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Introduction

Dexmedetomidine, or 4-[(1S)-1-(2,3-dimethylphenyl)ethyl]-1H-imidazole, is a
potent and selective ay-adrenoceptor agonist used for its sedative, analgesic and
anxiolytic properties [1, 2]. It was initially approved in the United States in 1999
(Precedex®; Hospira, Lake Forrest, IL, USA) for intravenous (IV) sedation of
mechanically ventilated adult patients in the intensive care unit (ICU), at doses
ranging from 0.2 to 0.7 mcg/kg/h for up to 24 h [3]. In 2008, it received additional
approval for procedural sedation of non-intubated adult patients in perioperative
and non-surgical settings [2]. In Europe it has been approved since 2011 (Dexdor®;
Orion Corporation, Espoo, Finland), for sedation in adult ICU patients who are
required to remain easily arousable to verbal stimuli [4, 5].
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Mechanism of Action

As the pharmacologically active dextro-isomer of medetomidine (a commonly used
agent in veterinary medicine) [2], dexmedetomidine binds to transmembrane G;-
coupled ay-adrenergic receptors in the periphery (a5 subtype) and centrally within
the brain and spinal cord (o and a,c subtypes) [6, 7]. It does not have action at
gamma-aminobutyric acid (GABA), opioid or N-methyl-D-aspartate (NMDA)
receptors as do benzodiazepines, opioids and propofol. Sedative and antinociceptive
actions are mediated through o, stimulation [8, 9], vasoconstrictive effects are pro-
duced by g activation, and a,c stimulation modulates dopaminergic neurotrans-
mission, hypothermia and numerous behavioral changes [9]. The suppression of
neurotransmission seen with a,-agonists is due to activation of pre- and post-
synaptic potassium ion channels. Subsequent potassium efflux and membrane
hyperpolarization inhibits norepinephrine release and leads to decreased excitation,
particularly in the medulla within the locus coeruleus [6, 9]. This area of the brain
is the key site of noradrenergic functions including arousal, sleep, anxiety, and with-
drawal from CNS depressants including opioids [6, 9, 10]. Additionally, dexme-
detomidine interacts with imidazoline type 1 (I;) receptors, which are not G-coupled,
and have roles in memory [11], neuroprotection [12], central hypotension and dis-
play antiarrhythmogenic qualities [13, 14]. These receptors are found centrally in
the medulla, and peripherally within the cardiac tissue [15]. Overall, a,-agonists
have sedative, sympatholytic, and opioid sparing properties [6, 16]. Importantly,
dexmedetomidine-based sedation resembles natural sleep, with patients remaining
quickly and easily arousable [17-20].

As compared to the prototypic oy-agonist clonidine, dexmedetomidine has a
dose-dependent seven to eight-fold higher a,-receptor selectivity (o:a; ratio of
1620:1 vs. 220:1) [2, 16, 21]. Both ;- and a,-receptor activity was found in early
preclinical studies with slow high dose infusions (>1000 mcg/kg) or following rapid
IV bolus administration [3]. This proclivity for a;-activity at very high plasma con-
centrations, in addition to the expected a,-receptor actions at recommended plasma
concentrations, explains the main hemodynamic side effects of dexmedetomidine.
Main among them are transient hypertension, bradycardia and hypotension. The
onset of action of dexmedetomidine infusion is 5-8 min when given with a loading
dose, with a peak effect after 10-20 min [1]. It is 94% albumin-bound in plasma and
has a weight-dependent volume of distribution of 1.3-2.5 L/kg [2]; thus, reduced
doses are not required in pediatric patients. Dexmedetomidine undergoes hepatic
biotransformation via direct glucuronidation and hydroxylation by cytochrome
P450 enzymes (mainly CYP2A6) and is excreted unchanged in the urine (95%) and
feces (5%) [2, 3, 5]. There are no active or toxic metabolites, and the elimination
half-life ranges between 2—4 h [2]. As with clonidine, a dependence potential has
been demonstrated in preclinical studies, however, this has not been researched in
clinical trials [22].

Despite the seemingly narrow list of approved indications, numerous off-label
uses and routes of administration, including intra-auricular [23], intranasal [24],
buccal [25], and epidural [26] have been described in the literature. Indications
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which include therapeutic IV infusion for pain associated conditions will be the
focus of this chapter.

