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Abstract

Background: Adjuvants are added to local anesthetics in peripheral nerve blocks to improve block quality and
prolong postoperative analgesia. Dexmedetomidine and butorphanol have both been used as adjuvants, but
comparative evidence remains limited.

Methods: This prospective comparative observational study included 60 patients aged 18—60 years undergoing
upper-limb surgery under ultrasound-guided supraclavicular brachial plexus block. Patients were divided into
two groups of 30 each. Group D received dexmedetomidine 1 pg/kg with 30 mL of 0.5% ropivacaine, whereas
Group B received butorphanol 30 pg/kg with the same volume and concentration of ropivacaine. Onset and
duration of sensory and motor blockade, time to first rescue analgesia, hemodynamic parameters, respiratory
variables, sedation, and adverse effects were compared.

Results: The onset of sensory block was significantly faster in Group D than in Group B (4.90 + 0.94 versus
10.82 + 0.98 minutes; p<0.001). Motor block onset was also faster with dexmedetomidine (9.88 + 1.02 versus
15.26 + 1.47 minutes; p<0.001). Sensory block duration, motor block duration, and time to first rescue analgesia
were significantly longer in Group D. Hemodynamic parameters, oxygen saturation, and respiratory rate
remained comparable between groups. Sedation scores were higher with dexmedetomidine, although sedation
remained mild.

Conclusion: Dexmedetomidine was superior to butorphanol as an adjuvant to ropivacaine by providing faster
block onset, prolonged sensory and motor blockade, and longer postoperative analgesia without clinically
significant hemodynamic or respiratory adverse effects.
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Introduction

Peripheral nerve blocks have become an integral reliable techniques for surgeries involving the
component of modern anesthetic practice for upper upper limb distal to the shoulder due to its rapid
limb surgeries because they provide excellent onset and dense blockade of the brachial plexus.[1]
intraoperative anesthesia, prolonged postoperative The introduction of ultrasound guidance has
analgesia, reduced opioid consumption, -early significantly improved the safety and success of
mobilization, and fewer systemic adverse effects supraclavicular brachial plexus blocks.

ith 1 thesia. . T .
compared with general anesthesia Direct visualization of the brachial plexus,

Among the various approaches, the supraclavicular surrounding vascular structures, pleura, and needle
brachial plexus block is considered one of the most trajectory allows precise deposition of local
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anesthetic, resulting in faster block onset, improved
block quality, reduced local anesthetic requirement,
and a lower incidence of complications such as
pneumothorax and inadvertent vascular
puncture.[2,3]

Ropivacaine, a long-acting amide local anesthetic,
is widely preferred for peripheral nerve blocks
because of its favorable safety profile, lower
cardiotoxicity, and reduced motor blockade
compared with bupivacaine. However, the duration
of postoperative analgesia produced by ropivacaine
alone may not be sufficient for prolonged
postoperative pain relief, prompting the use of
various adjuvants to enhance block
characteristics.[4]

Dexmedetomidine, a highly selective a2-adrenergic
receptor agonist, has emerged as an effective
adjuvant for peripheral nerve blocks. When
combined with local anesthetics, dexmedetomidine
accelerates the onset of sensory and motor
blockade, prolongs the duration of anesthesia and
postoperative  analgesia, decreases analgesic
requirements, and provides mild sedation without
significant respiratory  depression.[5] Several
clinical  studies have demonstrated that
dexmedetomidine added to ropivacaine
significantly improves the quality and duration of
ultrasound-guided brachial plexus block compared
with local anesthetic alone.[6]

Butorphanol is a synthetic opioid with agonist-
antagonist activity that has also been investigated
as an adjuvant in peripheral nerve blocks. It
prolongs postoperative analgesia through peripheral
opioid receptor activation while producing minimal
respiratory depression and acceptable
hemodynamic stability. Comparative evaluation of
butorphanol and dexmedetomidine as adjuvants
may help identify the more effective agent for
improving block quality and patient comfort.[7]
Although both dexmedetomidine and butorphanol
have shown promising results as adjuvants to
ropivacaine, evidence directly comparing their
efficacy in ultrasound-guided supraclavicular
brachial plexus block remains limited. Therefore,
the present study was undertaken to compare the
effects of dexmedetomidine and butorphanol as
adjuvants to ropivacaine with respect to onset and
duration of sensory and motor blockade, duration
of postoperative analgesia, sedation, hemodynamic
stability, and adverse effects in patients undergoing
upper limb surgeries.

