& NE-norepinephrine
& Dex-dexmedetomidine
@ Clonidine

“ ARa2C

() ARB

1

& ARal

ARa2A
y ARa2B
AR-adrenoreceptor

DEX-dexmedetomidine

FIGURE 6: Dexmedetomidine can exert its effects via activation of three (a-)2-adrenoreceptor subtypes. A subclass of («-)2-adrenoreceptor
located presynaptically ((«-)2A and («-)2C) regulated the release of neurotransmitter (norepinephrine). Located postsynaptically, a
subclass of («-)2B-adrenoreceptor and also the («-)l-adrenoceptor, while dexmedetomidine is not (a-)2-adrenoceptor selective. The (a-)2-

adrenoceptors could exist also extrasynaptically.

and induces analgesia at spinal cord and vasoconstriction
in peripheral arteries. The («-)2C adrenergic receptor is
associated with cognition, sensory processing, mood, and
regulation of epinephrine outflow from the adrenal medulla
[109]. Inhibition of norepinephrine release appears to be
equally affected by all three alpha-2 receptor subtypes [110]
(Figure 6). Dexmedetomidine also binds to imidazoline
receptors and this activity may explain some of the non-(«-)
2 adrenergic receptor effects of this drug, and receptor sub-
types have also been identified. Imidazoline-1 receptors are
linked to G-proteins and modulate blood pressure and have
antiarrhythmic effects [90]. Imidazoline-2 receptors have
been implicated in neuroprotection in a cerebral ischemia

model in animals and in acquisition and retention of memory.
They are not G-protein coupled receptors and are located on
the mitochondrial outer membrane and probably exert their
effects by decreasing tissue norepinephrine levels [90, 111].

3.2.1. Dexmedetomidine Pharmacokinetics. After intravenous
injection, dexmedetomidine has an onset of action after 15
minutes and peak concentrations are achieved within 1 hour
after continuous intravenous infusion. Rapid distribution
occurs away from the central neurological system with an
alpha half-life (¢, , «) of 6 minutes and a terminal elimination
half-life (¢,,, B) between 2.0 and 2.5 hours. The drug is highly
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protein-bound, with a 6% free fraction, and has a large steady
state volume of distribution (Vg 1.33 L-kg™"). Total plasma
clearance and protein binding is age independent [112].

Hepatic clearance may be decreased to 50% of normal
with severe liver disease. Pharmacokinetics is not signifi-
cantly altered in patients with severe renal impairment, but
patients remained sedated for longer than normal controls,
suggesting an enhanced pharmacodynamic effect [113]. Thus,
dosages should be decreased in the presence of either
hepatic or renal diseases. There are no recognized active
or toxic hepatic derivatives of dexmedetomidine after its
metabolism via glucuronide conjugation and biotransforma-
tion by cytochrome P450 enzymes.

Intravascular doses of dexmedetomidine induced dose-
dependent decreases in systolic and diastolic blood pres-
sure and in heart rate with important decreases in plasma
norepinephrine levels. However, at high-bolus intravascular
doses (50-75 pg), a transient initial hypertensive response
may be seen, because an activation of peripheral vascular
(a-)2B adrenergic receptors before the central sympatholytic
effect on the vasomotor center occurs [114]. Dexmedetomi-
dine apparently does not induce alterations in plasma renin
activity, atrial natriuretic peptide, or arginine vasopressin
levels [115].

Targeted plasma dexmedetomidine levels revealed desir-
able pharmacodynamic effects between 0.5 and 1.2 ng-mL™".
Subsequent clinical studies designed to achieve these effects
used a loading dose of 1ug-kg™' during a period of 10
minutes, followed by a continuous intravenous infusion
rate of 0.2 to 0.7 ug-kg™"-h™", the dosing regimen originally
approved by the USA Food and Drug Administration in 1999.
Studies examining very high dexmedetomidine plasma levels
(up to 8.0 ng-mL_l) demonstrate that the («-)2B peripheral
vasoconstrictor effects become predominant, with increasing
systemic vascular resistance and decreasing cardiac index,
associated with marked catecholamine suppression and deep-
ening sedation. Even at these very high plasma levels of
dexmedetomidine, there was no clinically significant respi-
ratory depression [116] and it appears to be safe. Case reports
of large accidental overdoses of dexmedetomidine describe
oversedation as the only important effect, with resolution
within an hour of discontinuation [117]. There are reports
of dexmedetomidine safe use as the sole agent at high rates
of infusion (5-15ugkg "-h™") to anesthetize patients with
tracheal stenosis while preserving spontaneous ventilation
[118]. In October 2008, the US Food and Drug Administra-
tion approved an increased dose of dexmedetomidine (up to
1.5 ugkg™"-h™") for surgical procedures.

