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Objectives
Upon completion of this course, the learner will be able to:

1.  Describe the current climate of opioid use and why 
opioid-sparing techniques are being used.

2.  Define pain and discuss its physiology.
3.  Discuss the pharmacology of opioids and the advan-

tages and disadvantages of their use.
4.  Identify the mechanism of action of dexmedetomi-

dine and its physiologic effects.
5.  List patient populations in which dexmedetomidine 

may be of benefit.

Introduction
The opioid epidemic has been a hot political and media 
topic for many years. According to the World Health 
Organization, it is estimated that 27 million people ex-
perienced opioid use disorders in 2016, with an increas-
ing number of individuals using prescription opioids.1 

The Centers for Disease Control and Prevention (CDC) 
reports that almost 400,000 people died of an opioid 
overdose between 1999 and 2017, with an average of 130 
Americans dying per day due to opioid overdose.2 The 
CDC also reports that there has been a large increase in 
overdose deaths involving fentanyl in recent years.2

Unfortunately, the notoriety of opioids is something 

healthcare providers, particularly anesthesia providers, 
must contend with on a daily basis, as opioids are one of 
the most ubiquitous pharmacologic agents employed by 
anesthesia providers to subdue the inevitable postopera-
tive pain that patients experience after an operation. In 
fact, “approximately 99% of all surgical patients in the 
USA receive opioids perioperatively at some point during 
their care.”3(p2) The increased prevalence of opioid abuse 
in the general population and of patients experiencing 
chronic pain presents unique challenges to the anesthesia 
provider, as these patients typically have higher toleranc-
es, which necessitates increased opioid dosing, making 
perioperative pain management potentially unsafe.4 In 
practicing on the front lines of the opioid crisis, anesthe-
sia providers bear the weight of the responsibility to help 
mitigate this crisis in some way.

Opioids are associated with undesirable physiologic 
side effects with normal use, which can be unwelcome to 
patients and can increase the length of their hospital stay, 
which increases overall healthcare costs.3,5,6 Some of the 
most common deleterious side effects of opioids are seda-
tion, respiratory depression, headache, nausea, vomiting, 
pruritis, urinary retention, constipation, and tolerance 
and dependence.3,5,6 The unwanted side effects associ-
ated with opioids, various factors surrounding the opioid 
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crisis, and further research and discoveries regarding 
pain theory and modulation have created a heightened 
interest around the use and benefits of opioid-sparing 
techniques in anesthesia delivery.

Opioid-sparing techniques are a wide range of anes-
thesia techniques and modalities with the aim of reduc-
ing the use of opioids for pain management. Varying 
degrees of success have been achieved with regional 
anesthesia techniques such as peripheral nerve blocks 
and neuraxial anesthesia, some nonpharmacologic mo-
dalities such as acupuncture, and a wide range of nono-
pioid medications often referred to as “adjuncts.” These 
nonopioid medications include various nonsteroidal 
anti-inflammatory drugs, such as intravenous (IV) ac-
etaminophen (Ofirmev), ketamine, dexmedetomidine, 
magnesium, and lidocaine, which affect various receptors 
throughout the body (eg, N-methyl-d-aspartate [NMDA] 
and α2 receptors) and aid in alleviating pain while reduc-
ing opioid requirements for postoperative pain.5 Kumar 
et al5(p2) describe the benefit of nonopioid adjuncts: “the 
rationale behind combining opioids and nonopioid adju-
vants is based on the ability to synergistically modulate 
pain pathways at central and peripheral sites, thereby 
enhancing analgesia and decreasing opioid requirement 
as well as opioid related side effects.” Dexmedetomidine 
is supported by a wide body of research as a nonopioid 
adjunct capable of reducing perioperative pain with an 
opioid-sparing effect as well as having a wide range of 

other clinical uses.5,7 Due to the broad anesthetic utility 
of dexmedetomidine in addition to its opioid-sparing 
effects, the usefulness of this drug to clinical practice will 
be examined throughout this article.

Pain: Complexity of Its Treatment
The International Association for the Study of Pain 
defines pain as “an unpleasant sensory and emotional 
experience associated with actual or potential tissue 
damage or described in terms of such damage.”8 To fully 
appreciate the value of opioid-sparing techniques and an-
esthetic adjuncts, one must first recognize the complexity 
of pain, its perception (both mentally and physiologi-
cally), and its treatment. 

Pain can be classified in many ways, but 2 of the most 
common ways to classify pain are acute and chronic.8-

10 Acute pain is caused by noxious stimuli (ie, surgery, 
diseases processes, or injuries), whereas chronic pain is 
pain that continues well beyond the noxious stimuli and 
typical healing time.8-10 Both acute and chronic pain can 
be further classified based on their etiology, which can 
influence the treatment an anesthesia provider might 
deliver to a patient to relieve his or her pain. For example, 
opioids might be better to treat acute pain, whereas the 
addition of antidepressants may play a role in controlling 
chronic pain. With evolving science and knowledge re-
garding pain and its management, the physiologic/patho-
physiologic process of pain is arguably equally important 

Figure.  Central Action of Dexmedetomidine and Opioids in Spinal Cord9-11,16,17,22-24,27

Abbreviations: DEX, dexmedetomidine; GABA, γ-aminobutyric acid; Na, sodium; NMDA, N-methyl-d-aspartate.
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to the successful treatment of perioperative pain.
Pain is conducted along neuronal pathways and typi-

cally involves 4 processes: transduction, transmission, 
perception, and modulation, where each of these pro-
cesses are targeted by various analgesic medications.9,10 

