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Abstract

Purpose of Review Effective acute pain management has evolved considerably in recent years and is a primary area of focus in
attempts to defend against the opioid epidemic. Persistent postsurgical pain (PPP) has an incidence of up to 30-50% and has
negative outcome of quality of life and negative burden on individuals, family, and society. The 2016 American Society of
Anesthesiologists (ASA) guidelines states that enhanced recovery after surgery (ERAS) forms an integral part of Perioperative
Surgical Home (PSH) and is now recommended to use a multimodal opioid-sparing approach for management of postoperative pain.
As such, dexmedetomidine is now being used as part of ERAS protocols along with regional nerve blocks and other medications, to
create a satisfactory postoperative outcome with reduced opioid consumption in the Post anesthesia care unit (PACU).

Recent Findings Dexmedetomidine, a selective alpha, agonist, possesses analgesic effects and has a different mechanism of
action when compared with opioids. When dexmedetomidine is initiated at the end of a procedure, it has a better hemodynamic
stability and pain response than ropivacaine. Dexmedetomidine can be used as an adjuvant in epidurals with local anesthetic
sparing effects. Its use during nerve blocks results in reduced postoperative pain. Also, local infiltration of IV dexmedetomidine
is associated with earlier discharge from PACU.

Summary Perioperative use of dexmedetomidine has significantly improved postoperative outcomes when used as part of ERAS
protocols. An in-depth review of the use of dexmedetomidine in ERAS protocols is presented for clinical anesthesiologists.
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Introduction

Enhanced recovery after surgery (ERAS) protocols are a
series of perioperative care protocols that promote early
postsurgical recovery [1]. The main aspects of ERAS in-
volve decreasing postoperative stress and protecting organ
function, perioperatively. This is accomplished via pre
and post-operative counseling, enhanced nutritional sup-
port, early mobilization and standard utilization of anes-
thetics and analgesics.

The significance of ERAS protocols is evident through
a review of the literature, which demonstrates that they
improve patient outcomes and have advanced patient care.
As such, ERAS protocols have a distinct place in modern
medical care, which has added to the continued imple-
mentation of such protocols nationwide. And while the
role of ERAS protocols have been demonstrated, a signif-
icant area of improvement with context to postoperative
pain management needs to be addressed, so that patients
can benefit postoperatively through implementation of
these protocols. Doing so would maximize the benefits
for patients that are receiving care through the implemen-
tation of ERAS protocols [2]. Enhancing the management
of persistent perioperative pain would translate into de-
creased time in the postanesthesia recovery unit (PACU),
reduced opioid consumption, earlier hospital discharge,
and improvement in patient satisfaction.

A key strategy for enhancing persistent perioperative
pain management and reducing PACU time includes in-
corporating a multimodal analgesia approach and reduc-
ing opioid use [3ee, 4¢¢]. Dexmedetomidine, therefore, is
a crucial component of the multimodal analgesia ap-
proach. A large collection of studies have demonstrated
the efficacy of dexmedetomidine to be superior to other
agents in the perioperative setting [5—8, 9ee, 10, 11ee,
12-16]. For example, dexmedetomidine has superior pain
control in several types of laparoscopic procedures, such
as bariatric and gynecological procedures, and open-
surgery approaches, such as colorectal, major spine, and
abdominal hysterectomy surgeries. Patients report higher
satisfaction scores after dexmedetomidine, which is likely
related to decreased pain and decreased postoperative
nausea and vomiting (PONV). For these reasons, many
providers opt for using dexmedetomidine as part of mul-
timodal therapy.

This manuscript will comprehensively discuss
dexmedetomidine with regards to postoperative pain manage-
ment, ERAS protocols, pharmacokinetics, pharmacodynam-
ics, cardiovascular and respiratory effects, toxicity, drug inter-
actions, abuse and dependence. This review will also include a
discussion of clinical considerations, incorporating an exten-
sive review of the positive and negative studies, will follow
the reporting of drug formulation, and dosing regimens.
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Pharmacokinetics and Pharmacodynamics
of Dexmedetomidine

Dexmedetomidine is a potent, versatile, and highly selective
short-acting alpha-2 agonist with sedative, anxiolytic, periopera-
tive sympatholytic, and hypnotic effects [14]. Dexmedetomidine
is highly selective alpha-2 agonist similar to clonidine. With
regards to alpha2:alphal receptor specificity; Clonidine has
alpha2:alphal specificity of 220:1; where as dexmedetomidine
has specificity of 1620:1. In 2008, the FDA approved
dexmedetomidine use for procedural sedation and for sedation
in non-intubated patients. It also has analgesic, anesthetic-sparing,
and sympatholytic properties [15]. Dexmedetomidine has the
ideal characteristics of a sedative for ICU use, with predictable
sedation and hemodynamic stability and is easy to titrate [16].

Formulation and Dosing

In the USA, dexmedetomidine is available as
dexmedetomidine hydrochloride, equivalent to 100 pgm/ml.
This formulation needs to be diluted 4 to 8 pgm/ml. Prediluted
solutions containing 4 pgm/ml in sodium chloride 0.9% are
also available. For ICU sedation, a loading dose of 1 pgm/ml
over 10 min is infused followed by maintenance dose of 0.2 to
0.7 pgm/h; adjusted to desired level of sedation and avoiding
any hypotensive effects. Similar dosing regimen of 1 pgm/ml
over 10 min is infused followed by maintenance dose of
0.6 pgm/h for procedural sedation [14].

