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Dexmedetomidine: Sedative and Neuroprotective Mechanisms of Action
Nick Franks, Biophysics Section, Blackett Laboratory, Imperial College London, UK

Dexmedetomidine, the D-enantiomer of medetomidine, is among the most potent sedative
drugs known. It is also one of the best understood in terms of its molecular and cellular
mechanisms. Its sedative (and probably its neuroprotective) effects are mediated by subtype A
of the o, adrenergic receptor, a G-protein-coupled receptor. Acting as an agonist at this
receptor, dexmedetomidine causes numerous intracellular changes that lead, generally
speaking, to reduced neuronal excitability. These intracellular eeffects are mediated by a
reduction in cyclic AMP concentrations. | will outline the genetic evidence that the oua
adrenergic receptor is the key target for dexmedetomidine. At the cellular level, there is good
evidence that dexmedetomidine causes its sedative effects by acting on neuronal pathways in
the brain that mediate natural sleep and arousal. The similarities between the EEG patterns of
natural sleep and dexmedetomidine sedation will be discussed. I will present the evidence that
contrasts the actions of dexmedetomidine with other sedative agents that may account for the
arousable nature of the sedation with dexmedetomidine. Although currently used only as a
sedative/analgesic, dexmedetomidine may provide some protection over the reported
neurotoxicity caused by certain anesthetics in neonates. | will briefly discuss this aspect of
dexmedetomidine pharmacology. If time allows | will discuss the synergy that occurs
between dexmedetomidine and other sedative/hypnotic drugs.
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The effect of dexmedetomidine on the Airway
Mohamed Mahmoud, MD
Cincinnati Children's Hospital Medical Center, Cincinnati, OH

General anesthetics and sedatives attenuate upper airway muscle activity, rendering the airway
vulnerable to obstruction. In contrast to other sedative agents, dexmedetomidine has been
shown to have sedative properties that parallel natural non-rapid eye movement sleep, without
significant respiratory depression. These advantages make dexmedetomidine an attractive agent
for non-invasive procedural sedation in children. A few case reports have documented the
benefits of using dexmedetomidine as a sedative and anesthetic in patients with obstructive
sleep apnea (OSA) because of its lack of associated respiratory depression. It is unlikely that the
putative benefits of dexmedetomidine are related solely to its lack of respiratory depression, as
spontaneous respiration can be maintained with other anesthetics as well.

Our experience with dexmedetomidine in children with OSA for MRI sleep study suggests that it
provides an acceptable level of sedation/anesthesia for MRI sleep studies in children with OSA and
makes it possible to complete to successfully complete the study in the majority of children with
resorting to the use of artificial airways. We have found that sedation with dexmedetomidine has
greatly decreased the need for artificial airway adjuncts compared to propofol and pentobarbital,
our previous agents of choice, and has made it possible to complete MR airway studies with fewer
interruptions, especially in children with severe OSA. In a recent retrospective descriptive study we
reviewed the records of 52 children receiving dexmedetomidine and 30 children receiving propofol
for anesthesia during MRI sleep studies between July 2006 and March 2008 .The results showed
that out of 82 children, MRI sleep studies were successfully completed without the use of artificial
airways in 46 children (88.5%) in the dexmedetomidine group versus 21 children (70%) in the
propofol group.

We recently explored the effect of increasing doses of dexmedetomidine on upper airway in
children without OSA. Dexmedetomidine was administered to 23 children scheduled for
Magnetic Resonance Imaging of the brain while breathing spontaneously via the native
airway(study under publication). Static axial and dynamic sagittal midline Magnetic
Resonance ciné images of the upper airway were obtained during low (1 mcg kg™ h™) and
high (3 mcg kg™ h™) doses of dexmedetomidine. The results showed that upper airway
changes associated with increasing doses of dexmedetomidine in children with no obstructive
sleep apnea are small in magnitude and do not appear to be associated with clinical signs of
airway obstruction. Even though these changes are small, all precautions to manage airway
obstruction should be taken when dexmedetomidine is used for sedation. The effect of
dexmedetomidine on airway morphology in children with OSA is still unknown. Currently we
are examining the effect both dexmedetomidine and propofol on upper airway morphology in
children with OSA.
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Dexmedetomidine in the ICU: Sedation Strategies and Cardiac Effects
Constantinos Chrysostomou, M.D., FAAP
Children’s Hospital of Pittsburgh of UPMC

