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Background: Intravenous Regional Anesthesia (IVRA) is a reliable
and cost-effective anesthetic method for minor surgical procedures to
the extremities. Limitations of this block include tourniquet discomfort,
short duration of anesthesia, and absence of postoperative analgesia.
Dexmedetomidine has been used as an adjuvant to minimize these
negative characteristics with inconclusive results.

Aim: To perform a systematic review of the existing evidence on the
role of dexmedetomidine as an additive to intravenous regional anes-
thesia in upper limb surgery.

Study Design: Systematic Review and Meta-analysis.

Methods: The databases searched were MEDLINE, Embase, PubMed,
CINAHL, Cochrane Database of Systematic Reviews, Cochrane
Central Register of Controlled Trials databases, and clinicaltrials.
gov (1990-2019). Seven randomized controlled trials (RCTs) were
included. We analyzed the duration of analgesia, onset time of sensory
and motor block, intraoperative tourniquet pain scores, the incidence
of tourniquet pain, need for rescue analgesia, intraoperative rescue

analgesia consumption, sedation scores, postoperative pain scores, and
anesthesia quality.

Results: Intraoperative analgesia duration (MD 11.08 min; 95% CI
5.42,16.75; P <.0001) was longer and sensory block onset time (MD
—2.10 min; 95% CI —3.345, —0.86; P = .00009) was shorter in the
dexmedetomidine group. Anesthesia quality scores (MD 0.58; 95% CI
0.47, 0.70; P < .00001) and postoperative sedation scores (MD 1.03;
95% CI 0.88, 1.24; P < .00001) were significantly higher. There was
a significant reduction in intraoperative rescue analgesia consumption
(MD -19.70 mg; 95% CI —24.15, —15.26; P < .00001) in the dexme-
detomidine group. The risk of tourniquet pain as well as postoperative
pain scores were lower in favor of dexmedetomidine. The addition of
dexmedetomidine to IVRA slightly increased the risk of sedation. A
limitation of our study is that some of the interesting outcomes derive
from a small number of RCTs.

Conclusion: The addition of dexmedetomidine to [IVRA ameliorates
the block’s characteristics and carries a low risk of potential side effects.

INTRODUCTION

Intravenous regional anesthesia (IVRA) is known to be a simple,
safe, and cost-effective anesthetic method for minor surgical proce-
dures to distal extremities.' Its main drawbacks include short dura-
tion of anesthesia, tourniquet discomfort, and lack of postoperative
analgesia.”* Among the adjuvants that have been used to minimize
these negative characteristics of IVRA, and dexmedetomidine has
been studied in recent years.**

Dexmedetomidine is a relatively novel, centrally acting alpha-2 adr-
enoreceptor agonist; it exhibits high selectivity for alpha-2 recep-
tors, with an o2:a1 affinity ratio of 1600:1.%¢ It produces anxiolysis,

sedation, and analgesia, but minimal respiratory depression.*® Dex-
medetomidine has been successfully used as an adjunct in various
peripheral nerve blocks.” Its most common side effects are hypo-
tension and bradycardia.’

Many investigators have examined the effect of dexmedetomidine
as an additive to local anesthetics (LAs) for IVRA, but the results
have been so far inconclusive. In the present systematic review and
meta-analysis of randomized controlled trials (RCTs), we inves-
tigated the efficacy and safety of dexmedetomidine when this is
used in combination with LAs for IVRA. Specifically, our aim was
to determine the impact of dexmedetomidine on the quality and
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duration of intraoperative and postoperative analgesia, analgesic
drug consumption, and sensory and motor block characteristics.
We also assessed the risk of sedation and other adverse effects
associated with the administration of dexmedetomidine.

MATERIAL AND METHODS

Data Sources and Literature Search

We used and adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines for the
preparation of our study. The databases were searched in March
2019 for RCTs in the English language published between January
1990 and March 2019. We used the Ovid portal to look at MED-
LINE, Embase, PubMed, CINAHL, Cochrane Database of Sys-
tematic Reviews, Cochrane Central Register of Controlled Trials
databases, and clinicaltrials.gov. MeSH and text words were com-
bined using “AND” to generate 2 subsets of citations, comprising
studies of dexmedetomidine and the second comprising adjuvant,
intravenous regional anesthesia, and Bier block. The references
of all the articles found were also manually searched to find any
relevant articles not identified through our electronic search. The
searches were independently conducted by 2 authors (I.K. and
C.S.) and were also carried out just before the final analyses with
an aim to capture any recently published articles.

