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Background: Brachial plexus block is used as a surgical anesthesia and analgesia
for postoperative pain. Recently, the use of local anesthetics for regional nerve
block has been enhanced by mixing them with a different class of drugs as
adjuvants. These adjuvants of local anesthetics improved the quality and
duration of nerve block and reduced the dose-dependent side effects of local
anesthetics. However, the effectiveness of these adjuvants varies depending
on the nature of the nerve block and the type of local anesthetics used.
Therefore, we aimed to compare the postoperative analgesic effectiveness of
dexamethasone vs. tramadol when used as adjuvants to bupivacaine for
ultrasound-guided supraclavicular block in upper extremity surgery.
Methods: Utilizing a prospective cohort study design, 126 consecutive patients
who were undergoing upper extremity surgery with ultrasound-guided
supraclavicular block were included. Patients were divided into three groups
based on the preference of the responsible anesthetist to use adjuvants with
bupivacaine for the block. The dexamethasone group (n= 42) were given
30 ml of 0.25% bupivacaine with 8 mg dexamethasone, the tramadol group
(n= 42) were given 30 ml of 0.25% bupivacaine with 100 mg tramadol, and the
non-adjuvant group (n= 42) were given 30 ml of 0.25% bupivacaine alone.
The primary outcomes evaluated were postoperative pain severity using the
numerical pain rating scale (NRS), the duration of analgesia, and the total
postoperative analgesic consumption. Secondary outcomes included the
incidence of postoperative complications.
Result: A total of 126 patients were recruited and analyzed. There was no
statistical difference in the demographic data among the groups. The
postoperative NRS score was significantly reduced in the dexamethasone and
tramadol group compared with the non-adjuvant group (p < 0.001). The NRS
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score in the dexamethasone group at 18 and 24 h was statistically much lower than
in the tramadol and non-adjuvant group. The postoperative duration of analgesia
was significantly prolonged in the dexamethasone (1,069 ± 316.99 min) group
compared with the tramadol (617.02 ± 214.05 min) and non-adjuvant (434.17 ±
111.23 min) groups (p < 0.001). Patients in the non-adjuvant group had a
significantly higher total analgesic consumption over 24 h. The dexamethasone
group experienced significantly fewer incidences of nausea, with no differences
in other complications among the groups.
Conclusion: The addition of dexamethasone as an adjuvant to bupivacaine for
ultrasound-guided supraclavicular block improves postoperative analgesia. We
recommend the integration of dexamethasone as an adjuvant to local
anesthetics during nerve blocks to enhance postoperative pain management
after surgery.

KEYWORDS

postoperative analgesia, ultrasound-guided supraclavicular block, adjuvants, bupivacaine,
dexamethasone, tramadol, upper extremity surgery
Introduction

Brachial plexus block (BPB) is now widely practiced as a single

anesthesia technique and/or as part of multimodal analgesia in

upper extremity surgeries (1, 2). Supraclavicular block is an

effective technique for BPB in surgeries in all portions of the

upper extremity below the shoulder joint, e.g., the elbow,

forearm, and hand. It is carried out at the division of the

brachial plexus and is traditionally called the “spinal of the upper

extremities” (1–4).

Local anesthetics for nerve block are given at higher doses,

possibly resulting in a dose-dependent side effect on the

cardiovascular and nervous systems. In addition, the limitation of

the use of local anesthetics for nerve blocks is that the analgesic

effect of the block lasts only a few hours, resulting in early

moderate to severe pain; therefore, there is a need for adjuvant

therapies (5–7).

Several adjuvants have been used to attempt to prolong the

analgesia provided by peripheral nerve block (PNB), including

perineural dexamethasone and tramadol (8–10). Dexamethasone

is a steroid that can reduce pain and the inflammatory response

to tissue damage after surgery. Its analgesic mechanism as an

adjuvant is not clearly known but is believed to be due to a

decrease in inflammation by inhibiting the release of

phospholipase α2 and also by blocking the transmission of pain

through the nociceptive C-fibers (11, 12). Tramadol is a μ-

agonist opioid that inhibits the reuptake of norepinephrine and

serotonin. These neurotransmitters are involved in descending

inhibitory pain pathways associated with pain relief (13, 14).