3.2.2. Dexmedetomidine Analgesic and Sedative Effects. Dex-
medetomidine possesses analgesic properties and other
advantageous pharmacological effects that make it a potential
useful and safe adjunct in several clinical applications, as
demonstrated by Sleigh in a recent review [119]. When
used as an adjunct to general anesthesia, dexmedetomi-
dine can reduce both the minimum alveolar concentration
requirement of inhalation agents and provide opiate-sparing
properties up to 90% [120].
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The mechanism by which («-)2-adrenergic receptor ago-
nists produce analgesia and sedation is multifactorial. Both
hypnotic and supraspinal analgesic effects of dexmedetomi-
dine are mediated by noradrenergic neurons. Dexmedeto-
midine causes inhibition of norepinephrine release and its
neuron associated activity in the descending medullospinal
noradrenergic pathway and suppresses neuronal activity in
the locus coeruleus [121]. Suppression of these inhibitory
controls causes release of mediators and neurotransmitters
that decrease the secretion of histamine and produce hypno-
sis, similar to normal sleep, without evidence of depression
of ventilation [122]. The suppression of activity along the
descending noradrenergic pathway terminates propagation
of pain signals, resulting in analgesia or decreased awareness
at noxious stimuli. In neurons of the superficial dorsal horn
of the spinal cord, dexmedetomidine suppresses and reduces
pain transmission by inhibiting the release of glutamate
and substance P (nociceptive transmitters) from primary
afferent terminals and with G-protein-mediated activation of
potassium channels causing hyperpolarization of interspinal,
neurons. Antinociception may also be provided by nonspinal
mechanisms, as demonstrated in intra-articular administra-
tion of dexmedetomidine during knee surgery, which was
associated with improved postoperative analgesia, with less
sedation than the intravenous route [123]. The suggested
mechanisms are activation of alpha-2A adrenoreceptors [124]
inhibition of the conduction of nerve signals through C
and AJ fibers and the local release of encephalin. Figure 7
demonstrated the possible effector mechanisms of the («-)2-
adrenoreceptors, linked to G proteins.

Dexmedetomidine provides dose-dependent increases
in anxiolysis and sedation that appears to be unique in
comparison with GABAergic agents such as midazolam or
propofol. Arousability is maintained at deep levels of sedation
[125] and, once aroused, patients normally performed well the
tests of vigilance [126], and they can cooperate with nursing,
radiologic, and airway procedures [127]. There appears to
be particular value in a drug such as dexmedetomidine that
facilitates the arousal and rapid orientation of a sedated
patient. The amnestic effects of dexmedetomidine are far less
than the benzodiazepines, which provide profound antero-
grade amnesia that may contribute to confused states on
emergence. In contrast, amnesia is achieved with dexmedeto-
midine only at high plasma levels (1.9 ng-mL™"), without
retrograde amnesia [116].

Unlike opioids, dexmedetomidine achieves its sedative,
hypnotic, and analgesic effects without causing any clinically
relevant respiratory depression, even when dosed to plasma
levels up to 15 times those normally recommended for ther-
apy [116]. Sedation induced by dexmedetomidine has the res-
piratory pattern and electroencephalogram (EEG) changes
comparable with natural sleep. Compared with remifentanil,
hypercapnic arousal is preserved [128] and functional mag-
netic resonance imaging studies show that unlike GABAergic
agents dexmedetomidine preserves a cerebral blood flow
pattern from natural sleep [129].

Administration of dexmedetomidine during sevoflurane
or desflurane anesthesia with spontaneous ventilation has
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FIGURE 7: Putative intracellular mechanisms involved in the («-)2-adrenoreceptors activation. The («-)2-adrenoreceptor subtypes are
transmembrane receptors that can be coupled to different classes of G-protein. The activation of («-)2-adrenoreceptor («2R) inhibits adenyl
cyclase (Ac) via activation of receptor-coupled Gi protein. This causes outward opening of the K channel via Gi protein, which results in
cell hyperpolarization. The coupling of adrenoreceptors to GO can either inhibit Ca** translocation or modulate phospholipase C (Pc). The
coupling with an undetermined class of G protein (G?) stimulates an exchange of H" and Na" (Modified from [106]).

no effect on end-tidal carbon dioxide [130] and arterial
saturation is better preserved with dexmedetomidine than
propofol under magnetic resonance imaging procedures
[131]. In contrast to infusions of opioids, benzodiazepines,
or propofol, dexmedetomidine can safely be infused through
tracheal extubation and beyond. It has been used successfully
to facilitate tracheal extubation in patients who had previ-
ously failed extubation because of excessive agitation [132].

3.2.3. Anti-Inflammatory Effects of Dexmedetomidine. Reac-
tive oxygen species (ROS) are considered as key regulatory
molecules vital for life, but they cause cellular and organ dam-
age when produced in excess or when antioxidant defenses
are overwhelmed such in cardiac and neurologic ischemic
and reperfusion injury. ROS can contribute to myocardial
stunning, infarction, and apoptosis, to the genesis of arrhyth-
mias and neurologic deficits. Several intravascular anesthetic
drugs can act as reactive oxygen species scavengers. It was
demonstrated in patients with impaired preoperative left ven-
tricular function undergoing elective coronary artery bypass
surgery with cardiopulmonary bypass, that the adminis-
tration and maintenance of a clinically relevant dose of
propofol from before aortic cross-clamp release, maintained
until 4 hours after reperfusion, attenuate myocardial lipid
peroxidation, associated with a decrease in IL-6 production
and a late increase of IL-10 release [133].

Recently, Arslan and colleagues (2012) concluded that
dexmedetomidine protected liver from lipid peroxidation,
when given before induction of ischemia in an experimen-
tal model [134]. Rocha and colleagues have also indicated
the protective potential of dexmedetomidine in women
which underwent pelvic videolaparoscopic surgery [135].
In their study dexmedetomidine protected blood aminole-
vulinate dehydratase (ALA-D) from inactivation caused by
hyperoxygenation in total intravenous anesthesia. The results
of the investigation indicated that blood ALA-D from patients
anesthetized with dexmedetomine was not modified by
exposure to high concentrations of oxygen, whereas the
activity of enzyme from those patients anesthetized with

remifentanil exhibited a statistical significant decrease in
activity. Regarding the dexmedetomidine group, it is possible
that the anesthetic has protected the enzyme from oxidation
by hyperoxygenation process.