Indications
Perioperative and Intensive Care Unit

Overall, dexmedetomidine is primarily used in perioperative and ICU settings.
Its use for sedation in the ICU has been thoroughly researched and is well estab-
lished [3, 6]. The approved dosing regimen in adults is 1 mcg/kg over 10 min as
a loading dose, followed by a 0.2-0.7 mcg/kg/h maintenance infusion for a maxi-
mum of 24 h [3]. Studies have described safe infusions in mechanically venti-
lated ICU patients for upwards of a week in duration [27, 28]. The most recent
RCT from 2018 by Skrobik et al. demonstrated that low-dose nocturnal dexme-
detomidine infusion can prevent delirium in adult ICU patients [29]. Furthermore,
in light of the current opioid epidemic [30], as increasing numbers of patients are
admitted to the ICU for the management of withdrawal or acute detoxification
[31], dexmedetomidine has shown value in both adult and pediatric patients [32—
35]. It has been approved for awake fiberoptic intubation (AFOI) since 2008 [2],
and as per the most recent meta-analysis, remains a suitable agent alongside
remifentanil [36]. In a recent trial comparing these two agents, Hu and colleagues
found that dexmedetomidine (loading: 1.5 mcg/kg, infusion: 0.7 mcg/kg/h)
reduced the incidence of recall to 40%, in comparison to 70% in the remifentanil
group, indicating that it may be preferable [37]. The easily arousable nature of
dexmedetomidine sedation renders it a common agent for procedures where con-
scious sedation is required. A large RCT with 326 patients undergoing varied
procedures found that dexmedetomidine at 0.5-1.0 mcg/kg loading dose, fol-
lowed by continuous IV infusion at 0.2—1.0 mcg/kg/h, reduced the need for sup-
plemental midazolam and overall dose required to achieve adequate depth of
sedation [38]. However, where dexmedetomidine has been successful in orthope-
dic, vascular, diagnostic and dental procedures, it is inappropriate for outpatient
colonoscopy [39]. This is due to possible vagal stimulation during colonoscopy,
which may potentiate the bradycardic side effects of dexmedetomidine. Indeed,
due to its shorter duration of action and less hemodynamic disturbance, propofol
remains the drug of choice in such scenarios [39]. Furthermore, recent meta-
analyses have concluded that, dexmedetomidine-infused patients experience sig-
nificantly lower rates of postoperative nausea and vomiting (PONV) and
shivering, compared to placebo controls [40, 41]. Alone and in combination with
other agents, dexmedetomidine has been shown to attenuate the incidence of
emergence delirium in children [42—44]. The agent may in fact, be the drug of
choice to achieve opioid-free total IV anesthesia [45], as studies have demon-
strated its effectiveness when combined with propofol and/or ketamine in bariat-
ric [46] and spinal surgery [47]; however, more RCTs are needed in this field and
further discussion is outside the scope of this chapter.
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Opioid-Sparing and Acute Postoperative Pain

Alleviating the acute postoperative pain seen in up to 80% of patients after surgery
is paramount to increasing patient satisfaction, reducing time in recovery and curb-
ing the incidence of chronic postsurgical pain [48]. A multimodal analgesic approach
is recommended by the American Society of Anesthesiologists [49]. Due to its
inherent antinociceptive qualities, dexmedetomidine has demonstrated promising
results in the perioperative period [50, 51].

Initial studies evaluated dexmedetomidine for its opioid-sparing properties [52,
53]. Lin et al. randomized 100 post-hysterectomy patients to receive either mor-
phine or morphine plus dexmedetomidine as part of patient-controlled analgesia
(PCA) over the first 24 h after surgery [52]. The investigators found that patients in
the combined group required one-third less morphine compared to those who
received morphine alone, without any higher incidence of bradycardia, hypotension
or respiratory depression [52]. Similarly, Wahlander and colleagues investigated
dexmedetomidine as an adjuvant IV infusion (loading dose: 0.5 mcg/kg over 20 min,
maintenance infusion: 0.4 mcg/kg/h) in patients following thoracic surgery [53].
Twenty-eight patients with epidural bupivacaine catheters for regional anesthesia at
T4 were randomized to receive dexmedetomidine or placebo in the 24 h after sur-
gery [53]. The pain scores were similar in both study arms, however, the placebo
group required more epidural rescue fentanyl to maintain adequate analgesia.

