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ABSTRACT

Traumatic Spinal Cord Injury (SCI) may often lead to significant disability in affected individuals and reduce
quality of life.

Over 70% of SCI patients suffer from multiple injuries, concomitant with spinal cord trauma, contributing to the
high rates of associated complications during the acute and long-term phases of care [1].

SCI impairs body’s autonomic and biomechanical performance by interrupting communications between the
brain, organ systems, muscles and bones. This carries important implications on patients’ ability to perform basic
daily-lifeactivities and reserve capacity to withstand illnesses and aging [2].

Dexmedetomidine, an imidazole compound, is a highly selective a2-adrenoreceptor agonist, even ten times more
selective than Clonidine. It is a very versatile drug in anaesthesia practice, nowadays applied in increasing num-
ber of clinical scenarios. It is an analgesic with anaesthetic sparing effects, sympatholytic properties, applied for
procedural sedation, displaying cardiovascular stabilizing properties. It reduces delirium and preserves respira-
tory function, adding benefits to its use [3].

The aim of this review is to present the evolving role of Dexmedetomidine in patients with Spinal Cord Injuries

in anaesthesia and ICU sedation and discuss its limitations.
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Introduction

Dexmedetomidine is an a2-adrenoreceptor agonist
with a broad range of pharmacological properties,
reflecting the extensive distribution of a2-receptors
throughout the body [4,5], registreted in FDA since
1999. Originally, it was approved for intravenous (iv)
administration in the Intensive Care Unit (ICU) during
sedation of mechanically ventilated adult patients, for
up to 24 hours [2]. In 2008, an additional indication was
granted in USA, allowing the use of DEX for the seda-
tion of non-intubated patients prior to and/or during
surgical and other procedures. Since 2011, Dexmedeto-
midine has been approved by the European Union for
the sedation of adult ICU patients, requiring a seda-
tion level at which patients remain awake in response

to verbal stimulation [3]. It is commercially available
as a water-soluble HCL salt under the brand name of
Dexdor and Precedex and exerts its hypnotic action
through activation of central presynaptic and postsyn-
aptic a2-adrenoceptor in Locus Coeruleus, inducing a
state of unconsciousness similar to natural sleep, with
minimal respiratory depression [8-13].

The pharmacokinetic characteristics of dexmedeto-
midine have been reported and examined in many
pre-clinical and clinical studies. In healthy adult vol-
unteers, half-life elimination was described at 2.1 to
3.1 hours and the clearance from non-compartmental
analysis varied from 0.51 to 0.89 L/min. Likewise, from
pre-clinical studies, it was found that the drug dis-
tributes rapidly and widely throughout the body and
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readily crosses the blood-brain and placental barriers
[8,14]. Around 94% of Dexmedetomidine is bound
to plasma albumin and al-glycoprotein in healthy
volunteers [8,15]. Elimination is performed mainly
through glycoronidation in the liver, at its N3 and N1
position of the imidazole ring [16]. The direct N-glu-
coronidation products of Dexmedetomidine, namely
N3- and N1- glucoronide (DG1) and (DG2) are the
primary metabolites of Dexmedetomidine, accounting
for about 41% of its metabolism in healthy volunteers
[8,15], while other metabolites of Dexmedetomidine
are N-methyl-O-glucoronidedexmedetomidine, 3-hy-
droxy dexmedetomidine, glucoronide of 3-hydroxy
dexmedetomidine, 3 carboxylic acid dexmedetomi-
dine, and N-methylated carboxylic acid dexmedeto-
midine [15]. Overall, less than 1% of Dexmedetomi-
dine is excreted unchanged and 95% is eliminated via
metabolism and subsequent excretion via urine [8,15].
The pharmacokinetic profile of Dexmedetomidine has
been extensively evaluated in various populations
and the reports revealed that covariates, including
age, frailty, body size, hepatic impairment, plasma
albumin, and cardiac output, may have a significant
impact on the pharmacokinetics of Dexmedetomidine
[9,11,14,16,17]