Several investigators have published reports about the
effects of dexmedetomidine and other («-)2-adrenergic
receptors agonists on cytokines [136] and on («-)2-agonists
modulated lipopolysaccharide-induced tumor necrosis
factor-a production by macrophages [137]. Taniguchi and
colleagues [138] demonstrated that dexmedetomidine has
an inhibitory effect on cytokine responses to endotoxemia.
These findings suggest that one of the mechanisms of
anti-inflammatory effects of dexmedetomidine may be
via modulation of cytokine production by macrophages
and monocytes. Hofer and colleagues demonstrated that
dexmedetomidine infusion decreased cytokine production
in sepsis [139], which is in accordance with a recent
study showing reno and pulmonary protective effect of
dexmedetomidine in an experimental model of sepsis in
rats [33]. They have shown that preventive administration
of clonidine or dexmedetomidine improved survival in
induced sepsis. This was accompanied by a reduction in the
proinflammatory mediators IL-1f3, IL-6, and tumor necrosis
factor-a. Furthermore, they suggested that administration
of a central acting («-)2-adrenoreceptor agonist might be
considered as a preventive therapeutic option in high-risk
patients undergoing major surgery. In another animal
study, dexmedetomidine treatment was equally effective
to methylprednisolone in reducing TNF-« and IL-6 levels
induced by spinal cord injury. Apparently, dexmedetomidine
treatment reduced neutrophils’ infiltration at the site of
spinal cord injury [140]. Dexmedetomidine inhibited
cortisol synthesis at supratherapeutic concentrations
but this has not been reported in short-term use in
humans [141, 142]. Our study group have the influence of
dexmedetomidine on cortisol levels studied [143]. At this
study, we measured cortisol concentrations before anesthetic
induction, 5 minutes after intubation, and 30 minutes
after surgical incision in patients undergoing gynecologic
videolaparoscopic surgery, receiving dexmedetomidine
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or remifentanil. After intubation, there was a significant
decrease in cortisol concentrations from baseline in both
groups (4.3 + 1.4ug-dL™" and —4.6 + 1.6 ug-dL™", resp.)
but only in the remifentanil group at 30 minutes after
incision (2.6 + 1.8 ug-dL™" and 7.1 + 2.1 yg-dL™") and we
could conclude that dexmedetomidine did not suppress
steroidogenesis [143]. In the MENDS trial [144], cortisol
concentrations were determined at baseline and 2 days
after stopping dexmedetomidine infusion, and there was no
statistically significant difference in cortisol concentrations.
At high doses as 1.5 yg-kg "-h™' dexmedetomidine does not
appear to cause clinically significant adrenal suppression
[145].

Laryngoscopy and endotracheal intubation also pro-
voke marked sympathetic and sympathoadrenal response
that increase the risk of perioperative myocardial ischemia
and infarction. The perioperative use of dexmedetomidine
may improve endocardial perfusion and decrease heart rate
with attenuation of stress response [146]. Dexmedetomidine
increases the hemodynamic stability by altering the stress-
induced sympathoadrenal responses to intubation, during
surgery and emergence from anesthesia [147] and this reflects
a better outcome.

In a recent study, Sukegawa and colleagues [148]
described the potent inhibitory effect of dexmedetomidine
on inflammatory reactions, including edema, accumulation
of inflammatory cells, and production of tumor necrosis
factor-alpha and cyclooxygenase-2 (COX-2), induced by
an injection of carrageenan into the paw of mice. They
have also demonstrated a potent anti-inflammatory effect
of dexmedetomidine at a high dose on endotoxin-induced
inflammation in murine macrophages [149].

Yagmurdur and colleagues [150] have examined the
effect of dexmedetomidine on ischemia/reperfusion injury
due to tourniquet during upper-extremity surgery by deter-
mining blood malondialdehyde and hypoxanthine levels.
Dexmedetomidine significantly attenuated plasma hypox-
anthine production in the ischemia and plasma malon-
dialdehyde production in the reperfusion periods. They
suggest that dexmedetomidine can have advantages over
other anesthetic agents (for instance, opioids and propofol)
by inhibiting lipid peroxidation in the case of anticipated
ischemia/reperfusion injury, such as that would occur in
upper-extremity surgery requiring tourniquet application.
Bekker and colleagues [151] hypothesized that the intra-
operative administration of dexmedetomidine could reduce
the stress response and improve the quality of recovery in
patients undergoing major spinal surgery. They compare a
propofol/fentanil/dexmedetomidine anesthesia group with
propofol/fentanil/placebosaline anesthesia. In both groups,
plasma cortisol levels were elevated in the postanesthesia care
unit, whereas C-reactive protein levels were elevated only in
the first postoperative day. Dexmedetomidine significantly
reduced the levels of cortisol but not those of C-reactive
protein. Levels of cytokines IL-6 and IL-8 were significantly
higher immediately after surgery and at first postoperative
day. Dexmedetomidine delayed postoperative rise of IL-10
but not of IL-6 or IL-8. Plasma levels of other cytokines were
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not affected by surgery. Clinically, dexmedetomidine infusion
moderately improved the quality of recovery [105].

