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Dexmedetomidine prolongs the duration of regional block while its systemic sedative
effect when administered perineurally is unknown. We aimed to evaluate the systemic
sedative effect of perineural dexmedetomidine in patients after axillary brachial plexus
block (ABPB). This single-blinded prospective randomized control trial included 80
patients undergoing wrist surgery receiving ABPB. Patients were randomized into two
groups — Control group (CG, N = 40) and dexmedetomidine group (DG, N = 40). Both
groups received ABPB with 20ml of 0.5% Bupivacaine and 10ml of 2% Lidocaine.
Additionally, patients in DG received 100 mcg of dexmedetomidine perineurally. Depth of
sedation was evaluated using Narcontrend Index (NI) and Ramsay Sedation Scale (RSS)
immediately after ABPB and in several time points up to 120 min. Duration of block as
well as patient satisfaction with sedation was evaluated using a postoperative survey.
Our results showed that NI and RSS statistically differed between groups, presenting a
deeper level of sedation during the first 90 min in DG compared to controls, P < 0.001.
In the first 10 to 60 min after ABPB the median RSS was 4 (IQR within median) and
median NI was 60 (IQR 44-80) in DG group, in contrast to CG patients where median
RSS was 2 (IQR within median) and median NI was 97 (IQR 96-98) throughout surgery.
The level of sedation became equal in both groups 90 and 120 min after ABPB when
the median NI value was 98 (97-99) in DG and 97.5 (97-98) in CG, P = 0.276, and
the median RSS was 2 (IQR within median) in both groups, P = 0.128. No significant
intergroup differences in hemodynamic or respiratory parameters were found. Patients in
DG expressed satisfaction with sedation and 86.5% noted that the sensation was similar
to ordinary sleep. In DG mean duration of motor block was 13.5 £ 2.1 h and sensory
block was 12.7 4+ 2.8 h which was significantly longer compared to CG 6.3 + 1.5h, P
< 0.001 and 6.4 + 1.8h, P < 0.001. We found that beside prolongation of analgesia,
perineural administration of dexmedetomidine might provide rather safe and comfortable
sedation with no significant effect on hemodynamic or respiratory stability and yields a
high level of patient satisfaction.
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INTRODUCTION

The use of peripheral nerve blocks (PNB) has seen widespread
adoption with the recent advancements of ultrasound-controlled
techniques (1, 2). PNB provide adequate anesthesia for
surgery, provide postoperative analgesia and decrease opioid
requirements (3-7). Axillary brachial plexus block (ABPB) is the
preferable option of anesthesia for wrist and hand surgery since
it avoids the side effects of general anesthesia (8, 9).

Sedation is commonly applied in regional anesthesia. It
is particularly useful for those who experience anxiety or
restlessness and would prefer not to be awake during surgery (10).
In order to choose the appropriate sedative agent, its side effects
on spontaneous breathing and cardiovascular stability must be
considered. Although midazolam is traditionally the most used
sedative agent during regional anesthesia, alternative sedatives
are emerging. dexmedetomidine is a highly selective a2 blocker
which has recently gained widespread popularity due to its mild
to moderate sedative, anxiolytic, and analgesic properties (11).
During the last few years, increasing attention has been paid to
reports demonstrating dexmedetomidine as a safe and effective
sedative agent for intensive care (ICU) patients.

When dexmedetomidine is administered perineurally
alongside local anesthetics it increases the duration of motor and
sensory block (12-15). Curiously, previous reports have noted
a systemic sedative effect after the perineural administration of
dexmedetomidine (13, 16, 17) which was initially classified as an
adverse effect.

We hypothesized that the systemic sedative effect produced
by perineural Dexmedetomidine might have clear advantages
during surgery under regional anesthesia. However, there is
very limited data in previous literature on the systemic sedative
effect of perineural dexmedetomidine. Therefore, our aim was to
assess the systemic sedative effects of perineural administration
of dexmedetomidine in patients receiving axillary brachial
plexus block.

MATERIALS AND METHODS

The study protocol and the informed consent form were
approved by the Ethics Committee of Riga East Clinical
University hospital (Approval Number ZD/08-06/01-21/4).
Written informed consent was obtained from every patient.

Patient Selection and Patient Groups
Between 1 of January and 31%' of May 2021, 86 consecutive
adult patients were included in this single-blinded prospective
randomized controlled study. All patients were admitted to the
Latvian Microsurgery Center at Riga East University hospital,
Riga, Latvia, to undergo urgent or elective wrist surgery.