Mechanism of Action

Dexmedetomidine is highly selective for alpha-2: alpha-1 in
ratio of 1620:1 [14]. As previously mentioned, it is a potent
alpha-2 adrenergic receptor agonist, yet the molecular mecha-
nism is not fully clear. It is likely due to activation of inhibitory G
proteins and the nitric oxide cGMP pathway. Dexmedetomidine
produces an agonist affect after binding to G protein-coupled
receptors which have three subtypes (alpha-2A, alpha-2B, and
alpha-2C). Alpha-2A and alpha2c receptors are primarily found
on CNS and alpha-2B are found on vascular smooth vessels.

Dexmedetomidine binds selectively to alpha-2A receptors
via all three receptors, which inhibits adenyl cyclase reducing
levels of adenosine monophosphate and leading to hyper-
polarization of noradrenergic neurons. This leads to the sup-
pression of nerve conduction by inhibiting calcium entry re-
quired for neurotransmitter vesicle fusion. This negative feed-
back back loop leads to attenuation of sympathetic response
and decreases both heart rate and blood pressure [16]. At the
alpha-2 receptor, dexmedetomidine, causes inhibition of nor-
epinephrine release from presynaptic neurons, produces cen-
trally induced sedation via alpha-2 receptors in the locus
ceruleus and centrally mediated pain modification via the dor-
sal horn [16].



Curr Pain Headache Rep (2020) 24: 21

Page30f 13 21

Pharmacokinetics

Dexmedetomidine is a highly lipophilic drug and follows
the two-compartment model, following rapid distribution
and redistribution. The volume of distribution and clear-
ance seems to be affected by patient BMI, hepatic func-
tion, plasma albumin binding, and cardiac output.
Although it was initially approved for only IV use, it is
now also available in both intranasal and oral prepara-
tions. Dexmedetomidine is well absorbed via intranasal
and buccal route and these routes could be used for un-
cooperative pediatric or adult patients.

Following intravenous administration, dexmedetomidine
undergoes rapid distribution with distribution half time (T1/
2) of 6 min followed by terminal half-time (T1/2) of 2 h. The
onset of action after an IV loading dose is usually 5-10 min
and it peaks effect in 15 to 30 min. Intranasal route has onset
of action in 45 min with peak effect in 90 to100 min. There is
no difference in the pharmacokinetic profile of either males or
females, and both have similar protein binding [14]. After the
oral administration, dexmedetomidine undergoes extensive
first pass metabolism and has a poor bioavailability of only
16% [14, 15].

Distribution

Dexmedetomidine is highly protein-bound. Almost 94% is
bound to albumin and alpha-1-glycoprotein with a wide vol-
ume of distribution and is known to readily cross blood brain
and placental barriers. Adult volume of distribution is around
1.3 to 2.4 L/kg. Infant and children less than 2 years of age and
patients with low albumin have larger volume of distribution
[14].

Metabolism

Biotransformation is the primary route of elimination for
dexmedetomidine with less than 1% excreted unchanged (of
which 95% is excreted really and 5% via stool).

Dexmedetomidine has hepatic extraction ratio of 0.7 [17].
Uridine 5’-diphospho-glucuronosyltransferase also known as
UGT2B10 and UGT1A4 are responsible for metabolizing
dexmedetomidine. Up to 5% of metabolism is via hydroxyl-
ation by CYP2AG6 in the liver microsomes [17]. Large volume
of distribution and increased elimination half-life was seen in
patients with hepatic impairment, due to higher unbound frac-
tion. It is recommended to reduce the dose of
dexmedetomidine in patients with deteriorated liver function.
Renal impairment does not affect the dexmedetomidine dos-
ing, but sedative effects may last longer. This could be due to
higher unbound drug [17].

Elimination

Dexmedetomidine clearance ranges from 0.6 to 0.7 L/min in
healthy adults [17]. Low albumin levels, especially in the ICU
patients, can have an effect on clearance. However, the effect
of low albumin could be marginal, since for compounds with
high extraction ratios, blood flow and not plasma protein ef-
fects the clearance of drug. Decreased cardiac output also has
impact and leads to reduced dexmedetomidine clearance [17].
Nevertheless, low albumin levels, end organ failure, and he-
modynamic changes all are factors to be considered in an ICU
patient that can affect the pharmacokinetics of
dexmedetomidine. Alpha-2 receptor polymorphisms and eth-
nicity are other factors that can affect the pharmacokinetics of
the drug [17].

To achieve a specific blood plasma concentration, a target-
controlling infusion protocol has also been suggested to main-
tain the Richmond Agitation-sedation scale between zero and
minus three (— 3). Factors like height, total body weight, and
serum albumin levels can affect achieving the steady-state
concentration. Dexmedetomidine exhibits linear kinetics be-
tween the dose range of 0.2 to 0.7 pg/kg/h and it is 94% bound
in steady state [15]. The context sensitive half time (T1/2) of
dexmedetomidine can range from 4 min after a 10-min infu-
sion [15]. Context sensitive time half time (T1/2) can be over
4 h after a prolonged 8-h infusion. Clearance of
dexmedetomidine matures with age reaching maturity at 1 year
of'age and is reduced by 27% after a cardiac surgery [18].

Pharmacodynamics

As mentioned, dexmedetomidine exerts its sedative and hyp-
notic effects by action on central presynaptic and postsynaptic
alpha-2 receptors. These effects are concentration-dependent
between 0.2 and 0.3 ng/ml. Postsynaptic alpha-2 binding in
locus cereus and spinal cord leads to sedation and analgesia.
Its affinity to alpha-2 receptor leads to vagolytic effects lead-
ing to bradycardia and vasodilation [15]. Dexmedetomidine is
known to mimic natural sleep while maintaining a normal
physiological sleep and wake cycle. The patient remains
arousable which decreases the risk of delirium. Respiratory
depression is rare when used in dosages between 0.2 and
0.7 pg/kg/h. Dexmedetomidine suppresses pain transmission,
likely through inhibiting the release of neurotransmitters such
as substance P, which may alter the perception of pain [17].