Gu and colleagues also conducted a study [152] to inves-
tigate dexmedetomidine anti-inflammatory capacity. They
utilized an animal model of renal ischemia/reperfusion that
induced an acute lung injury and either pretreated mice
with dexmedetomidine (25 ug-kg™" before ischemia) or gave
it after reperfusion. Renal ischemia/reperfusion induced an
increase of inflammatory markers in lungs (myeloperoxidase
(MPO) activity, intercellular adhesion molecule-1 (ICAM-
1), and TNF-a mRNA level). Both pre- and posttreatment
with dexmedetomidine markedly reduced lung edema and
inflammatory response and lowered MPO activity and
ICAM-1and TNF-a mRNA expression. Other study explored
the anti-inflammatory effects of dexmedetomidine in rats,
using an intravenous infusion of dexmedetomidine at the
rate of 5.0 ug-kg '-h™' after bilateral blunt chest trauma-
induced pulmonary contusion [153]. Dexmedetomidine not
only significantly modified hemodynamics and relieved the
infiltration of inflammatory cells into alveolar spaces but also
inhibited the injury-induced increase in plasma TNF-« and
IL-1f production.

In humans, Kang and colleagues [154] demonstrated
the anti-inflammatory dexmedetomidine effects in patients
subjected to laparoscopic cholecystectomy. Patients in the
dexmedetomidine group received a loading dose of dexme-
detomidine (1.0 ug-kg "), followed by infusion of dexmedeto-
midine at 0.5 yg'kg”"-h™'. Dexmedetomidine decreased the
plasma level of IL-18, TNF-«, and IL-10, when compared
to saline group. The C-reactive protein (CRP) level and
leukocyte count on postoperative day 1 were also lower
in dexmedetomidine group. Tasdogan and colleagues [155]
conducted another study to compare the effects of an
intravenous infusion of propofol and dexmedetomidine, on
inflammatory responses and intra-abdominal pressure in
severe sepsis after abdominal surgery. Dexmedetomidine
infusion decreases tumor necrosis factor-alpha, IL-1, and IL-
6 levels and intra-abdominal pressure significantly more than
a propofol infusion.

3.2.4. Neuroprotective Effects of Dexmedetomidine. The brain
has a high requirement for oxygen and glucose but is
unable to store these substrates and rapid necrosis occurs
to hypoxic-ischemic injury. It results in dysfunction of
adenosine triphosphate (ATP) dependent ion channels and
pumps, leading to cellular depolarization and the release of
extracellular excitatory neurotransmitters. The most impor-
tant neurotransmitter is glutamate, which activates the N-
methyl-D-aspartate receptor (NMDA), increasing intracel-
lular calcium and sodium, contributing further to depolar-
ization and neuronal activation. Excess of calcium promotes
activation of pathways which disrupt ionic homeostasis,
leading to membrane degeneration and excitotoxic cell death
[156]. Apoptotic mechanisms are also activated in response
to ischemic brain injury, days to weeks after ischemic insult,
especially in the region surrounding the necrotic area [157].
Neurological injury remains a major cause of morbidity
in cardiac surgery patients and, in an extensive review,
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Hogue Jr and colleagues [43] concluded that about 60%
of patients have evidence of cognitive decline one month
after cardiac surgery. Central nervous system deficits after
cardiopulmonary bypass ranging from postoperative cogni-
tive dysfunction (POCD), with incidence of 30-60% [158,
159] to stroke, over 1-5% of patients [160]. Adverse cerebral
outcomes after cardiac surgery have been studied for a long
time and literature data suggest that modalities modifying
the systemic inflammatory response to cardiopulmonary
bypass might protect brain against potential injury after
cardiac surgery [44, 45, 161]. But the association between
cardiopulmonary bypass-induced inflammation and neu-
rocognitive deficits itself remains less than clear. A review
of the literature did not support neurocognitive decline after
cardiopulmonary bypass as a result of an exacerbated inflam-
matory response initiated by extracorporeal circulation. In
recent issue, Jungwirth and colleagues [61] have published a
well-controlled study in a rat model that fails to demonstrate
a relationship between neurologic injury and the foreign sur-
face area of cardiopulmonary bypass or donor blood used to
prime the cardiopulmonary pump. They have suggested that
other factors than cardiopulmonary bypass lead to adverse
neurocognitive outcomes after cardiac surgery. Elsewhere,
neurocognitive impairment in many patients undergoing
cardiac surgery may be preexisting, although subclinical
(62, 162-166], and the cognitive outcomes for patients need-
ing cardiac surgery with cardiopulmonary bypass appear to
depend little on the perfusion technique, but rather on the
underlying diseases [167]. However, inflammatory response,
oxidative stress, and massive extracellular catecholamine
release may lead to additional neurodegeneration [167].
Nevertheless, Singh and colleagues [168] concluded that
anesthetic choice in patients under cardiac surgery may have
implications on S100B protein serum levels, a neuroinflam-
matory component, that could be a marker for brain injury
on serum [169] and/or damage to blood-brain barrier [76].
In other trials [144, 170, 171], patients receiving dexmedeto-
midine developed significantly less delirium compared with
patients receiving other drugs, such as midazolam or propofol
in intensive central unit. The pathogenesis of postoperative
delirium is not completely clear but appears to be related, in
part, to increased release of inflammatory mediators and the
binding to the gamma-aminobutyric acid (GABA) receptor
[171]. Dexmedetomidine does not bind to the GABA receptor
and hence may minimize the development of delirium by
decreasing release of norepinephrine. Because of conflicting
results [172] more studies are needed to determine whether
dexmedetomidine can really prevent or treat postopera-
tive associated delirium. Many anesthetics act as gamma-
aminobutyric acid (GABA) receptor agonists, and in animal
models, a GABA agonist can suppress neural cell prolifer-
ation, whereas GABA antagonist can enhance neurogenesis
(173, 174]. Dexmedetomidine acts by reducing noradrener-
gic output from the locus coeruleus, and decreasing brain
norepinephrine levels, and in animals, manipulations that
decrease brain norepinephrine also suppress cell proliferation
[175, 176]. Inhaled anesthetics such as isoflurane inhibit
the cholinergic basal forebrain and suppress hippocampal
neurogenesis in animals [177]. However, Tung and colleagues
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[178] found no effect of prolonged (8 hours) anesthesia with
isoflurane, propofol, or dexmedetomidine on hippocampal
cell proliferation in 3- or 12-month-old Sprague-Dawley rats.
These results suggest that the sum of the many potential
mechanisms linking cell proliferation to the anesthetized
state (vigilance state, environmental stimuli, adrenal effects
of anesthesia, and direct pharmacologic effects) results in no
overall effect and that suppression of adult hippocampal cell
proliferation is unlikely to be an effect of brief or prolonged
anesthesia, and thus unlikely to cause postoperative cognitive
dysfunction in humans.