The inclusion criteria: 18 years of age or older; ASA score of
I-1I. The exclusion criteria: pregnancy; history of mental or sleep
disorders; sinus bradycardia (<50/min) just before performing
ABPB; failed regional block (inadequate block 30 min after the
attempt) and conversion to general anesthesia.

There were five patients excluded due to conversion to general
anesthesia and one patient due to unexpected adverse effects
related to the local anesthetics.

Simple randomization was performed by the researchers to
allocate patients into two groups: control group (CG, N = 40)
and dexmedetomidine group (DG, N = 40). The patients were
included either in CG or DG group in a single-blinded manner.

Perioperative Management

All patients received a premedication of 7.5 mg of oral midazolam
(Dormicum®, F. Hoffman-La Roche AG, Switzerland) 30 min
before transfer to the operating room. All patients underwent
regional anesthesia with ABPB. The block was performed
with the concurrent use of ultrasound and nerve stimulation
guidance. The block was provided using 20ml of 0.5%
bupivacaine (Bupivacaine-Grindeks, AS Grindeks, Latvia) and
10 ml of 2% lidocaine (Lidocaine-Grindeks, AS Grindeks, Latvia)
perineurally for patients in both groups. Additionally, patients
in DG received 100 mcg of dexmedetomidine (Dexdor®, Orion
Corporation, Finland) in 1ml of normal saline perineurally.
Standard monitoring with non-invasive blood pressure, pulse
oximetry and heart rate was applied during surgery. The entire
process of ABPB administration and intraoperative monitoring
was carried out by a designated group of three experienced
anaesthesiologists. Depth of sedation was continuously
monitored using Narcotrend (Narcotrend Compact M, MT
MonitorTechnik GmbH & Co. KG, Germany) which displays
a derived electroencephalographic parameter referred to as the
Narcotrend Index (NI). The Narcotrend Index is measured from
0 to 100 with values below 79 considered as light to moderate
sedation and values below 64 considered as deep sedation or
level of general anesthesia (18). Ramsay sedation scale (RSS)
was also used to evaluate depth of sedation. RSS scores were
assigned in the following manner: 1 point—patient is agitated;
2 points—patient is oriented and tranquil; 3 points—patient is
arousable to verbal command; 4 points—patient is arousable
to mild sensory stimulus; 5 points—patient has an incomplete
reaction to painful stimulus; 6 points—patient has no reaction
to painful stimulus. Values of Narcotrend Index (NI) and RSS
score were obtained immediately after block, 10, 20, 30, 60, 90
and 120 min after the block as well as at the end of surgery.

The following conditions were defined as adverse effects:
hypertension (systolic blood pressure >180 mmHg); tachycardia
(heart rate >100/min at least 5 min); hypotension (mean arterial
pressure <60 mmHg); bradycardia (heart rate <50/min at least
5min); low oxygen saturation (SpO; <90%). During surgery,
patients with bradycardia (<50/min) received 0.5 mg of Atropine
(Atropine Sopharma, Sopharma AD, Bulgaria) intravenously.
Patients with low oxygen saturation (SpO, <90%) were stabilized
by securing the airway with head positioning and received oxygen
via a nasal cannula or oxygen mask. Low oxygen saturation
(SpO2 <90%) was the only designated indication for initiation
of oxygen support.

A written postoperative survey was conducted on the first
day after surgery after full recovery from sedation. The survey
contained questions regarding the satisfaction with sedation and
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TABLE 1 | Demographic and clinical course characteristics of patients scheduled
for wrist surgery undergoing axillary brachial plexus block.

Dexmedetomidine  Control group  P-Value
group N = 40 N =40
Age, years 489 +17.3 48.0 +12.6 0.654
Sex, female, n (%) 22 (55) 20 (50) 0.779
Body mass index 24.1+4.0 25.7 £6.3 0.159
ASA score:
| class, n (%) 18 (45) 10 (25) 0.061
Il class, n (%) 22 (55) 30 (75)
Wrist surgery type
Urgent, n (%) 8 (20) 10 (25) 0.592
Elective, n (%) 32 (80) 30 (75)
Duration of block 10.0+£ 3.3 10.2 £ 3.1 0.764
procedure (min)
Time to incision (min) 16.3+ 3.4 20.8 + 3.1 <0.001
Duration of block (h)
Motory block 185+ 241 6.4+1.8 <0.001
Sensory block 127+28 6.3+1.5 <0.001

Data are presented as mean + SD or number (n) and percentage (%) and median
(interquartile range).
SD, Standard Deviation; ASA, American Society of Anesthesiologists.

its similarity to ordinary sleep, the presence of postoperative
nausea and the duration of sensory and motor block.

