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Abstract:  
Background: Adjuvants are frequently added to local anesthetics to improve the efficacy of regional anesthesia 
and extend postoperative analgesia. Dexmedetomidine, an α2-adrenergic agonist, and fentanyl, a μ-opioid receptor 
agonist, are commonly used adjuvants. Their comparative effectiveness in supraclavicular brachial plexus block 
remains a subject of ongoing investigation. 
Aim: To compare the onset, duration, and analgesic efficacy of dexmedetomidine versus fentanyl as adjuvants to 
0.75% ropivacaine in ultrasound-guided supraclavicular brachial plexus block. 
Methods: A randomized, prospective clinical study was conducted on 92 ASA I/II patients aged 18–60 years 
undergoing upper limb surgeries. Patients were divided into two groups: Group D received 0.75% ropivacaine 
with 1 µg/kg dexmedetomidine, and Group F received 0.75% ropivacaine with 1 µg/kg fentanyl. Block charac-
teristics, analgesia duration, hemodynamic parameters, and adverse effects were recorded and analyzed. 
Results: Group D showed significantly faster onset and prolonged duration of sensory and motor blocks, along 
with longer analgesia duration (736.5 ± 32.8 min vs. 654.2 ± 25.6 min, p < 0.001). Hemodynamic changes were 
mild and manageable in both groups. 
Conclusion: Dexmedetomidine is more effective than fentanyl as an adjuvant to ropivacaine in supraclavicular 
brachial plexus block, offering superior block quality and extended postoperative analgesia. 
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Introduction 

Regional anesthesia techniques have changed the 
landscape of perioperative pain management, partic-
ularly in upper limb surgeries for which supraclavic-
ular brachial plexus block (SCBPB) is often pre-
ferred for its rapid onset, dense anesthesia, and an 
intraoperative environment that is reliable [1]. The 
supraclavicular approach to the brachial plexus pro-
vides the advantage of blocking the brachial plexus 
when it is compactly arranged in the supraclavicular 
space, which favors providing sensory and motor 
blockade in a uniform fashion [2]. When comparing 
regional anesthesia to general anesthesia, peripheral 
nerve blocks have theoretical and clinical ad-
vantages such as allowing the avoidance of airway 
instrumentation or airway management, reduced 
systemic medications needed, decreased incidence 
of nausea and vomiting, and improved postoperative 
pain control. The introduction of ultrasound guid-
ance has also improved the accuracy and safety of 

SCBPB and ultrasonography has improved our 
placement success rate and reduced adverse events, 
such as pneumothorax and inadvertent vascular 
puncture, from the SCBPB. In the group of long-act-
ing amide local anesthetics, ropivacaine is a com-
mon choice because of its pharmacologic attributes 
(such as differential blockade favoring sensory over 
motor fibers) along with less cardiotoxic character-
istics than bupivacaine [3,4]. 

To increase the effectiveness and duration of nerve 
blocks, a variety of adjuncts can be co-administered 
with local anesthetics. Dexmedetomidine, a selec-
tive α2-adrenergic receptor agonist, has emerged as 
a popular perineural adjunct because of its sedative, 
anxiolytic, and analgesic effects without significant 
respiratory depression [5]. It works by hyperpolariz-
ing nerve fibers, inhibiting release of norepineph-
rine, and reducing sympathetic outflow, thereby im-
proving the quality and duration of sensory and 
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motor block. Fentanyl, a strong μ-opioid receptor 
agonist is another common adjunct that increases 
postoperative analgesia through the periphery at 
nerve endings and central modulation of nociceptive 
pathways [6]. However, assessing the comparative 
efficacy of these agents when used in conjunction 
with ropivacaine in SCBPB is in the midst of a con-
tinuing clinical investigation with both similarities 
and divergence in regards to onset times, duration of 
block, analgesic effects, and side effect profiles. 