Transduction is the conversion of noxious stimuli into 
action potentials, which allows the transmission of these 
electrical signals along neurons to the brain where they 
are consciously perceived in the thalamus and cerebral 
somatosensory cortex.9,10 Modulation of pain can occur 
at any point during the transduction and transmission of 
these electrical signals.10 Nociceptors are vital to the pro-
cesses of transduction and transmission; these special-
ized neurons are located in the peripheral tissues. They 
sense painful stimuli and convert information related to 
the force, location, and occurrence of that stimuli into 
action potentials via activation of sodium (Na) channels, 
which propagate their chemical signal toward the central 
nervous system, specifically the dorsal horn of the spinal 
cord.9,10 While this chemical and cellular information is 
being transduced, the biochemical event taking place at 
the site of injury (the release of substance P, prostaglan-
dins, cytokines, bradykinin, and the other various chemi-
cal mediators) is what stimulates the influx of Na and 
efflux of potassium, which results in the action potential, 
or transmission of this information to the dorsal horn of 
the spinal cord.9,10

The dorsal horn is composed of the Rexed laminae and 
the neurons present in the Rexed laminae (Figure). The 6 
Rexed laminae that make up the dorsal horn of the spinal 
cord are considered the primary site of pain modulation. 
Included in the dorsal horn is Rexed lamina II, also called 
the substantia gelatinosa, which is the primary site of 
action of opioid analgesics.10,11 Although many types of 
neurons are present in the Rexed laminae, nociceptive 
and wide dynamic range (WDR) neurons are important 
to pain transmission. Nociceptive neurons receive input 
from nociceptive nerve fibers, whereas WDR neurons 
receive input from both nociceptive and nonnociceptive 
nerve fibers.10,11 The WDR neurons, abundant in Rexed 
lamina V, are instrumental to the development of chronic 
pain when repetitive stimulation occurs.10,11

Electrical signals transmitted via the neurons of the 
dorsal horn are further transmitted from the dorsal horn 
to the thalamus and cerebral cortex, whereby pain is con-
sciously perceived. The perception of pain is complex, 
involving nociceptive transmission as well as mental and 
emotional aspects of pain, which can further intensify or 
diminish the pain perception.9 With this in mind, anesthe-
sia providers must understand that pain is highly unique 
and varies in intensity, duration, and emotional response 
from individual to individual. Altering emotional response 
to perceived pain or even the thought of the possibility of 
pain, whether pharmacologically (eg, the euphoric effects 
of opioids or the anxiolytic effects associated with dex-

medetomidine) or psychologically (eg, verbal encourage-
ment), can aid in management of perioperative pain.

Once pain is perceived and processed via the brain, 
these signals can be altered in both an excitatory and an 
inhibitory manner via either physiologic mechanisms 
such as wind-up phenomena or pharmacologic mecha-
nisms such as analgesics.9 Many neurotransmitters and 
receptors, such as the norepinephrine, γ-aminobutyric 
acid (GABA), endogenous opioid receptors, NMDA 
receptors, and α2 receptors, play a central role in the 
modulation of pain.9,10 Pharmacologic agents target 
these neurotransmitters and receptors; for example, 
opioids target endogenous opioid receptors, antide-
pressants target norepinephrine, and dexmedetomidine 
targets α2 receptors.9,10 The process of central sensitiza-
tion is also crucial to pain modulation and the transition 
from acute to chronic pain via repetitive stimulation 
of neurotransmitters in the central nervous system and 
the resultant release and accumulation of proinflam-
matory mediators and other neurotransmitters.9,10 The 
WDR neurons of Rexed lamina V are affected by chronic 
stimulation, specifically via the excitatory neurotransmit-
ter glutamate, which leads to the wind-up phenomena 
or hyperexcitability of these neurotransmitters.9,10 The 
NMDA receptor is central to the wind-up phenomena 
and underpins the importance of NMDA receptor an-
tagonists in the development and treatment of chronic 
pain.10,12,13 Sensitization occurs not only in central sites 
but also in peripheral sites, leading to hyperalgesia, or 
increased sensitivity to pain.10

Clearly the perception and treatment of pain are highly 
complex processes, which underpins the notion that the 
pharmacologic treatment of pain is not as simple as taking 
a pill or giving an IV injection. Instead, treatment of pain 
should attempt to strike multiple processes in the pain 
pathway and aim to use multiple pharmacologic tools.

Opioids: Traditional Approach to Pain  
Management
Some of the earliest methods of pain relief came in the 
form of opium. Due to their effectiveness, opium and 
opioids (the group of drugs derived from the poppy 
plant) have had a rich history throughout the practice of 
medicine. Opioids, a term that describes both naturally 
occurring (eg, morphine) and synthetic (eg, fentanyl) 
agents, are highly efficacious pain-relieving medications 
used ubiquitously throughout medical practice and are a 
mainstay in the practice of anesthesia.