ICU Sedation

Dexmedetomidine is approved for only 24 h of ICU use.
Studies have shown an acceptable safety profile for use up
to 30 days in the ICU patients. Dexmedetomidine also reduces
mechanical ventilation and length of ICU stay by 22% and
14%, respectively [17].
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Side Effects

The most frequently observed side effects include hemody-
namic alterations such as hypertension, bradycardia, and hy-
potension due to postsynaptic alpha-2 receptor activation.
Others include bradycardia, dry mouth, and nausea.
Additional reported side effects include fever, muscle weak-
ness, bronchospasm (especially in asthmatic patients), respi-
ratory depression, conduction abnormalities, arrhythmia, A-V
block, tachycardia, syncope, neuropathy, paresthesia, potassi-
um abnormality with EKG changes, lactic acidosis, and ele-
vated glucose levels [15]. Tachyphylaxis can also occur if
given more than 24 h as intravenous infusion.

Cardiovascular Effects

Dexmedetomidine has a biphasic hemodynamic response. A
bolus of high-dose dexmedetomidine can result in tachycardia
and elevated blood pressure, whereas a low-dose bolus can
decrease blood pressure and decrease cardiac output but pre-
serve stroke output. This is due to alpha-2-mediated vasocon-
striction, which eventually leads to baroreceptor-mediated
bradycardia and increased vagal activity, resulting in hypoten-
sion. Dexmedetomidine also results in a reduction of circulat-
ing catecholamines, due to its sympatholytic effects [17].

Dexmedetomidine loses its alpha-2 receptor agonism if in-
fused as bolus via rapid infusion, leading to increase in blood
pressure and low heart rate that eventually normalizes in
15 min. This effect is primarily mediated via central alpha-
2A receptors. Hypertension can also be observed because of
activation of alpha-2b receptors. Therefore, extreme care must
be taken when using dexmedetomidine in patients who are
volume-depleted and have underlying cardiac issues. High
doses of dexmedetomidine can result in pulmonary hyperten-
sion and can be a limiting factor for its use in patients with
underlying cardiac disease.

Respiratory Effects

At low plasma concentrations of 2.4 ng/ml, respiratory drive
and the ventilatory response of CO2 are preserved. With in-
creasing doses, there is a slight fall in tidal volume. Even at
supra-therapeutic concentrations of 14.9 ng/ml, respiratory
drive is unaffected [17]. Hypercapnic ventilatory response
has been observed with dexmedetomidine use and this de-
creases with age but can lead to respiratory depression, espe-
cially in the elderly population in conjunction with other hyp-
notics or opioids that depresses respiratory drive. Therefore, it
has been approved for ICU sedation only, with continuous
cardiac and respiratory monitoring. However, the overall ef-
fects of dexmedetomidine on the respiratory system when
combined with other anesthetic drugs are minimal.
Dexmedetomidine also demonstrates protective effects by
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attenuating oxidative stress from acute lung injury by
inhibiting the generation of ROS (reactive oxidative species).
This is in part due to its activation of alpha-2 adrenoreceptor
effects, which promotes cell survival and proliferation of lung
alveolar epithelial cell in acute lung injury (ALI). Therefore,
dexmedetomidine has established itself as sedative of choice
in patients with ALI [19].

Elderly

Side effects in the elderly can be more pronounced, especially
hemodynamic side effects. Hypotension can result if a loading
dose of more than 0.7 um/kg is used. It is recommended to be
cautious when using dexmedetomidine in the elderly due to a
higher incidence of hypotension and bradycardia, as they of-
ten have numerous comorbidities [17]. Therefore, a continu-
ous monitoring of pulse oximetry and EKG is recommended
for continuous infusion, especially in patients with cardiac
ejection fraction less than 30%, or with other underlying car-
diac comorbidity.

Obese

Monitoring respiration in an obese patient is important. They
are more likely to have obstructive sleep apnea and when
dexmedetomidine is used in conjunction with other opioids,
this may compound the problem. Beneficial effects with use
of dexmedetomidine include less use of volatile gas, less opi-
oids requirements with better pain control, and less antiemetic
requirements.

Abuse and Dependence

No human studies are available with use of dexmedetomidine
and drug dependence, but clonidine-like withdrawal symp-
toms have been noticed. Animal studies following abrupt
withdrawal of dexmedetomidine have shown symptoms of
nervousness, headache, and agitation. Elevation of blood pres-
sure and catecholamine levels along with elevated plasma
catecholamines is also seen. A recent study showed that use
of dexmedetomidine in patients with substance abuse had
shorter ICU and ventilator-dependent days [20]. The patients
with substance abuse also had beneficial effect from anxiolyt-
ic and analgesic effects of dexmedetomidine without respira-
tory depression. Hence, it may be a sedative of choice in
patients with substance abuse.

Although the mechanism of dexmedetomidine in attenuat-
ing withdrawal symptom of opioids is poorly understood, it is
hypothesized that use of strong opioids like heroin leads to a
hyperadrenergic state. Thus, use of alpha-2 agonists decreases
the sympathetic outflow and counteracts the physiological ef-
fects, but the clear mechanism of dexmedetomidine effects is
still unclear. Further studies may be warranted in formulation
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of ICU treatment protocol for dexmedetomidine for use as part
of substance abuse withdrawal regimen protocol [21].