Recent clinical trials have focused on assessing the 
best adjuvants for regional blocks to improve patient 
outcomes [7]. Evidence from previous randomized 
controlled trials suggests that dexmedetomidine may 
provide a faster onset, and prolonged duration of 
sensory and motor block, compared to fentanyl as an 
adjuvant when they are added to ropivacaine [8]. 
Such differences are important enough to warrant 
comparison for anesthetic practice. The current 
study was undertaken to assess and compare dexme-
detomidine versus fentanyl as adjuvants to 0.75% 
ropivacaine with ultrasound guided supraclavicular 
brachial plexus block clinical effectiveness. The 
main outcome was to assess and compare the onset 
time of sensory block, onset time of motor block, 
duration of block and duration of postoperative an-
algesia between the adjuvant’s groups. 

Methodology 

Study Design and Setting: This study was a pro-
spective, randomized, comparative clinical trial, 
conducted in the Department of Anaesthesiology, 
Phulo Jhano Medical College, Dumka, Jharkhand, 
India, over a period of one year. 

Study Population: A total of 92 patients scheduled 
to undergo elective upper limb orthopedic surgeries 
under supraclavicular brachial plexus block were in-
cluded in the study. All patients belonged to the 
American Society of Anesthesiologists (ASA) phys-
ical status I or II and were aged between 18 and 60 
years. 

Eligibility Criteria 

Inclusion Criteria 

• Patients aged 18–60 years 
• ASA physical status I or II 
• Scheduled for upper limb orthopedic surgery 

under supraclavicular brachial plexus block 
• Weight between 50–85 kg 
• Duration of surgery not exceeding 2 hours 

Exclusion Criteria 

• Known allergy or hypersensitivity to ropiva-
caine or study adjuvants 

• Local infection at the site of injection 
• Pre-existing neurological deficit in the upper 

limb 

• Coagulation disorders or patients on anticoagu-
lant therapy 

• Severe hepatic or renal dysfunction 
• Refusal to give informed consent 

Randomization and Group Allocation: Patients 
were randomized into two equal groups (n = 46 per 
group) using a computer-generated randomization 
table. Group allocation was concealed using sealed 
opaque envelopes. The study was double-blinded; 
both the patient and the investigator assessing out-
comes were unaware of the group allocation. 

• Group D (Dexmedetomidine Group): Re-
ceived 20 mL of 0.75% ropivacaine + 1 µg/kg 
of dexmedetomidine 

• Group F (Fentanyl Group): Received 20 mL 
of 0.75% ropivacaine + 1 µg/kg of fentanyl 

The total volume of the drug mixture was standard-
ized across both groups. 

Procedure: In the operating theatre, standard moni-
tors (ECG, non-invasive blood pressure, pulse oxi-
meter) were attached. An intravenous line was se-
cured, and preloading was done using Ringer lactate 
(10 mL/kg). Under full aseptic precautions, an ultra-
sound-guided supraclavicular brachial plexus block 
was administered using a high-frequency linear 
transducer. The brachial plexus was identified, and 
the drug solution was injected after negative aspira-
tion for blood. 

Outcome Measures 

Primary Outcomes: 

• Onset time of sensory block (time from injec-
tion to loss of pinprick sensation) 

• Onset time of motor block (time to complete 
motor paralysis) 

• Duration of sensory block (time from onset to 
return of pinprick sensation) 

• Duration of motor block (time from onset to re-
turn of motor function) 

• Duration of analgesia (time from block to first 
request for rescue analgesia) 

Secondary Outcomes: 

• Hemodynamic stability (heart rate, blood pres-
sure, SpO₂) 

• Sedation scores 
• Adverse effects (bradycardia, hypotension, nau-

sea, vomiting, respiratory depression) 

Statistical Analysis: Data were recorded and ana-
lyzed using SPSS version 27.0 (software version to 
be specified). Quantitative data were expressed as 
mean ± standard deviation and analyzed using inde-
pendent sample t-test or Mann-Whitney U test de-
pending on normality of distribution. Categorical 
data were expressed as frequencies and compared 
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using Chi-square test. A p-value < 0.05 was consid-
ered statistically significant. 