Statistical Analysis

Statistical analysis was performed using the SPSS 26.0 (Statistical
Package for Social Sciences). The Kolmogorov-Smirnov test
was used to evaluate whether datasets conformed to normal
distribution. Continuous variables were presented as mean =+
standard deviation (SD) and categorical variables were presented
as median + IQR. Differences in data distribution between
the groups were evaluated using Mann-Whitney U test for
non-parametric datasets, and two-sample ¢-test or ANOVA for
datasets conforming with normal distribution. Chi-square test
was used for sets of nominal variables. Statistical significance was
assumed if two-tailed P < 0.05.

RESULTS
Clinical Course

In total 80 consecutive patients consisting of 38 men and 42
women were included. The mean age was 48.5 £ 14.9 years.
All patients included in the study were scheduled for urgent
or elective wrist surgery. There were no differences in age,
gender distribution or ASA score, or body mass index between
the groups, as depicted in Table 1. There were no significant
intergroup differences in mean duration of block procedure
either. Although, patients in the DG group had a shorter mean
time to incision, the median time from end of block procedure
to end of surgery was 120 min in both groups, with no significant
intergroup difference, P = 0.096. As shown in Table 1, the CG
had a significantly lower mean duration of postoperative sensory
and motor block when compared to DG, P < 0.001.

100

EEG
stage

Narcotrend
Index 0

T T T T T T T T T
IAB 10min 20min 30min 40min 60 min 90min 120 min EOS

Time after block

FIGURE 1 | Narcotrend Index during surgery. DG, dexmedetomidine group;
CG, control group; IAB, initially after block; EOS, end of surgery; EEG,
electroencephalography. Dots represent median values. Lines represent
interquartile range.

Dominantly, patients were scheduled for elective wrist
surgery. However, few urgent surgical cases were conformed to
the study inclusion criteria. There was no significant difference
in the proportion of elective and urgent patients between both
groups, P = 0.790.

Variables of Systemic Sedation Effect

As shown in Figure 1, median values of NI were significantly
lower in 10, 20, 30, 40 and 60min after the ABPB in
DG compared to controls, P < 0.001. Patients receiving
dexmedetomidine perineurally demonstrated a median NI 98
(IQR, 97-99) immediately after the block. In 10 min, the median
NI decreased to 80 (64.5-90), representing mild sedation. In the
next 20 to 60 min median NI further decreased to a median of 57
(44-76), representing moderate to deep sedation. In 90 min, the
median NI increased to 89 (84-97) when patients were mostly
awake or mildly sedated. In contrast, patients in the CG remained
wakeful and had a median NI of 97 (IQR 96-98) all throughout
surgery. There ceased to be any statistically significant intergroup
differences in NI values after 90 and 120 min.

Concomitantly, the intergroup statistical difference in median
RSS score was found in 20-60 min after the ABPB, P < 0.001.
Patients in the DG demonstrated RSS score 2 initially after block
and then it increased to 4 in 20-60 min after block with the
patient being sedated but easily awoken with verbal stimulus.
Finally, in 90 min the median RSS score returned to 2. In contrast,
patients in CG had a median RSS score of 2 initially after block
and throughout surgery. There was no statistical difference in RSS
score between the groups after 90 and 120 min.

Variables of Respiratory and
Hemodynamic Stability

We found no differences in mean heart rate or mean arterial
blood pressure (MAP) between the two groups all throughout the
surgery. However, brief episodes of bradycardia were observed
in 4 (10%) subjects from DG and 2 (5%) subjects from CG, P =
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FIGURE 2 | Mean arterial pressure and heart rate changes during surgery. DG, dexmedetomidine group; CG, control group; MAP, mean arterial pressure; HR, heart
rate; 1AB, initially after block; EOS, end of surgery. Dots represent median values. Lines represent standard deviation.

0.396. Changes in mean heart rate and MAP throughout surgery
can be appreciated in detail in Figure 2.

Desaturation was rare in both groups. There was no statistical
difference in median oxygen saturation all throughout surgery.
However, a larger subset of subjects in the DG needed oxygen
support by face mask to maintain adequate oxygenation (40% vs.
12.5%; P = 0.005).