Several studies have demonstrated a prolonged duration of

analgesia associated with PNB when adjuvants were added to

local anesthetics (8, 10, 15). Evidence on the effectiveness of

adjuvants in resource-limited areas is scarce. Although catheter

insertion and patient-controlled analgesia are viable in high-

income settings, they are often impractical in low-resource

environments due to costs, catheter shortages, and a lack of

trained staff. Using adjuvants in nerve blocks is a practical
02
approach to ensure effective postoperative pain management in

upper extremity surgery. Studying the effectiveness of adjuvants

with local anesthetics in these settings is crucial in assessing

feasibility, safety, and benefits. We hypothesized that the use of

dexamethasone as an adjuvant with bupivacaine for

supraclavicular blocks will provide better postoperative analgesia

than tramadol. Therefore, this study evaluated the postoperative

analgesic effectiveness of dexamethasone vs. tramadol given as an

adjuvant to bupivacaine for ultrasound-guided supraclavicular

block in patients undergoing upper extremity surgery.
Materials and methods

Study design and patients

The study was conducted at Sodo Christian General Hospital

(SCGH) over 6 months, from 5 March to 5 September 2020, and

ethical clearance was obtained from the Institutional Review Board

(IRB) of Wolaita Sodo University, College of Health Sciences and

Medicine (decision number 1091/1090/12) on 2 March 2020.

Written informed consent was obtained from each participant. The

study was registered in a research registry with the unique

identification number of researchregistry7977, which can be found

at https://www.researchregistry.com/browse-the-registry#home/.

The study was reported in line with Strengthening the Reporting

of Cohort, Cross-Sectional, and Case-Control Studies (STROCSS)

criteria: www.strocssguideline.com (16).

A prospective cohort study was conducted on patients aged

>18 years who had an American Society of Anesthesiologists

(ASA) physical status of I and II, were scheduled for elective

upper extremity surgery, and required supraclavicular block.

Patients with a history of chronic pain illness and untreated

preoperative pain from any source, with a failed or partial block,

given additional blocks to supraclavicular block, who were

uncooperative, and/or had any contraindications to block or

known allergies to medications were excluded from the study.
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Sample size

Although no previous studies had been conducted in this

research area, the results of a study conducted in India were used

as base data to calculate the sample size. From this study, the

mean duration of analgesia (1,023.87 ± 161.01, 454.47 ± 44.29),

which provides a larger sample size than other outcome

variables, was used to calculate the sample size (17). Based on

this information, the sample size was calculated with the

statistical software used for previous power analyses (G power

version 3.1.9.4). After inputting a substituting power of 80%, a

type I alpha error of 0.05, and an effect size of 0.8 into the

software, a sample size of 105 was obtained. After adding a 10%

contingency and considering an equal allocation ratio of one to

one, the total sample size became 126. A consecutive sampling

technique was used to select study participants, and all patients

who met the inclusion criteria were included until the sample

size was achieved.
Data collection procedure

On the morning of surgery, a trained anesthesia professional

evaluated the patients for eligibility and collected preoperative

data by history taking and chart reviewing after obtaining

informed written consent. In addition, patients were instructed

on how to self-report pain in the numeric pain rating scale

(NRS) score.