Materials and Methodology

Study Design: This was a prospective,
comparative, observational study.

Study Setting: The study was conducted in the
Department of Anaesthesiology, G.M.ER.S.
Medical College and Hospital, Valsad, Gujarat.
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Study Duration: The study was carried out from
November 2020 to April 2022.

Sample Size: The sample size was calculated using
a pilot study involving 10 patients. Based on the
mean onset time of motor blockade between the
two groups, the calculated minimum sample size
was 28 patients per group. To compensate for
possible dropouts, 30 patients were included in
each group, giving a total sample size of 60
patients.

Study Population: Sixty adult patients scheduled
for elective upper limb surgeries under ultrasound-
guided supraclavicular brachial plexus block were
enrolled and allocated into two groups of 30
patients each.

Group D: Patients received Dexmedetomidine 1
ng/kg added to 30 mL of 0.5% ropivacaine.

Group B: Patients received Butorphanol 30 pg/kg
added to 30 mL of 0.5% ropivacaine.

Inclusion Criteria

e Patients aged 18—60 years.

e  Either sex.

e American Society of Anesthesiologists (ASA)
physical status I, II, or III.

e Patients undergoing elective upper limb
surgeries under supraclavicular brachial plexus
block.

e Patients willing to provide written informed
consent.

Exclusion Criteria

Refusal to participate.

Bleeding disorders or anticoagulant therapy.

Local infection at the injection site.

Known allergy or contraindication to

ropivacaine, dexmedetomidine, or butorphanol.

Pregnancy and lactation.

e Pre-existing neurological, psychiatric, or
neuromuscular disorders.

e Severe bradycardia, heart block, severe
ventricular  dysfunction (ejection fraction
<30%), or decompensated heart failure.

e Inadequate block requiring supplementation

with general anesthesia.

Preoperative  Assessment:  After obtaining
Institutional Ethics Committee approval and
written informed consent, all patients underwent a
detailed pre-anesthetic evaluation including history,
clinical examination, and routine investigations
comprising complete blood count, random blood
sugar, renal function tests, liver function tests,
serum electrolytes, HIV and HBsAg screening,
chest radiograph, and 12-lead electrocardiogram.

Study Procedure: Standard monitoring including
electrocardiography, non-invasive blood pressure,
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pulse oximetry, and respiratory rate was instituted.
An intravenous line was secured with a 20G
cannula, and crystalloid infusion was commenced.

Ultrasound-guided supraclavicular brachial plexus
block was performed under strict aseptic
precautions with the patient in the supine position
and head turned to the opposite side. A high-
frequency (5-10 MHz) linear ultrasound transducer

Pleura
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was placed in the supraclavicular fossa to identify
the brachial plexus lateral to the subclavian artery.
Using an in-plane technique, a 23G, 1.5-inch
needle was advanced under real-time ultrasound
guidance, and the allocated drug solution was
injected after negative aspiration with adequate
spread around the plexus. Completion of drug
injection was considered time zero. (Figure 1).

Figure 1: Proper dispersion of the local anaesthetic agents (areas shaded in blue) within the tissue sheath
containing the brachial plexus through two different needle position

Outcome Measures
Primary Outcomes

Onset of sensory blockade.

Onset of motor blockade.

Duration of sensory blockade.
Duration of motor blockade.
Duration of postoperative analgesia.
Time to first rescue analgesic.