Patient Satisfaction

The survey revealed that 92.5% of subjects in the DG described
falling asleep during surgery. Only 12.5% of patients in the
CG recall sleeping during surgery. All patients in the DG
expressed satisfaction with sedation and 86.5% of subjects found
it comparable to ordinary sleep.

DISCUSSION

Dexmedetomidine has been recently proven to be an
effective adjuvant to regional anaesthesia (12-15) Perineural
administration of dexmedetomidine alongside local anesthetics is
advantageous for prolonged surgery and provides long-duration
postoperative analgesia (12, 17, 19). In the present study, DG
patients demonstrated safe and comfortable systemic sedative
effect after 100 mcg of dexmedetomidine added perineurally in
ABPB for wrist surgery. Our most compelling finding was that
NI and RSS statistically differed between both groups, suggesting
a deeper level of systemic sedation during surgery in the first
90min in DG patients compared to controls. Moreover, we
noticed no significant events of hemodynamic instability in DG,
confirming safe systemic sedation of dexmedetomidine when
being administered perineurally. But so far, we suggest the proper
monitoring must be applied since a larger subset of subjects in
the DG needed oxygen support by face mask, especially if sicker
patient is treated.

Dexmedetomidine was initially approved by the European
Medicines Agency for use as a sedative in ICU setting
(EMEA/H/C/002268). It has an acceptable tolerability profile,

and its sedative effect is noninferior to other commonly used
sedative agents in the ICU (20). At the same time, the
administration of dexmedetomidine as an adjuvant to PNB is still
considered as an off-label indication. This implies that both the
local and systemic effects of perineural administration are yet to
be fully examined.

Nevertheless, multiple authors have previously proposed
adding dexmedetomidine as an adjuvant to local anesthetics
for prolongation of sensory and motor blockade (14, 17).
A systematic review by El-Boghdadly and co-authors found
perineural dexmedetomidine to be a more effective adjuvant
than Clonidine (14). In contrast, Albrecht and co-authors found
that perineural dexmedetomidine was a less effective adjuvant
than dexamethasone (21). The previously stated publications
on perineural dexmedetomidine have noted the appearance of
side effects such as systemic sedation and bradycardia (14, 16,
17, 21). The intravenous administration of dexmedetomidine
has also been proven to be equally effective as compared to
perineural dexmedetomidine with respect to onset and duration
of block and duration of analgesia but has greater hemodynamic
instability (22). We attempted to demonstrate that the systemic
sedative effect of perineural dexmedetomidine can be objectively
measured and is in fact beneficial in the context of regional
anesthesia. Furthermore, we attempted to demonstrate that
patient safety and satisfaction might be achieved with the
appropriate dosing strategy.

Several studies have focused on multiple dosing strategies.
A meta-analysis of 32 studies by Vorobeichik and co-authors
suggest 50-60 mcg of perineural dexmedetomidine to be the
optimal dose for prolongation of sensory blockade while avoiding
hemodynamic instability (17). A meta-analysis of 12 studies
by Dai and co-authors did not find a significant difference in
incidence of hemodynamic or respiratory instability between
doses <50 mcg and >50 mcg (23). It has been found that
a dexmedetomidine plasma concentration of 0.2-0.3ng/ml
provides moderate systemic sedation (11). A prospective study
by Fritsch and co-authors revealed that 150 mcg of perineural
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dexmedetomidine led to a plasma concentration of 0.37 ng/ml
in 90min (12) which exceeds the previously stated plasma
concentration for moderate sedation. So far, a study by Keplinger
and co-authors has concluded that the 100 mcg dose level for
perineural dexmedetomidine may represent an optimal balance
between efficacy and sedation (16). Based on previous reports, we
considered that 100 mcg of perineural dexmedetomidine might
provide safe systemic sedation during surgery and would not have
any marked effects on hemodynamic or respiratory stability.

Two randomized groups were included in our study and
proved to be indistinguishable by population characteristics, ASA
score and surgical factors and thus further comparisons were not
at risk of confounding factors.

In our study the Narcotrend Index (NI) was used as objective
criteria to assess the depth of sedation. As far as we know,
there is only one study that uses NI to explore the sedative
effect of dexmedetomidine in the context of continuous epidural
anesthesia (24). There are no previous studies which have
used NI to measure the systemic sedative effect of perineural
dexmedetomidine in PNB.