A more recent RCT included patients after laparoscopic gynecologic surgery and
compared postoperative dexmedetomidine PCA versus fentanyl PCA [54]. Again,
no difference in pain scores was seen; however, patient satisfaction was signifi-
cantly higher in the dexmedetomidine group [54]. Indeed, Peng et al. who per-
formed a meta-analysis of 18 RCTs including 1284 heterogeneous surgical patients,
and determined that combined opioid-dexmedetomidine PCA decreased postopera-
tive pain, opioid consumption and related adverse events [55]. Doses of dexmedeto-
midine were generally low, and ranged from 0.045 to 0.2 mcg/kg/h [55].

Following from these and other studies, the intraoperative use of dexmedetomi-
dine for postoperative pain was investigated. In a study from 2017, Fan et al. ana-
lyzed intraoperative dexmedetomidine infusion versus placebo in 45 patients
undergoing radical mastectomy [56]. General anesthesia was maintained with pro-
pofol, remifentanil and Ringer’s lactate or propofol, as well as remifentanil and
dexmedetomidine, followed by morphine-based PCA for 24 h after surgery [56].
The dexmedetomidine group exhibited lower pain scores, a longer time to initial
morphine dose postoperatively, and decreased morphine consumption overall [56].
Similar findings were documented in several studies in patients undergoing abdomi-
nal surgery [57-59]. Ge et al. delivered intraoperative dexmedetomidine at 0.4 mcg/
kg/h in hysterectomy [58] and colectomy [59] patients, and found reduced opioid
consumption within the first 24 h following surgery. These results were comparative
to those seen by Tufanogullari et al. after bariatric surgery; however, in these
patients, opioid consumption was not decreased on postoperative days 2 and 7 [57].
Furthermore, the authors concluded that the optimal dose to achieve pain control
and reduce the incidence of adverse cardiovascular events was 0.2 mcg/kg/h [57].
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Analogous to its use in AFOI, remifentanil is a common agent used in neurosur-
gical cases where rapid emergence is required. In two trials investigating intraopera-
tive remifentanil versus dexmedetomidine, Rajan et al. [60] and Hwang et al. [47]
determined that dexmedetomidine provided superior pain relief and decreased post-
operative opioid consumption for up to 48 h. Such results were not seen in a trial by
Naik et al. where intraoperative dexmedetomidine (1 mcg/kg loading dose, followed
by 0.5 mcg/kg/h infusion) was compared to placebo (normal saline) in patients
undergoing major spinal surgery [61]. No differences were seen in postoperative
opioid consumption or pain scores; however, dexmedetomidine did reduce intraop-
erative opioid consumption [61].

Such discrepancies were examined in a 2018 meta-analysis of 11 RCTs involv-
ing 674 neurosurgical patients [62]. The investigators concluded that dexmedetomi-
dine reduces perioperative and post-surgical opioid consumption, in addition to
reducing postoperative pain intensity [62]; optimal intraoperative doses were, how-
ever, not given. Meta-analyses including nasal [63] and general surgery [64] found
comparative results, however, further trials for clarifying dosing regimens are
required. Additionally, studies in pediatric surgery are lacking.