Results 

A total of 92 patients were enrolled and equally ran-
domized into two groups. Both groups were compa-
rable in baseline demographic and clinical parame-
ters. The results were analyzed to compare block 
characteristics, duration of analgesia, sedation, and 
hemodynamic changes between the dexmedetomi-
dine and fentanyl groups. Table 1 represents the de-
mographic profile of patients in Group D (dexme-
detomidine) and Group F (fentanyl), each consisting 
of 46 participants. The groups were statistically 
comparable across all baseline characteristics. The 

mean age was 37.4 ± 11.6 years in Group D and 36.9 
± 12.1 years in Group F (p = 0.78), indicating no 
significant difference. Gender distribution (M/F) 
was similar between groups (28/18 in Group D vs. 
27/19 in Group F, p = 0.84). The average body 
weight was 65.1 ± 7.9 kg in Group D and 64.7 ± 8.2 
kg in Group F (p = 0.69), and the average height was 
165.8 ± 6.9 cm and 166.3 ± 7.1 cm in Groups D and 
F, respectively (p = 0.75). Additionally, the distribu-
tion of ASA physical status I and II was comparable 
(26/20 in Group D and 27/19 in Group F, p = 0.81). 
These findings confirm that the two groups were de-
mographically’ well matched, ensuring the internal 
validity of the comparative analysis.

 
Table 1: Demographic Data of Patients in Both Groups (n = 92) 

Parameter Group D (n=46) Group F (n=46) p-value 
Age (years) 37.4 ± 11.6 36.9 ± 12.1 0.78 
Gender (M/F) 28 / 18 27 / 19 0.84 
Weight (kg) 65.1 ± 7.9 64.7 ± 8.2 0.69 
Height (cm) 165.8 ± 6.9 166.3 ± 7.1 0.75 
ASA Physical Status (I/II) 26 / 20 27 / 19 0.81 

 
Table 2 represents the comparison of onset and du-
ration of sensory and motor block between Group D 
(dexmedetomidine) and Group F (fentanyl). The on-
set of sensory block was significantly faster in 
Group D (6.30 ± 1.15 minutes) compared to Group 
F (9.95 ± 1.22 minutes), with a p-value < 0.001. 
Similarly, the onset of motor block occurred earlier 
in Group D (9.75 ± 0.90 minutes) than in Group F 
(12.85 ± 1.76 minutes), also showing high statistical 
significance (p < 0.001). In terms of block duration, 

Group D demonstrated a longer sensory block dura-
tion (541.3 ± 47.9 minutes) compared to Group F 
(489.8 ± 45.6 minutes), and a prolonged motor block 
duration (530.1 ± 46.8 minutes vs. 462.4 ± 35.2 
minutes in Group F), both with p-values < 0.001. 
These findings indicate that dexmedetomidine as an 
adjuvant to ropivacaine significantly accelerates the 
onset and prolongs the duration of both sensory and 
motor block compared to fentanyl.

 
Table 2: Onset and Duration of Sensory and Motor Block 

Parameter Group D (n=46) Group F (n=46) p-value 
Onset of sensory block (min) 6.30 ± 1.15 9.95 ± 1.22 < 0.001 
Onset of motor block (min) 9.75 ± 0.90 12.85 ± 1.76 < 0.001 
Duration of sensory block (min) 541.3 ± 47.9 489.8 ± 45.6 < 0.001 
Duration of motor block (min) 530.1 ± 46.8 462.4 ± 35.2 < 0.001 

