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ABSTRACT ~ Purpose of Review: This evidence-based systematic review will focus on the use
of dexmedetomidine and its role as adjuvant anesthetics in regional blocks to help better guide
Pphysicians in their practice. This review will cover background and mechanism of dexmedeto-
midine as well as the use in various regional blocks. Recent Findings: Local anesthetics are
preferred for nerve blocks over opioids; however, both due come with its own side effects. Local
anesthetics may be toxic as they disrupt cell membrane and proteins, but by using adjuvants
such as dexmedetomidine, that can prolong sensory and motor blocks can reduce total amount of
local anesthetics needed. Dexmedetomidine is an alpha-2-adrenergic agonist used as additive
for regional nerve block. It has a relatively low side effect profile and have been researched in
various regional blocks (intrathecal, paravertebral, axillary, infraclavicular brachial Plexus,

interscalene). Dexmedetomidine shows promising results as adjuvant anesthetics in most
regional blocks. Summary: Many studies have been done and many show promising results
Jfor the use of dexmedetomidine in regional blocks. It may significantly increase in duration
of sensory and motor blocks that correlates with lower pain scores and less need of morphine
in various regional blocks. Psychopharmacology Bulletin. 2020;50(4, suppl. 1):121-141.
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INTRODUCTION

Local anesthetics are a preferred method for nerve blocks over opioids.
There is less concern for adverse effects and dependence caused by
opiates. Many of the commonly used local anesthetics such as ropi-
vacaine have a greater safety profile than opiates that can minimize
the pain experienced by patients.! However, the use of local anes-
thetics produces its own toxic effects on neurons as they disrupt cell
membranes and proteins.? Several studies have shown neurotoxicity
can be reduced with adjuvants as they cause a slowed absorption of
anesthetics.> Additionally, adjuvants can assist in prolonging sensory
and motor block duration with a rapid onset that can reduce the total
amount of local anesthetic needed.! This can produce protective effects
on the neurons while providing superior analgesia. Adjuvants such as
dexmedetomidine and clonidine have demonstrated to have longer
analgesic effects postoperatively for nerve blockade.* The administra-
tion of alpha-2-adrenergic agonist as adjuvants is useful in ambulatory
procedures blocking the release of catecholamines. This reduction leads

122 o a decrease pain signaling making it a less painful experience for the

Uritsetal— patient.> Dexmedetomidine is an alpha-2-adrenergic agonist used as an
additive for regional nerve block. It has shown to significantly reduce
onset time with longer duration of action compared to local anesthetics
alone while having better postoperative analgesia.®/ When determin-
ing the type of adjuvant used in conjunction with local anesthetics, the
route of administration and location is a decisive factor for the specific
nerves being targeted. Dexmedetomidine is an effective additive for
nerve blockade in multiple locations and it may inclusively decrease the
risk of nerve injury elicited by administration of local anesthetics.

DEXMEDETOMIDINE MECHANISM OF ACTION AS AN ADJUVANT
TO LOCAL ANESTHESIA IN REGIONAL BLOCKS

The use of adjuvants combined with local anesthetics are meant
to prolong analgesia while lessening the dose needed for anesthetic
effect. Dexmedetomidine is commonly used as an adjuvant in vari-
ous surgical procedures. Dexmedetomidine is an alpha-2 adrenergic
agonist functioning similar to clonidine and has been studied for its
anti-inflammatory effects. Expression of inflammatory cytokines can
facilitate sensitivity to pain and injury to the nerves which is of concern
for patients in recovery.® However, utilization of dexmedetomidine has
shown to significantly weaken the transcription of NF-kB and iNOS
leading to a decrease in response from TNF-a, IL-1B and IL-6 result-