Precautions, Limitations to Use,
and Contraindications

When dexmedetomidine is used in co-administration with
other anesthetics, sedatives, and opioids, this may synergisti-
cally enhance their effects. Similarly, caution must be
exercised when using vasodilators or negative Chronotropic
agents, since dexmedetomidine may enhance
cardiodepressant side effects. Vigilance should be used in pa-
tients who have greater than 30% decrease in heart rate from
their baseline, because these patients are predisposed to severe
bradycardia that could progress to pulseless electrical activity
[22]. A rapid bolus could result in fatality; therefore, caution
must be exercised even in healthy adults with high vagal
tones. No meaningful side effects are seen when
dexmedetomidine is used with neuromuscular blocking
agents.

Caution should also be exercised in patients receiving
dexmedetomidine beyond 24 h as this has been associated
with both tachyphylaxis and tolerance. There are no studies
involving dexmedetomidine and pregnancy. Nevertheless, it
has been suggested that a lactating woman who received
dexmedetomidine may pump and discard breast milk for next
12 h.

Toxicity

Dexmedetomidine can cause significant nerve damage in di-
abetic rats when used for local nerve blocks [23]. Although
this produced significant motor and sensory blockade but also
warranting the caution to be used in patients with peripheral
neuropathy while using precedes in combination with local
anesthetics [23]. Similarly, in another study when
dexmedetomidine was used as an adjuvant for a nerve block,
it not only prolonged nerve block duration but increased sys-
temic side effects [24]. Overdosage of dexmedetomidine pri-
mary leads to cardiodepressant side effects that may require
supportive therapy.

Pediatric Considerations

Dexmedetomidine has been extensively studied in pediatric
intensive care patients, pediatric cardiac, and general surgery
patients. Its sympatholytic effects are generally beneficial for
patients undergoing cardiac procedures [16]. The recommend-
ed adult dose may also be given in children, given as a loading
dose 0f 0.25 to 6 ng/kg/h over 10 min and a maintenance does
0f 0.2 to 1.4 ug/kg/h to achieve a cook scale between 7 and 14
points [14]. Dexmedetomidine clearance is about 50% in new-
borns that eventually matures to adult levels by the end of new

neonatal age. Neonates have larger volume of distribution
with increased elimination half-life due to liver immaturity
and lower albumin levels [14]. Also, a higher concentration
of dexmedetomidine is found in neonatal brains due to imma-
ture blood-brain barrier. At lower doses, no cardiopulmonary
side effects occur but hypothermia and bradycardia have been
reported with use of dexmedetomidine in neonates [14]. In
older children, dexmedetomidine is well tolerated and efficacy
similar to that seen in adults. Analgesia with non-opioids an-
algesics like dexmedetomidine are being used as part of an
ERAS protocol intraoperatively, along with regional nerve
blocks to attain a satisfactory postoperative outcome with re-
duced requirements of opioids in PACU in the pediatric pop-
ulation. With more requests for procedural sedation for diag-
nostics procedures like MRI, ambulatory center procedures,
dexmedetomidine has become an attractive option for non-IV
route of sedation especially buccal administration at least
45 min before the elected time in a dose 2 to 3 pug/kg. This
provides adequate sedation in approximately 80% of patients
with a failure rate of 20% requiring other modes of sedation
[25].

Emergence Delirium

Delirium is an acute confusional state wherein the patient’s
cognitive functioning is impaired with inability to process
awareness of environment and attention. Most patients transi-
tion to normal consciousness smoothly, after the anesthetic
agents are disconnected at the end of a surgical procedure. A
select few patients may end up having emergence delirium
with the risk being higher in pediatric age groups and the
elderly population. The incidence has been reported up to
80% in pediatric age group and this can increase risk of post-
operative respiratory depression and airway obstruction [26].

Amongst the numerous agents available, dexmedetomidine
has found to be beneficial, especially in sevoflurane-induced
emergence delirium. At a dose of 0.5 png/kg,
dexmedetomidine is beneficial in reducing the incidence of
emergence delirium and negative postoperative behavioral
changes (NPOBC). Caution must be exercised with vigilant
cardiopulmonary monitoring when dexmedetomidine is ad-
ministrated after induction of anesthesia. The data on negative
postoperative behavioral changes is limited, but up to 50%
children undergoing surgical procedures under general anes-
thesia manifest some kind of behavioral symptoms including
but not limited to inconsolable crying, irritability, feeding and
sleeping issues, temper tantrums, and nightmares that could
manifest anywhere from postoperative day to 1 to a week or
later after discharge. Such symptoms have been prone to be
decreased and limited by the use of dexmedetomidine when
quantified by Pediatric Anesthesia Emergence Delirium
(PAED) scale [26].
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Although the incidence of emergence agitation is not as
high as emergence delirium in the pediatric age group, it has
been found to be in ranges of ~35% when using sevoflurane
alone versus when dexmedetomidine is used in addition to
sevoflurane with incidence of only 13% when quantified on
Riker sedation agitation scale. Although a recent published
study did show that with dexmedetomidine, infusion leads to
decreased norepinephrine and epinephrine, suggesting that
dexmedetomidine’s effects are primarily by reducing cate-
cholamines and not via anti-inflammatory effects [27].
Dexmedetomidine can also decrease the occurrence of emer-
gence delirium, especially in the pediatric population. It has
been found that patients treated with dexmedetomidine had
reduced incidence of emergence delirium when compared
with midazolam. Even with lorazepam, dexmedetomidine
had lower incidence of emergence delirium. Therefore,
dexmedetomidine could be used prophylactically or in an
emergent setting for the prevention or control of emergence
delirium [16]. For patients at risk, a dose of 0.25 mcg/kg of
dexmedetomidine may be slowly injected intravenously and
to treat patients emergently, a dose of 0.5 mcg/kg of
dexmedetomidine may be used [16].