 
Table 3 represents ‘the comparison of analgesia du-
ration and hemodynamic changes between Group D 
(dexmedetomidine) and Group F (fentanyl). The du-
ration of analgesia was significantly longer in Group 
D (736.5 ± 32.8 minutes) compared to Group F 
(654.2 ± 25.6 minutes), with a highly significant p-
value < 0.001. Intraoperative bradycardia was ob-
served in 3 patients (6.5%) in Group D and none in 
Group F, though this difference was not statistically 
significant (p = 0.08). Similarly, hypotension epi-
sodes occurred in 2 patients (4.3%) in Group D and 

1 patient (2.1%) in Group F (p = 0.56). Nausea or 
vomiting was slightly more common in Group F 
(6.5%) compared to Group D (2.1%), but this differ-
ence was not significant (p = 0.31). Sedation scores 
greater than 2 were reported in 4 patients (8.7%) in 
Group D and 1 patient (2.1%) in Group F (p = 0.17). 
These results suggest that while dexmedetomidine 
provides significantly longer postoperative analge-
sia, it may be associated with a slightly higher, 
though not statistically significant, incidence of se-
dation and bradycardia.
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Table 3: Duration of Analgesia and Hemodynamic Changes 
Parameter Group D (n=46) Group F (n=46) p-value 
Duration of analgesia (min) 736.5 ± 32.8 654.2 ± 25.6 < 0.001 
Intraoperative bradycardia (%) 3 (6.5%) 0 0.08 
Hypotension episodes (%) 2 (4.3%) 1 (2.1%) 0.56 
Nausea/Vomiting (%) 1 (2.1%) 3 (6.5%) 0.31 
Sedation score >2 (%) 4 (8.7%) 1 (2.1%) 0.17 

 
Table 4 represents the block success rate and the re-
quirement for supplemental intraoperative analgesia 
in both study groups. A complete block was 
achieved in 97.8% of patients in Group D and 95.6% 
in Group F, with no statistically significant differ-
ence (p = 0.56). Partial block occurred in 2.2% of 
patients in Group D and 4.4% in Group F, also show-
ing no significant variation (p = 0.56). Notably, none 

of the patients in Group D required supplemental in-
traoperative analgesia, while 2 patients (4.4%) in 
Group F did; however, this difference was not statis-
tically significant (p = 0.15). These findings indicate 
that both adjuvants provided high block success 
rates, but dexmedetomidine may offer slightly more 
consistent block efficacy with reduced need for in-
traoperative analgesic intervention.

 
Table 4: Block Success Rate and Need for Supplemental Analgesia 

Outcome Measure Group D (n = 46) Group F (n = 46) p-value 
Complete block achieved (%) 45 (97.8%) 44 (95.6%) 0.56 
Partial block (%) 1 (2.2%) 2 (4.4%) 0.56 
Supplemental intraoperative analgesia required (%) 0 (0%) 2 (4.4%) 0.15 

 
Table 5 represents the distribution of sedation scores 
between Group D (dexmedetomidine) and Group F 
(fentanyl) based on the Modified Ramsay Sedation 
Score. In Group D, a higher proportion of patients 
exhibited deeper levels of sedation, with 13.0% 
reaching Score 4 (brisk response to stimuli) and 
39.1% at Score 3 (responds to commands), com-
pared to only 2.2% and 19.6%, respectively, in 
Group F. Conversely, lighter sedation (Score 2 – 

cooperative and oriented) was more prevalent in 
Group F (71.7%) than in Group D (43.5%). Mild ag-
itation or anxiety (Score 1) was noted in a small 
number of patients in both groups—4.3% in Group 
D and 6.5% in Group F. These findings suggest that 
dexmedetomidine produced a more pronounced sed-
ative effect than fentanyl, which may contribute to 
better intraoperative patient comfort without com-
promising responsiveness.