The aim of this article is to critically review and
summarize published data on the clinical application
of Dexmedetomidine in patients with Spinal Cord In-
jury as well as the usefulness of its administration. The
MEDLINE database was searched through PubMed.
All English articles and abstracts with a title contain-
ing the words Spinal Cord Injury, Dexmedetomidine,
ICU, surgery were selected. Additional searches were
performed including the keywords “interactions” and
“analgesia”. After screening titles for possible rel-
evance, papers were added to the flowchart. All ab-
stracts were screened and when considered relevant,
the papers’ full texts were obtained. Bibliographies of
articles were reviewed and as such, additional poten-
tially relevant papers were identified and added to the
flowchart (Table 1).

Discussion

Injuries to the Spinal column and Spinal Cord fre-
quently occur after high-energy mechanisms of injury,
or with lower-energy mechanisms, in selected patient

population, like the elderly. A focused, yet complete
neurologic evaluation will guide subsequent diagnos-
tic procedures and early supportive measures to help
prevent further injury. For patients with osseous and/
or ligamentous injury, the initial focus should be spi-
nal immobilization and prevention of Spinal Cord le-
sions [18]. These injuries may often lead to significant
disability in affected individuals and reduce life satis-
faction [19]. Patients with Spinal Cord Injuries require
multidisciplinary management to achieve optimal
health outcomes [20].

Sedation

The sedative effects of Dexmedetomidine are well
established. Dose-dependent sedation was seen in
healthy volunteers receiving intravenous boluces
of Dexmedetomidine 0,25-2pg/kg [21], while the
sedative effect of Dexmedetomidine infusion were
shown in both healthy volunteers [22-24] and ICU
patients [25-28]. The drug induces sleep by decreas-
ing the firing of noradrenic locus Coeruleus neu-
rons in the brain stem and activating endogenous
non-rapid eye movement sleep-promoting path-
ways [29]. It produces a state closely resembling to
physiological state-2 sleep [30]. Thus, recipients can
be easily roused to participate in testing [24] and
cooperate during sedative procedures [30]. Dexme-
detomidine has analgesic effects in healthy volun-
teers [22,24] and opioid-sparing effect in patients in
ICU setting [26]. The analgesic effect appears to be
exerted at the Spinal Cord level, supraspinal sites,
as well as through nonspinal mechanisms [31]. Dex-
medetomidine demonstrates sympatholytic activ-
ity [22,32-34]. Significant reductions from baseline
in plasma noradrenaline (norepinephrine) and/or
adrenaline (epinephrine) levels were observed in
healthy volunteers [22,32,33] and surgically treated
patients, postoperatively [34] .

Side effects are mainly restricted to hemodynamic
alterations. These include hypertention, bradycar-
dia, and hypotention, owing to pre- and postsynap-
tic a2- receptor activation as well as reflex bradycar-
dia [35,36]. Moreover, it has been shown to attenuate
stress responses, thereby creating a more stable hemo-
dynamic profile during stressful events, such as sur-
gery or anesthetic induction [37-39].
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Clinical Applications of Dexmedetomidine

A. Intensive Care Unit (ICU)

Stable hemodynamic conditions are crucial for opti-
mal clinical management of patients with acute Spinal
Cord Injury, admitted to a neuricritical care unit [40].

Sedation in the ICU works both ways. Although it
reduces anxiety and agitation, sedative drug therapy
typically diminishes patients” level of arousal, often
incites delirium during wakefulness, and may add
greater dependence on assisted ventilation and need
for hemodynamic support [41]. Dexmedetomidine
combines analgesic, sedative and anxiolytic effects
while maintaining patients” arousability without sig-
nificant respiratory depression [42]. It is these char-
acteristics that make this drug a potentially attractive
sedative for Spinal Cord Injury (SCI) patients, since
they often require awakening for thorough neurolog-
ical assessment.