Reversal Agents Atipamezole

Atipamezole is highly selective alpha-2 antagonist approved
only for use in veterinary medicine. Further research and clin-
ical studies are warranted before it is approved for use in
humans. Atipamezole rapidly reverses both sedative and sym-
pathetic effects of dexmedetomidine. Higher doses of
atipamezole 15-150 pg/kg can quickly reverse side effects
of IV dexmedetomidine.

Perioperative Dexmedetomidine Use
for Postoperative Pain

Numerous meta-analyses demonstrate the effectiveness of
dexmedetomidine for postoperative pain control [9ee, 28-32,
33ee, 34¢e  35]. In a 2012 meta-analysis of 1792 patients,
dexmedetomidine reduced opioid consumption by 30% at
24 h postoperatively [28]. Dexmedetomidine has a stronger
analgesic effect than clonidine and acetaminophen, but weak-
er than ketamine or non-steroidal anti-inflammatory drugs
[28]. This not only makes dexmedetomidine an attractive
agent for ERAS, but also for chronic pain patients [36]. In a
2015 meta-analysis, although dexmedetomidine reduced pain
intensity, opioid consumption, and postoperative nausea and
vomiting (PONV), it had no effect on recovery time [29].
Notably, in a Cochrane review of dexmedetomidine use in
abdominal surgery, there was too much heterogeneity of the
data for meta-analysis [37]. Dexmedetomidine is an effective
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analgesic for pediatric patients and has the added benefits of
reducing anxiety and emergence agitation [9+e, 38-40].

There is variability in the timing of dexmedetomidine ad-
ministration without consensus on the optimal time for admin-
istration. When given preoperatively, a single 1 mcg/kg dose
of dexmedetomidine given 10 min prior to induction has been
shown to reduce postoperative opioid use [41]. Multiple stud-
ies demonstrate the effectiveness of intraoperative
dexmedetomidine and it has also been shown to be superior
to intraoperative remifentanil, providing better postoperative
analgesia with fewer side effects [42—46]. In two recent meta-
analyses, patients that received postoperative
dexmedetomidine infusion and IV opioid patient-controlled
analgesia (PCA) had lower postoperative pain scores and low-
er opioid consumption in the first 24 h postoperatively with
decreased PONV and pruritis compared with those with PCA
alone [47, 48]. One randomized controlled trial comparing
dexmedetomidine PCA with fentanyl PCA for postoperative
pain control found that although there was no significant dif-
ference in VAS pain score at 6 h postoperatively, the patients
with the dexmedetomidine PCA had higher patient satisfac-
tion with pain control, faster return of bsowel function, and a
lower incidence of PONV [8]. As most ERAS pathways do
not utilize IV opioid PCAs, there may be a limited role for
dexmedetomidine PCA. However, it may be an attractive al-
ternative to opioid PCA in patients that require PCA despite
other multimodal analgesics.

Another potential use for dexmedetomidine perioperatively
for postoperative pain is as an adjunct for regional anesthesia
[49, 50]. Regional anesthesia is an important modality for
minimizing opioid use as part of an ERAS multimodal anal-
gesic regimen. The addition of dexmedetomidine to neuraxial
analgesia, IV regional anesthesia, and peripheral nerve blocks
[51, 52] can hasten block onset, prolongs duration, and re-
duces opioid use [50, 53]. In a 2017 meta-analysis of over
2000 patients, the addition of dexmedetomidine to brachial
plexus blocks led to faster block onset, longer block duration,
improved analgesia, and reduced postoperative morphine re-
quirements by 10.2 mg [52]. While dexmedetomidine is ef-
fective as an adjunct to regional anesthesia, it is not as effec-
tive as dexamethasone and carries a higher risk of hypotension
and sedation compared with dexamethasone [54]. This may
limit its widespread use as an adjunct to regional anesthetic
ERAS pathways and may support its preferential use as an
intravenous infusion.

Drug Formulations and Dosing Regimens

The vast majority of dexmedetomidine studies for postopera-
tive pain control report intravenous administration of
dexmedetomidine; however, there is heterogeneity of the
doses given and the optimal dose is unknown. Table 1 lists
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Table 1 Dosing regimens for
various Toutes of Route of administration

dexmedetomidine administration

Bolus Infusion Notes
IV (adults) [9ee, 35, 44, 48, 49, 0.25-1 mcg/kg or 0.2-1 mcg/kg/h or
51-53, 55, 56] 75-150 mcg 60-120 mcg/h
1V (pediatrics) [10, 44] 0.154 mcg/kg 0.2-0.7 meg/kg/h
IV PCA (with opioid) [53, 54] 2.5-10 mcg or 0.02-0.6 mcg/kg/h basal rate or ~ 10—15-min
0.1 mcg/kg 2.5-10 mcg/h lockout
IV PCA (as sole agent) [9+°] 0.25 mcg 0.5 mcg/kg/h 15-min
lockout
Oral [57] 4 meg/kg
Intranasal [45, 58] 1-2 mcg/kg
Buccal [59] 2.5 meg/kg
Intramuscular [59] 2.5 meg/kg

1V, intravenous; PCA, patient-controlled analgesia; min, minute

dexmedetomidine doses which have been described in the
literature for various routes of administration [8, 9ee, 29, 40,
42, 43, 45, 48, 50, 60]. Of note, a loading dose of IV
dexmedetomidine may not be necessary. In two recent ran-
domized studies, there was no difference in 24-h opioid con-
sumption between those who received a loading dose of
1 mcg/kg dexmedetomidine immediately before induction,
followed by 0.4 mcg/kg/h infusion and those who only re-
ceived dexmedetomidine infusion [45, 60]. A bolus of >
0.5 mcg/kg/h in pediatric patients is sufficient to decrease
postoperative pain scores and opioid requirements, even with-
out a continuous infusion [9ee].