 
Table 5: Sedation Score Distribution (Modified Ramsay Sedation Score) 

Sedation Score Group D (n = 46) Group F (n = 46) 
Score 1 (Anxious, agitated) 2 (4.3%) 3 (6.5%) 
Score 2 (Cooperative, oriented) 20 (43.5%) 33 (71.7%) 
Score 3 (Responds to commands) 18 (39.1%) 9 (19.6%) 
Score 4 (Brisk response to light glabellar tap or loud noise) 6 (13.0%) 1 (2.2%) 

 
Table 6 represents the requirement for postoperative 
rescue analgesia in the first 24 hours following sur-
gery. None of the patients in Group D required anal-
gesia within the first 6 hours, whereas 4 patients 
(8.7%) in Group F did, a difference that was statisti-
cally significant (p = 0.04). Between 6 to 12 hours 
postoperatively, 13.0% of patients in Group D re-
quired analgesia compared to 47.8% in Group F (p 
< 0.001), and after 12 hours, 87.0% of Group D pa-
tients required analgesia, whereas only 43.5% of 

Group F patients reached this time point before 
needing intervention (p < 0.001). Additionally, the 
mean number of analgesic doses required in the first 
24 hours was significantly lower in Group D (1.1 ± 
0.3) than in Group F (2.4 ± 0.6), with a highly sig-
nificant p-value of < 0.001. These findings indicate 
that dexmedetomidine as an adjuvant to ropivacaine 
provides more prolonged and effective postopera-
tive analgesia, significantly reducing the need for 
early rescue analgesia compared to fentanyl.

 
Table 6: Postoperative Rescue Analgesia Requirement 

Time After Surgery Group D (n = 46) Group F (n = 46) p-value 
Within 6 hours 0 (0%) 4 (8.7%) 0.04 
Within 6–12 hours 6 (13.0%) 22 (47.8%) <0.001 
After 12 hours 40 (87.0%) 20 (43.5%) <0.001 
Mean number of analgesic doses (first 24 hrs) 1.1 ± 0.3 2.4 ± 0.6 <0.001 
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Table 7 represents the intraoperative hemodynamic 
parameters in both study groups. The mean heart 
rate was significantly’ lower in Group D (68.5 ± 6.1 
bpm) compared to Group F (75.2 ± 7.4 bpm), with a 
p-value < 0.001, indicating a statistically significant 
difference. Similarly, the mean arterial pressure 
(MAP) was slightly lower in Group D (82.4 ± 5.6 
mmHg) than in Group F (85.1 ± 6.2 mmHg), with a 
p-value of 0.02, also showing statistical 

significance. However, oxygen saturation remained 
stable and comparable between the groups, with 
Group D at 98.3 ± 0.6% and Group F at 98.4 ± 0.5% 
(p = 0.45). These findings suggest that dexme-
detomidine is associated with modest but statisti-
cally significant reductions in heart rate and blood 
pressure, likely due to its sympatholytic effects, 
while maintaining adequate oxygenation throughout 
the procedure.

 
Table 7: Hemodynamic Parameters (Intraoperative Mean Values) 

Parameter Group D (n = 46) Group F (n = 46) p-value 
Mean Heart Rate (bpm) 68.5 ± 6.1 75.2 ± 7.4 <0.001 
Mean Arterial Pressure (mmHg) 82.4 ± 5.6 85.1 ± 6.2 0.02 
Oxygen Saturation (%) 98.3 ± 0.6 98.4 ± 0.5 0.45 

 
Discussion 

This randomized, prospective clinical investiga-
tional study aimed to assess and compare the value 
of dexmedetomidine to fentanyl as adjuvants to 
0.75% ropivacaine in the setting of an ultrasound-
guided supraclavicular brachial plexus block. Using 
dexmedetomidine versus fentanyl provided clear ev-
idence that dexmedetomidine improved block char-
acteristics and prolonged analgesia while having an 
acceptable safety profile.  