ing in controlled neuropathic pain.® Its addition prolongs the effect
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of decreased sensation to pain through motor and sensory blockade.’
In a study examining the sciatic nerve in rats with administration of
dexmedetomidine, it demonstrated to lower compound muscle action
potential further adding to its effect on prolonging motor block. These
injections did not produce toxic effects on the nerves tested.!? The
results of prolonged analgesia may even double in some cases with dex-
medetomidine as an adjuvant as it targets hyperpolarized cation chan-
nels. Reversal of the blockade produces no response using an alpha-2
adrenergic antagonist, instead a hyperpolarized activated cation channel
enhancer is used for its reversal.'! When used in combination with
local anesthetics such as ropivacaine and bupivacaine it has shown sig-
nificant differences in its effects. One study specifically compared ropi-
vacaine alone and in combination with dexmedetomidine and found
a significant anti-inflammatory effect when combined.!? A separate
study examined its use with bupivacaine and mast cell degranulation.
Mast cells are essential in creating an inflammatory immune response
that damages the nerve.!> Results showed that the group with dex-
medetomidine with bupivacaine had no mast cells degranulation with 453

less edema on the nerve. The group with bupivacaine alone developed Urits, et dl.
nerve injury and higher mast cell expression. In this case the authors

concluded a beneficial use of dexmedetomidine serving as a protective

adjuvant to regional anesthesia.!3

PRECLINICAL STUDIES ASSESSING NEUROTOXICITY OF
DEXMEDETOMIDINE USED IN REGIONAL ANESTHESIA

Studies have examined the effect of dexmedetomidine as an adju-
vant and its effectiveness, however patient safety is important for mak-
ing treatment management decisions. It is essential to use a treatment
option knowing the possible benefits and adverse effects it can produce.
A study from Wang, H. et al. in which 30 rabbits that were injected for
a femoral nerve block with dexmedetomidine and ropivacaine demon-
strated no pathological changes in nerves with low doses of 1-2 pg/mL.
When injected with higher doses, myelin sheath fibers became loose
and presented as demyelination.!* A separate study investigated inject-
ing dexmedetomidine and ropivacaine compared to ropivacaine alone
in the sciatic nerve of diabetic rats. Results showed that non-diabetic
rats had no neurotoxic effects.” Those that were diabetic had dam-
age to the nerves with ropivacaine alone. Addition of dexmedetomi-
dine further exacerbated nerve damage by decreasing axon density
and diameter including the demyelination and removal of axons. The
authors concluded that ropivacaine caused the nerve damage and not
dexmedetomidine, but its use as an adjuvant enhanced the injury in
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diabetic rats.!® Another study utilizing rats as well for sciatic nerve
blockade with ropivacaine and dexmedetomidine found that the combi-
nation enhanced duration of blockage but did not produce nerve dam-
age. Concluding that dexmedetomidine’s anti-inflammatory effects was
protective against the possible damage produced by local anesthetics.®
Bupivacaine is another commonly used local anesthetic for sensory and
motor nerve block. In a study by Elham, M. et al. the sciatic nerves of
rats were administered bupivacaine as a control comparing it to bupi-
vacaine with dexmedetomidine. The combination of bupivacaine and
dexmedetomidine resulted in less inflammation but had nerve injury
although less than that of bupivacaine alone. Nerves had less loss of
myelination and degeneration reducing the neurotoxic effect of bupi-
vacaine.!” The experimental studies agree upon the reduction of nerve
injury when local anesthetics are administered with dexmedetomidine
as the adjuvant. Although, based on one of the studies, its use in diabet-
ics may not produce the same protective outcome. The results support
its use as a beneficial adjuvant for nerve blocks.

124

Urits, et al.