Dexmedetomidine is mainly an alpha-2 adrenoreceptor agonist with an effect for both the
central and peripheral receptors. Due to its effect on these receptors, as well as an effect on
imidazoline receptors, it has the potential for substantial cardiac and vascular effects.
Dexmedetomidine kinetics follow a “triphasic” effect. With a distribution t %2 of about 6 mins
after a loading dose, there is an initial unopposed effect on the peripheral alpha receptors
which is associated with increased systemic vascular resistance (SVR) and blood pressure.
Subsequently the effect on the central alpha-2 receptors, which is associated with
sympatholysis, predominates and this is associated with decreased SVR. The third phase is
only seen if dexmedetomidine is used in very high doses, usually > 2 mcg/kg/hr, and is
associated with a predominant peripheral effect and thus increased SVR. The effect on the
pulmonary vascular bed is less studied, but mostly it seems to follow a similar pattern as with
the effect on the SVR. Though initial studies erroneously “concluded” that dexmedetomidine
increases PVR by 150%, these studies did not take into consideration the proportional and
simultaneous elevation in the SVR. In a recent pediatric study, it was actually demonstrated
that conventional doses of dexmedetomidine are associated with a decrease in the PAP and a
decrease in the PAP / SBP ratio (1, 2).

Despite the sympatholytic properties, so far studies have not demonstrated any direct negative
inotropic effect from dexmedetomidine. On the contrary in a recent pediatric study,
echocardiographic assessment of the ventricular function remained unchanged before and
after dexmedetomidine (2). Nonetheless, it is important to note that a temporary reduction in



the cardiac output can be seen, especially during the loading phase via an increase in the SVR
or during significant associated bradycardia. Therefore caution is warranted in patients with
already tenuous cardiac output.

Though there are several concerns with the potential effect of dexmedetomidine on the
cardiac conduction tissue, at conventional doses dexmedetomidine appears to have a wide
safety margin. Other than the expected 10-30% decrease in the heart rate, the effects on the
PR, QRS and QTc intervals are not significant. A recent pediatric study compared patients
who received dexmedetomidine and patient who did not after cardiac surgery. No difference
was found in the aforementioned ECG intervals (3). In a previous smaller study however,
there was a small but statistical difference in the QTc in PR intervals (4). Overall vigilance
should still be used when administered in conjunction with other negative chronotropic or
inotropic agents.

A recent off label novel use, is in patients with supraventricular tachyarrhythmias. Though
the mechanism of action remains largely unknown, dexmedetomidine has been shown to have
promising anti-arrhythmic effects. In the only study so far (as well as from institutional
experience) dexmedetomidine has been used successfully to treat and potentially prevent
typical re-entry SVT, junctional ectopic tachycardia, atrial ectopic tachycardia and with less
success atrial flutter / fibrillation. So far the experience with this off label use is promising,
and importantly it appears to have less major adverse effects than e.g. adenosine for SVT (5).
In some of the latest and ongoing studies, dexmedetomidine is being investigated for its
potential effect in decreasing the inflammatory response to sepsis, cardiopulmonary bypass
etc. So far data show that administration of dexmedetomidine is associated with a tendency
towards a decrease inflammatory response and a decrease in the incidence of adverse clinical
outcomes associated with inflammation, e.g. ventilatory support, capillary leak syndrome,
arrhythmias, length of stay etc.
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Dexmedetomidine Sedation for Pediatric Sedation
Keira P. Mason, M.D.
Children’s Hospital Boston

Sedation for radiological imaging studies encompasses the majority of all sedation
related procedures outside of the intensive care unit. Neonates, infants, children, some
adolescents and some neurologically compromised adults usually require some form of
sedation or anxiolysis to accomplish an imaging study. Until the past decade, radiologists
assumed responsibility for these sedation services.