Upon patient arrival in the operating room, routine standard

monitoring was applied, with the measurement of baseline vital

signs—heart rate (HR), blood pressure (BP), and oxygen

saturation (SpO2)—throughout the procedure. Then, patients

were placed in a suitable position under all aseptic conditions

and ultrasound-guided supraclavicular block was administered
FIGURE 1

Patient allocation and enrollment chart of patients scheduled for upper ext
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as an anesthesia technique for upper extremity surgery. As our

institution has not yet allowed randomized control trials

(RCTs), patients were not randomized but were instead

classified into dexamethasone (n = 42), tramadol (n = 42), and

non-adjuvant (n = 42) groups depending on the choice and

decision of the anesthetist in charge to use adjuvants for local

anesthetics during nerve block. To improve the quality and

duration of supraclavicular block, our institution used

dexamethasone (8 mg) or tramadol (100 mg) as adjuvants to

30 ml of 0.25% bupivacaine. Following the block, patients were

classified into a dexamethasone group (given 8 mg of

dexamethasone as an adjuvant to 30 ml of 0.25% bupivacaine),

tramadol group (given 100 mg of tramadol as an adjuvant to

30 ml of 0.25% bupivacaine), or non-adjuvant group (given

30 ml of 0.25% bupivacaine without adjuvants) (Figure 1).

Then, the time of the block performed was recorded and the

onset of the block was checked up to 30 min. The block was

considered to have failed when sensation and pain were felt

upon a traumatic pinprick with a blunt needle at the blocked

site after 30 min.

After surgery, patients were discharged from the

operating room to the post-anesthesia care unit (PACU), where

postoperative pain severity, the duration of analgesia, total

postoperative analgesic consumption, and the incidence

of postoperative complications were assessed and recorded up to

24 h by data collectors who were unaware of the group allocation.

The primary outcome measures included postoperative pain

severity, the mean duration of analgesia, and total postoperative

analgesic consumption, which were obtained when patients

arrived in the PACU 6, 12, 18, and 24 h postoperatively. Patients

were asked to report their postoperative pain using a

standardized 11-point NRS from 0 (no pain) to 10 (worst

imaginable pain). In addition, the time of the first analgesic

request and total analgesic consumption were recorded on the
remity surgery under supraclavicular block.
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patient’s chart. Secondary outcomes, such as the incidence of

postoperative complications related to the adjuvants (nausea,

vomiting, shivering, hypotension, bradycardia, and respiratory

complications), were recorded and informed treatment as per the

hospital protocols. Patients who experienced nausea were treated

with 10 mg of metoclopramide intravenously (IV).

The quality of data maintained through a questionnaire

was pre-tested on 5% of the sample size at Wolaita Sodo

University Comprehensive Specialized Hospital, and necessary

modifications were made based on the nature of the gaps

identified in the questionnaire. In addition, training was

provided to the data collectors and supervisor. Patients were

closely supervised and followed-up during the data collection,

and the collected data were cross-checked for their completeness,

clarity, and consistency.
Operational definitions

Duration of analgesia
The time in minutes from the onset of blockage to the first time

analgesia was administered.

Total consumption of analgesia
The total dose of analgesic medication administered in

milligrams within the first 24 h after the onset of nerve block.

Failed block
When patients perceive a pinprick sensation after 30 min of the

block procedure.

Onset of nerve block
No sensation and pain are felt upon a traumatic pinprick with a

blunt needle at a blocked site.

Numerical pain rating scale
A valid pain assessment tool in which patients are asked

to score their pain ratings on a scale of 0–10, where 0 = no pain,

1–3 = mild pain, 4–6 =moderate pain, 7–9 = severe pain, and

10 = worst possible pain.
Data analysis and interpretation

After manual checks for data completeness, the data were

entered into EPI-info 7 and transferred for analysis to SPSS

version 25. Data were tested for normality using a histogram,

Q-Q plot inspection, and the Shapiro–Wilk test. After checking
TABLE 1 Demographic characteristics of the patient groups who underwent