NEURAXIAL
Intrathecal

Several studies have examined the efficacy of intrathecal adminis-
tration of local anesthetics for spinal anesthesia or pain management.
The anesthetic is typically administered into the subarachnoid space.
Injecting medication into this location creates the possibly of neurolog-
ical side effects. Two randomized control trials and a systematic review
with meta-analysis all demonstrated that local anesthetics given with
adjuvant of dexmedetomidine did not produce significant neurologi-
cal effects.’®20 Addition of dexmedetomidine allows for less need of
postoperative opioid use while maintaining effective motor and sensory
blockade. In a study by Safari et al. dexmedetomidine was used as an
adjuvant for spinal blocks in comparison with fentanyl. The dexmedeto-
midine group had a more rapid onset of sensory and motor block as well
as prolonged duration than fentanyl and a control group.!® Participants
reported lower pain scores and less need of postoperative morphine
before 12 hours but reported no significant difference after 12 hour.!®
Xia et al. described similar findings with intrathecal administration of
bupivacaine with dexmedetomidine for cesarean section. The study
found an increase in duration of sensory and motor block in spinal
anesthesia. The authors additionally used a lower dose of dexmedeto-
midine of 5 mcg and reported less incidents of hypotension that may be
caused by the anesthetics.!” Five other studies from a systematic review
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with meta-analysis found a 72% increase in duration of sensory and
motor block when compared to a local anesthetic alone.?’ These studies
also indicated a longer time between its use and need for additional
analgesia. However, the authors described no significant difference in
onset of motor blockade.?? While Xia et al. indicated less incidence of
hypotension Abdallah et al. found no difference between the dexme-
detomidine group compared to controls.?? Overall, studies agree that
dexmedetomidine provides a significant prolongation of sensory and
motor block when given intrathecally. Based on the studies, further
evaluation on onset of motor block is necessary for procedures benefit-
ing from intrathecal administration of anesthetics (Table 1).

Paravertebral

Paravertebral blocks are a convenient form of regional anesthesia
that targets the space between the spinal nerves and creates a unilateral
blockade. It is a commonly used in thoracic surgery given its effec-
tiveness in pain control using local anesthetics. In a study by Hong 125

et al. examining the effectiveness of paravertebral blocks using dex- ~ Urits etal
medetomidine combined with ropivacaine compared to a ropivacaine

only found it to be significantly more effective in reducing postopera-

tive pain.?! Patients on dexmedetomidine required less fentanyl after

24 hours and recorded to have lower numerical rating scales (NRS) pain

scores. However, the authors note there was no significant difference in

length of stay or rescue analgesia.?! The use of paravertebral blocks with
dexmedetomidine as an adjuvant show promise in its effectiveness for

pain control in regional anesthesia.

BRrRACHIAL PLEXUS
Axillary

The axillary approach to brachial plexus blocks is commonly used in
upper extremity orthopedic surgeries. Over the last ten years, numer-
ous clinical trials have examined the efficacy of using dexmedetomi-
dine as an adjuvant to perineural anesthetics in axillary brachial plexus
blocks (ABPB). These trials provide a foundation for characterizing the
change in onset and duration of sensory and motor block, duration of
analgesia, and patient hemodynamics when using dexmedetomidine as
an adjuvant in ABPBs.

Consistently, data show that dexmedetomidine increases the dura-
tion of motor and sensory block when used as an adjuvant in ABPBs.
Recently, Koraki et al. observed an increase in duration of sensory block,
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motor block, and analgesia in the 1 pg/kg dexmedetomidine group as
compared to the ropivacaine only control.?? The study also noted a
decrease in onset of sensory block but no significant decrease in onset
motor block. These findings are comparable to two previous studies
examining the use of dexmedetomidine as an adjuvant to ropivacaine
in ABPBs.232# Thakur et al. also described an increase in duration
of sensory block, motor block, and analgesia with perineural admin-
istration of 1 pg/kg dexmedetomidine combined with 2% lignocaine
with adrenaline.?” The study reported a significant decrease in onset
of motor block in the 1 pg/kg dexmedetomidine group as compared to
normal saline.?> Importantly, Thakur et al. noted improved effects on
block quality in the 1 pg/kg dexmedetomidine group as compared to
the 0.5 pg/kg group with no adverse effects, suggesting optimal adju-
vant dose is near 1 pg/kg.?> Both Koraki et al. and Thakur et al. add to
the database established in previous meta-analyses reporting an overall
shortening of both sensory and motor onset as well as an increased
duration of sensory block, motor block, and analgesia.?®
While the effects of dexmedetomidine on the characteristics of the 457