The mechanism of action of opioids is quite simple in 
that they mimic naturally occurring endogenous opioid 
peptides. They produce their effects by binding to opioid 
receptors throughout the central nervous system; supra-
spinal and spinal sites; and peripheral tissues, with their 
main effect being to attenuate the perception of pain.9 To 
date, 3 main types of opioid receptors have been discov-
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ered: μ, κ, and δ, each with various beneficial and adverse 
effects (Table 1).9 Although each receptor exerts differ-
ent pharmacologic effects, the commonality between 
them is that they are G-protein coupled receptors with 
the primary effect of reducing neurotransmission of 
various neurotransmitters including substance P, norepi-
nephrine, and acetylcholine.9 Opioids also inhibit other 
channels such as Na channels and postsynaptic channels 
evoked by glutamate, again with the final effect of the 
attenuation of perception of pain.9 Opioid-mediated anal-
gesia primarily occurs in the central nervous system, such 
as in the nucleus raphe magnus, periaqueductal gray, and 
dorsal horn (the primary site of pain modulation), by 
inhibiting ascending and descending transmission to and 
from the brain, which diminishes pain perception.9,10

In anesthetic practice, opioids exhibit a great deal of 
versatility in that they may be administered in a variety 
of routes, including neuraxial, intravenous, topical, 
and oral—each with varying degrees of efficacy, which 
supports the widespread expression of opioid receptors 
throughout the body.9 Furthering their wide range of 
versatility, there are many opioid agonists and partial ag-
onists; some of the most commonly administered opioids 
in anesthesia are fentanyl, hydromorphone, morphine, 
remifentanil, and sufentanil. The side effects common 
to all opioids detract from their overall desirability for 
perioperative use. Although some side effects are easier 
to treat and less severe than others, they all may decrease 
patient satisfaction and can lead to patients preferring to 
avoid these drugs on future encounters.

There are also situations in which opioids may further 
complicate selective comorbidities. Obstructive sleep 
apnea is fairly common in modern day society. In addi-
tion to ventilatory issues, patients with obstructive sleep 

apnea are at higher risk of the respiratory depressive 
effects of opioids due to upregulation of μ-receptors sec-
ondary to hypoxemia.14 Additionally, research has found 
an increased risk of the respiratory effects of opioids in 
multiple populations, such as elderly patients, women, 
patients with diabetes, patients with renal disease, and 
those with chronic obstructive pulmonary disease.15

Another patient population that may benefit from 
use of nonopioid agents are patients with chronic pain, 
as they may already be receiving opioids. Further doses 
of opioids may have minimal effect due to tolerance 
and may lead to undesirable side effects such as opioid-
induced hyperalgesia.9,12 Opioid-induced hyperalgesia 
may result from acute or long-term use of opioids and 
can manifest as increased pain and opioid requirements 
as well as agitation.9,12 Evidence suggests that central 
sensitization, which is related to the development of 
chronic pain, can also result in opioid-induced hyper-
algesia.12 NMDA receptor antagonists such as ketamine 
have proved beneficial in the prevention and treatment of 
opioid-induced hyperalgesia due to the increased release 
of glutamate after central sensitization has occurred.12 

These findings further suggest multimodal analgesic 
anesthetic techniques, at minimum, when caring for a 
patient experiencing chronic pain.

Although vigilance is necessary in the use of opioids 
in all surgical populations, there are several populations 
that warrant heightened caution, including patients un-
dergoing neurologic procedures where a fast wake-up is 
desired, parturients (as sedation may not be desired by 
the patient for a multitude of personal reasons), extremes 
of age, and patients with renal disease. However, clinical 
research as well as anecdotal clinical evidence support 
the efficacy of opioids in the management of periopera-

Table 1.  Beneficial and Adverse Effects of Opioid Receptors9

Receptor Beneficial effects Adverse effects

Mu1 Analgesia Bradycardia

 Euphoria Hypothermia

 Low abuse potential  Urinary retention

Mu2 Analgesia Respiratory depression

  Dependence

  Constipation

  Nausea/vomiting

  Biliary spasm

Kappa Analgesia Dysphoria

 Low abuse potential Sedation

 Antishivering Diuresis

Delta  Analgesia Respiratory depression

  Dependence

  Constipation

  Urinary retention

  Convulsions
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tive pain for nearly all surgical procedures.9 That said, 
one cannot ignore the recent developments regarding the 
opioid crisis, which demands new avenues be pursued in 
modern pain management.

Dexmedetomidine: The New(ish) Kid in Town
To avoid the adverse effects of opioids, the literature rec-
ommends reducing opioid use while continuing to provide 
adequate pain relief. This is clearly easier said than done 
when considering the individuality and unpredictabil-
ity of each patient’s response to pain, not to mention the 
variability of the severity of pain caused by surgical pro-
cedures. Research results5,12,16,17 support the use of dex-
medetomidine as an analgesic adjunct because of its asso-
ciated opioid-sparing capabilities and analgesic properties 
that “appear to mimic many of the actions of the mythical 
‘ideal’ sedative/analgesic agent with its wide spectrum of 
actions encompassing the entire peri-operative period and 
then beyond that, into the critical care services.”16(p5)

Although dexmedetomidine has been approved for 
use in the intensive care unit (ICU) since 1999, it 
was only in 2008 that it was approved by the US 
Food and Drug Administration (FDA) for perioperative 
use.16 Dexmedetomidine is a highly selective α2 agonist 
(1,620:1 α2 to α1 agonism compared with the 220:1 of 
clonidine) with sedative, anxiolytic, and analgesic prop-
erties, which does not cause respiratory depression.5,7,16 
Historically, dexmedetomidine has been found to primar-
ily act on the α2 receptors located in the locus coeruleus 
of the pons; this agonism of the α2 receptors reduces 
norepinephrine release from the locus coeruleus, result-
ing in sedative/hypnotic as well as analgesic effects.7,16 
This inhibition of norepinephrine release also results in 
release of GABA and galanin, which inhibit histamine 
release (which usually results in wakefulness); the inhi-
bition of histamine results in a nonrapid eye movement 
sleeplike state, which results in patients who are easy to 
arouse and able to follow commands.7,18 Inhibition of 
norepinephrine results in the most common side effects 
of hypotension and bradycardia, which may limit use in 
certain patient populations. However, transient hyper-
tension can be seen with rapid administration, especially 
with high doses, due to vasoconstriction caused by pe-
ripheral activation of α1 receptors.7 Additionally, because 
α2 receptors have no role in the respiratory center and 
patients treated with dexmedetomidine maintain respira-
tions, its use proves beneficial in ICU sedation, conscious 
sedation procedures such as outpatient colonoscopies 
and pediatric dental restoration, and MRI studies.16,19-21