Computerized tomography (CT) was introduced into clinical practice in the 1970’s,
with the Nobel Prize awarded to its inventors in 1979. Chloral hydrate, synthesized in 1832
and pentobarbital, synthesized in 1928, soon replaced DPT (Demerol-Medperidine,
Phenergan-Promethazine and Thorazine-Chlorpromazine) because of their comparatively
reduced incidence of respiratory depression. (1-2)

In 1990, commercial MR was introduced and soon fentanyl, etomidate, ketamine and
midazolam were trialled and abandoned because of untoward side effects. (3-5)

Propofol was introduced for MRI in the early 1990’s and still represents an area of
controversy between anesthesiologists and non-anesthesiologists with respect to whom should
be qualified for administration in areas outside of the operating room. (6-14) Despite an
appeal from the American Society of Gastroenterologists (ACG) in 2005 to the Food and
Drug Administration (FDA) for removal of the warning in the propofol package insert
cautioning its use “For general anesthesia or monitored anesthesia care (MAC)
sedation....administered only by persons trained in the administration of general anesthesia”,
the package insert would remain unchanged. (15)

Dexmedetomidine is unique in that it can produce varying depths of sedation which
resemble natural, non -rapid eye movement (REM) Stage 2 sleep with respect to
cardiovascular, electroencephalogram (EEG) and respiratory effects. (16-21) In 2005, the
application of dexmedetomidine sedation for radiological imaging was introduced to the
pediatric community. It offered the advantage of minimal to negligible risk of apnea or
respiratory depression. (16, 22-24) In 2008, it was approved by the FDA for adult sedation
in areas outside of the operating room. Mason et al. trialled dexmedetomidine sedation with
higher doses than FDA recommended and had success for CT scans. At these doses, a
decrease in heart rate and mean arterial blood pressure were observed, still within normal
range for age, along with a 16% incidence of sinus arrhythmia. This study suggested that
higher dosages of dexmedetomidine could produce successful imaging conditions for short
studies, with average recovery times of 32 minutes. (25)

Heard et al. later confirmed that the lower dosing regimen for dexmedetomidine
would not prove successful for MRI when used alone, but could be successful when coupled
with.1 mg/kg IV midazolam. (26) At higher doses (3 mcg/kg bolus, 2 mcg/kg/hr infusion),
dexmedetomidine as the sole agent was successful for 97.6% of 747 children undergoing
MRI. In 16% the heart rate decreased below 20% of age adjusted clinical normal values, with
mean arterial blood pressures remaining within 20% of age adjusted norms. (27) A larger
study with these higher dexmedetomidine doses in 250 children for CT studies revealed
similar hemodynamic responses. (28) Unless bradycardia is associated with hypotension, the
routine administration of glycopyrrolate should be avoided, for fear of extreme hypertension.
(29) Recent studies indicate that hypertension can occur with dexmedetomidine when used in



higher doses for MRI sedation. There may be a relationship between dosing and occurrence
of hypertension in this patient population. (30)

The experience with dexmedetomidine is still in its infancy. It is important to
recognize that not every child is an appropriate candidate for dexmedetomidine sedation. The
potential application of dexmedetomidine sedation has yet to be fully explored. Its failure to
suppress seizure activity on EEG may expand its usage to sedation for those children who are
unable to tolerate an unsedated EEG. (21) Its ability to simulate natural sleep conditions may
also lend itself to being an appropriate sedative for studies which require natural sleep
conditions. The analgesic properties have yet to be fully explored and will affect our
application of dexmedetomidine sedation for painful procedures. The dosing of
dexmedetomidine in the pediatric population will hopefully be better understood someday
after more safety and outcome data are collected and evaluated within the framework of
dexmedetomidine blood concentration at the higher dosages. It is only with a better
understanding of the pharmacokinetic and pharmacodynamic profile that we will have a better
idea of the potential applications, limitations and risks.
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Point-Counterpoint Session: Dexmedetomidine versus Propofol: Clinical limitations,
advantages and disadvantages
(Gregory Hammer, MD and Joseph Tobias, MD)

Joseph Tobias, M.D.
University of Missouri

Dexmedetomidine represents a new class of agent which, although only FDA-approved for use
in adults, has been shown to be efficacious in several different clinical scenarios in infants and
children including sedation during mechanical ventilation, procedural sedation, supplementation
of postoperative analgesia, prevention of emergence delirium, and treatment of withdrawal.*
Dexmedetomidine and clonidine are members of the imidazole subclass which exhibits a high



ratio of specificity for the o, versus the oy receptor. Clonidine exhibits an oy:04 Specificity ratio
0f 200:1 while that of dexmedetomidine is 1600:1 thereby making it a complete agonist at the ay-
adrenergic receptor.’ Dexmedetomidine has a short half-life (2-3 hours vs. 12-24 hours for
clonidine) and is commercially available for intravenous administration. The pharmacokinetics
of dexmedetomidine are stable throughout the age ranges of the pediatric population.’