blockade are important intraoperatively, the short-term analgesic effects Urits, et dl.
are essential in determining clinical use. In two prior studies, dexme-
detomidine extended duration of analgesia.?3?7 Several other trials
examined total use of analgesics or use of rescue analgesics as primary
outcomes and observed a decrease in each parameter when using dex-
medetomidine as compared to the control.?$2° Building off these tri-
als, Koraki et al. and Thakur et al. reported an increase in duration of
analgesia.??> Thakur et al. also described a delay in first rescue anal-
gesic use with 80% of patients in the 1pg/kg dexmedetomidine group
requiring analgesic rescue after 6 hours, as compared to the control with
100% analgesic use within 6 hours post operation (p < 0.005).2° In
addition to analgesic consumption, the effects of dexmedetomidine on
hemodynamic profile are necessary for patient safety. When examining
the hemodynamic profiles of both magnesium sulfate and dexmedeto-
midine, Shahtaheri et al. reported lower heart rates and blood pressure
in the dexmedetomidine group as compared to both the 100 mg mag-
nesium sulfate and 1.5% lidocaine only groups.3® Additional studies by
Thakur et al. and Shahtaheri et al. also observed a decrease in heart rate
and blood pressure.?>31 Notably, none of these studies reported adverse
effects such as bradycardia or hypotension requiring treatment in any
group. 25,3031

Previous studies have evaluated efficacy of dexmedetomidine along-
side other adjuvants such as clonidine and dexamethasone; however,
none have compared the perineural adjuvant to magnesium sulfate.>+2°
In two recent publications, Shahtaheri et al. examined the hemodynamic
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effects and block quality of dexmedetomidine in comparison with mag-
nesium sulfate and 1.5% lidocaine control. Both studies reported a
decrease in heart rate and blood pressure but with no associated adverse
effects.3%31 In the clinical comparison, Shahtaheri et al. noted a decrease
in onset and stabilization of sensory and motor block in the magnesium
sulfate group but dexmedetomidine increased duration of block and
decreased opioid consumption postoperatively.3!

Dexmedetomidine is an effective adjuvant that can be used in ABPBs
and can provide better pain control and longer duration of sensorimotor
block. The decision to use dexmedetomidine should always be weighed
against the hemodynamic risks. Further studies are needed to compare
the use of dexmedetomidine to other potential adjuvants in axillary

brachial plexus blocks (Table 2).

Infraclavicular

The infraclavicular brachial plexus block is another technique where
12g  the effects of dexmedetomidine have been extensively studied during

Urits, et dl. different procedures such as distal arm and forearm surgeries.32 The
effectiveness of dexmedetomidine in an infraclavicular block has been
compared in many randomized control trials to other analgesics such as
ketorolac, bupivacaine, buprenorphine, and dexamethasone. This sec-
tion will outline the studies performed in regard to dexmedetomidine’s
utility in an infraclavicular brachial plexus block as well as compare its
effectiveness to other anesthetic agents.

The effects of dexmedetomidine compared to ketorolac was examined
in a clinical trial in three groups of 37 patients who were selected to
undergo elective distal arm and forearm surgeries with an ultrasound
guided brachial plexus block.3? The patients were divided into three sep-
arate groups: a dexmedetomidine group with 30 mL of a solution with
25 mL lidocaine1.5% plus 4 mL saline and 100 pg dexmedetomidine, a
ketorolac group with 30 mL of a solution made of 24 mL of lidocaine
1.5% plus 5 mL of ketorolac and a control group with 30 mL of a solu-
tion containing 25 mL of lidocaine 1.5% plus 5 mL of normal saline.>?
All three groups had 10 mL of their respective solution injected into
every cord. The study found that the motor block onset was statistically
less in the dexmedetomidine group when compared to the ketorolac and
placebo groups (P < 0.001) and that the duration of the sensory block
was also longer in the dexmedetomidine group as well (P < 0.001).32
Overall, there were no significant differences in terms of the onset of
the sensory block in the three groups (P = 0.177).32 Furthermore, the
time to request the first analgesic after the procedure was longer in the
ketorolac group when compared to the dexmedetomidine (P = 0.016)
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and the placebo groups (P < 0.001).3? Overall, the study demonstrated
that dexmedetomidine has better effects on the sensory and motor block
duration when compared to ketorolac.