Multifaceted Mechanism of Action of  
Dexmedetomidine
Early evidence pointed to agonism of α2 receptors in the 
locus coeruleus of the brainstem being the sole mecha-
nism of dexmedetomidine’s analgesic effects; however, 

recent evidence suggests otherwise.5,7,16,22 Rather than 
being confined to α2 receptors of the locus coeruleus, 
the analgesic properties of dexmedetomidine have now 
been shown to act on various receptor sites throughout 
the body; specifically, dexmedetomidine seems to have a 
large effect on the dorsal horn of the spinal cord.5,7,16,22

As previously described, the substantia gelatinosa of 
the dorsal horn plays a major role in the modulation and 
transmission of pain and is the primary site of action of 
opioid analgesics.10,11 Interestingly, α2 adrenergic re-
ceptors have been found in the substantia gelatinosa of 
the dorsal horn as well as primary afferent terminals of 
rats.16,17 These findings indicate that dexmedetomidine’s 
action on α2 receptors likely not only occurs in the locus 
coeruleus but also in other areas of the body such as the 
dorsal horn, which further contributes to the analgesic 
properties of this agent.

Furthermore, inhibition of norepinephrine release 
from the locus coeruleus (as a result of α2 agonism by 
dexmedetomidine) leads to an increase in GABA activity, 
which causes the sedative and anxiolytic effects observed 
with use of dexmedetomidine. Various GABA subunit 
receptors (the most prevalent being GABA subunit α2) 
have been found extensively not only in the dorsal horn 
and its Rexed laminae but also in the peripheral sensory 
neurons.23,24 Investigators examining the effect of dex-
medetomidine on the substantia gelatinosa of rats found 
dexmedetomidine to hyperpolarize membrane potentials 
of neurons in the substantia gelatinosa.25 Additional 
research findings show that spinally administered diaz-
epam has led to antihyperalgesic effects due to its effects 
on GABA receptors lying on primary nociceptors.23 

One might surmise that dexmedetomidine may produce 
similar antihyperalgesic effects due to its indirect facilita-
tion of GABA, but further research is needed in this area.

Voltage-gated Na (Nav) channels in the dorsal horn 
have been shown to be vital in the process of pain trans-
duction and transmission.22,26 A recent study found that 
dexmedetomidine not only inhibited Nav1.7 channels 
in bovine adrenal chromaffin cells but also did so inde-
pendent of α2 receptor activity; this finding is intriguing 
because dexmedetomidine’s action in the dorsal horn his-
torically seemed to hinge on its α2 activity.22 In the study, 
α2 antagonists atipamezole and yohimbine were given in 
conjunction with dexmedetomidine but did not affect 
its inhibitory effects on the Na channel.22 The results 
of this study suggest not only that the analgesic effects 
of dexmedetomidine are widespread and affect different 
receptors but also that its effects on the Nav1.7 channel 
are not solely an α2 receptor effect. A recent study found 
that dexmedetomidine inhibited Na channels both via 
α2 adrenergic receptors and also independently of those 
receptors in the trigeminal ganglion of mice, suggesting 
that dexmedetomidine may be useful for orofacial pain.26 
Both of these studies found that dexmedetomidine in-
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hibited Na channels in a dose-dependent manner.22,26 Its 
inhibition of Na channels shows that dexmedetomidine 
not only affects pain modulation and perception via the 
locus coeruleus and dorsal horn but may also affect the 
transmission and transduction of pain, expanding its 
utility as an analgesic.

Although dexmedetomidine’s activity in the locus 
coeruleus, dorsal horn, and Na channels seems to miti-
gate acute pain, research has found dexmedetomidine 
may also be used in the treatment of chronic pain. 
Intrathecal dexmedetomidine has been found to reduce 
levels of substance P and calcitonin gene-related peptide 
in the dorsal horn of mice; both these peptides have 
been shown to play a role in chronic pain conditions.17 
According to recent research results, dexmedetomidine 
has antagonistic effects on the NR2B subunit of the 
NMDA receptor, which is involved in pain perception 
and the development of chronic pain.27 Much research 
shows that NMDA receptor antagonists such as ketamine 
and magnesium successfully attenuate chronic pain and 
even prevent conversion from acute to chronic pain.28,29 
A recent study found dexmedetomidine to lessen the 
expression of the NR2B subunit of the NMDA receptor 
as well as reduce levels of proinflammatory cytokines in 
rats.27 Indeed, reduction of proinflammatory mediators 
such as tumor necrosis factor-α and various interleukins 
have been reported in the literature and lend to dexme-
detomidine’s analgesic effects.30 Another study involving 
rats observed the effects of intramuscular administration 
of dexmedetomidine and found that NR2B subunit ex-
pression was reduced while GABA receptor expression 
was increased in the dorsal horn as well as the thalamus, 
again indicating that dexmedetomidine could be used for 
treatment of neuropathic chronic pain.13 NMDA receptor 
antagonists are the drugs of choice for treatment of opi-
oid-induced hyperalgesia.12 In studying rats, researchers 
found that dexmedetomidine attenuated opioid-induced 
hyperalgesia produced by remifentanil infusions via its 
effect on NR2B subunits of the NMDA receptor.12