Chronic Pain Conditions

Studies investigating dexmedetomidine infusion in the treatment of chronic pain
conditions are limited. Clinical evidence comes from a case report by Nama et al.
[65]. The patient was a 47-year-old female with complex regional pain syndrome-1
(CRPS-1) of the upper left extremity, refractory to conventional therapy [65]. At
admission, her pain was 10/10 on the pain scale and a sub-anesthetic I'V infusion of
ketamine (100 mcg/kg/h) was initiated. After 6 h, with pain at 7/10, a single dexme-
detomidine dose of 8 mcg was given as a one-time IV bolus [65]. This led to a
decrease of pain to 3/10. At the end of the 19-h infusion the patient reported pain
0/10 and was discharged [65]. The authors concluded that ketamine with adjunct
dexmedetomidine is a promising treatment of acute exacerbation of CRPS [65].
Although the extract pathophysiology of CRPS remains unknown, activation and
upregulation of NMDA receptors in the spinal cord leading to chronic pain has been
implicated through a mechanism termed central sensitization [66]. Ketamine with
its NMDA receptor antagonism is a rational agent for decreasing central sensitiza-
tion. Dexmedetomidine has analgesic activity through activation of a,s- and otc-
adrenoceptors, located on C-fiber primary afferent nerve terminals and the superficial
dorsal horn of the spinal cord [8]. Furthermore, dexmedetomidine has been shown
to attenuate neuropathic pain by inhibiting purinergic receptor 7 and extracellular
signal-regulated kinase signaling in a recent animal model [67]. Chronic constric-
tion injury of the sciatic nerve created neuropathic pain which resolved following
2.5 mcg of intrathecal dexmedetomidine for 3 days [67]. This antinociceptive and
sympatholytic effect is distinct from opioids. Indeed, this distinctive mechanism of
action has proven effective in cases where opioids or ketamine are unsuccessful.
Sheehy and colleagues presented a case series which included 11 adolescent patients
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with severe vaso-occlusive episodes due to sickle cell disease [68]. All patients were
receiving morphine or hydromorphone PCA at rates of 0.02 mg/kg/h (0.02 mg/kg
boluses up to every 8 min) or 0.003 mg/kg/h (0.003 mg/kg additional boluses up to
10 min apart), respectively [68]. Furthermore, the patients were receiving ketamine
infusions at sub-anesthetic doses less than 1.0 mg/kg/h, in addition to non-steroidal
anti-inflammatory drugs as needed. In this report, the authors identified 3 patients
who required escalating doses of opioids and ketamine without sufficient pain relief.
The patients, aged between 15- and 18-years, reported pain 8/10 or greater despite
morphine equivalents up to 9 mg/kg/day. The first patient received a continuous
dexmedetomidine infusion at 0.2-0.4 mcg/kg/h over 5 days and subsequently dis-
continued opioids and ketamine with a pain score 6-7/10. After a 3-day dexmedeto-
midine infusion at 0.5 mcg/kg/h, the second patient discontinued ketamine, reduced
their opioid requirement to 2.1 mg/kg/day and reported a pain score of 2/10 [68].
The third patient reported a pain score of “14” (pain scale 0—10) on the 5th day of
hospitalization and was initiated on a 1.0 mcg/kg/h continuous dexmedetomidine
infusion over 5 h; this dose was decreased to 0.5 mcg/kg/h for the next 12 h and then
maintained at 0.2-0.4 mcg/kg/h over the subsequent 6 days [68]. After the infusion,
the patient had a pain score of 6-7/10, with an oral morphine-equivalent of 0.17 mg/
kg/day. Important to note, all three patients received a transdermal clonidine patch
(0.1-0.2 mg) upon completion of the dexmedetomidine infusion, which was contin-
ued for 14, 7 and 7 days, respectively. The authors suspected that these patients may
have developed opioid-induced hyperalgesia (OIH) and thus dexmedetomidine may
have attenuated their response to opioids. In comparison to those patients who did
not receive dexmedetomidine, the marked reduction in opioid requirement and
improved pain scores, nevertheless, warrants further research before solid conclu-
sions may be reached. Indeed, as of late 2018, there are very few active or com-
pleted trials examining dexmedetomidine in chronic pain conditions including
chronic postoperative and cancer pain [69].

Opioid-Induced Hyperalgesia

Patients receiving high dose short-term [70] or long-term opioids are prone to devel-
oping opioid-induced hyperalgesia (OIH). Whether through pharmacologic tachy-
phylaxis and tolerance, or central sensitization by NMDA receptor activation, OIH
is characterized by a paradoxical increase in pain intensity and distribution [71].
Where propofol infusion has shown benefit by way of NMDA antagonism [72], the
exact mechanism how o,- receptors act synergistically with opioids remains unclear.
Nevertheless, limited studies have emerged that show the benefit of dexmedetomi-
dine infusion in the treatment of OIH. The first report, a case series of 11 patients by
Belgrade and Hall, demonstrated a decrease in the average pain intensity from 6/10
to 1/10 following dexmedetomidine infusion [73]. The doses ranged from 0.1-0.2
mcg/kg/h over 3 days, to 0.2 mcg/kg/h titrated up to a maximum of 0.7 mcg/kg/h
over 24 h [73]. The majority of the patients continued their pre-OIH opioid therapy
after infusion, however, at reduced doses. Indeed, the mean oral morphine
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equivalent of the 11 patients prior to infusion was reduced from 648 to 122 mg fol-
lowing discharge; two of the patients ceased opioids altogether. The authors con-
cluded that dexmedetomidine “rebooted” the opioid sensitivity of these patients
[73]. In a similar fashion Patch III et al. presented a case report where dexmedeto-
midine infusion was successfully utilized as part of a controlled multimodal analge-
sic plan to treat OIH [74]. The patient was a 55-year-old female with a long history
of chronic pain syndrome receiving up 19,702 mcg per day of fentanyl via an intra-
thecal drug delivery device. Following unremarkable exploratory laparotomy, she
was diagnosed with acute pain crisis and OIH secondary to uncontrolled and dispro-
portionate abdominal pain [74]. After consultation with the pain service, a continu-
ous dexmedetomidine infusion was initiated at 0.8 mcg/kg/h, in addition to ketamine
at 0.7 mg/kg/h with 10 mg IV boluses every 30 min as required, alongside extra
ketorolac, and acetaminophen doses, and lidocaine patches around the incision [74].
Over 48 h both infusions were weaned, as hydromorphone (1 mg) and ketamine IV
boluses were increased to 4-h intervals. Her pain subsided on the third postoperative
day and she was transferred to the ward, where oral hydromorphone (4 mg) was
prescribed every 6 h as needed until discharge; at 3-month follow-up her intrathecal
fentanyl dose had reduced to 11,000 mcg per day [74]. Although dexmedetomidine
was successfully used in this case, it remains only the second report published on
OIH in patients with chronic pain syndromes.