The neuroprotective effects of dexmedetomidine have
been also demonstrated in vivo and in vitro in a variety
of models of ischemia. These include models of incomplete
ischemia in the rat [179, 180], transient focal ischemia in
rabbits [181], and transient global ischemia in gerbils [182].
In vitro studies of neuronal injury, using hippocampal slices
[183] and neuronal and cortical cell cultures [184] also
support dexmedetomidine as a neuroprotectant drug.

Originally, all dexmedetomidine neuroprotective activi-
ties were supposed to be caused by inactivation of presynaptic
(«-)2-adrenergic receptors, inhibiting noradrenergic activ-
ity. However, dexmedetomidine concentrations well below
100 nM exert prominent effects on cultured astrocytes [184,
185] and the («-)2-adrenoceptor is densely expressed in
astrocytes freshly isolated from mouse brain by fluorescence-
activated cell sorting [186]. Thus, instead of receiving a
subtype-mixed noradrenergic signal from locus coeruleus the
cells can be directly activated at their («-)2-adrenoceptor sites
by the drug.

The («-)2-adrenergic signaling pathway has been studied
in cultured astrocytes [185, 187]. It connects activation of («-)
2-adrenoceptors with extracellular signal-regulated kinase
(ERK) phosphorylation in two stages, separated by trans-
activation of the epidermal growth factor (EGF) receptor.
This receptor is highly expressed in both neurons and
astrocytes. In the first stage, the By subunits of the activated
heterotrimeric Gi protein lead, via activation of cytosolic
Src tyrosine kinases, to metalloproteinase-mediated “shed-
ding” of heparin-binding epidermal growth factor (HB-EGF)
from its transmembrane-spanning HB-EGF precursor. In
the second stage, released HB-EGF “transactivates” EGF
receptors in the same and adjacent cells (including neurons)
by phosphorylating EGF receptors, leading to Ras- and Raf-
dependent ERK phosphorylation [185, 187]. The astrocytic
effects may contribute also to dexmedetomidine’s analgesic
effects, at least in the spinal cord [188, 189] (Figure 8).

Despite dexmedetomidine has repeatedly been found to
have neuroprotective effects against ischemia in experimental
models [190] and could be able to protect against trauma in
hippocampal organotypic cultures [191], these neuroprotec-
tion capacity has not been confirmed clinically.

More recently, Zhang and colleagues [192] described
a possible mechanism through which dexmedetomidine
induces neuroprotection. Based on knowledge that oxida-
tive damage contributes greatly to posttraumatic brain
injury [193] they induced oxidative neuronal injury with
H,0, in the glutamatergic cerebellar granule neurons. The
hypothesis was tested that “conditioned” medium from
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FIGURE 8: Neuroprotective mechanism(s) triggered by (a-)2-adrenoreceptors agonists. Presynaptically: (1) activation of outward rectifying K*
channels causing hyperpolarization; (2) inhibition of inward translocation of Ca®" ions; (3) hyperpolarization resulting from action-1 causes
reduced Ca®" entry; (4) reduced intracellular Ca®* (as a result of actions 2 and 3) causes diminished neurotransmitter release. Synaptically:
(5) due to action-4 as well as reduced receptor sensitivity; (6) extrasynaptic scavenging of glutamate by astrocytes. Postsynaptically: (7)
hyperpolarization reduces the activation of NMDA receptors by enhancing Mg”* block and also causes reduced neuronal firing and reduced
intracellular Ca** release; (8) due to actions 5 and 9. The reduced excitotoxic neuronal death due to combination of all actions but the main
pathway is via a reduction in the free intracellular Ca®" [106] (Modified of [157]).

dexmedetomidine-treated astrocyte cultures would enhance
neuronal viability due to release of an epidermal growth
factor (EGF) receptor agonist, whereas direct administra-
tion of dexmedetomidine to neurons or treatment with
nonconditioned medium would have no effect. Furthermore,
it was examined if the protection found after addition
of medium from dexmedetomidine treated astrocytes was
abolished by treatment of the astrocytes with the specific («-)
2-adrenergic antagonist atipamezole. This was confirmed,
but atipamezole addition directly to H,0O,-exposed neu-
rons treated with dexmedetomidine had no effect. They
demonstrated that dexmedetomidine at clinically relevant
concentrations was neuroprotective against oxidative damage

by stimulating directly the astrocytic («-)2-adrenoceptors,
causing release of heparin-binding epidermal growth factor
(HB-EGF). HB-EGF in turn activates neuronal epidermal
growth factor (EGF) receptors. At these concentrations,
however, dexmedetomidine has no direct neuronal effect
[192].

