Dexmedetomidine: Unravelling its multiple roles in clinical practice
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Abstract

Background: Dexmedetomidine (Dex) is an alpha-2 adrenergic agonist that has increasing
attention in clinical practice due to its role in sedation, analgesia, and hemodynamic regulation.
Initially introduced as a sedative for critically ill patients, its uses have expanded to various
perioperative and critical care settings. Aim: This article aimed to examine the pharmacological
properties, clinical applications, and evolving roles of dexmedetomidine. Method: A search was

conducted on the PubMed and Web of Science libraries for recent studies using different
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combinations of the words “dexmedetomidine”, “anaesthesia”, “analgesia”, “anti-“inflammatory”
effect and “pharmacological effect”. Results: Dexmedetomidine has valuable effect in a variety of
clinical settings. Its unique sedative response, analgesic, antioxidant, anti-inflammatory, and
sympatholytic effects make it an excellent choice for sedation in critically ill patients, as well as
an adjunct to anesthesia in the perioperative setting. The sympatholytic effect of
dexmedetomidine also provide stable hemodynamics during the perioperative period. The
emerging evidence of its neuroprotective properties further expands its potential applications,
particularly in reducing postoperative delirium and improving cognitive outcomes in elderly
patients. While generally safe, its use requires careful monitoring, especially in patients with

cardiovascular comorbidities. Conclusion: as the clinical understanding of dexmedetomidine

continues to evolve, its role in both critical care and perioperative medicine is expected to expand,



offering a safer and more effective alternative to traditional sedatives and analgesics. Although,
the extended applications of dexmedetomidine discussed in this review are promising, it still
limited, and further research is required. The pharmacological properties and possible adverse

effects of dexmedetomidine should be well understood by the anesthesiologist prior to use.
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Introduction

Dexmedetomidine, a potent, highly selective alpha-2 adrenergic agonist, has been employed in
clinical settings for its sedative, analgesic, anxiolytic, sympatholytic, and opioid-sparing
properties !'!. Its primary action occurs through central nervous system receptors, which inhibit
norepinephrine release, leading to sedative and analgesic effects with minimal respiratory
depression %!, Initially approved in 1999 by the US Food and Drug Administration (FDA) for
short-term sedation of mechanically ventilated patients in intensive care units (ICUs), its
indications expanded in 2008 to include various procedures outside the operating room, catering
to diverse clinical needs (FDA, 2008). More recently, in 2022, the FDA approved its sublingual
form for the treatment of agitation related to schizophrenia and bipolar disorder (FDA, 2022).
Furthermore, dexmedetomidine's clinical applications have greatly expanded due to its positive
physiological effects, including its use as an anesthetic agent, hypnotic, anti-inflammatory, and in
pain management, as well as for attenuating perioperative stress and inflammation !,
Additionally, its sympatholytic properties provide hemodynamic stability, making it an attractive

option in critically ill patients where cardiovascular fluctuations are common 4,



This review explores the current literatures on dexmedetomidine, focusing on its pharmacology,

therapeutic roles, and potential risks, to elucidate its place in modern clinical practice.

Chemical structure of Dexmedetomidine

The chemical structure of dexmedetomidine (C13H16N2) consists of the following:

o Core structure: Dexmedetomidine is an imidazole derivative with a benzene ring (C6HS5)
attached to a pyridine (C5H4) group.

o Functional groups: It includes a methyl group (CH3) attached to a nitrogen atom (N) as well
as a hydroxyl group (OH) at one position.
In its structure, dexmedetomidine has a chiral centre and exists as a racemic mixture of two
enantiomers. However, the active form used in clinical settings is the R-enantiomer. It
contains the following:

o Imidazole ring: The 5S-membered imidazole ring is attached to a benzene ring and plays a role
in the compound’s binding to adrenergic receptors.

e Amino group: A nitrogen atom is part of the molecule's structure, influencing its binding
properties to the alpha-2 adrenergic receptors.

e Methyl group: A methyl group (—CH3) attached to the nitrogen atom enhances lipophilicity

and aids in the drug's ability to cross the blood-brain barrier (Figure 1).
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Figure 1: Chemical structure of Dexmedetomidine: {(S)-4-[1-(2,3-
Dimethylphenyl)ethyl]-1H-imidazole }

This structure allows Dexmedetomidine to selectively bind to the alpha-2 adrenergic
receptors, leading to its sedative, analgesic, and sympatholytic effects.