High-dose remifentanil has been increasingly associated with the development
of OIH in the acute postoperative setting [75]. To date however, few clinical trials
have examined the antihyperalgesic effect of dexmedetomidine. In the first RCT
from 2013, Lee and colleagues recruited 90 patients aged 20-65 years who were
scheduled for laparoscopically assisted vaginal hysterectomy, to investigate whether
dexmedetomidine could attenuate remifentanil-induced secondary hyperalgesia in
the initial 24 h postoperative period [76]. The patients were randomized to three
groups: placebo (normal saline) and 0.05 mcg/kg/min remifentanil, placebo and 0.3
mcg/kg/min remifentanil, and dexmedetomidine (1.0 mcg/kg over 10 min loading
dose, followed by 0.7 mcg/kg/h) and 0.3 mcg/kg/min remifentanil [76]. Patients in
the second group (with high dose remifentanil and placebo) were suspected to have
developed OIH due to higher postoperative VAS scores, reduced mechanical hyper-
algesia thresholds, and greater utilization of morphine PCA [76]; on the contrary,
these findings were not seen in the third group who had received dexmedetomidine
in addition to high dose remifentanil [76]. The authors concluded that intraoperative
dexmedetomidine alleviated OIH symptoms in these patients, adding that it may
have preventative properties [76]. Following on from this in 2016, Yu et al. con-
ducted a similar RCT in the same subset of patients, to investigate whether dexme-
detomidine combined with flubiprofen axetil (cyclooxygenase inhibitor) had
comparable results [77]. Ninety-five female patients were included and randomized
to similar groups as the aforementioned RCT; first group only high-dose remifent-
anil, second group high-dose remifentanil and dexmedetomidine, with the third
group receiving high-dose remifentanil, dexmedetomidine (0.5 mcg/kg over 10 min
loading dose, followed by 0.6 mcg/kg/h continuous infusion) and flubiprofen axetil
[77]. The primary outcome was mechanical pain threshold in the first 24 h after



130 S.Zecetal.

surgery. In this study the patients who received dexmedetomidine, with or without
flubiprofen axetil experienced higher pain thresholds (p < 0.05) [77]. Furthermore,
the postoperative VAS scores were significantly lower in the two dexmedetomidine
groups (p < 0.05). This RCT concluded that when used in combination with flubi-
profen axetil, dexmedetomidine provided the most significant attenuation of
remifentanil-induced hyperalgesia [77]. Whether gender differences exist between
patients was investigated in the most recent RCT from 2018 [78]. Forty-eight
patients undergoing thyroidectomy were included and randomized into six male and
female groups: control (0.2 mcg/kg normal saline), low-dose and high-dose dexme-
detomidine injection (0.2 mcg/kg and 0.6 mcg/kg, respectively) [78].
Dexmedetomidine was given preoperatively and all patients received intraoperative
remifentanil at 0.2 mcg/kg/min [78]. No significant differences were seen amongst
the genders, and expectedly the dexmedetomidine groups demonstrated less PONV
and shivering, in addition to lower pain scores by VAS and significantly higher
mechanical hyperalgesia thresholds (p < 0.05) [78]. The underlying mechanism
behind the preventative nature of dexmedetomidine on remifentanil-induced hyper-
algesia has been attributed to regulation of the NMDA receptor-protein kinase
C-calmodulin-dependent protein kinase II pathway in a recent rat model, however,
human studies have not been performed [79].