Secondary Outcomes

e Hemodynamic parameters (heart rate, systolic
and diastolic blood pressure, oxygen
saturation, respiratory rate).

e Sedation score using the Filos four-point
sedation scale.

e Requirement for rescue analgesia.

Block Assessment: Sensory blockade was assessed
by the pin-prick method over the distributions of
the median, ulnar, and radial nerves using a three-
point scale (0 = normal sensation, 1 = analgesia, 2
= complete anesthesia).

Motor blockade was evaluated using the Modified
Bromage Scale for the upper limb. Surgery
commenced only after complete sensory (Grade 2)
and motor blockade (Grade 2) had been achieved.
Postoperative pain was assessed using the Visual
Analogue Scale (VAS).

Rescue analgesia with intravenous tramadol (1
mg/kg) was administered when the VAS score
reached 4 or more. (Figure 2).

e Intraoperative and postoperative
complications.
No Moderate Worst
Pain Pain Pain
| ] l ] l | 1 1
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Figure 2: Wong-Baker FACES Pain Rating Scale depicting pain intensity from 0 (No Pain) to 10 (Worst
Pain), with corresponding facial expressions to facilitate subjective pain assessment

Statistical Analysis: Data were entered into
Microsoft Excel and analyzed using SPSS version
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26.0. Quantitative variables were expressed as
mean + standard deviation (SD) and compared

using the independent Student's t-test.

Qualitative variables were expressed as frequencies
and percentages and analyzed using the Chi-square
test or Fisher's exact test, wherever appropriate.

A p-value <0.05 was considered statistically
significant with a 95% confidence interval.

Results

A total of 60 patients aged 18—60 years undergoing

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Patients were divided into two equal groups:

e  Group B: 30 patients received butorphanol 30
pg/kg with 30 mL of 0.5% ropivacaine.

e  Group D: 30 patients received
dexmedetomidine 1 pg/kg with 30 mL of 0.5%
ropivacaine.

The two groups were comparable regarding
demographic characteristics, ASA physical status,
and duration of surgery. Dexmedetomidine
produced a faster onset and longer duration of
sensory and motor blockade and prolonged the time

upper-limb  surgery ultrasound-guided to first rescue analgesia compared with
supraclavicular brachial plexus block were butorphanol.
included.

Table 1: Comparison of Baseline Characteristics
Variable Group B (n1=30) | Group D (n=30) | Test statistic p-value
Age, years, mean + SD 43.50 +10.88 4030+ 12.75 t=1.046 0.300
Weight, kg, mean + SD 62.20 + 6.84 64.60 + 6.50 t=1.411 0.163
Male, n (%) 25 (83.3) 27 (90.0) — 0.706
Female, n (%) 516.7) 3 (10.0) —
ASA grade [, n (%) 23 (76.7) 23 (76.7) Fisher’s exact=0.286 | 1.000
ASA grade 11, n (%) 6 (20.0) 6 (20.0)
ASA grade 111, n (%) 1(3.3) 1(3.3)
Surgery duration 1-1.5 hours, n (%) | 3 (10.0) 516.7) — 0.783
Surgery duration 2-2.5 hours, n (%) | 26 (86.7) 24 (80.0)
Surgery duration 3 hours, n (%) 1(3.3) 1(3.3)

The mean age and weight were comparable between the

two groups. There were no statistically significant

differences in gender distribution, ASA physical status, or duration of surgery between Group B and Group D.
Therefore, both groups were comparable at baseline.

Table 2: Comparison of Block Characteristics and Duration of Analgesia

Parameter Group B Mean £ SD | Group D Mean =SD | t-value | p-value
Onset of sensory block, minutes 10.82 £ 0.98 4.90 +£0.94 23.819 | <0.001*
Onset of motor block, minutes 15.26 +1.47 9.88 £1.02 16.404 | <0.001*
Duration of sensory block, hours 7.08 £0.60 9.85+0.83 14.748 | <0.001*
Duration of motor block, hours 6.38 £0.65 7.67£0.51 8.462 <0.001*
Time to first rescue analgesia, hours 8.07 £0.64 11.48+1.14 14.261 | <0.001*

*Statistically significant.