These findings suggest that dexmedetomidine may have 
extensive analgesic effects in the dorsal horn of the spinal 
cord, affecting various receptor sites and neurotransmit-
ters (illustrated in the Figure), in addition to its well-
known effects in the locus coeruleus. Dexmedetomidine is 
not only useful for acute perioperative pain via its action 
in the locus coeruleus and dorsal horn but also may play 
a key role in the prevention and treatment of chronic 
pain via its NMDA receptor antagonism. Further research 
will help clarify the role dexmedetomidine plays in pain 
transduction, transmission, modulation, and perception, 
as well as whether these results can be applied to human 
models. Results are promising, and it is clear that dexme-
detomidine’s mechanism of analgesia is more complex 
than initially thought, lending itself to future uses for the 
treatment of pain in the perioperative period.

Versatility of Dexmedetomidine
In addition to the multifaceted approach to anesthesia 
achieved through its use, there are a multitude of other 
benefits of adding dexmedetomidine to one’s anesthetic 
practice. One benefit common to all patient populations 
is that, according to a wide body of research, dexmedeto-
midine has been found to be synergistic with opioids, 
resulting in a decrease in the amount of opioids required 
perioperatively.5,7,16,26,31,32 The opioid-sparing effects of 
dexmedetomidine as well as its other beneficial proper-
ties have been proved for a wide variety of surgical cases 
and, therefore, in a wide variety of surgical populations.

• Abdominal Surgical Patients. A recent randomized 
controlled trial (RCT) of 120 patients undergoing laparo-
scopic cholecystectomy split patients into 2 groups: 1 in 
which fentanyl and normal saline placebo was used and 
1 in which  dexmedetomidine bolus and infusion were 
given perioperatively in addition to any required fen-
tanyl.32 The researchers found that the dexmedetomidine 
group required significantly less fentanyl and propofol 
as well as had a reduced mean alveolar concentration 
(MAC).32 Similarly, a Cochrane review of 422 patients 
(from 7 RCTs) undergoing abdominal surgery (gastric 
banding/bypass, cholecystectomy, open abdominal, major 
abdominal cancer surgery, etc) found that perioperative 
use of dexmedetomidine had an overall significant reduc-
tion of postoperative opioid consumption.33 Of particular 
importance to bariatric surgical patients, sleep apnea 
(which is common with this patient population) results in 
greater risk of the respiratory depressive effects of opioids 
due to μ-receptor upregulation.14 Dexmedetomidine pro-
vides a possible solution to the problem of sleep apnea in 
bariatric patients due to its minimal effects on respiratory 
drive and opioid-sparing properties.14

• Neurosurgical Patients. In a recent RCT of 60 
patients undergoing craniotomy, 1 group received a 
dexmedetomidine infusion started preoperatively and 
continued throughout the case, and the other group 
was given a saline infusion.31 Results revealed that the 
dexmedetomidine group required “54.4%, 43.3%, and 
31.4% less cumulative morphine consumption during the 
first 4, 12, and 24 hours, respectively.”31(p1) Comparable 
results were revealed in another recent study of 163 
neurosurgical patients, which found that patients in the 
dexmedetomidine infusion group required less postop-
erative opioids during the first 72 hours compared with 
the group given no dexmedetomidine.34

Due to its minimal effects on respiratory drive, the 
production of sleep that resembles natural sleep, and 
ease of arousal, dexmedetomidine has been successfully 
used for “wake-up” tests during neurosurgical proce-
dures, such as spinal cases.35 An RCT of awake crani-
otomies performed in 50 patients found that although 
the “quality of interactive brain mapping and efficacy of 
sedation”36(p1) were similar between the 2 groups (pro-
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pofol-remifentanil group vs dexmedetomidine group), 
the dexmedetomidine group experienced less frequent 
adverse respiratory events, likely due to its minimal 
respiratory depression. Various neuroelectric monitor-
ing modalities such as motor and evoked somatosensory 
potentials are important in neurosurgical procedures. 
Research findings reveal that dexmedetomidine does not 
alter neuroelectric monitoring; thus, dexmedetomidine 
can be used in conjunction with these modalities during 
neurosurgical cases with no interference.37

• Cardiac Surgical Patients. Dexmedetomidine has 
recently received some attention in the field of cardiac 
anesthesia. Khalil and Abdel Azeem38 noted dexmedeto-
midine’s opioid-sparing effects in their prospective RCT 
of 50 patients undergoing off-pump coronary artery 
bypass graft (CABG), which showed reduced fentanyl 
and morphine consumption postoperatively. Khalil and 
Abdel Azeem38 also noted that duration of intubation 
in the ICU and overall hospital stay were reduced in the 
dexmedetomidine group. Research findings reveal that 
dexmedetomidine has cardioprotective effects due to its 
sympatholytic effects resulting in hemodynamic stability 
and a reduction in myocardial oxygen demand as well as 
reduced myocardial ischemia and reperfusion injury.39-41 

According to a recent RCT of 162 patients undergoing 
off-pump CABG, norepinephrine, troponin, and CK-MB 
levels were lower in the dexmedetomidine group.39 The 
same study authors found that atrial fibrillation and su-
praventricular tachycardia, in addition to overall myocar-
dial ischemic events, were significantly more prevalent in 
the control group compared with the dexmedetomidine 
group, indicating that dexmedetomidine has myocardial 
protective effects.39