Nevertheless, these few RCTs show that dexmedetomidine is a promising agent
for remifentanil-induced hyperalgesia in the postoperative period. However, more
studies are required to further our knowledge of its effect in OIH in patients with
chronic pain conditions not undergoing surgical procedures.

Contraindications

There are no absolute contraindications to dexmedetomidine infusion.
Nevertheless, it is an in vitro inhibitor of CYP2D6, CYP2C9, CYP1A, CYP3A
and CYP3A4 [80]. In vivo, however, it does not inhibit the pharmacokinetics of
midazolam, a CYP3A4 substrate [81]. Inhibition of CYP2D6 may affect the
metabolism of opioids including oxycodone and tramadol, diminishing their anal-
gesic effect [82]; however, this remains unproven. In contrast, dexmedetomidine
has been shown to reduce the requirements of other anesthetics including sevoflu-
rane [83], isoflurane [84], propofol [85], and thiopental [86], in addition to having
opioid-sparing properties as discussed earlier. Perhaps the most well-known inter-
actions were investigated in pre-registration studies. Antihypertensive agents such
as pB-blockers may increase the hypotensive and bradycardic effects of dexmedeto-
midine [5]. These effects may be further exaggerated with concomitant vagal
stimulation as seen during sternal separation, colonoscopy and laparoscopic
insufflation [39, 87, 88].

Renal impairment does not warrant dose reduction [3]. Hepatic impairment and/
or hypoalbuminemia, however, necessitate dose reductions due to diminished clear-
ance and an increase in unbound plasma concentration favoring toxicity [3, 89].
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Side Effects

The side effect profile of dexmedetomidine is largely predictable and based on its
receptor binding pharmacology. The most common adverse events are hemody-
namic in nature, namely transient hypertension, bradycardia, and hypotension [5,
38,90, 91]. It demonstrates a biphasic effect on blood pressure, producing hyperten-
sion at high plasma concentrations and hypotension at lower plasma concentrations
[92, 93]. Rapid IV bolus or fast loading dose administration has been associated
with progressive increases in mean arterial pressure [2, 93]. These effects are
thought to occur due to app-receptor activation in vascular smooth muscle, resulting
in peripheral vasoconstriction accompanied by a baroreceptor-mediated reduction
in heart rate [92, 93]. This increase in systemic and pulmonary vascular resistance
may lead to systemic and pulmonary hypertension, which can limit its use in patients
with serious cardiac morbidity. At plasma concentrations between 1.9 and 3.2 ng/ml
these hypertensive effects prevail, and may be mitigated by decreasing and slowing
loading doses and avoiding I'V bolus administration [5, 93]. The hypotensive phase
occurs at lower plasma concentrations and for a prolonged time after the initial
dose, with an average decrease in mean arterial pressure of 13—27%, mediated by
presynaptic ap-receptor inhibition of catecholamine release and increased vagal
activity [92, 93].