The Acute Neurological ICU Sedation Trial (ANIST),
an Institutional Review Board-approved investigator
initiated prospective, randomized, double-blinded,
crossover study, demonstrated that Dexmedetomi-
dine preserves the cognitive state and may improve
intellectual function during active sedation, in patients
with lower than normal baseline cognition. That was
a great note to intensive care practitioners; incorporat-
ing strategies that render a calm and cooperative state
while not impairing gross intellectual function can, in
fact, yield objective improvement both in cognition
as well as in functional neurological condition [43]. A
recent well-designed randomized controlled-trial pre-
sented clinical evidence of adding Dexmedetomidine
as an adjuvant agent or as the sole sedative in neu-
rological patients, requiring postoperative mechanical
ventilation in the ICU [44]. This study showed that
Dexmedetomidine facilitated early extubation and
was associated with more ventilator-free hours. It is
exceptionally, important in the neurosurgical popula-
tion, to control agitation and provide analgesia, so as
to improve tolerance to mechanical ventilation and ac-
celerate time to extubation, maintain homeostasis and
enable early neurological assessment.

In a prospective randomized control study of 90
neurosurgical patients requiring short-term postop-
erative ventilation for about 12 hours, Dexmedetomi-
dine, Midazolam or Propofol all provided effective se-

dation and stable hemodynamic stability. Compared
to Propofol and Midazolam sedation, Dexmedetomi-
dine was associated with a longer time to extubation
[45]. A retrospective propensity-matched cohort data
analysis of 342 patients from 2 medical centers showed
that Dexmedetomidine and Propofol were associated
with an equal prevalence of hypotention (defined as
MAP<60 mmHg, 23% vs 26%) and bradycardia (de-
fined as heart rate <50 beats/min, 8,6% vs 5,5%) [46].
However other studies frequently demonstrate that
Dexmedetomidine is more commonly associated with
bradycardia [45,47]. The prevailing thought is that
Dexmedetomidine may be associated with less hemo-
dynamic perturbation, minimal neurophysiological
monitoring interference, greater ability to achieve co-
operative sedation without respiratory compromise in
awake procedures and acceptable pain control.

B. Surgery

Spinal surgery poses unique challenges concerning
the provision of optimum perioperative management.
Intraoperative hemodynamic changes, blood loss, re-
quirement of augmented doses of anesthetics or po-
tent opioids to suppress the hemodynamic responses
evoked by noxious stimulation and rapid awakening
for early neurological assessment, constitute the most
prominent intraoperative concerns during spinal
procedures [47-50]. Furthermore, spine surgeries are
painful and often require significant perioperative an-
algesia [48,51].

As multiple pathways like nociceptive, inflammato-
ry and neuropathic ones seem to be implicated in the
occurrence of pain following major spine surgery, the
ideal analgesic strategy for these procedures remains
yet an intriguing issue. Aiming to avoid any possible
adverse effects, an analgesic approach targeting mul-
tiple antinociceptive and antihyperalgesic pathways is
considered as the best alternative choice [48,51].

Patients with high cervical lesions can suffer spinal
cord injury during tracheal intubation and positioning.
Although electrophysiological monitoring techniques
can assist early detection, they may not be practical
[52,53] and miss certain injuries [54]. With the patient
awake, injury may be more easily prevented. Dexme-
detomidine is increasingly used to provide sedation
for awake fiberoptic intubation, as it maintains spon-
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Articles through pubmed
(n=149)

Total papers included in
the review
(n=125)

taneous respiration without airway obstruction [55-
57]. Furthermore, its offset kinetics provides optimum
conditions and fulfills the need of post-intubation neu-
rological examination, required in such patients.
Cervical fixation along with spinal cord decompres-
sion is the most commonly performed surgical proce-
dure for patients with cervical SCI. As there is high
concern for further neurological damage during head
extension and neck flexion for direct laryngoscopic in-
tubation, awake flexible fiberoptic intubation (AFOI)
is often the preferred method for airway management
[58]. Adequate sedation with topical anesthesia of the
airway may minimize undue discomfort, anxiety and
sympathetic surge during AFOI, but respiratory de-
pression and hypoxaemia may occur with excessive se-
dation [59]. Although various pharmacological agents
have been used for conscious sedation during AFOI,