Ji et al41 studied the cardioprotective effects of dex-
medetomidine by examining 724 patients undergoing 
CABG, split into a dexmedetomidine group and a control 
group. Results showed that the dexmedetomidine group 
had significantly better (lower) in-hospital, 30-day, and 
1-year mortality rates vs the control group (1.5% vs 4.0%, 
2.0% vs 4.5%, and 3.2% vs 6.9%, respectively).41 Ji et al41 

also found that postoperative delirium, a common com-
plication of cardiac patients, was significantly reduced in 
the dexmedetomidine group. Cardiac surgery is consid-
ered to be one of the highest risk factors for intraopera-
tive awareness. A study of 60 cardiac surgical patients by 
Ahmad et al42 found that the dexmedetomidine group 
had significantly lower bispectral index monitor values 
compared with the propofol group, suggesting the use of 

Table 2.  Benefits of Dexmedetomidine
Abbreviation: MAC, minimum alveolar concentration.

Case type Benefits of using dexmedetomidine

Abdominal14,32,33 Opioid-sparing

 Reduced propofol requirement

 Reduced MAC

 Less respiratory depression (useful in sleep apnea patients) 

Neurosurgical31,34,35,37 Opioid-sparing

 Ease of “wake-up” tests, due to less respiratory depression

 Dexmedetomidine does not alter neuromonitoring

Cardiac38-42 Opioid-sparing

 Decreased duration of intubation

 Cardioprotective effects

 Reduced postoperative delirium

 Reduced intraoperative awareness

Pediatric7,21,43,45,46 Favored premedication

 Less respiratory depression

 Intranasal route available

 Reduced emergence delirium

 Possibly no neuroapoptosis

Regional47,48 Faster onset of block

 Increased duration of block

 Decreased postoperative shivering

 Prolonged postoperative analgesia

Difficult airway7 Sedation without respiratory depression

 Hemodynamic stability
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dexmedetomidine as a means to decrease intraoperative 
awareness during cardiac surgery; however, no patients 
in either group experienced recall. Based on current 
research, dexmedetomidine may have benefit for the 
cardiac surgical population.

• Pediatric Patients. Research suggests the use of dex-
medetomidine as a premedication and sedative, particu-
larly intranasally, for the pediatric population.7 Intranasal 
dexmedetomidine provides sedation in pediatric patients 
while maintaining respiratory drive and can be used as 
premedication for a variety of surgical procedures as well 
as primary anesthetics for off-site procedures such as 
computed tomography and MRI.21 Intranasal administra-
tion of dexmedetomidine may be preferred over other 
sedatives that would instead require IV or intramuscular 
administration.

Emergence agitation, described as undesirable postop-
erative behavior, including crying, moaning, thrashing, 
and disorientation, is quite common in pediatric patients, 
with incidences ranging from 10% to 80%. A recent 
meta-analysis consisting of 20 RCTs and totaling 1,364 
patients undergoing various surgical procedures (includ-
ing tonsillectomies, off-site procedures, abdominal, and 
genital operations) found dexmedetomidine to decrease 
the incidence of emergence agitation compared with 
placebo.43 The same metanalysis surmised that reduced 
rates of emergence delirium with use of dexmedetomi-
dine might be due to its analgesic properties.43

Although controversial, research results reveal that 
some anesthetic agents are associated with neuroapop-
tosis in the developing brain, leading to understandable 
concern from parents.44 Specific agents that have been 
linked to neuroapoptosis are GABA agonists and agents 
that antagonize NMDA receptors, which unfortunately 
consist of many commonly used anesthetics such as 
volatile anesthetics, propofol, ketamine, etomidate, and 
benzodiazepines.44 Research involving rodents has shown 

that dexmedetomidine, when used alone, is not neuro-
toxic to the brain but also can attenuate neuroapoptosis 
induced by ketamine and isoflurane.45,46 As this is a newer 
clinical concern, further research will hopefully lead to 
more definitive answers regarding the role of dexmedeto-
midine in neuroprotection and in finding appropriate 
agents to prevent the development of neuroapoptosis.

• Regional Anesthesia. The effects of dexmedetomi-
dine as an adjunct in neuraxial and regional anesthesia 
are well articulated in the literature. A meta-analysis 
consisting of 516 patients from 9 RCTs found that 
sensory block was prolonged by 150 minutes in intrathe-
cal blocks and by 284 minutes in brachial plexus blocks 
when dexmedetomidine was used as an adjunct to local 
anesthetic.47 The authors also found that request for first 
analgesic was delayed for both intrathecal and brachial 
plexus block groups.47 The results of the same meta-
analysis suggested caution when using dexmedetomidine 
as a perineural adjunct, due to a lack of safety informa-
tion.47 A meta-analysis consisting of 16 RCTs and a total 
of 1,092 patients found that bradycardia was the most 
common side effect of dexmedetomidine when used in 
neuraxial anesthesia.48 Presently, the FDA has not ap-
proved dexmedetomidine as a neuraxial adjunct.49

• Management of the Difficult Airway. Due to its 
unique pharmacodynamic profile of sedation, anxiolysis, 
and analgesia with minimal effect on respiratory drive, 
use of dexmedetomidine is suggested during awake 
fiberoptic intubation procedures. A recent case report 
involving a patient with submandibular/retropharyngeal 
infection with tracheomalacia found that dexmedetomi-
dine, when used as the solitary anesthetic agent during 
the performed awake fiberoptic tracheal intubation, pro-
vided “adequate sedation and analgesia without airway 
topicalization.”50(p593) Dexmedetomidine use results in 
relative hemodynamic stability during induction and 
intubation, which can be beneficial for a wide variety of 