Variables Dexamethasone group (n = 42) Tramadol g
Age 34.57 ± 10.08 28.14

BMI 23.62 ± 3.23 22.7

Sex Male 30 (71.4%) 28

Female 12 (28.6%) 14

Frontiers in Anesthesiology 04
homogeneity of variance by Levene’s test normally distributed

and continuous data were analyzed using one-way analysis of

variance (ANOVA) with post hoc analysis for multiple test and

non-normally distributed data were analyzed using Kruskal-

Wallis H rank test. Comparisons of categorical variables were

analyzed using Pearson’s chi-squared test or Fisher’s exact test

with post hoc as required. Results are presented as mean ± SD for

symmetric data and median ± IQR for asymmetric data, whereas

categorical data are reported as counts and percentages. P- < 0.05

was considered statistically significant.
Results

A total of 126 patients were recruited during the study period

and analyzed based on whether they received dexamethasone,

tramadol, or a non-adjuvant to bupivacaine for ultrasound-

guided supraclavicular block in upper extremity surgery. The

patient demographic characteristics age, sex, and BMI were

comparable between groups (Table 1). Most of the patients were

in ASA status I and were treated by senior orthopedic specialists,

but there were no significant differences between the three

groups. Patient characteristics, such as mean vital signs,

intraoperative blood loss, intraoperative fluid balance, and the

duration of surgery, were also comparable between the groups,

with a p > 0.05, as shown in Table 2.

Postoperative pain severity on the NRS was significantly lower

in patients in the dexamethasone group at 12, 18, and 24 h

postoperatively [H = 57.43 (2, N = 126), p < 0.001, η2 = 0.454].

The proportion of variability in the NRS score ranked by the

dexamethasone and tramadol groups was 0.454, indicating a

strong relationship between dexamethasone and tramadol and

the change in the NRS score. Post-hoc analysis showed a

significant reduction in the NRS score between dexamethasone

and the non-adjuvant group, with an adjusted p < 0.001. In

addition, there was a reduction in the NRS score between the

tramadol and non-adjuvant groups, with an adjusted p <0.001

at the 12th, 18th and 24th hours. However, a significant

difference in the NRS score between the dexamethasone and

tramadol groups was detected only at the 18th and 24th hours

(Table 3, Figure 2).

The mean duration of analgesia was greater in the

dexamethasone group (1,069 ± 316.99) than in the tramadol and

non-adjuvant groups (p < 0.001). A post-hoc analysis showed

the duration of analgesia was significantly prolonged between

the dexamethasone and tramadol groups, the dexamethasone

and non-adjuvant groups, and the tramadol and non-adjuvant

groups (Table 4).
upper extremity surgery under ultrasound-guided supraclavicular block.

roup (n = 42) Non-adjuvant group (n = 42) p-value
± 11.80 35 ± 13.57 0.796

4 ± 3.36 20.62 ± 2.76 0.376

(66.7%) 32 (76.2%) 0.065

(33.3%) 10 (23.8%)
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TABLE 2 Perioperative characteristics of the patient groups who underwent upper extremity surgery under ultrasound-guided supraclavicular block.

Intraoperative variables Dexamethasone group
(n= 42)

Tramadol group
(n = 42)

Non-adjuvant group
(n = 42)

p-value

ASA status ASA I 35 (83.3%) 37 (88.1%) 34 (81%) 0.36

ASA II 7 (16.7%) 5 (11.9%) 8 (19%)

Type of surgical procedure Elbow 18 (42.9%) 10 (23.8%) 20 (47.6)% 0.51

Forearm 16 (38.1%) 24 (57.1%) 13 (31%)

Wrist 8 (19%) 8 (19%) 9 (21.4%)

Orthopedic specialist’s experience Senior 33 (78.6%) 32 (76.2%) 36 (85.7%) 0.401

Resident 9 (21.4%) 10 (23.8%) 6 (14.3%)

Estimated intraoperative blood loss 486.9 ± 209.25 446.43 ± 207.89 310.71 ± 158.55 0.903

Estimated intraoperative fluid balance 1,411.9 ± 595.18 1,585.71 ± 709.03 1,234.52 ± 543.53 0.552

Duration of Surgery 105.71 ± 59.85 102.19 ± 54.25 90.60 ± 47.41 0.31

TABLE 3 Comparison of the pain severity score (NRS) between the dexamethasone, tramadol, and non-exposed groups, who underwent upper extremity
surgery under ultrasound-guided supraclavicular block.