Table 1 shows that patient baseline characteristics 
were no different between groups, thereby eliminat-
ing demographic pre-bias. Although the onset of 
sensory and motor block was significantly quicker 
in the dexmedetomidine group, our results corrobo-
rate Esmaoglu et al., who found the addition of dex-
medetomidine (in levobupivacaine) led to a quicker 
onset of sensory and motor block, and block quality 
was also enhanced in brachial plexus anesthesia [9]. 
The most likely explanation rests on dexme-
detomidine's ability to work synergistically with lo-
cal anesthetics through hyperpolarization-activated 
cation current inhibition, which increases sodium 
channel blockade and the delay of nerve conduction. 

Furthermore, the duration of sensory and motor 
blocks and postoperative analgesia were statistically 
longer in the dexmedetomidine group, consistent 
with the work of Natarajan et al., (2022), who iden-
tified that perineural dexmedetomidine hyperbaric 
ropivacaine for supraclavicular block could prolong 
block duration and decrease rescue analgesia use 
[10]. Swami et al., (2012) also noted comparable 
findings where when dexmedetomidine was added 
to bupivacaine in brachial plexus block duration of 
analgesia was far better than that of clonidine [11]. 
There was a markedly decreased utilization of sup-
plemental analgesia in the dexmedetomidine group 
also highlighting that dexmedetomidine in the peri-
neural local anesthetic setting can provide prolonged 
analgesic effects. Abdallah et al., (2015) showed 
from their systematic reviews and meta-analysis, 
and the conclusions can provide strong evidence. for 

us. We found that dolorous utilization of post-oper-
ative opioids was seen to be lower, free playing had 
extraordinarily prolonged toxic effects when the 
dexmedetomidine was employed in peripheral nerve 
block in all comparisons [12]. 

Although both groups achieved a high block success 
rate, the dexmedetomidine group had a slightly 
higher complete block rate, along with no use of in-
traoperative rescue analgesia. The sedation profile 
of dexmedetomidine encouraged a higher proportion 
of patients to experience mild to moderate sedation 
(Ramsay Scores 3 and 4), which could be helpful 
with intraoperative comfort. These effects are con-
sistent with findings reported by Brummett et al., 
(2011) who demonstrated that dexmedetomidine 
was able to provide sedation and anxiolysis without 
considerable respiratory depression in regional an-
esthesia [13]. There were hemodynamic effects such 
as statistically significant decreases in heart rate and 
mean arterial pressure, although these were tolerated 
clinically in the dexmedetomidine group. These 
findings are in keeping with the sympatholytic ef-
fects observed with α2-agonists. There are studies 
such as Memiş et al., (2004) that have observed 
comparable hemodynamic profiles to ours when 
dexmedetomidine was added to lidocaine for intra-
venous regional anesthesia [14]. 

In summary, our results strongly confirm sufficient 
evidence in the literature that dexmedetomidine is a 
better adjuvant to ropivacaine versus fentanyl with 
considerations for block characteristics, postopera-
tive analgesia, and patient preference, with accepta-
ble hemodynamic stability. In addition, it provides 
significant reduction in postoperative analgesic re-
quirements as such may be a future opportunity to 
improve regional anesthesia quality. 

Conclusion 

The results of this study show that dexmedetomidine 
appears to be a more adjunct as compared to fentanyl 
when combined with 0.75% ropivacaine for a supra-
clavicular brachial plexus block. Dexmedetomidine 
significantly reduced the onset time of both sensory 
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and motor blocks, prolonged the duration of the 
blocks, and extended postoperative analgesia with 
little need for rescue analgesia. Additionally, dex-
medetomidine provided mild sedation and stable he-
modynamic parameters without serious complica-
tions or adverse effects. These clinical findings sup-
port the use of dexmedetomidine in brachial plexus 
block to improve block quality and postoperative pa-
tient comfort in upper limb surgery. Further large-
scale studies are warranted to determine the level of 
safety associated with the use of dexmedetomidine 
and its postoperative effects on outcomes in the sur-
gical population. 
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