Using dexmedetomidine as an adjuvant to established anesthetic treat-
ments has been explored as well. A randomized control study explored
the effectiveness of bupivacaine alone compared with dexmedetomidine
and bupivacaine in an infraclavicular brachial plexus block.33 The study
divided 60 patients into 2 groups with one group receiving 30 mL of
0.33% bupivacaine and the second group receiving 30 mL of 0.33%
bupivacaine along with 0.75 pg/kg of dexmedetomidine.3® The group
with combined dexmedetomidine and bupivacaine block had a statisti-
cally significant faster time to onset of the sensory block of 13.2 minutes
when compared to the 19.4 minutes of the bupivacaine block alone
(P = 0.003).3% Furthermore, the dexmedetomidine group showed a
longer duration of sensory block (P = 0.002) and a longer motor block
duration (P = 0.002) as well as lower morphine requirements up to
48 hours after the surgery.33 The study revealed the effectiveness of dex-

132  medetomidine when mixed with local anesthetics for an infraclavicular

Urits, et dl. brachial plexus block.

Lastly, when looking at other agents in comparison with dexmedeto-
midine for infraclavicular brachial plexus blocks, other randomized con-
trol trials have demonstrated that dexmedetomidine is more effective
than buprenorphine in terms of the duration of the sensory and motor
blocks.3* Furthermore, some clinical trials have shown that dexmedeto-
midine added to lidocaine in an infraclavicular block in patients receiv-
ing forearm fracture surgery provided a longer sensory block duration
than dexamethasone, yet there was no significant difference in post-
operative pain when comparing the two groups.3®> Other studies com-
paring dexamethasone with dexmedetomidine have demonstrated that
5 mg of dexamethasone has a longer sensorimotor block and duration
when compared to 100 pug dexmedetomidine (Table 3).3¢

Interscalene

The effect of dexmedetomidine in an interscalene brachial plexus
block has been explored as well. One study has compared the effects
of IV versus perineural dexmedetomidine in an interscalene brachial
plexus block.3” A randomized clinical trial compared 999 patients who
were randomized to either a group receiving 15 mL ropivacaine, 0.5%
with 0.5 pg/kg dexmedetomidine administered perineurally, a group
receiving 15 mL ropivacaine, 0.5% with 0.5 pg/kg dexmedetomidine
administered via an IV, or a control group receiving 15 mL ropiva-
caine, 0.5%.37 The patients received a single injection of an interscalene
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brachial plexus block for a shoulder surgery. The study found that both
dexmedetomidine received via IV and perineurally were effective in
reducing pain and post-operative analgesics needed.3” Furthermore,
both routes were superior in terms of the duration of the analgesia with
the perineural group having a duration of 10.9 hours and the IV group
having a duration of 9.8 hours when compared to the control group of
6.7 hours (P < 0.001).37

Other studies have compared the effects of dexmedetomidine when
compared to ropivacaine in an interscalene brachial plexus block.
Patients receiving surgery on their upper limb receiving an interscalene
block were randomly divided into two groups: a group receiving 30 ml
of 0.75% ropivacaine with 0.5 ml normal saline and a group receiving
30 ml of 0.75% ropivacaine with 50 pg of dexmedetomidine.®® The
addition of dexmedetomidine produced a statistically significant longer
duration of both the sensory and motor block (P < 0.0001) as well as
a faster onset of the block as well (P < 0.05).3® Further studies on the
addition of dexmedetomidine to ropivacaine in an interscalene brachial
plexus block have confirmed these results. In a prospective, randomized 135

control trial of 62 patients receiving shoulder surgery, patients were Urits, et dl.
divided into two groups: an interscalene block with 12 mL of 0.5%
ropivacaine or an interscalene block with 12 mL of 0.5% ropivacaine

and 150 pg dexmedetomidine.3? The group receiving dexmedetomidine

had lower pain scores (P = 0.04), faster onset of the block (P = 0.002),

and a longer duration (P = 0.0001).3? This study further supports the
conclusion that dexmedetomidine added to ropivacaine in an intersca-