These side effects are to be expected, however, the most serious and life-
threatening adverse events are difficult to predict. Numerous case reports and series
describing severe bradycardia and/or atrioventricular block precipitating cardiac
arrest have been reported in the literature [87, 94-98]. Ingersoll-Weng et al. were
the first to report an episode of asystole during intraoperative dexmedetomidine
infusion in a 52-year-old patient with myasthenia gravis undergoing thymectomy
via median sternotomy [94]. Dexmedetomidine infusion was started prior to induc-
tion of general anesthesia, with a loading dose of 1 mcg/kg over 10 min followed by
a rate of 0.2 mcg/kg/h. Asystole occurred immediately after sternotomy, lasted for
2 min and resolved following internal cardiac massage and 300 mcg/kg I'V epineph-
rine [94]. The authors concluded that caution should be taken when dexmedetomi-
dine is used in conjunction with other cardiac depressants [94]. Vagal stimulation
caused by sternotomy may have also potentiated the bradycardia, which preceded
cardiac arrest. Shah et al. reported cardiac arrest and subsequent death during pro-
cedural sedation with dexmedetomidine in a 76-year-old patient undergoing
exchange of an infected permanent pacemaker [87]. An infusion of 1 mcg/kg was
initiated and intended for 20 min duration (total dose 95 mcg). After 15 min, how-
ever, having received 71.25 mcg of dexmedetomidine, the patient began to cough,
became dyspneic and lost consciousness; pacing spikes without capture were seen
on the electrocardiogram [87]. Although these doses are acceptable loading doses,
the plasma concentration immediately after the infusion began would have been
1.7 ng/ml, with cardiac depression induced at concentrations exceeding 1.2 ng/ml
[92]. Takata et al. reported dexmedetomidine-induced atrioventricular (AV) block
and cardiac arrest in a 56-year-old patient under sedation in the ICU on the first
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postoperative day following a Bentall procedure [95]. As part of the postsurgical
regimen the patient was receiving atrial pacing at a rate of 90 bpm [95]. In the ICU
a dexmedetomidine infusion was initiated at a rate of 0.3 mcg/kg/h without a load-
ing dose. Five hours and 30 min into the infusion, the interval between a pacing
spike and a Q wave increased to 340 ms, and the patient subsequently developed
complete AV block without an escape rhythm (asystole) [95]. The authors con-
cluded that even low-dose dexmedetomidine may disturb AV conduction in addition
to having an inhibitory effect on cardiac pacing autoregulation, above all, in patients
with conduction abnormalities [95]. They added that ventricular pacing alongside
standard atrial pacing may be prudent in similar patients [95].

Bharati et al. reported a series of six instances of intraoperative bradycardia lead-
ing to asystole [96]. Most were given loading doses of 1 mcg/kg, however, over less
than 10 min, which led to plasma concentrations ranging from 0.77 to 1.8 ng/ml [95,
96]. The authors concluded that dexmedetomidine should be used with extreme
caution when combined with negative chronotropes and inotropes, furthermore stat-
ing that dexmedetomidine should be avoided in elderly patients and those with car-
diac disease.

Similar adverse reactions have been seen in pediatric patients. Shepard et al. pre-
sented a case of a 3-year-old patient with a history of repaired congenital heart dis-
ease, and a permanent pacemaker. On the second day following a mitral valve
replacement surgery, the patient developed atrial standstill with a loss of capture after
21 h of dexmedetomidine infusion at a rate of 0.6 mcg/kg/h [98]. Immediate cessa-
tion of dexmedetomidine led to resolution without sequela. Similarly, Zhang et al.
reported 10 s bouts of asystole in an 18-year-old patient with cystic fibrosis and a
history of double-lung transplant in the ICU during mechanical ventilation [97]. On
the 22nd postoperative day following laparoscopic fundoplication for gastroesopha-
geal reflux disease, the patient, already on a propofol (0.5-2.5 mg/kg/h) and fentanyl
infusions (up to 4 mcg/kg/h), was started on dexmedetomidine with a loading dose
of 1 mcg/kg over 10 min followed by an infusion of 0.4-0.7 mcg/kg/h with the inten-
tion of weaning from propofol [97]. Over the following hours, propofol and fentanyl
infusions were reduced but not stopped. After 8 h of dexmedetomidine (infused at a
maximum rate of 0.7-0.8 mcg/kg/h), the patient developed a bradycardia which pro-
gressed to a 10-s period of asystole [97]. Over the subsequent 24 h, four additional
episodes occurred, three during and one after the dexmedetomidine infusion. These
instances of asystole were not pharmacologically treated, and the patient was
uneventfully discharged on the 32nd postoperative day [97]. The authors concluded
that changes to cardiac autonomic innervation that can occur after double-lung trans-
plant place such patients at increased risk for these phenomena [97].

The consensus of the aforementioned cases is that dexmedetomidine, at any
dose, should be used with extreme caution when combined with other common
anesthetic agents, and in patients with cardiac abnormalities. Nevertheless, these
severe adverse events are exceedingly rare.
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The specific ay,-andrenoceptor antagonist atipamezole has been shown to rapidly
reverse the sedative and hemodynamic effects of dexmedetomidine [99-101].
Although widely used in veterinary medicine, to date this agent has not been
approved for use in humans [102].