While intravenous administration is the most widely used,
other routes of administration of dexmedetomidine have been
described, including transdermal, intramuscular, oral, buccal,
and intranasal, not to mention its use as an adjunct for regional
anesthesia [55]. These alternate routes of administration could
potentially be important particularly for patients with limited
or difficult IV access, including pediatric and autistic patients,
and could be ideal for chronic pain patients to use on an out-
patient basis. The bioavailability and onset of action can differ
significantly depending on the route of administration. The
mean absolute bioavailability for oral, intranasal, buccal, and
intramuscular administration is 16%, 65-82% [61, 62], 82%,
and 73-104% respectively [61-63]. There is high interindi-
vidual variability in dexmedetomidine pharmacokinetics,
which is influenced by body size, liver function, cardiac out-
put, and albumin levels [14].

Given the low bioavailability of oral dexmedetomidine, it
is not surprising that oral dexmedetomidine (4 mcg/kg) pro-
vides inferior pain relief to oral ketamine (5 mecg/kg) in burn
patients [64]. A newly developed orally disintegrating tablet
has 95.28% release of the drug after 5 min, which has potential
for postoperative ERAS use [56]. With 1-1.5 mcg/kg intrana-
sal or transmucosal dexmedetomidine, patients have a similar
sedation and anxiolytic effect as midazolam, but less postop-
erative pain and less sympathetic stimulation [38]. This route

has a slower onset than intravenous with a peak plasma con-
centration is reached by 38 min [62]. Although buccal
dexmedetomidine (2.5 mcg/kg) and intramuscular
dexmedetomidine (2.5 mcg/kg) provide equal sedation and
anxiolysis, buccal dexmedetomidine results in better analgesia
than intramuscular [65]. After intramuscular
dexmedetomidine, there is a large range in time to peak con-
centration ranging from 2 min to as high as 1.7 h, and an
elimination half-life of 1.6-2.4 h [66, 67].

The addition of dexmedetomidine has been described as an
adjunct for neuraxial analgesia, IV regional anesthesia, and
peripheral nerve blockade [53]. One mcg/kg dose of
dexmedetomidine has been described for lumbar epidural
and caudal analgesia; 5 mcg dose has been described for in-
trathecal use. As an adjunct for peripheral nerve blockade,
most studies use 1 mcg/kg dexmedetomidine in peripheral
nerve blockade [49]. Although in a meta-analysis of
dexmedetomidine use in brachial plexus blockade, 50
—60 mcg was recommended to maximize sensory block dura-
tion while minimizing risk of bradycardia and hypotension
[52]. There seems to be little evidence of adverse events with
alternate routes of dexmedetomidine administration; however,
there is evidence of neurotoxicity with 6 mcg/kg epidurally in
an animal model [68].

Clinical Considerations

As mentioned, dexmedetomidine has gained popularity in
large part related to its ability to reduce reliance on opioids
in postsurgical analgesia. Shariffuddin et al. demonstrated in a
double-blinded, randomized controlled study that a single pre-
operative dose of dexmedetomedine 0.5 pug kg ™' in patients
undergoing either ureteroscopy or ureteric stenting resulted in
a clinically significant reduction of anesthetic and opioid use
both intraoperatively and postoperatively. They reported a re-
duction of the MAC of sevoflurane (0.6 (0.2) vs. 0.9 (0.1),p =
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0.037) needed to achieve adequate sedation, as well as a 60%
reduction of pain immediately postop with further reduction
lasting until POD 3 [69]. Panchgar et al. had similar results in
laparoscopic surgeries with a loading dose of 1 ug/kg body
weight and then a maintenance dose of 0.5 pg/kg/h for the
remainder of the procedure. Time to rescue analgesia postop-
eratively was 50 min in the control group vs. 360 min in the
dexmedetomidine group. The total 24-h analgesic need was
also significantly less for the dexmedetomidine group (90 mg)
vs. the NS control group (195 mg) [70].

A recent meta-analysis involving 18 studies and 1284 pa-
tients showed that dexmedetomidine used in conjunction with
opioids in patient-controlled analgesia resulted in lower over-
all opioid utilization with no increase in adverse reactions
[48]. Dexmedetomidine has been paired with propofol to
achieve opioid-free total intravenous anesthesia in gynecolog-
ic laparoscopy. It demonstrated improved pain scores, delayed
rescue analgesia, and decreased total rescue analgesic dose
[59].

The effects of dexmedetomidine on local anesthetic and
nerve blocks have also been studied. Dexmedetomidine sig-
nificantly prolonged postoperative analgesia in children un-
dergoing ilioinguinal/iliohypogastic nerve block for hernia re-
pair [71]. It had better analgesia and fewer adverse reactions
than fentanyl when added to bupivacaine for epidural anesthe-
sia [72]. It similarly outperformed fentanyl when combined
with ropivacaine administered intraperitoneally to control pain
following laparoscopic cholecystectomy [73].

Other studies have shown that dexmedetomidine can sig-
nificantly reduce the incidence of postoperative nausea [8].
Song et al. demonstrated that within a high-risk group,
dexmedetomidine administered 30 min before the completion
of surgery reduced the frequency and severity of nausea [57].
Postoperative delirium is another complication that could po-
tentially benefit from the addition of dexmedetomidine. One
study showed that there was a reduction in both the incidence
and severity of delirium in POD 1-7 in patients undergoing
pulmonary resection due to lung carcinoma [58]. Other trials
demonstrated that dexmedetomidine may decrease negative
postoperative behavioral changes and agitation in pediatric
patients without excessive sedation or other negative side ef-
fects [26, 74].