Given the lack of a perfect agent for sedation, dexmedetomidine has been accepted in the
pediatric antesthesia and critical care population as a potential alternative to commonly used
agents such as benzodiazepines, barbiturates, and propofol. Central CNS stimulation of
parasympathetic outflow and inhibition of sympathetic outflow from the locus cereleus in the
brainstem play a prominent role in the sedation and anxiolysis produced by dexmedetomidine.
Decreased noradrenergic output from the locus cereleus allows for increased firing of inhibitory
neurons, most importantly the y-amino butyric acid (GABA) system. Primary analgesic effects
and potentiation of opioid-induced analgesia result from the activation of ap-adrenergic receptors
in the dorsal horn of the spinal cord and the inhibition of substance P release. These interactions
with central nervous system (CNS) and spinal cord ay-adrenergic receptors mediate
dexmedetomidine’s primary physiologic effects including sedation, anxiolysis, analgesia, a
decrease of the minimum alveolar concentration (MAC) of inhalational anesthetic agents,
decreased renin and vasopressin levels leading to diuresis, blunting of the sympathetic nervous
system, and lowering of HR and BP. A significant advantage of dexmedetomidine over other
agents commonly used for ICU sedation include a limited effect on normal sleep cycles thereby
decreasing the potential for delirium and its resultant effects on ICU moribidity and mortality.
Additionally, when used in the arena of procedural sedation or during spontaneous ventilation in
other clinical scenarios, dexmedetomidine has limited effects on ventilator function with a
decreased incidence of airway and respiratory events when compared with propofol.> Although
dexmedetomidine does possess negative chronotropic effects, in the majority of patients, the
resultant lowering of HR have limited clinical effects. Additionally, these properties have been
used as a therapeutic agent in patients with tachy-arrhythmias following surgery for congenital
heart disease. The beneficial physiologic effects of dexmedetomidine carry over to the CNS
where dexmedetomidine has been shown to lower cerebral blood flow and cerebral metabolic
rate for oxygen and to provide neuroprotective effects during hypoxic-ischemic events.®’
Dexmedetomidine does not affect ICP and unlike many other agents, dexmedetomidine does not
accelerate apoptosis in the neonatal period.®*® Given these beneficial effects, the clinical uses of
dexmedetomidine are likely to continue to increase and expand in the pediatric population.
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The Limitations of Dexmedetomidine in Infants and Children
Gregory B. Hammer, MD
Lucile Packard Children's Hospital
Stanford University Medical Center

The off-label use of dexmedetomidine (DEX) in neonates, infants and children as an adjunct
to general anesthetic agents during surgery as well as for sedation during diagnostic
procedures, in the perioperative period and in the pediatric ICU has become common. The
benefits of DEX are significant but adverse effects with this novel agent are also common. An
effect of DEX that is often desirable during and after surgery is the decrease in sympathetic
outflow from the brain, resulting in a decrease in heart rate and blood pressure. Additional
benefits include sedation, an opioid sparing effect and the lack of associated respiratory
depression. There are, however, potentially adverse hemodynamic effects of the drug,
including bradycardia, hypertension and hypotension. In addition, DEX is associated with a
relatively slow offset; recovery in the PACU following surgery or diagnostic and therapeutic
procedures may be prolonged. _