Monitoring

The use of dexmedetomidine requires continuous monitoring of the cardiovascular
and respiratory systems. Non-invasive or continuous blood pressure monitoring,
electrocardiography and pulse oximetry are the minimal recommendations. BIS tar-
geted between 60 and 80 may be beneficial in neonates and infants. As hepatic
impairment may necessitate dose adjustment, liver function tests should be ordered
before initiating the infusion. Please review your local monitoring and support
guidelines regarding the use of dexmedetomidine.

Algorithm for Dexmedetomidine Infusion Regimens
The following algorithm summarizes the IV infusion dosing regimens published in

the literature (Table 10.1). Differing settings and patients may require different
doses.

Table 10.1 Algorithm for Dexmedetomidine infusion regimens

Indication

Dosage

Acute postoperative pain

Intraoperative: 0.1-0.7 mcg/kg/h IV continuous infusion
PCA when combined with opioid: 0.045-0.2 mcg/kg/h IV

Acute exacerbation of
CRPS-1

Adjuvant to ketamine infusion (60-120 mcg/kg/h),
dexmedetomidine given as single bolus 8 mcg IV

Opioid-induced
hyperalgesia

0.1-0.2 mcg/kg/h IV over 3 days or 0.2 mcg/kg/h titrated up to
maximum 0.7 mcg/kg/h IV over 24 h

Sedation in the ICU

Loading dose: 1.0 mcg/kg (0.5 mcg/kg — geriatric pts) IV over
10 min

Maintenance: 0.2-0.7 mcg/kg/h IV for up to 24 h
Hypotension avoided by titrating less than q30mins

Prevention of delirium in
adult ICU patients

Nocturnal dose: 0.2 mcg/kg/h 1V, titrated 0.1 meg/kg/min every
15 min to reach RASS < —1 or max 0.7 mcg/kg/h

Drug withdrawal and
weaning

Loading dose: 0.5-1.0 mcg/kg IV over 10-20 min
Maintenance: 0.2—1.0 mcg/kg/h IV for duration as needed, until
clinical symptoms resolve

Awake fiberoptic intubation

Loading dose: 1.5 mcg/kg IV over 10 min
Maintenance: 0.7 mcg/kg/h IV continuous infusion

Procedural sedation

Loading dose: 0.5-1.0 mcg/kg IV over 10 min
Maintenance: 0.2—-1.0 mcg/kg/h IV continuous infusion

Prevention of PONV

Continuous intraoperative infusion: 0.1-0.7 mcg/kg/h IV
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Summary

Dexmedetomidine has numerous uses outside of the approved indications. Doses
vary; however, most include a 1 mcg/kg/hr. IV loading dose over 10 min followed by
a maintenance infusion of 0.2-0.7 mcg/kg/hr. Duration may safely extend beyond
24 h. Due to the risk of hemodynamic adverse events, careful monitoring of the car-
diovascular and respiratory systems with non-invasive blood pressure measurement,
electrocardiography, and pulse oximetry are the minimal recommendations. For the
management of acute postoperative pain, optimal intraoperative doses range from
0.1-0.7 mcg/kg/h, and 0.045-0.2 mcg/kg/h when combined with an opioid for
PCA. When given in the context of an acute CRPS exacerbation, dexmedetomidine
as a single 8 mcg I'V bolus has shown benefit when used as an adjunct to ketamine
infusion. Infusion at 0.1-0.2 mcg/kg/h over 3 days, or 0.2 mcg/kg/h titrated to 0.7
mcg/kg/h over 24 h has shown benefit in alleviating OIH. Dosing for the prevention
of delirium in adult non-surgical ICU patients includes a low-dose nocturnal infusion
at 0.2 meg/kg/h titrated by 0.1 mcg/kg/min every 15 min until the desired level of
sedation is reached. The doses for alleviating emergence delirium in children vary
greatly from intraoperative infusions of 0.2 mcg/kg/h to single IV doses of 0.5-1.0
mcg/kg. Slower loading doses over 10-20 min and longer infusions (up to 10 days)
may be necessary when used for mitigating drug withdrawal. For AFOI and proce-
dural sedation doses are also varied, however, 0.5-1.0 mcg/kg over 10 min loading
dose followed by 0.2—-1.0 mecg/kg/h maintenance infusion is optimal. For preventing
PONYV a continuous intraoperative infusion at 0.1-0.7 mcg/kg/h is advised.

Most dosing regimens do not differ greatly from those recommended upon reg-
istration. However, the data on numerous indications remains scarce and further
studies are required.
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