Variables Dexamethasone group (n = 42) Tramadol group (n= 42) Non-adjuvant group (n = 42) p-value
0 h (at recovery) 0 (0–0) 0 (0–0) 0 (0–0) 0.82

6 h 0 (0–0) 0 (0–2) 0 (0–2.25) 0.42

12 h 0 (0–0) 0 (0–2) 4 (2.75–6) <0.001**

18 h 0 (0–4.25) 4 (3–5) 5 (4–6) <0.001**

24 h 3 (0–5) 5 (4–6) 6 (5–7) 0.002*

The symbols * and ** denote a significant difference (p < 0.05).

FIGURE 2

Comparisons of pain intensity by NRS score between the dexamethasone, tramadol, and non-adjuvant groups who underwent upper extremity
surgery under ultrasound-guided supraclavicular block.

TABLE 4 Comparison of the duration of analgesia between the dexamethasone, tramadol, and non-exposed groups, who underwent upper extremity
surgery under ultrasound-guided supraclavicular block.

Variables Dexamethasone group
(n = 42)

Tramadol group
(n= 42)

Non-adjuvant group
(n = 42)

p-value

Duration of postoperative analgesia (min) 1,069 ± 316.99 617.02 ± 214.05 434.17 ± 111.23 <0.001

Tadesse et al. 10.3389/fanes.2024.1423919
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Total diclofenac consumption was significantly different

between the groups [H = 26.65 (2, N = 126) p < 0.001, η2 =

0.206]. The medium effect size of 0.206 indicates that the

dexamethasone and tramadol groups had a proportionate

variation in median total diclofenac consumption. Furthermore,

post-hoc comparison showed no statistically significant

differences in total analgesic consumption between the

dexamethasone and tramadol groups. The cumulative

consumption of diclofenac at different intervals between groups

was also significantly different. Cumulative diclofenac

consumption showed a significant difference between

dexamethasone and non-adjuvant at the 12th hour with an

adjusted p-value <0.01. However, there were no statistically

significant differences in cumulative diclofenac consumption

between tramadol and non-adjuvant at all-time intervals for

24 h except at the 18th hour (Table 5).

With regard to postoperative complications, the overall

incidence of nausea and vomiting was 19.84% over 24 h.

However, the proportion of patients experiencing nausea was

significantly lower in the dexamethasone group (3.17%) than in

the tramadol (7.14%) and non-adjuvant (9.52%) groups [χ2 (2,

N = 126) = 3.76, p = 0.026]. However, there was no difference in

the incidence of sedation and hypotension between the groups.

There were no recorded complications such as pneumothorax,
TABLE 5 Comparison of analgesic consumption between groups, who unde
block.

Variables Dexamethasone group (n = 42) Tramadol g
0 h (at recovery) 0 (0–0) 0

6 h 0 (0–0) 0

12 h (0–0) 0

18 h 0 (0–0) 0

24 h 0 (0–75) 75

The symbols * and ** denote a significant difference (p < 0.05).

FIGURE 3

The incidence of postoperative complications between groups wh
supraclavicular block.

Frontiers in Anesthesiology 06
systemic local anesthetic toxicity, failed block, or hand weakness

between groups (Figure 3).
Discussion

Our study demonstrated that dexamethasone is a

more effective adjuvant to bupivacaine than tramadol for

enhancing postoperative analgesia in ultrasound-guided

supraclavicular blocks. It significantly reduces postoperative pain,

prolongs analgesia duration, and decreases total analgesic

consumption after upper extremity surgery. In addition, tramadol

is an effective adjunct compared with bupivacaine alone for

postoperative pain management in this context. This is in line

with other studies of upper extremity surgeries (14, 18–21).