The major side effect noted in many of these studies was
hemodynamic instability in the form of bradycardia and hy-
potension [69, 70, 74]. These changes, although statistically
significant, were well tolerated by most of study participants.
Some studies suggest that this is beneficial in that it curtails
hemodynamic stress response generated by the trauma of sur-
gery [69]. Still other studies did not find dexmedetomidine to
be superior to other drugs. One such study found that fentanyl
provided longer postoperative analgesia than
dexmedetomidine when added to lidocaine in women under-
going spinal epidural during elective c-section, although it did
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have a higher incidence of nausea and vomiting [75]
(see Table 2).

Conclusion

Enhanced recovery after surgery is an approach to patient care
that focuses on optimizing the postoperative period. This in-
cludes implementing protocols meant to reduce postoperative
complications, patient discomfort, and length of hospital stay.
Dexmedetomidine is a highly selective a2-adrenergic agonist,
which has become a valuable addition to the multimodal ap-
proach to anesthesia. Its sedative, anxiolytic, and analgesic
properties are useful in potentiating postoperative analgesia.
These features make it a useful adjuvant to the anesthesia
protocol, especially in the context of enhanced recovery after
surgery.

Dexmedetomidine acts in the locus ceruleus and spinal
cord, inhibiting presynaptic release of norepinephrine. This
results in sedation, analgesia, and a centrally mediated sym-
patholytic effect [70]. Use of dexmedetomidine has been
shown to reduce the anesthetic and opioid requirements both
intraoperatively and postoperatively. Dexmedetomidine has
also been shown to reduce the incidence of postoperative nau-
sea, vomiting, delirium, and agitation with minimal effect on
respiratory drive [78]. These features make it a valuable tool in
achieving the goals of enhanced recovery after surgery. Many
of'its on and off label uses have been studied. It has been used
for sedation in the ICU, as an adjuvant for epidural and pe-
ripheral nerve block, and for preprocedure anxiolysis [79].
More research is warranted to better understand
dexmedetomidine’s far reaching applications.

The main adverse event healthcare workers should be cau-
tious of when administering dexmedetomidine is hemody-
namic instability, namely bradycardia, hypotension, and hy-
pertension. Song et al. found that patients who received
dexmedetomidine intraoperatively had almost a 2-fold in-
crease in bradycardia compared with the control group [57].
Meanwhile, Shariffudin et al. found a significant decrease in
the systolic blood pressure at the 15-min mark after infusion.
This phenomena disappeared by the 20-min mark and did not
return for the remainder of the case [69]. It appears that these
episodes of hemodynamic disturbance are associated with the
use of a loading dose or fast initial infusion rates. One way to
mitigate this is to forgo a loading bolus and instead utilize a
slower basal infusion rate. Although these hemodynamic
changes do not cause issue for the majority of patients,
healthcare providers should use caution when administering
dexmedetomidine to patients who are less able to tolerate bra-
dycardia. These might include patients with cardiac conduc-
tion abnormalities, those taking medications that alter cardiac
conduction, and the elderly [80]. Additionally, care should be
taken to adjust the dosing in patients with hepatic impairment,
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Table 2

Studies on the applications and efficacy of dexmedetomidine in surgery and recovery from surgery

Reference Study design

Application

Dosage

Outcomes

Hemodynamic changes

[69] Double blind,
randomized,

controlled

[70] Double blind,
randomized,

controlled

[59] Prospective,
comparative,
randomized,

controlled

[71] Double blind,
randomized,

control

[72] Prospective,
randomized

double blinded

[73] Comparative,

Randomized

[8] Consort-prospective,

randomized,
controlled

Postoperative recovery

Controlling stress response
during surgery

Opioid-free total
intravenous anesthesia

Ilioinguinal-iliohypogastric
nerve blocks for hernia
repair in children

Epidural anesthesia

Intraperitoneal local
anesthetic

PCA after surgery

Single preinduction dose of
0.5 ug kg ' DEX viaIV
vs. normal saline

1 pg/kg bolus over 10 min
and 0.5 pg/kg/h
intraoperatively as
maintenance vs. normal
saline

DEX (0.6 pg/kg loading
and 0.2 pg/kg/h
maintenance) with
propofol vs. fentanyl
(1 ng/kg loading and
0.5 png/kg/h
maintenance) with
propofol

0.2 ml/kg ropivacaine
0.2% vs. ropivacaine
0.2% with adjunct DEX
1 ug/kg

15 ml bupivacaine 0.20%
+ 50 pg of DEX vs.
15 ml bupivacaine
0.20% + 50 pg fentanyl

30 ml of 0.2% ropivacaine
+ 1 ng/kg DEX vs.
30 ml of 0.2%
ropivacaine + with
1 pg/kg fentanyl

DEX 0.25 pg/kg/h diluted
to 100 mlin 0.9% saline
vs. fentanyl 20 pg/kg
diluted to 100 ml in
0.9% saline

-60% reduction in postop
pain

-Reduction in MAC (0.6
(0.2) vs. 0.9 (0.1),
p=0.037)

-Time to rescue analgesia:
DEX group (360 min) vs.
control group (50 min)
-24-h analgesic need: DEX
group (90 mg) vs. the
NS control group
(195 mg)

-8.5% improvement in
quality of recovery score
at 24 h (from 175 to
190)

-Time to first analgesic
dose (min): DEX 40.5
(8.25) vs. opioid 35.6
(6.7) p<0.004