Mechanism of Action

Dexmedetomidine is a highly selective agonist of the alpha-2 adrenergic receptor, with a much
higher affinity for this receptor (approximately 8-10 times greater than clonidine) and exerts its
therapeutic effects primarily through selective activation of these receptors °. When
dexmedetomidine binds to these receptors, it leads to a decrease in the release of norepinephrine
in both the central and peripheral nervous systems. In the central nervous system, this action
primarily occurs in the locus coeruleus of the brainstem, a region involved in arousal and
alertness, as well as in the spinal cord. Activation of alpha-2 receptors here reduces the release of
norepinephrine, leading to sedative, analgesic and anxiolytic effects.

In the spinal cord, alpha-2 receptor activation inhibits the release of substance P and other
neurotransmitters involved in pain transmission, producing analgesia 1*'. This mechanism
contributes to the ability of dexmedetomidine to provide both sedation and pain relief, making it a
valuable agent for critically ill patients who require both.

Additionally, dexmedetomidine has sympatholytic properties. By reducing the release of
norepinephrine, it decreases sympathetic nervous system activity, which can result in bradycardia
and hypotension. These effects contribute to dexmedetomidine’s utility in patients requiring
stable cardiovascular management. Notably, dexmedetomidine’s sedative properties do not result
in significant respiratory depression, making it distinct from other sedative agents such as
propofol or benzodiazepines.

Antioxidant and Anti-inflammatory Activity

Emerging research has revealed additional therapeutic properties of dexmedetomidine, including

antioxidant and anti-inflammatory effects, which are particularly beneficial in critical care



settings. Dexmedetomidine has been shown to possess significant adhesion-preventive effect in

rats °! due to its effect on inflammatory response and oxidative stress.

l.

Antioxidant Activity: Dexmedetomidine has been shown to reduce oxidative stress by
decreasing the production of reactive oxygen species (ROS) in various cell types. Oxidative
stress plays a key role in the pathogenesis of multiple critical illnesses, including sepsis,
traumatic brain injury (TBI), and ischemia-reperfusion injury '”!. Dex's antioxidant effects are
believed to occur through the modulation of the mitochondrial pathway and inhibition of pro-
inflammatory cytokines, leading to a reduction in oxidative damage and tissue injury. This
mechanism may contribute to the neuroprotective and organ-protective effects observed in
patients treated with dexmedetomidine.

Anti-inflammatory Effects: Dexmedetomidine also exhibits anti-inflammatory activity by
inhibiting the release of pro-inflammatory cytokines, such as tumour necrosis factor-alpha
(TNF-0) and interleukin-6 (IL-6). This action is particularly valuable in critical care settings,
where inflammation is a key driver of complications in conditions like sepsis, ARDS (acute
respiratory distress syndrome), and post-surgical recovery. By modulating the inflammatory
response, dexmedetomidine helps mitigate systemic inflammation, thereby potentially
improving outcomes and reducing complications related to inflammation [/,

Evidence continues to reveal that dexmedetomidine (DEX) possesses anti-inflammatory
properties, recently reported to suppress surgical stress and inflammation and preserve the
immunity of surgical patients */. Some meta-analyses have found a significant reduction in
the concentrations of IL-6, TNF-a, CRP, IL-8, and an increase in IL-10 concentration after

DEX administration to surgical patients !"-?].



Sedation and analgesia in critical care

One of the most prominent clinical applications of Dexmedetomidine is in the sedation of
critically ill patients. Unlike traditional sedatives, which can result in deep sedation or respiratory
depression, dexmedetomidine induces a unique state of “cooperative sedation” where patients

191 This characteristic is especially beneficial

remain arousable and responsive to verbal stimuli !
in the ICU, where frequent assessments or procedures may be necessary. Furthermore,
dexmedetomidine’s dual effects as both a sedative and analgesic reduce the need for opioids,
minimizing opioid-related complications such as respiratory depression and addiction /. As such,
dexmedetomidine is increasingly used to manage pain in mechanically ventilated patients,
providing comfort without the risks associated with high-dose opioid administration.
Applications in the Intensive Care Unit (ICU)

In the ICU, dexmedetomidine is widely utilized for the sedation of critically ill patients,
particularly those requiring mechanical ventilation. The sedative effects of dexmedetomidine
allow for lighter sedation compared to traditional agents, enabling patients to remain more alert
and cooperative during their ICU stay. This is crucial for preventing delirium and facilitating
early mobilization, both of which are associated with improved outcomes in critically ill patients.
Moreover, the minimal respiratory depression caused by dexmedetomidine makes it an ideal
choice in situations where preserving respiratory function is paramount %),

Additionally, its analgesic properties make it a valuable agent for pain management in the ICU,
particularly in patients with complex pain syndromes or those recovering from major surgery or

trauma. By reducing the need for opioids, dexmedetomidine minimizes the risks of opioid-

associated side effects, such as sedation, respiratory depression, and dependence 181