The median (interquartile range) NRS score of the

dexamethasone group after 18 h postoperatively, in our case, was

0 (0–4.25), which was comparable with the study in India, 2.73

and 1.96 in Visual Analogue Scale (VAS) at 12 h and 24 h,

respectively (22). This finding was also comparable with previous

studies in which dexamethasone and tramadol decreased

postoperative pain and the requirement for analgesia, and

prolonged the duration of analgesia in upper extremity

surgery (14, 18–21).
rwent upper extremity surgery under ultrasound-guided supraclavicular

roup (n= 42) Non-adjuvant group (n = 42) p-value
(0–0) 0 (0–0) 0.999

(0–0) 0 (0–0) 0.70

(0–0) 0 (0–75) 0.002*

(0–75) 75 (0–75) <0.001**

(0–75) 75 (56.25–75) <0.001**

o underwent upper extremity surgery under ultrasound-guided
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This study shows that tramadol decreases pain intensity for the

first 12 h and analgesic consumption for up to 24 h during the

postoperative period. This result was in line with a study by

Khosa et al. in Dera Ghazi Khan, in 2015, which compared the

tramadol group with a non-exposed group, that showed a lower

VAS score in the tramadol group (23). In addition, previous

studies that have examined the analgesic effects of tramadol in

patients undergoing an open cholecystectomy and upper

extremity procedure reported comparable results (12, 14, 24–26).

In this study, the mean time for the duration of analgesia by

one-way ANOVA was significantly prolonged in the

dexamethasone group [mean time, 1,069 ± 316.99 min vs. the

tramadol group; mean time: 617.02 ± 214.05 min (p < 0.001)]. In

a study by Shrestha et al., the mean time to the first analgesic

request in the dexamethasone group for upper extremity surgery

was comparable with our study (1,028.17 ± 194.51 min). This

finding was also supported by other studies. However, a study

conducted by Kiran showed that the mean time to the first

analgesic request in the dexamethasone group was 20.66 min.

This could be due to the difference in surgery and block types

(open cholecystectomy with oblique subcostal transversus

abdominis plane block), the use of different local anesthetics with

a short duration of action (ropivacaine), or the hospital pain

management protocol (22).

In our study, the mean time to the first analgesic request in

the tramadol group for upper extremity surgery was 617.02 min

(p < 0.001). In contrast, the study by Kumar et al. reported a

time to the first analgesic request of 12.8 ± 0.86 h. This could be

due to the difference in the local anesthesia drug

(levobupivacaine) (24). Another study by Soulioti et al. reported

that the time to the first analgesic request in the tramadol group

was 13 ± 2.3 h. One reason for this difference in the duration of

time compared with our study may be the technique used

(supraclavicular block vs. interscalene block) (13).

In addition, we found that the total amount of analgesic

consumption during the 24-h postoperative period was lower. The

median diclofenac consumption was 0 (0–75) and 75 (0–75) mg

in the dexamethasone and tramadol groups, respectively. This

result contrasted with a previous study by Acharya et al. in which

the total diclofenac consumption of the dexamethasone group was

100 (100–200); this could be due to the short duration of

analgesia compared with the present study (27).

The current study has certain limitations, including a lack of

randomization and an outcome that was only assessed up to 24 h

postoperatively, thus potentially missing longer-term effects or

complications. It was conducted at a single institution, which

may restrict the generalizability of the findings to other settings

with different patient populations and surgical practices.

In conclusion, the use of dexamethasone as an adjuvant to

bupivacaine for ultrasound-guided supraclavicular block improves

postoperative analgesia for upper extremity surgery. This study

showed a prolonged duration of analgesia, a reduced

postoperative pain score, and reduced total analgesic

consumption. We recommend the integration of dexamethasone

as an adjuvant to local anesthetics for nerve blocks to enhance

postoperative pain management after surgery.
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