-Postop analgesia duration:
DEX+ropivacaine
(970.23 £46.71 min)
vs. control
(419.56 = 60.6 min)

-DEX+ropivacaine had
decreased CHIIPPS
score vs. control

-Increased time to first
analgesic: DEX
392.7+34.8 min vs.
control
296.9 +24.5 min
(p<0.001)

-Decreased opioid
requirement: DEX
18.9 +3.4 vs. control
23.3+3.2 (p<0.001)

-VAS pain score decreased:
(DEX 1.68 +0.46 vs.
control 4.47 +0.94)

-Time to first analgesia
(min): (DEX
122.7 +£24.5 vs. control
89.3+13.2)

-Total analgesic
consumption (mg):
(DEX 95.3+15.6 vs.
control 135.7+75.1)

-VAS pain score postop
was not significantly
different between the
groups (p > 0.05)

-10% of DEX group
experienced PONV vs.
31.2% of fentanyl group

-Decreased time to first
flatus and bowel
movement

At 15 min, p <0.05

-Lower SBP 104.3 (12.8)
vs.114.2 (21.2)

-Lower DBP 62.3 (11.8)
vs.72.2 (19.2)

-Lower HR 62.6 (10.5) vs.
69.7 (12.1)

MAP in DEX group was
significantly less after
10 min of drug infusion
and after laryngoscopy,
tracheal intubation,
pneumoperitoneum, and
extubation

Significant fall in HR and
BP

Decreased HR at 5 min in
the DEX group

Incidence of bradycardia
and hypotension was
significantly higher in
DEX group vs. control
(p=0.003, 0.012,
respectively)

None reported

No significant differences
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Table 2 (continued)

Reference Study design Application Dosage Outcomes Hemodynamic changes

[57] Randomized, PCA after surgery DEX 0.5 ug kg ' IV vs. -DEX group experienced ~DEX group experienced
controlled 0.9% normal saline 30 less nausea 1to 3 h higher incidences of

min before completion postoperatively hypotension and
of surgery (»=0.019) bradycardia, however
-DEX group had lower not statistically
incidence of severe significant
nausea (p < 0.003)

[58] Double blind, Prevention of postoperative DEX (0.5 pg/kg) 20 min  -Dex group experienced -Bradycardia: DEX
randomized, delirium preop followed by lower incidence and (10.4%) vs. control
controlled continuous intravenous severity of delirium (7.5%)

infusion of 0.1 pg/kg/h from POD 1 to POD 5  -Hypotension: DEX (6.9%)
intraop vs. normal saline vs. control (5.2%)

[26] Double blind, Prevention of emergence DEX 0.5 pg/kg vs. normal DEX decreased the HR and SBP were
randomized, delirium in pediatric saline over 10 min incidence of emergence significantly decreased
controlled patients intraoperatively delirium (31.1% vs in the DEX group at the

53.3%; p=0.033) 15-min mark and at
extubation, but did not
require intervention

[74] Prospective, Postop recovery after DEX 1 pg/kg vs. DEX group agitation score Significant decrease in HR
randomized, pediatric tonsillectomy volume-matched saline was 9.37+1.33; median  and MBP in DEX group
controlled 10 min before 9.5 vs. 13.84+1.39; without bradycardia or

anesthesia median 14 in control hypotension
(p<0.001)
[76] Randomized, DEX for prevention of DEX 0.5 pg/kg vs. DEX group had lower Decrease in SBP, DBP, and
controlled postop anxiety in midazolam 0.08 mg/kg anxiety at 2 h (mean HR in DEX group, all
pediatrics in 20 ml of NS 10 min difference [95% Cl], p values p <0.001
preop 1.89 [0.52-3.26];
p=0.01) and 4 h (mean
difference [95% CI],
3.32 [1.98-4.66],
»<0.001)
[77] Randomized, DEX for sedation during DEX group receiving Less postop morphine Higher incidence of
controlled ankle surgery under loading dose of requirement in DEX bradycardia in DEX
spinal anesthesia 1 meg kg ' over group 14.5 mg group (31.8%) vs.
10 min, maintenance (0.75-31.75 mg) (4.8%) in the propofol
dose of compared with 48.0 mg group, p=0.046
02-07 pgkg "h'vs.  (31.5-92.5 mg) in the
propofol group propofol group (median
receiving effective site difference, 33.2 mg;
concentration of 95% confidence
0.5-2.0 pg ml™' interval, 21.0-54.8 mg;
p<0.001).

[75] Randomized, DEX as adjuvant to 0.5 pg/kg DEX vs. 25 pg  -Shorter postop analgesia ~ No significant difference in

controlled lidocaine in spinal fentanyl added to in DEX group (h) HR or BP both after

anesthesia

lidocaine 5%

1.2+573 vs. 440+1.4
(p=0.01)

-More opioid requirement
in DEX group (mg)
148.26 +8.3 vs.
119.04+£23.3 (p=0.01)

spinal anesthesia or in
recovery

DEX, dexmedetomidine

as dexmedetomidine is predominantly metabolized in the
liver [14].

Although dexmedetomidine has proven to be a relatively
safe drug, the lack of a reversal agent is an issue. Atipamezole
is a synthetic a2-antagonist that has been shown to reverse the
actions of dexmedetomidine; however, it is currently only

@ Springer

approved for use in dogs. More studies are needed to assess
the effectiveness and safety of atipamezole in humans.
Gaining approval for human use would make
dexmedetomidine an even more attractive option [14]. There
is currently a paucity of data addressing the potential neuro-
protective, cardioprotective, and renoprotective effects of
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dexmedetomidine. The trials that have been conducted are
mostly animal models, but have been encouraging enough to
merit future research in humans [79].
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