The onset of sensory and motor blockade was significantly faster in the dexmedetomidine group. Group D also
demonstrated significantly longer durations of sensory and motor blockade. The time to first rescue analgesia
was prolonged by approximately 3.4 hours in Group D compared with Group B. Thus, dexmedetomidine
provided a faster, longer-lasting block and superior postoperative analgesia.

Table 3: Comparison of Perioperative Heart Rate and Blood Pressure

Time point Group B Mean + SD Group D Mean + SD p-value
Heart rate, beats/min

Preoperative 81.17+£6.28 82.50 £6.36 0.420
Immediately after block 81.97 +£8.38 81.70 £ 7.62 0.900
15 minutes 82.27 +£8.77 80.97 £ 9.05 0.580
30 minutes 81.40 + 8.34 82.27+9.38 0.710
1 hour 81.37+7.90 80.77+7.76 0.770
2 hours 83.27+8.71 82.64 £ 6.84 0.760
4 hours 80.84+7.16 81.47+8.37 0.760
Systolic blood pressure, mmHg

Preoperative 123.27 + 8.55 123.54+£ 6.26 0.900
Immediately after block 122.77+7.93 125.07+£9.71 0.320
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15 minutes 124.37+8.70 123.27+£7.67 0.610
30 minutes 124.54 £9.57 124.70 £ 7.99 0.950
1 hour 122.54+9.41 124.00 + 7.46 0.510
2 hours 123.34 £9.43 124.27 + 8.06 0.690
4 hours 123.70 £9.82 122.94 £7.37 0.740
Diastolic blood pressure, mmHg

Preoperative 79.64 £ 8.37 81.44+7.26 0.380
Immediately after block 80.64 +£8.92 77.54 +£7.81 0.160
15 minutes 80.94+£9.19 79.07 £7.68 0.400
30 minutes 79.50 £9.32 79.10 £8.19 0.870
1 hour 79.07 £8.53 79.40 +7.53 0.880
2 hours 79.34+8.72 79.50 + 6.80 0.940
4 hours 79.10 + 7.74 79.90 £7.92 0.700

Heart rate, systolic blood pressure, and diastolic blood pressure remained stable throughout the perioperative
period in both groups. No statistically significant differences were observed between the groups at any recorded

time point, indicating comparable hemodynamic stability.

Table 4: Comparison of Oxygen Saturation, Respiratory Rate, and Sedation

Parameter Group B Mean + SD Group D Mean = SD p-value
Preoperative SpO2, % 98.10 + 0.89 98.44 + 0.68 0.110
Immediate SpO-, % 98.17+£0.80 98.54 + 0.87 0.090
SpO: at 1 hour, % 97.97+0.72 98.17 £ 0.88 0.340
SpO: at 4 hours, % 98.30 £ 0.71 98.24 + 0.68 0.710
Preoperative respiratory rate/min 12.60 +£1.04 12.84 +£0.80 0.330
Immediate respiratory rate/min 12.54 +£1.01 12.77+£0.78 0.320
Respiratory rate at 1 hour/min 12.54 +£1.01 12.77+£0.78 0.320
Respiratory rate at 4 hours/min 12.54 +£1.01 12.77+£0.78 0.320
Sedation score 1.00 £ 0.00 1.33 £0.47 0.001*

*Statistically significant.

Oxygen saturation and respiratory rate remained
within normal limits and were comparable between
the two groups throughout the observation period.
No evidence of clinically significant respiratory
depression was observed. The mean sedation score
was significantly higher in Group D, indicating
greater but mild sedation with dexmedetomidine.
Patients remained responsive, and no excessive
sedation was reported.