Furthermore, dexmedetomidine is suitable for all types of surgery, especially cardiac and
neurosurgery, due to its ability to provide sedation with minimal side effects !'!). It has favorable
effects as a prophylactic agent for postoperative delirium and agitation, with minimal respiratory

[12

depression and the ability to maintain hemodynamic stability ['*!. Clinical trials have

demonstrated reductions in time to intubation, facilitating weaning from mechanical ventilation,
reducing the length of critical care stay, and decreasing opioid requirements by up to 0% !'* 4],
Applications in the operating theatre

Dexmedetomidine is increasingly used in the operating theatre for both sedation and analgesia. It
can be administered as an adjunct to general anaesthesia to reduce the need for high doses of
volatile anaesthetics and opioids, thereby improving the safety profile of anaesthesia and reducing
the incidence of postoperative complications like nausea, vomiting, and respiratory depression
1131 Furthermore, dexmedetomidine has been shown to enhance postoperative recovery, reducing
the incidence of postoperative delirium and cognitive dysfunction, particularly in elderly patients
[8]

In high-risk surgeries or those requiring cardiovascular stability, dexmedetomidine’s ability to
provide hemodynamic stability without causing significant hypotension or bradycardia is of
particular benefit. Its sympatholytic effects help to control blood pressure and heart rate during
procedures, making it a valuable tool for managing patients undergoing major surgeries.
Neuroprotection and Cognitive Benefits

Beyond sedation and analgesia, dexmedetomidine has been investigated for its potential
neuroprotective effects. It has been suggested that dexmedetomidine may enhance neuroplasticity
and protect against neuronal injury, potentially improving cognitive outcomes in patients

undergoing surgery, especially those at higher risk for postoperative delirium P!, Several studies



have indicated that dexmedetomidine may lower the incidence of delirium in postoperative
patients, particularly in those who are elderly or have pre-existing cognitive impairment. The
sedative properties, combined with the reduction in sympathetic nervous system activation, may
reduce perioperative stress and inflammatory responses, which are implicated in the pathogenesis
of postoperative delirium.

Critical Care and Other Therapeutic Roles

Dexmedetomidine is also used in various critical care scenarios, such as managing alcohol and
sedative withdrawal symptoms, particularly in patients undergoing detoxification from
benzodiazepines or alcohol %), Additionally, dexmedetomidine’s sympatholytic and sedative
effects are beneficial in managing patients with sepsis, traumatic brain injury (TBI), and those
requiring mechanical ventilation. It provides an alternative to traditional sedatives, minimizing
complications such as ventilator-associated pneumonia (VAP) and improving patient comfort.

In some studies, dexmedetomidine has also been explored as a vasopressor in patients with septic
shock. At low doses, it has been shown to increase systemic vascular resistance, making it a
useful adjunct to traditional vasopressor agents 17,

Safety profile and side effects

Dexmedetomidine is generally well tolerated, but its use requires careful monitoring, especially in
patients with cardiovascular conditions. Common adverse effects include bradycardia,
hypotension, and dry mouth, which are typically dose-dependent and transient ', In rare cases,
especially with high doses or in patients with underlying cardiac conditions, more severe
cardiovascular events, including asystole, may occur. Close monitoring of heart rate and blood

pressure is essential, particularly in critically ill or elderly patients. Overall, the safety profile of



dexmedetomidine is favourable compared to traditional sedatives, though its use should be
individualized based on the patient’s clinical status.

Conclusion

Dexmedetomidine has proven to be a versatile and valuable agent in a variety of clinical settings.
Its sedative, analgesic, antioxidant, anti-inflammatory, and sympatholytic effects make it an
excellent choice for sedation in critically ill patients, as well as an adjunct to anesthesia in the
perioperative setting I '8, The emerging evidence of its neuroprotective properties further
expands its potential applications, particularly in reducing postoperative delirium and improving
cognitive outcomes in elderly patients ). While generally safe, its use requires careful
monitoring, especially in patients with cardiovascular comorbidities '”!. As the clinical
understanding of dexmedetomidine continues to evolve, its role in both critical care and
perioperative medicine is expected to expand, offering a safer and more effective alternative to
traditional sedatives and analgesics [*°!. Physicians and anesthesiologists must have a
comprehensive understanding of the pharmacological effects and potential adverse events of
dexmedetomidine prior to its use. Additionally, selecting patients carefully and determining the
appropriate dosage are essential to ensuring patient safety during its administration. Given the
mixed results from existing trials, which are predominantly small-scale, there is a clear need for
high-quality, large-scale, randomized controlled trials to further assess the efficacy and safety of

dexmedetomidine.
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