lene brachial plexus block is superior in terms of its analgesic properties

than ropivacaine alone (Table 4).3

METANALYSIS AND SYSTEMIC REVIEW

Previous metanalyses and systemic reviews have explored the effective-
ness of dexmedetomidine as an anesthetic by itself as well as an adjuvant
to other local anesthetics. A metanalysis of 12 randomized clinical tri-
als by Dai ez al. looked at the effectiveness of dexmedetomidine added
to ropivacaine in different types of blocks.*? Their analyses found that
there was no optimal dose of dexmedetomidine, however they did point
out that Jung et al.’s research found that 2 pg/kg was the most optimal
dose in comparison to the 1 and 1.5. pg/kg.*%#! Their metanalysis also
concluded that the addition of dexmedetomidine to ropivacaine pro-
longed the duration of the sensory and motor blocks and the axillary
brachial plexus block produced the earliest onset and longest duration
when compared to the supraclavicular and interscalene brachial plexus
blocks.* Lastly, the most common adverse events associated with the
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dexmedetomidine block were bradycardia and hypotension and that the
dosage of dexmedetomidine did not make a different in terms of the
bradycardia and hypotension adverse events.*’ The authors concluded
in their meta-analysis that the combination of dexmedetomidine with
ropivacaine increases the sensory and motor block more than ropiva-
caine alone.

Another meta-analysis explored perineural dexmedetomidine’s effec-
tiveness as a local anesthetic when compared to clonidine, an alpha-2
agonist in a supraclavicular brachial plexus block.*? The meta-analysis
focused on 14 trials and concluded that dexmedetomidine not only
increased the duration of the sensory block, but also the motor block
as well when compared to clonidine (P < 0.00001).*> The authors dis-
cussed that this may be due to dexmedetomidine’s greater affinity for
the a-2 adrenoreceptors when compared to clonidine. The side effects
associated with dexmedetomidine were bradycardia as well as sedation
after the operation.*?

Further meta-analyses have confirmed the efficacy of dexmedeto-

13g  midine when used as an adjuvant in brachial plexus blocks.*> A meta-

Urits, et dl. analysis of 18 randomized clinical trials revealed that the addition of
dexmedetomidine to brachial plexus blocks prolongs the duration of
the motor and sensory blocks.*3 Furthermore, the review paper also
discussed how the addition of dexmedetomidine can reduce the time
of onset of the sensory and motor blocks. Ping ez a/.’s study also found
similar adverse effects of dexmedetomidine such as bradycardia and
hypotension which they hypothesized was due to its mechanism of
action on the alpha-2 receptors.*3

CONCLUSION

Dexmedetomidine is an effective additive for nerve blockade in mul-
tiple locations and it may inclusively decrease the risk of nerve injury
elicited by administration of local anesthetics. Dexmedetomidine is an
alpha-2-adrenergic agonist used as an additive for regional nerve block.
The use of adjuvants combined with local anesthetics are meant to pro-
long analgesia while lessening the dose needed for anesthetic effect.
When Dexmedetomidine combined with ropivacaine, it was found
to have a significant anti-inflammatory effect as well. For neuraxial
intrathecal blocks, addition of dexmedetomidine allows for less need of
postoperative opioid use while maintaining effective motor and sensory
blockade. Dexmedetomidine also resulted in lower pain scores and less
need of morphine. Dexmedetomidine provided a significant prolonga-
tion of sensory and motor block when given intrathecally. For para-
vertebral blocks, using dexmedetomidine combined with ropivacaine
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significantly reduced post-operative pain. For axillary brachial plexus
blocks (ABPB), many studies showed dexmedetomidine as an effec-
tive adjuvant that can better control pain and also a longer duration of
sensorimotor block. Similar results were seen for infraclavicular bra-
chial plexus blocks and interscalene. In conclusion, dexmedetomidine
as an adjuvant anesthetic showed very promising results in controlling
pain and the duration of the sensorimotor blocks in various regions.
Hypotension and bradycardia some of the side effects that can occur
with dexmedetomidine, but it was not severe is most of the studies.
More studies must be done to find the appropriate dosage and the opti-
mal combination with other drugs. The many studies support its use as
a beneficial adjuvant for nerve blocks. s
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