Study Selection

Data selection and extraction were carried out by 2 authors (I.K.
and C.S.) in accordance with the criteria described above. Initially,
we examined the titles and abstracts revealed following the elec-
tronic searches, and for those abstracts that fulfilled the predefined
criteria, the full manuscripts were obtained. For the final decision
on inclusion or exclusion, the full manuscripts were thoroughly
examined. In the case of manuscripts published twice, the most
recent version was chosen.

Data Extraction

Two reviewers (I.K. and C.S.) completed data extraction. The qual-
ity of RCTs was independently reviewed by the same 2 authors
(LK. and C.S.) using the Cochrane Collaboration Risk of Bias
tool. Each RCT was scored by consensus; inconsistencies between
these 2 reviewers were resolved through discussion with the third
reviewer (P.S.) until a consensus was reached. For some of the
studies, additional data were deemed necessary. In this case, an
email request was sent to the corresponding author of the manu-
script. If there was no response during the course of 2 weeks, a
second email request was sent.

Data Synthesis
We included RCTs published from January 1990 until March
2019, which assessed the use of dexmedetomidine as an additive
to LAs for IVRA in minor upper limb surgery. In these studies, the
dexmedetomidine/intervention group should be compared with a
control/placebo group. Trials were excluded if dexmedetomidine
was administered neuraxially or perineurally as part of peripheral
nerve blocks or intravenously for sedation purposes. RCTs in chil-
dren were also excluded. Only trials published in English were
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included in our study. Finally, only studies that had received—and
reported—ethical approval from the local/hospital committee or
the institutional review board were considered appropriate for the
present review.

Outcomes Assessed

For each study, extracted data included: first author’s name, publi-
cation year, type of surgery, overall sample size, number of patients
in each study group, details about the IVRA technique (LA: type
and dose, dexmedetomidine dose), and the perioperative analgesic
regimens used. The main outcomes assessed were duration of anal-
gesia, sensory and motor block onset times, intraoperative tourni-
quet pain scores, the incidence of tourniquet pain, need for rescue
analgesia, intraoperative rescue analgesia consumption (measured
as micrograms of fentanyl given to a patient during surgery), seda-
tion scores, postoperative pain scores, and quality of anesthesia.
Dexmedetomidine-related side effects, namely hypotension, bra-
dycardia, respiratory depression (manifested as desaturation), and
sedation, were also sought.

Sensory and motor block duration (in min) was defined as com-
pleting LA admixture injection until full recovery from each block.
Onset time was defined as the time (in min) from completion of LA
injection to achieve the entire sensory and motor block. Duration
of analgesia was defined as the time (in min) from cuff inflation to
complain about tourniquet pain. Intraoperative and postoperative
pain intensity was recorded as VAS scores (Visual Analogue Scale,
VAS; 0 = no pain, 10 = worst pain imaginable). Sedation level was
assessed by the use of Ramsay sedation scale (scores 1-6) as fol-
lows: score 1: anxiety or restlessness or both, score 2: patient coop-
erative, orientated and tranquil, score 3: response to commands,
score 4: quick response to stimulus, score 5: sluggish response to
stimulus, and score 6: no response to the stimulus.®

Risk of Bias Assessment

The studies were examined regarding their methodological qual-
ity and risk of bias. The following were assessed: randomization
method, allocation sequence concealment, blinding of participants
and assessors, incomplete or selective outcome data reporting, and
other possible sources of bias. The Cochrane “Risk of bias” tool in
RevMan 5 was used to describe each domain as it was presented
in the study and judgment assignment regarding the respective risk
(i.e., high, low, or unclear risk of bias). We give the relevant infor-
mation in a “risk of bias” summary.

Statistical Analyses

This work was performed in line with the recommendations of the
Cochrane Collaboration and the PRISMA Statement.”!° The author
P.S. summarized dichotomous outcome data from each study in
2 x 2 tables. The results were pooled using a fixed or random-effect
model, as needed,!® and expressed as risk ratios (RR). Analysis of
continuous variables was performed using mean differences (MD),
with 95% CIs." Since the studies assessed the same outcome but
measured it in various ways, we used standardized mean difference
as a summary statistic to standardize the results to a uniform scale
before combining them.
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The 12 statistic was used to quantify the heterogeneity of exposure
effects across the studies. An 12 value greater than 50% suggested
substantial heterogeneity, and a random-effect model was used. A
chi-squared test for heterogeneity was also carried out. The P val-
ues are presented.