The practice of neuroprotection is difficult because the
process of neuronal damage and cell death is complex and
not completely understood. The complexity of pathophysio-
logic mechanisms suggests that neuroprotection may have a
multimodal approach and it is unlikely that a single pharma-
ceutical agent will be effective in improving neurological
outcome. Recent evidence indicates indeed that new neurons
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are produced in the adult hippocampus [194] and play a
functional role in cognitive processes such as learning and
memory [195, 196]. Because anesthetics also affected these
factors, it can be suspected that anesthetics or the anes-
thetized state also affected adult hippocampal cell prolifera-
tion. Anesthetic management may thus improve the quality
of recovery in patients undergoing coronary artery bypass
graft surgery, affecting the postoperative course, reduce the
stress response, and possibly reduce neurological deficits
onset.

3.2.5. Dexmedetomidine as Protective Agent against Ischemia.
Regarding the cerebral circulation in humans, during car-
diopulmonary bypass, relatively little information was avail-
able until Henriksen and colleagues [197] reported evidence
of cerebral hyperemia in 1983. In 1984, Govier and colleagues
[198] incite controversy and debate with their observations
of ischemic threshold levels of cerebral blood flow during
cardiopulmonary bypass. Murkin and colleagues [199], sub-
sequently, reported a decrease in cerebral blood flow and
metabolic rate (oxygen consumption) during hypothermic
cardiopulmonary bypass in humans. These low values were
restored to control levels shortly after separation from car-
diopulmonary bypass system. This study demonstrated a
physiological basis for the embolic theory of central ner-
vous system impairment after cardiac surgery. Ganushchak
and colleagues [200] tested with a retrospective study the
hypothesis that combinations of hemodynamic events from
apparently normal cardiopulmonary bypass procedures are
related to the development of postoperative neurological
complications and affect the impact of patient common clin-
ical risk factors on postoperative neurological complications.
Patients who underwent cardiopulmonary bypass procedures
with large fluctuations in hemodynamic parameters par-
ticularly showed an increased risk for the development of
postoperative neurological complications [200].

There are increasing points of evidence both in vitro
and in vivo which indicates that dexmedetomidine has a
cell-protective effect on nervous tissue under ischemic con-
ditions [201-204]. Considering that ischemia enhances the
formation of reactive oxygen species in brain tissue and the
activation of brain cells as microglia to synthetize cytokines,
Eser and colleagues [205] investigated the neuroprotective
effects of dexmedetomidine on an animal model of transient
global cerebral ischemia/reperfusion injury. They showed a
lower number of apoptotic neurons at hippocampus and
decreased levels of cytokines on dexmedetomidine group as
compared to the saline control group. These results indicated
a clear neuroprotective effect of dexmedetomidine after
transient global cerebral ischemia/reperfusion injury.

In a recent review, Afonso and Reis [206] observed that
dexmedetomidine seems to have promising applications on
neuro- and cardioprotection and may confer this protection
by targeting a number of different areas. The attenuation
of ischemia-elicited increase in blood catecholamine levels
and a limitation of excitotoxicity from glutamate might
be involved in the protective underlying mechanism of
dexmedetomidine. But more evidence has been obtained
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suggesting that this effect can be mediated also by the stimu-
lation of imidazoline receptors [207]. The signal transduction
cascade linked to these receptors comprises extracellular
signal-regulated protein kinases 1 and 2 and is known to
be an important regulator for cell survival and mediator of
neuroprotective effects of various agents [208]. Dexmedeto-
midine was reported also to be effective in protecting against
focal ischemia in rabbits, in cardiac ischemia/reperfusion
injury in rats, in kidney ischemia/reperfusion injury in rats,
and in incomplete forebrain ischemia in rats [201, 209, 210].

There is considerably more experimental evidence that
dexmedetomidine has neuroprotective effects by sympathol-
ysis, preconditioning, and attenuation of ischemia/reperfu-
sion injury [111] and under decreases on cerebral blood flow
[211-213] with its ratio with cerebral metabolic rate to be
preserved [214].

Schoeler and colleagues [215] found that dexmedetomi-
dine has a protective effect on hippocampal slice cultures
subjected to a focal mechanical trauma, with the observed
trauma reduction being significantly more pronounced than
observed in slices treated with hypothermia. But other studies
have indicated conflicting results [216]. These authors inves-
tigated twenty-four patients, aged 50-70 years, undergoing
coronary artery bypass graft surgery, randomized into two
groups: those receiving dexmedetomidine (group D) and
those which did not receive it (group C). As basal blood
samples from arterial and jugular bulb catheters were drawn,
dexmedetomidine (1 ug-kg™" bolus and infusion at a rate of
0.7 ugkg "h™') was administered to patients in group D.
Arterial and jugular venous blood gas analyses, serum S-100B
protein (S-100B), neuron-specific enolase (NSE), and lactate
measurements were performed after induction, 10 minute
after the initiation of cardiopulmonary bypass, 1 minute after
declamping, at the end of cardiopulmonary bypass, at the end
of the surgery, and at 24 hours after surgery. No significant
differences between-groups were found regarding arterial
and jugular venous pH, PO,, PCO,, and O, saturations. S-
100B, NSE, and lactate levels were also similar between groups
D and C. During the postoperative period, there were no
clinically overt neurological complications in any patient.
Cerebral ischemia marker (S-100B, NSE and lactate) patterns
were increased during cardiopulmonary bypass, as expected;
however, there were no differences between the groups, which
led to believe that during coronary artery bypass graft surgery
dexmedetomidine has no neuroprotective effects [216].