When assessing patient satisfaction, we found that every
patient in the DG expressed satisfaction with sedation and most
of patients compared the systemic sedative effect to ordinary
sleep. Clinicians often report that it would be preferable if
during the sedation the patient could be easily awoken with
verbal stimulus and be oriented and cooperative. Such effects
of dexmedetomidine have already been elucidated in previous
studies (19, 25). This implies that perineural dexmedetomidine
has a high potential for patient and clinician satisfaction. It must
be noted that in our study most subjects spent a considerable
amount of surgical time with no sedation since the duration
of sedation provided by perineural Dexmedetomidine using
this dosing strategy was only 90 min. Admittedly, the surgery
ended in less than 90 min after the PNB in only 20% of cases.
Furthermore, 20-60 min after ABPB the NI and RSS indicated
moderate to deep sedation which may exceed the necessary depth
of sedation for surgery under regional anesthesia. Therefore, it
is too early to conclude that 100 mcg is the optimal dose for
effective and safe systemic sedation since in some cases the time
from block until end of surgery exceeds 90 min.

Previous data on the systemic complications of perineural
dexmedetomidine are similar to those observed with its
intravenous administration, with the main complications being
hypotension and bradycardia. No serious adverse effects of 100
mcg perineural dexmedetomidine were noted in our study. As
mentioned before, a larger subset of subjects in the DG received
oxygen support via face mask which may emphasize the need for
diligent monitoring of SpO, during the sedative effect, although
no significant events of respiratory instability requiring airway
establishment were otherwise noted. There was no statistical
difference in median oxygen saturation, mean heart rate or MAP
all throughout surgery. Our observations are consistent with
recent findings of investigators, who reported that hemodynamic
changes caused by perineural dexmedetomidine were not found
to be dose-dependent and were not severe enough to warrant the
use of hemodynamic support (23). Moreover, a systematic review
by Barends et al. (25) showed that intravenous dexmedetomidine

during procedural sedation has advantages over midazolam
in terms of reliability, analgesia and patients’ and clinicians’
satisfaction while maintaining a similar cardio-respiratory safety
profile as well.

Additionally, we found perineural dexmedetomidine
to prolong the duration of sensory block by 6.4h and
motor block by 7.1h. A meta-analysis by Vorobeichik
and co-authors revealed a more substantial prolongation
of duration of sensory block 7.7-11.5h and motor block
6.9-10.1h (17). Apart from the previously known fact
that dexmedetomidine prolongs PNB, this discrepancy
might be partially explained by the fact that the duration
of sensory and motor block was evaluated by the
postoperative survey instead of an objective assessment by
the clinician.

Limitations
Our study was not conducted in a double-blind manner,
therefore,  clinician  awareness of  Dexmedetomidine

administration may have influenced some of our results.
However, this might be slightly mitigated by the fact that the
entire process of ABPB administration and intraoperative
monitoring was carried out by a designated team of three
experienced anaesthesiologists instead of just a single clinician.
Moreover, NI as an objective criterion was used to assess the
depth of sedation.

Another limitation is the fact that the duration of sensory and
motor block was provided by the subject filling the postoperative
survey instead of an objective assessment by the clinician. This
might have affected the results, reporting shorter duration of
sensory and motor block since the patient might have felt a
subjective regain of function while there still might be objective
signs of residual blockade.

Since it is our common practice to provide premedication
with 7.5 mg of oral midazolam, we should take into consideration
the fact, that all patients received premedication, also in
DG. Thus, the subsequent sedative effect from perineural
dexmedetomidine might be slightly affected by the residual
effects of the premedication. We speculate that possible side
effects, particulary on hemodynamic function, of perineural 100
mcg dexmedetomidine could be more harmful in patients with
pre-existing conditions or advanced age, since only ASA I and
IT patients were included in our study. Therefore, the dose
and indication for dexmedetomidine sedation effect should be
individually evaluated.

Despite these limitations, our results indicate that 100
mcg of perineural dexmedetomidine provides rather safe and
effective sedation without significantly affecting respiratory
or hemodynamic stability. Moreover, with this dose of
dexmedetomidine, subjects had no additional requirement for
intravenous sedation during surgery. Patients most commonly
associate this type of sedation with the sensation of ordinary
sleep and express a high level of satisfaction.

In conclusion, we found that perineural administration of 100
mcg of dexmedetomidine in axillary brachial plexus block might
provide rather safe systemic sedation with no significant effect on
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hemodynamic or respiratory stability and yields a high level of
patient satisfaction.
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