If only medians were provided, then they were used as estimates
of means. When standard deviations (SD) were not available, they
were then calculated from the standard error of the mean, 95% CI,
and ¢ value or interquartile range. If trials gave only ranges, then
the SD was estimated from the formula: total range/4. The RevMan
5 software (Revman 5.3; Cochrane Library, Oxford, England) was
used for the statistical analyses.

RESULTS

Of the 115 studies retrieved, 7 satisfied the criteria to be included
in the analysis (Figure 1). Another 2 studies were excluded because
they did nothave a control/placebo group.'"'? Data from 318 patients
were analyzed, in which 159 patients received dexmedetomidine
and 159 placebo. Three of the selected trials had a third arm which
was not used in the analysis.'*!> The included studies are presented
in Table 1. The risk of bias is shown in Figure 2.

Intraoperative analgesia, addressed in 4 studies, was significantly
longer in dexmedetomidine group (MD 11.08 min; 95% CI 5.42,
16.75; P < .0001)!31517 (Figure 3A), even for different LAs and
doses of dexmedetomidine!*!>17 (Figure 3B and C).

Of the 7 studies comparing the onset time of the sensory block,
Kol et al. presented their results only as a chart and were not
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included in the meta-analysis.'*" Sensory block onset was signifi-
cantly shorter in dexmedetomidine group (MD —2.10 min; 95%
CI —-3.345, —0.86; P =.00009) (Figure 4A—C). No difference was
found in motor block onset time'*!" (Figure 5A—C). Surgery times
did not differ between dexmedetomidine and control groups in the
various studies. Surgery times varied between 32 + 10.9 minimum
and 53 £+ 14.0 min maximum in the studies.

Lower Risk Ratio for tourniquet pain was found in
dexmedetomidine group (RR 0.38; 95% CI 0.23, 0.62;
P < .0001)."31% Overall pain scores were reported on Numerical
0-10"171 or VAS 0-100 scales.'*> Meta-analysis was not possible
due to missing values. Differences were observed at 5, 10, 15,
20, 30, and 40 min in favor of dexmedetomidine by Memis et al.
and Subramanya et al.'”!” Mizrak et al. did not report a significant
difference in pain scores measured every 15 min throughout the
procedure.' Dexmedetomidine was associated with a significantly
lower incidence of the need for rescue analgesia, as addressed
by one study.!” Intraoperative rescue analgesia consumption
was lower in dexmedetomidine group (MD —19.70 mg; 95% CI
—24.15, —15.26; P < .00001)'*161 (Figure 6A). This finding was
not affected by the type or dose of LA (Figure 6B and C).!*!517.1°

Two studies compared the Ramsay sedation scores (1-6 scale).!*!?
Scores were higher in dexmedetomidine group (MD 1.03; 95% CI
0.88, 1.24; P < .00001. 12 was 48%, therefore fixed effect model
was used (y>=1.91, P=.17).

Postoperative pain scores (VAS) were assessed in 2 studies;
Esmaoglou et al. used a 0-10 scale, whereas Kol et al. used a
0-100 scale.''® We converted all scores to a 0-10 VAS scale for
the purpose of data analysis. We estimated the mean and standard
deviation when not reported.'** Pain scores were significantly
lower in dexmedetomidine group, 30 min (MD —1.47; 95% CI
—2.33, —0.62; P =.0007) and 2 h after surgery (MD —2.93; 95%
CI —4.64, —1.22; P =.0007).

The quality of anesthesia was assessed by the anesthesiologist
in 5 studies.’*!>171” Kumar et al. and Subramanya et al. reported
better quality of anesthesia with dexmedetomidine,'>! but their
data were not homogeneous with the rest and were not pooled. The
other 3 investigators used the same 1-4 scale, with 4 being the best
and 1 being the lowest overall quality of anesthesia.'>!”!® They also
concluded that anesthesia quality scores were significantly higher
with dexmedetomidine (Figure 7A and B).

Regarding adverse events, 5 out of 159 patients who received
dexmedetomidine developed bradycardia which required no
treatment.'®!" Also, Kumar et al. reported that 1 of the 24 patients in
the dexmedetomidine group complained of dizziness.'s Hypotension
or respiratory depression were not observed.