At peripheral level, in spinal cord, dexmedetomidine
can preserve neurologic function in mice after aortic cross-
clamping, as demonstrated by Bell and colleagues [217]. It
was also observated that mice exhibited almost complete
reversal of the protective effect with the administration of the
(x)-2A receptor antagonist atipamezole. Dexmedetomidine
appears to attenuate spinal cord ischemia/reperfusion injury
via (a-)2A receptor-mediated agonism [217].

At renal site, Gu and colleagues investigated whether
the (a-)2-adrenoceptor agonist dexmedetomidine provides
protection against ischemia/reperfusion induced kidney
injury in vitro and in vivo [218]. Pre- or posttreatment



18

with dexmedetomidine provided cytoprotection, improved
tubular architecture and function following renal ischemia.
Associated with this cytoprotection, dexmedetomidine
reduced plasma high-mobility group protein Bl (HMGB-1)
elevation when given prior to or after kidney ischemia/
reperfusion, and pretreatment also decreased toll-like
receptor 4 (TLR4) expression in tubular cells. Dexmedet-
omidine treatment promoted long-term functional renopro-
tection and even increased survival following nephrectomy.
However, prospective human studies establishing a benefit
of dexmedetomidine against kidney damage are not yet
available.

Despite its increased clinical use and potential benefits,
the effect of dexmedetomidine on inflammation and neu-
roprotection remains limited and somewhat controversial.
Future investigators may examine the clinical benefits of
the use of dexmedetomidine, and the correlation of better
neurological outcome with anesthesia choice.

3.2.6. Dexmedetomidine Hemodynamic and Myocardial Pro-
tective Effects. Dexmedetomidine has complex hemody-
namic effects specific to its activation of pre- and postsynaptic
(a-)2-adrenergic receptors. These effects are dose-dependent
and biphasic: vasodilation at lower dosages, vasoconstriction
at higher dosages, and an initial short-term increase in blood
pressure followed by a longer lasting reduction in blood
pressure and heart rate. Several investigations have identified
the cardiovascular effects of dexmedetomidine [116, 219, 220];
however its effect on intraoperative hemodynamics during
a propofol-supplemented remifentanil-based anesthesia reg-
imen, which produces a strong vasodilatory effect, has not
been well investigated.

There is a latent risk for excessive bradycardia and
even sinus arrest when dexmedetomidine is administered in
combination with sympatholytic or cholinergic agents (beta-
blockers, fentanyl, and neostigmine), especially with con-
comitant vagal stimulation (sternal separation) [221-223].
Dexmedetomidine causes dose-dependent decreases in heart
rate and blood pressure, concomitant with decreasing plasma
catecholamines. This is of considerable benefit in tachycardic,
hypertensive patients with improvement of hemodynamic
stability in the perioperative period. These eftects, however,
may be unwanted in patients with congestive heart failure,
whose cardiac output is rate dependent, or with conduction
system disease. As mentioned, a high-dose bolus may result
in a biphasic response, with bradycardia and hypertension
consequent to initial stimulation of peripheral («-)2B vas-
cular receptors, followed by central sympatholysis and a
decline in blood pressure [224]. Unlike clonidine, cessation
of dexmedetomidine administration does not appear to be
associated with rebound hypertension or agitation.

The ability of («-)2 receptor agonists to decrease tachy-
cardia and hypertension suggests that they may play a role in
cardioprotection by enhancing myocardial oxygen balance.
There is little evidence that dexmedetomidine could enhance
myocardial ischemic preconditioning or attenuates reperfu-
sion injury, for example, when used after cardiac surgery;
dexmedetomidine decreased the incidence of ventricular
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arrhythmias from 5% to zero, compared with propofol [116].
Other authors have described the safe use of dexmedeto-
midine as an anesthetic adjunct in coronary artery bypass
grafting, improving a stable hemodynamic status [225, 226].

Guo and colleagues [226] investigated the protective
effects of dexmedetomidine on left ventricular contractile
performance under myocardial hypoxia. They study indicates
that hypoxia immediately impairs left ventricular function
with a rapid increase in coronary flow followed by a gradual
decrease, with poor recovery of left ventricular function
at reoxygenation. Dexmedetomidine administration only in
prehypoxia improves recovery of left ventricular function
and coronary flow, and the protective effects are antagonized
by yohimbine. The mechanisms are not clear, but there are
several possibilities.

Dexmedetomidine might exert the protective effect on
left ventricular dysfunction through inhibition of the release
of norepinephrine as suggested also by Chen and colleagues
[227] that showed that the postischemic heart had a large
amount of coronary norepinephrine overflow and that its
reduction significantly improved the recovery of postis-
chemic left ventricular function in an isolated working heart
preparation. As demonstrated before, it is believed that
high interstitial concentrations of norepinephrine result in
myocyte calcium overload and cell death causing develop-
ment of cardiac dysfunction [228]. The high plasma concen-
trations of catecholamines (norepinephrine and epinephrine)
would lead to a calcium overload into the myocardial cells,
increased cytosolic and intramitochondrial calcium, reactive
oxygen species release, and adenosine triphosphate (ATP)
depletion, with resulting electrocardiogram (ECG) changes,
failing in myocardial contraction and possible cell death
[229, 230]. In patients under extreme sympathetic discharge
caused by an acute stress a tissue lesion characterized
by contraction of sarcomeric myofibrilles and interstitial
mononuclear infiltration was described [231]. Ebert and
colleagues [116] reported that dexmedetomidine diminished
the hemodynamic and norepinephrine response to the acti-
vation of cardiac sympathetic nerves by the cold pressor test.
Dexmedetomidine could also prevent a myocardial ischemia-
induced norepinephrine release in anesthetized dogs [232].