Titles and abstracts screened Records excluded
(n=148) >
(n=3)
Full-text articles assessed
(n=127 ) _ Full-text articles excluded with
reasons (< 2014)
(n=2)
\ 4

most of them demonstratee respiratory depressant ef-
fect, in higher doses [59,60]. Consequently, there is a
need for an ideal sedative agent for AFOI that will al-
low patients to maintain spontaneous respiration and
protect their own airway with full cooperation, during
application of the fibreoptic scope. The major advan-
tage of Dexmedetomidine infusion during AFOI is a
unique form of sedation where patients with cervical
spinal cord injury remain sleepy but are easily aroused
and cooperate with minimum respiratory impairment
[55,61].

Neurological assessment can be performed immedi-
ately following intubation, as patients remain awake
throughout the procedure [62]. Episodes of obstructive
apnoea have been reported in one study when Dexme-
detomidine was infused at 1 and 2 pg/kg rapidly over
2 min [63]. Additionally, episodes of loss of airway
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patency with higher doses of Dexmedetomidine infu-
sion (10 pg/kg) have also been reported [64]. In cases
of lower maintenance dose of Dexmedetomidine (0,5
pg/kg), no adverse effects were observed.
Dose-depended biphasic alteration of BP with Dex-
medetomidine has been reported [65]. It has been
documented that hypertensive episodes are more fre-
quent at higher doses (1-2 pg/kg) and hypotension at
lower doses (0,25-0,5 pg/kg ), when bolus infusions
were administered over 2 min [66]. Initial increase
in BP following loading dose may be due to vasocon-
striction, caused by direct stimulation of al- receptors
on blood vessels and secondary decrease in BP in the
subsequent period, due to inhibition of norepineph-
rine release from sympathetic terminals [67]. This bi-
phasic BP response can be controlled by increasing the
duration of the loading dose (1 pg/kg over 10 min)
and lowering the maintenance dose (0,5 pg/kg/h).
It has been documented that higher doses of Dexme-
detomidine may be used safely with minimal changes
in hemodynamics, when they are infused over 10 min
[68]. It is also recommended that the use of Dexme-
detomidine at 1 pg/kg bolus over 15 min, with main-
tenance rates of 0.2-0.7 pg/kg/h, is safe and beneficial
for surgical patients [69].
C. Neuroprotective effect
Interest in the potential protective effects of Dex-
medetomidine in relation to spinal cord injuries has
grown in the past few years. Recent animal studies
have shown that intravenous Dexmedetomidine at-
tenuated spinal ventral neuronal degeneration and

preserved neurological function and neuronal via-
bility, following transient spinal cord ischemia [70]
or ischemia-reperfusion [71]. These beneficial effects
were associated with improved cell survival and an-
tiapoptotic factors, as well as with the attenuation
of microglial activation, proinflammatory cytokine
production, decreased interleukin-6, tumor necrosis
factor-alpha and reduced neurotrophil infiltration,
indicating an anti-inflammatory effect [72,73]. In
terms of injury biomarkers, a prospective study re-
ported reduced levels of the stress hormone cortisol
and the inflammatory response marker interleu-
kin-10 following intraoperative Dexmedetomidine
infusion in cervical spine surgery [74].

Conclusion

In the recent years, there has been increasing inter-
est in the application of Dexmedetomidine to var-
ious neurological clinical scenarios, especially for
SCI patients. Literature data on the use of Dexme-
detomidine in the neurocritical patients, as sole se-
dation or as an adjuvant, supports that the drug is
both efficient and safe. It may be associated with less
hemodymamic perturbation, minimal neurophysi-
ological monitoring interference, greater ability to
achieve cooperative sedation without respiratory
compromise in awake procedures and acceptable
pain control.
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