DISCUSSION

The present meta-analysis indicates that the addition of dexme-
detomidine as an adjuvant for IVRA improves block character-
istics. It prolongs intraoperative analgesia, while reducing the
incidence of tourniquet discomfort, the intensity of intraoperative
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pain, and consumption of rescue analgesics. It increases the
duration of both sensory and motor blockade and accelerates the
onset of sensory block. Finally, it is associated with improved
anesthesia quality and less postoperative pain but higher seda-
tion scores.

Dexmedetomidine was approved by the Food and Drug Admin-
istration in 1999, and over time it has been used in anesthesia,
intensive care, and perioperative medicine.*® In regional anesthe-
sia techniques, dexmedetomidine has been administered as an “off-
label” adjuvant to LAs for neuraxial, paravertebral, and peripheral
nerve blocks; it is considered a promising agent since it has shown
beneficial effects on both central and peripheral nerve blocks, with-
out signs of neurotoxicity.>7-*1->
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According to our findings, dexmedetomidine improves the qual-
ity of intraoperative analgesia, evident by the significant reduction
in the incidence of tourniquet pain, in intraoperative pain scores,
and fentanyl consumption, used as rescue analgesia.'>!>! It also
prolonged the time of tourniquet tolerance'>!'>!7 significantly; this
advantage was shown when dexmedetomidine was added to lido-
caine and prilocaine.” No study used ropivacaine, which is per
se associated with IVRA prolongation. Thus no assumptions can
be made for the effects of dexmedetomidine when combined with
LAs of longer duration of action.? The prolongation of intraopera-
tive analgesia by dexmedetomidine may be related to the prolon-
gation of sensory block, as our results showed. Regardless of the
mechanism, this effect renders dexmedetomidine a very advanta-
geous adjuvant. One of the main drawbacks of IVRA is its short
duration and subsequent development of tourniquet discomfort/
pain. Various adjuvants have been used to overcome these prob-
lems, such as opioids, non-steroidal anti-inflammatory drugs,
corticosteroids, neuromuscular blockers, ketamine, magnesium,
potassium, and «-2 agonists.>* Among them, opioids did not show
any clinically significant benefit, while clonidine, ketamine, and
lornoxicam had positive effects on analgesia and were also com-
pared with dexmedetomidine.>31%1315

Sardesai et al. found dexmedetomidine superior to clonidine as
IVRA adjuvant, in terms of quality and total duration of anal-
gesia.!” These effects may be associated with the significantly
higher a2-receptor specificity (7-8 times) and lipophilicity (about
3.5 times) of dexmedetomidine than clonidine.”® Other mecha-
nisms, such as blockade of the hyperpolarization-activated cation
current (I,), may also play a role.?*? According to experimental
data, perineural dexmedetomidine not only prolongs ropivacaine
sensory analgesia, but may itself induce a partial sensory block of
short duration. It has been suggested that these effects are medi-
ated via peripheral mechanisms (i.e., I, current inhibition) and not
through central/systemic actions.?

Dexmedetomidine was found similarly efficacious with ketamine
and lornoxicam.'>!> Kumar et al. found that ketamine was associ-
ated with better intraoperative analgesia and delayed onset of tour-
niquet pain, whereas dexmedetomidine produced more prolonged
postoperative analgesia.'® The 2 agents were found comparable in
terms of postoperative pain intensity.'> Likewise, Kol et al. found
no significant difference between dexmedetomidine and lornoxi-
cam when combined with prilocaine for IVRA regarding the qual-
ity and duration of intraoperative analgesia for tourniquet pain. The
duration of postoperative analgesia was also comparable between
the 2 adjuvants."

The meta-analysis of 6 studies clearly showed that dexmedeto-
midine accelerates the onset of sensory block.'*!* Importantly, a
dose of 0.5 pg/kg is adequate to produce this beneficiary effect.
Interestingly, higher doses (i.c., 1 pg/kg) did not seem to affect the
sensory block onset time when the respective studies were ana-
lyzed separately.'>'® Whereas sensory block onset was shortened
by dexmedetomidine, motor block onset was not affected.'*! A
higher impact of dexmedetomidine on sensory rather than a motor
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FIG. 4. A-C. Forest plots of comparison - onset time of sensory block (minutes). (A) Forest plot of comparison: dexmedetomidine vs no dexmedetomidine. (B)
Subgroup Analysis: dexmedetomidine vs no dexmedetomidine (including studies using lidocaine and 1 mcg/kg dexmedetomidine). (C) Subgroup Analysis:
dexmedetomidine vs no dexmedetomidine (including studies using lidocaine and 0.5 mcg/kg dexmedetomidine).