Drug type Mechanism of action Benefits Side effects

Opioids3,5,6,9,10,12 Mimic naturally occurring endogenous 
opioids 
Bind to opioid receptors, particularly 
in the central nervous system in the 
nucleus raphe magnus, periaqueductal 
gray, and dorsal horn 
Inhibit Na channels

Gold-standard analgesic  
Various routes of 
administration 
Cheap

Sedation 
Respiratory depression 
Nausea/vomiting 
Headache 
Pruritis 
Urinary retention 
Constipation 
Tolerance/dependence 
Opioid-induced hyperalgesia

Dexmedetomidine 
5,7,12,16-18,22,26,27

α2 agonism 
Inhibition of norepinephrine → increased 
GABA → decreased histamine 
Inhibits Na channels 
NMDA receptor antagonism   
Analgesic effects in substantia gelatinosa 
of dorsal horn

Opioid-sparing effects 
Analgesic effects 
Sedative effects 
No respiratory depression 
Can treat chronic pain

Bradycardia 
Hypotension 
Transient hypertension

Table 3.  Summary Comparison of Opioids and Dexmedetomidine
Abbreviations: GABA, γ-aminobutyric acid; NA, sodium; NMDA, N-methyl-D-aspartate.
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patients, such as cardiac, neurosurgical, thoracic, and 
other surgical populations.7

• Summary. Dexmedetomidine has a broad range of 
perioperative uses and benefits that justify its use as an 
anesthetic adjunct (Table 2). As with any drug, caution in 
the use of dexmedetomidine is warranted, as it may not 
be appropriate for select patient populations due to the 2 
most common side effects of bradycardia and hypoten-
sion.7 According to the FDA, there are no absolute con-
traindications for the use of dexmedetomidine; however, 
the FDA does advise caution for patients with bradycardia 
and sinus arrest.49 As price unfortunately drives many 
decisions, one must take into account the relatively high 
cost of dexmedetomidine compared with other sedatives 
and analgesics. With the relatively high cost of dexme-
detomidine, one must account for its various benefits 
when considering the question: Is patient safety worth the 
higher price? This article cannot uncover every specific 
proposed use and benefit of dexmedetomidine; therefore, 
readers are encouraged to keep up to date with evidence-
based research regarding this drug.

Conclusion
In the current social climate, one cannot deny that 
opioids have a bad reputation. This reputation has argu-
ably been earned, as opioid addiction rates—and deaths, 
as a result—continue to climb, in addition to the slew 
of objectionable side effects patients may endure with 
their use. Although opioids are still considered the gold 
standard by which to treat and manage pain, there is 
an abundance of support in the literature for the use of 
anesthetic adjuvants. As such, medications such as dex-
medetomidine need to be further explored both in the 
literature and in clinical practice.

This review of the evidence highlights the complex 
mechanism of action of dexmedetomidine in providing 
analgesic, anxiolytic, and sedative properties while main-
taining respiratory drive. This mechanism of action along 
with limited adverse side effects make dexmedetomidine 
highly desirable, especially compared with opioids (Table 
3). Evidence points to an intricacy in dexmedetomidine, 
as it seems to affect far more receptors than just α2 adren-
ergic receptors. The effects of dexmedetomidine on the 
dorsal horn, various neuropeptides, NMDA receptors, 
and Na channels points to the potent analgesic effects 
for both acute and chronic pain, and the complexity of 
its pharmacodynamic profile speaks to its versatility in 
benefiting various populations and surgical procedures.

REFERENCES
 1.  World Health Organization. Information sheet on opioid overdose. 

2018. Updated August 28, 2020. Accessed May 17, 2019. https://
www.who.int/substance_abuse/information-sheet/en/

 2.  Centers for Disease Control and Prevention (CDC). Opioid overdose. 
2018. Accessed May 17, 2019. https://www.cdc.gov/drugoverdose/
index.html

 3.  Koepke EJ, Manning EL, Miller TE, Ganesh A, Williams DG, Man-
ning MW. The rising tide of opioid use and abuse: the role of the 
anesthesiologist. Perioper Med. 2018;7(1):16. doi:10.1186/s13741-
018-0097-4

 4.  Hilliard PE. The prescription opioid abuse crisis in America: current 
prescribing patterns, impact on public health, and the role of the 
anesthesiologist. Adv Anesth. 2015;33(1):175-189. doi:10.1016/j.
aan.2015.07.010

 5.  Kumar K, Kirksey MA, Duong S, Wu CL. A review of opioid-sparing 
modalities in perioperative pain management: methods to decrease 
opioid use postoperatively. Anesth Analg. 2017;125(5):1749-1760. 
doi:10.1213/ANE.0000000000002497

 6.  de Boer HD, Detriche O, Forget P. Opioid-related side effects: 
postoperative ileus, urinary retention, nausea and vomiting, and 
shivering. A review of the literature. Best Pract Res Clin Anaesthesiol. 
2017;31(4):499-504. doi:10.1016/j.bpa.2017.07.002

 7.  Jones CR. Perioperative uses of dexmedetomidine. Int Anesthesiol Clin. 
2013;51(2):81-96.

 8.  International Association for the Study of Pain. IASP terminology. 
Accessed June 15, 2019. https://www.iasp-pain.org/Education/Con-
tent.aspx?ItemNumber=1698#Pain

 9.  Stein C. Opioid receptors. Annu Rev Med. 2016;67:433-451. doi:10.1146/
annurev-med-062613-093100

10.  Moffat R, Rae CP. Anatomy, physiology and pharmacology of pain. 
Anaesth Intensive Care Med. 2013;14(11):480-483. doi:10.1016/j.
mpaic.2013.08.004