The use of DEX during pediatric cardiac surgery has been reported.' While the
negative chronotropic effect of DEX may be beneficial in adults with coronary artery disease,
it remains uncertain whether this represents an advantage in neonates and infants undergoing
cardiac surgery. In the latter population, drugs such as dopamine, dobutamine and
epinephrine are commonly used following cardiopulmonary bypass for inotropy and in order
to maintain the heart rate in the range of 120 to 140 bpm. Atrioventricular pacing may be
used when the heart rate is below 100 — 120 bpm despite these agents. It may be illogical to
infuse DEX, with its effect of decreasing endogenous catecholamine secretion, while at the
same time administering catecholamines for their inotropic and chronotropic effects. Instead,
cardiac anesthesiologists and intensivists might consider what degree of sympathetic tone is
desirable for a particular patient according to their underlying physiology. In patients in
whom diminished levels of circulating catecholamines are desirable, including those with
coronary insufficiency, the use of DEX may be beneficial. On the other hand, in neonates and
infants exposed to prolonged cardiopulmonary bypass, aortic cross-clamping and ventricular
incisions, for whom exogenous catecholamine administration is planned, DEX may not be an
appropriate drug. Other adverse effects of DEX include depression of sinus and AV nodal
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function, leading to bradycardia and possibly causing or prolonging heart block in at-risk
patients in the cardiac OR and ICU."

DEX has been used as a pre-medication via the intranasal route.”™ When compared to
midazolam, separation from parents was equally well accepted but patients premedicated with
DEX more frequently became distressed during induction of anesthesia. This is consistent
with the more arousable state during DEX sedation compared with benzodiazepine or
propofol sedation. The facilitated arousal associated with DEX may be an advantage in
cooperative adults, but this feature may require that large doses of DEX or combination with
midazolam, propofol or ketamine be used for procedural sedation in children." In order to
limit the dose of DEX needed to sedate children for MRI (and, presumably, shorten recovery
time associated with high doses), it has been combined with a single dose of midazolam;
when this combination was compared with propofol, recovery was nevertheless prolonged.”
When combined with ketamine for cardiac catheterization, children were less well sedated
and had longer recovery times compared with the combination of propofol and ketamine.""
The contribution of DEX when combined with propofol for procedural sedation in children is
questionable.""

DEX is another useful tool in the toolbox of pediatric anesthesiologists and
intensivists given that the potential drawbacks of the drug are considered.

I MukhtarAM Obayah EM, Hassona AM: The use of dexmedetomidine in pediatric cardiac surgery.
Anesth Analg 103:52-56, 2006

" Hammer GB, Drover DR, Cao H, Jackson E, Williams GD, Ramamoorthy C, Van Hare GF, Niksch
A, Dubin AM. The effects of dexmedetomidine on cardiac electrophysiology in children. Anesth
Analg 2008;106:79-83.

""'Yuen VM, Hui TW, Irwin MG, Yuen MK. A comparison of intranasal dexmedetomidine and oral
midazolam for premedication in pediatric anesthesia: A double-blinded randomized controlled trial.
Anesth Analg 2008;106:1715-21.

¥ Mason KP, Zurakowski D, Zgleszewski SE, et al. High dose dexmedetomidine as the sole sedative
agent for pediatric MRI. Pediatr Anesth 2008;18:403-11.

¥ Heard C, Burrows F, Johnson K, et al. A comparison of dexmedetomidine-midazolam with propofol
for maintenance of anesthesia in children undergoing magnetic resonance imaging. Anesth Analg
2008;107:1832-9.

¥ Tosun Z, Akin A, Guler G, et al. Dexmedetomidine-ketamine and propofol-ketamine combinations
for anesthesia in spontaneously breathing pediatric patients undergoing cardiac catheterization. J
Cardiothorac Vasc Anesth;20:515-9.

VI Hammer GB, Sam WJ, Chen MI, Golianu B, Drover DR: Determination of the pharmacodynamic
interaction of propofol and dexmedetomidine during esophagogastroduodenoscopy in children.
Pediatr Anesth 2009;19:138-44.


http://www.ncbi.nlm.nih.gov.laneproxy.stanford.edu/pubmed?term=%2522Tosun%20Z%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov.laneproxy.stanford.edu/pubmed?term=%2522Akin%20A%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�
http://www.ncbi.nlm.nih.gov.laneproxy.stanford.edu/pubmed?term=%2522Guler%20G%2522%255BAuthor%255D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract�

M echanistic Approach to Use of Dexmedetomidine
Julie Finkel, MD, Children's National Medical Center, Washington D.C.,
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Dexmedetomidine and Recall
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