block has been previously documented, too; it is possibly associ-
ated with a more pronounced inhibitory effect on Ad and C fiber

action potentials than motor neurons.*”*

Dexmedetomidine prolonged intraoperative analgesia, irrespec-
tive of the dose used. This finding was consistent with both pri-
locaine and lidocaine analyses and when a subgroup analysis for

lidocaine was only undertaken. Anesthesia quality, documented
mainly by the anesthesiologist in the form of a scale, presented

substantial heterogeneity, and all studies could not be included.

However, analyzed data showed that dexmedetomidine offered
a higher quality of anesthesia, which is a significant clinical
advantage.
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FIG. 5. A-C. Forest plots of comparison - onset time of motor block (minutes). (A) Forest plot of comparison: dexmedetomidine vs no dexmedetomidine. (B)
Subgroup Analysis: dexmedetomidine vs no dexmedetomidine (including studies using lidocaine and 1 mcg/kg dexmedetomidine). (C) Subgroup Analysis:
dexmedetomidine vs no dexmedetomidine (including studies using lidocaine and 0.5 mcg/kg dexmedetomidine).
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FIG. 6. A-C. Forest plots of comparison - Intraoperative rescue analgesia consumptionmeasured as the amount (mcg) of fentanyl administered intraoperatively.
(A) Forest plot of comparison: dexmedetomidine vs no dexmedetomidine. (B) Subgroup Analysis: dexmedetomidine vs no dexmedetomidine (including studies
using lidocaine). (C) Subgroup Analysis: dexmedetomidine vs no dexmedetomidine (including studies using lidocaine and 0.5 mcg/kg dexmedetomidine).

There are, of course, some complications associated with IVRA.
These are mainly associated with the inevitable leakage of part of
the local anesthetic administered into the circulation. In particu-
lar, these mainly include sedation, bradycardia, and hypotension.
These can be attributed to accidental or unintentional deflation of
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the cuff, cuff default, an increase in venous pressure within the
occluded extremity to a level higher than that of the cuff, and lastly,
via an intact interosseous circulation. Even when the tourniquet is
functioning properly, there is still a risk of leakage of the drugs
administered in an isolated extremity into the systemic circulation.
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FIG. 7. A-B. Forest plots of comparison—anesthesia quality. (A) Forest plot of comparison: dexmedetomidine vs no dexmedetomidine. (B) Subgroup Analysis:

dexmedetomidine vs no dexmedetomidine (including studies using lidocaine).

The incidence of local anesthetic leakage from beneath the tourni-
quet is almost 100% for lower limb IVRA and approximately 25%
for an upper extremity block.

In the early postoperative period, sedation was more prominent in
dexmedetomidine groups. Still, the mean values of Ramsay scores
remained below the level of 3, which corresponds to a “drowsy
patient, responsive to commands”.'*!> Thus, we consider that the
sedation was not too deep, as to be characterized as unwanted or
associated with increased risks; a score of 2 to 3 mainly indicates
anxiolysis, which is desired in everyday clinical practice, since the
patient is calm and responsive, but not asleep (as in scores >4). The
higher Ramsay scores were rather expected, since dexmedetomi-
dine exhibits significant anxiolytic, sedative, and analgesic prop-
erties due to its a-2 adrenoreceptor selectivity, especially for the
subtypes a-2A and o-2C. 463

Bradycardia was documented, but it was not profound as to require
treatment. It is a side-effect of dexmedetomidine due to central
sympatholysis and inhibition of noradrenaline release caused via
activation of post-synaptic and pre-synaptic «-2 adrenorecep-
tors, respectively*® Hypotension, which is attributable to the same
mechanism, was not recorded.

To our knowledge, there are no previous systematic reviews with
which to compare our findings. Our study is subjected to some
limitations. Small sample sizes and different doses of dexmedeto-
midine have caused heterogeneity. In order to overcome this risk,
we performed subgroup analyses where data were available. How-
ever, this was not possible for all comparisons. Potential bias in the
review process regarding the eligibility criteria and data analyses
is another limitation of our study. Lastly, publication bias may have
impacted our results. Despite these limitations, the present review
attempted to bring the existing evidence together, address hetero-
geneity during the statistical analysis and provide reliable informa-
tion on the research subject.
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