11.  Kohno T, Kumamoto E, Higashi H, Shimoji K, Yoshimura M. Actions 
of opioids on excitatory and inhibitory transmission in substantia 
gelatinosa of adult rat spinal cord. J Physiol. 1999;518(3):803-813. 
doi:10.1111/j.1469-7793.1999.0803p.x

12.  Yuan Y, Sun Z, Chen Y, et al. Prevention of remifentanil induced 
postoperative hyperalgesia by dexmedetomidine via regulating the 
trafficking and function of spinal NMDA receptors as well as PKC and 
CaMKII level in vivo and in vitro. PLoS One. 2017;12(2):e0171348. 
doi:10.1371/journal.pone.0171348

13.  Chen J, Li H, Lim G, et al. Different effects of dexmedetomidine 
and midazolam on the expression of NR2B and GABAA-α1 fol-
lowing peripheral nerve injury in rats. Int Union Biochem Mol Biol. 
2018;70(2):143-152. doi:10.1002/iub.1713

14.  Lam KK, Kunder S, Wong J, Doufas AG, Chung F. Obstructive sleep 
apnea, pain, and opioids: is the riddle solved? Curr Opin Anesthesiol. 
2016;29:134-140. doi:10.1097/ACO.0000000000000265

15.  Gupta K, Prasad A, Nagappa M, Wong J, Abrahamyan L, Chung FF. 
Risk factors for opioid-induced respiratory depression and failure 
to rescue: a review. Curr Opin Anesthesiol. 2018;31(1):110-119. 
doi:10.1097/ACO.0000000000000541

16.  Paranjpe JS. Dexmedetomidine: expanding role in anesthesia. Med J 
Dr DY Patil Univ. 2013;6(1):5-13.

17.  Li R, Qi F, Zhang J, et al. Antinociceptive effects of dexmedetomidine 
via spinal substance P and CGRP. Transl Neurosci. 2015;6(1):259-
264. doi:10.1515/tnsci-2015-0028

18.  Yu X, Franks NP, Wisden W. Sleep and sedative states induced by 
targeting the histamine and noradrenergic systems. Front Neural Cir-
cuits. 2018;12:1-17. doi:10.3389/fncir.2018.00004

19.  Mahdavi A, Fallahinejad Ghajari M, Ansari G, Shafiei L. Intranasal 
premedication effect of dexmedetomidine versus midazolam on the 
behavior of 2-6-year-old uncooperative children in dental clinic. J 
Dent Tehran. 2018;15(2):79-85.

20.  Karanth H, Murali S, Koteshwar R, Shetty V, Adappa K. Comparative 
study between propofol and dexmedetomidine for conscious sedation 
in patients undergoing outpatient colonoscopy. Anesth Essays Res. 
2018;12(1):98-102. 

21.  Filho EM, Robinson F, de Carvalho WB, Gilio AE, Mason KP. Intra-
nasal dexmedetomidine for sedation for pediatric computed tomog-
raphy imaging. J Pediatr. 2015;166(5):1313-1315. doi:10.1016/j.
jpeds.2015.01.036

22.  Maruta T, Nemoto T, Satoh S, et al. Dexmedetomidine and clonidine 



86 AANA Journal  February 2021  Vol. 89, No. 1 www.aana.com/aanajournalonline

inhibit the function of Nav1.7 independent of α2-adrenoceptor in 
adrenal chromaffin cells. J Anesth. 2011;25(4):549-557. doi:10.1007/
s00540-011-1168-6

23.  Witschi R, Punnakkal P, Paul J, et al. Presynaptic α2-GABA-A recep-
tors in primary afferent depolarization and spinal pain control. J Neu-
rosci. 2011;31(22):8134-8142. doi:10.1523/jneurosci.6328-10.2011

24.  Bohlhalter S, Weinmann O, Mohler H, Fritschy JM. Laminar com-
partmentalization of GABA-A-receptor subtypes in the spinal cord: 
an immunohistochemical study. J Neurosci. 1996;16(1):283-297. 
doi:10.1523/JNEUROSCI.16-01-00283.1996

25.  Funai Y, Pickering AE, Uta D, et al. Systemic dexmedetomidine 
augments inhibitory synaptic transmission in the superficial dor-
sal horn through activation of descending noradrenergic control: 
an in vivo patch-clamp analysis of analgesic mechanisms. Pain. 
2014;155(3):617-628. doi:10.1016/j.pain.2013.12.018

26.  Im S-T, Jo YY, Han G, Jo HJ, Kim YH, Park C-K. Dexmedetomi-
dine inhibits voltage-gated sodium channels via α2-adrenoceptors 
in trigeminal ganglion neurons. Mediators Inflamm. 2018;1782719. 
doi:10.1155/2018/1782719

27.  Liang F, Liu M, Fu X, Zhou X, Chen P, Han F. Dexmedetomi-
dine attenuates neuropathic pain in chronic constriction injury by 
suppressing NR2B, NF-κB, and iNOS activation. Saudi Pharm J. 
2017;25(4):649-654. doi:10.1016/j.jsps.2017.04.039

28.  Max MB, Byas-Smith MG, Gracely RH, Bennett GJ. Intravenous infu-
sion of the NMDA antagonist, ketamine, in chronic posttraumatic pain 
with allodyina: a double-blind comparison to alfentanil and placebo. 
Clin Neuropharmacol. 1995;18(4):360-368. doi:10.1097/00002826-
199508000-00008
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