Dexmedetomidine increases the cyclic adenosine
monophosphate (cAMP) level in the coronary artery. Guo
and colleagues [226] demonstrated that hypoxia caused
an immediate increase in coronary flow followed by a
gradual decrease, similarly to the results of Karamazyn
and colleagues [233], and reoxygenation resulted in poor
recovery. Pinsky and colleagues [234] reported that the
graft vasculature with hypoxia impaired vascular function
and decreased blood flow after transplantation, and it
enhanced phosphodiesterase activity and caused a time
dependent decline in cAMP levels in the vascular smooth
muscle cells. Kitakaze and colleagues [235] reported that an
increase in cAMP level by stimulation of adenosine receptors
was amplified by the («-)2-adrenergic stimulation in the
coronary artery. Thus it is possible that dexmedetomidine
could increase the cAMP level and attenuate coronary
vascular damage of an adenosine-induced coronary
vasodilative effect and preserve coronary flow. Kitakaze and
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colleagues [235] provided evidence that alpha-2-adrenergic
stimulation increased coronary flow during ischemia as
a result of enhancement of adenosine-induced coronary
vasodilation, although («-)2-adrenergic stimulation exerted
prominent vasoconstriction in nonischemic hearts. However,
in Guo study, dexmedetomidine did not significantly
improve the coronary flow during hypoxia, contesting this
hypothesis.

A large European study demonstrated that periopera-
tive infusion of mivazerol, another («-)2-adrenergic agonist,
significantly decreased cardiac death after vascular surgery
in patients with known coronary artery disease [236]. And
a meta-analysis of noncardiac vascular surgery patients
receiving any (a-)2-adrenergic agonist agent demonstrated
decreased risk of myocardial infarction and death [237], but
dexmedetomidine alone on cardiovascular outcomes after
noncardiac surgery did not show statistical significance [238].
Therefore, larger studies are required to clearly ascertain
the cardioprotective effect of dexmedetomidine and whether
or not it should be included in patients at high cardiac
risk.

3.2.7. Dexmedetomidine Other Potential Effects. The effects
of dexmedetomidine on renal function are complex. Alpha-
2 agonists exert a diuretic effect with decreased salt and
water reabsorption [239]. There are experimental evi-
dence that dexmedetomidine attenuates murine radiocon-
trast nephropathy by preserving cortical blood flow [240].
This mechanism is supported by the observation that
dexmedetomidine decreases the renal cortical release of nore-
pinephrine [210]. There are also evidence that dexmedeto-
midine attenuates murine ischemia/reperfusion injury [170].
However, prospective human studies cannot establish renal
benefits of dexmedetomidine.

Based on preliminary studies, the USA Food and
Drug Administration approved that duration of infusion
of dexmedetomidine remains 24 hours. However, there are
several studies that have demonstrated safe use for a week or
longer in mechanically ventilated critically ill patients [241].
With prolonged administration, tolerance to dexmedetomi-
dine’s hypnotic effects has been demonstrated in animals
[242], but it does not appear to be clinically significant.

Dexmedetomidine also suppresses shivering, possibly
by their activity at («-)2B receptors in the hypothala-
mic thermoregulatory center of the brain [243]. Low-dose
dexmedetomidine has an additive effect with meperidine
on lowering the shivering threshold, when these drugs are
combined [244]. Dexmedetomidine may be beneficial in
decreasing patient discomfort and oxygen consumption that
occur on postoperative shivering [245].

Alpha-2 adrenergic agonists, such as clonidine, have also
an established role in the treatment of central hyperadrener-
gic states induced by withdrawal of drugs, including cocaine,
alcohol, or opioids. Numerous case reports of successful
treatment of withdrawal using dexmedetomidine have been
published [224, 246-249], but, to date, no randomized trials
have been performed.
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4. Conclusions

Until December 2007, when results of the MENDS (Max-
imizing Efficacy of Targeted Sedation and Reducing Neu-
rologic Dysfunction) trial were published, most of the data
published on dexmedetomidine were from its use in surgical
patients unique as a coadjuvant anesthetic [105]. Admin-
istered intravenously, dexmedetomidine has been used for
sedation and anxiolysis in the intensive care unit and as other
additional perioperative uses: premedication, to reduce emer-
gence delirium and postoperative pain, and to attenuate the
stress responses associated with surgery and anesthesia. But it
will be necessary to explore the pharmacological mechanisms
for the actions of these («-)2-adrenergic receptor agonists in
more detail. The incipient clinical use of dexmedetomidine
can be ascribed to its recent introduction as anesthetic in
human and veterinary practices. Since inflammation is nor-
mally a component of surgery-associated injuries, it would
be valuable to have a safe and effective means of prevent-
ing inflammatory response to major surgery, especially to
coronary artery bypass grafting, and its complications, with
the beneficial actions of anesthetic drugs. We believe that
dexmedetomidine can be considered a particularly promising
agent. Other anesthetic approaches will be required to test
the efficacy of dexmedetomidine as an anti-inflammatory
agent and to further clarify both safety and efficacy to
dexmedetomidine use in patients undergoing extremely inva-
sive surgeries, such as cardiopulmonary bypass.
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