Discussion

The present study compared dexmedetomidine and
butorphanol as adjuvants to 0.5% ropivacaine in
ultrasound-guided supraclavicular brachial plexus
block. The main findings were that
dexmedetomidine produced a significantly faster
onset of sensory and motor blockade, prolonged the
duration of both blocks, and delayed the
requirement for first rescue analgesia compared
with  butorphanol. Both  groups remained
hemodynamically and respiratory stable, although
dexmedetomidine produced a higher but clinically
acceptable level of sedation. The mean onset of
sensory and motor blockade was significantly
shorter in Group D. Similar findings have been
reported by Singh et al., who observed that
dexmedetomidine used with ropivacaine improved
block characteristics and accelerated the onset of
sensory and motor blockade.[8] Swami et al. also

Miruliya ef al.

demonstrated that a2-adrenergic agonists enhance
the quality of supraclavicular brachial plexus block
by facilitating earlier and denser neural
blockade.[9]

The duration of sensory and motor blockade was
significantly longer in the dexmedetomidine group.
Kumar et al. reported that dexmedetomidine added
to ropivacaine prolonged sensory and motor
blockade and improved postoperative
analgesia.[10] Similar observations were made by
Gupta et al, who found that perineural
dexmedetomidine increased block duration and
reduced postoperative analgesic requirements
without causing major adverse effects.[11]

The prolonged effect of dexmedetomidine may be
attributed to peripheral a2-receptor-mediated
vasoconstriction,  reduced local  anesthetic
absorption, inhibition of hyperpolarization-
activated cation currents, and suppression of action
potential propagation in peripheral nerves.
Systematic evidence has also shown that
dexmedetomidine is among the most effective
perineural adjuvants for prolonging peripheral
nerve block duration.[12]

In the present study, the mean time to first rescue
analgesia was significantly longer in Group D than
in Group B. Although butorphanol provided
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satisfactory analgesia, dexmedetomidine produced
a more prolonged analgesic effect. Butorphanol
acts mainly through k-opioid receptor agonism and
partial p-receptor antagonism and may enhance
analgesia when combined with local anesthetics,
but its effect on the onset and duration of neural
blockade appears less pronounced than that of
dexmedetomidine.[13,14]

Marhofer et al. demonstrated that perineural
dexmedetomidine significantly prolonged
ropivacaine-induced peripheral nerve blockade.[15]
Similarly, the systematic review and meta-analysis
by Vorobeichik et al. concluded that perineural
dexmedetomidine prolongs sensory block, motor
block, and analgesia in brachial plexus blocks,
although mild bradycardia and sedation may
occur.[16]

Heart rate, systolic and diastolic blood pressure,
oxygen saturation, and respiratory rate remained
comparable between the two groups throughout the
perioperative period. No clinically significant
respiratory depression was observed. The sedation
score was higher in the dexmedetomidine group,
which was consistent with its central o2-agonist
action. However, the sedation was mild, and
patients remained responsive. The four-point
sedation scale used in this study has been applied in
previous anesthetic research for assessing clinically
relevant sedation.[17]

Postoperative pain assessment using the Visual
Analogue Scale allowed standardized
determination of rescue analgesic requirements.
The VAS is a validated and widely used tool for
measuring pain intensity and evaluating analgesic
efficacy.[18] The findings indicate that
dexmedetomidine was more effective than
butorphanol in improving block characteristics
when added to ropivacaine. However, the study
was limited by its single-center design, relatively
small sample size, and observational methodology.
Larger randomized controlled studies are required
to confirm these findings and evaluate the optimal
dose of both adjuvants.

Conclusion

Dexmedetomidine 1 pg/kg added to 0.5%
ropivacaine provided a significantly faster onset of
sensory and motor blockade, prolonged the
duration of both blocks, and extended postoperative
analgesia compared with butorphanol 30 ug/kg in
ultrasound-guided supraclavicular brachial plexus
block. Both adjuvants maintained satisfactory
hemodynamic and respiratory stability.
Dexmedetomidine produced mild but clinically
acceptable sedation. Therefore, dexmedetomidine
appeared to be a more effective adjuvant than
butorphanol for upper-limb surgeries under
supraclavicular brachial plexus block.
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