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Abstract

Background: Previous studies have been conducted to evaluate the effect of different adjuvants on brachial plexus block.
Objectives: This study investigated the effect of adding magnesium sulfate to lidocaine on postoperative pain in upper limb surg-
eries by supraclavicular brachial plexus block under ultrasound guidance.
Methods: This study was carried out on patients who were candidate for upper limb surgeries. This was a controlled double-blind
study conducted on a number of 52 patients aged 18 - 75 years with ASA class I or II. The first group (M) received lidocaine 1% (4 mg/kg)
plus fentanyl 50 micg and magnesium sulfate 20% (5 mL) while the second group (N) received lidocaine 1% (4 mg/kg) plus fentanyl
50 micg and normal saline (5 mL) to supraclavicular brachial plexus block under ultrasound guidance. Postoperative pain was
evaluated by visual analog scale (VAS) until 24 hours. Sensory and motor blocks onset and duration, rescue analgesics, hemodynamic
variables, and side effects were recorded for all the patients.
Results: Postoperative VAS values at 24 hours were significantly lower in group M than group N (P < 0.0001). Sensory and Motor
blocks onset and duration were statistically longer in group M than group N (P < 0.0001).
Conclusions: The addition of magnesium sulfate to lidocaine decreased the postoperative pain and increased the onset and dura-
tion of sensory and motor blocks in supraclavicular brachial plexus block under ultrasound guidance in upper limb surgeries.
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1. Background

Effective postoperative analgesia improves patient’s
outcome in terms of early ambulation, decreased compli-
cations, and reduced incidence of postoperative chronic
pain (1). Regional anesthesia is a safe and effective method
for upper limb surgeries. This method can prolong analge-
sia and reduce postoperative pain (2). Nowadays, periph-
eral nerve block has found an important role in anesthe-
siology. Safety and high success rate have made it a com-
mon technique in outpatient and inpatient anesthesia. Up-
per limb surgeries are mostly performed under peripheral
nerve blocks such as brachial plexus block (3). Brachial
plexus may be blocked in the level above the clavicle as in-
terscalene and supraclavicular blocks or below the clavi-
cle as infraclavicular and axillary blocks (4). Supraclavic-
ular brachial plexus block is used for surgeries of the up-
per limb below the arm, from elbow to hand. Brachial
plexus is blocked in the level between trunks and divi-
sions. In this level, a small volume of local anesthetic is
needed for reliable block. The guide of ultrasound allows

the anesthesiologist to see the subclavian artery as a bold
marker and neural structures around it above the 1st rib
(5). Under ultrasound guidance, performing peripheral
nerve blocks decreases the complications associated with
blind techniques such as intravascular injection, pneu-
mothorax, hematoma, etc., by better visualization of local
anesthetic spread, leading to a decrease in the amount of
local anesthetic to provide anesthesia. Patients develop se-
vere pain after the end of local anesthetic effects; there-
fore, increasing the duration of local anesthetics is impor-
tant (6). Lidocaine is an aminoamide, moderate acting lo-
cal anesthetic that blocks the peripheral afferents acting
on voltage-dependent sodium channels. Local anesthet-
ics provide good anesthesia in regional blocks, but have
shorter duration of postoperative analgesia. Thereby, var-
ious adjuncts like opioids, clonidine, neostigmine, dex-
amethasone, dexmedetomidine, ketorolac, ketamine, and
low-level laser therapy, have been used in regional blocks
to achieve desirable analgesia (3, 7, 8). Magnesium sul-
fate is an N-methyl D-aspartate (NMDA) receptor antago-
nist in the central nervous system (CNS) and peripheral
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nervous system (PNS). The NMDA receptor complex con-
tains binding sites for antagonists such as magnesium.
Magnesium is used as adjuvant in peripheral nerve block
(9, 10). Anti-nociceptive effects of magnesium are due to
the regulation of calcium influx into the cell and antago-
nism of the NMDA receptors. Many clinical studies have
demonstrated that magnesium used during general anes-
thesia reduced anesthetic requirement and postoperative
rescue analgesic. Magnesium has been commonly used as
antihypertensive agent. Magnesium may prevent postop-
erative shivering (11). More recently, it has been shown that
magnesium sulfate decreased the effects of aminoamide
local anesthetics on rat sciatic nerves in vivo. Hence, based
on this paradoxical data, currently magnesium cannot be
recommended as an adjuvant to enhance nerve blocks and
needs to further studies (12).

2. Objectives

Improving the effects of local anesthetics in regional
blocks and management of postoperative acute pain are
important for patients after surgeries. Various supraclavic-
ular brachial plexus block methods and anatomical varia-
tions in the brachial plexus call for more studies. This study
was designed to evaluate the effect of magnesium sulfate
as an adjuvant on postoperative pain in upper limb surg-
eries by supraclavicular brachial plexus block under ultra-
sound guidance.

3. Methods

This randomized controlled, double blind clinical
trial study was carried out after obtaining approval
from the ethical committee of Ahvaz Jundishapour Uni-
versity of Medical Sciences (ethical approval number:
IR.AJUMS.REC.1395.61) and registering the proposal of
the study in the Iranian Research Clinical Trials center
(IRCT2016051727954N1). The study setting was Imam
Khomeini Hospital that is a trauma center in the south-
west area of the country in the period between April and
October 2016. From patients scheduled for upper limb
orthopedic surgery (with traumatic fractures and tendon
damages), 52 patients aged between 18 and 75 years, of
both sexes, and with ASA class I or II (as inclusion crite-
ria) were prospectively enrolled in this study. Exclusion
criteria included: patient’s refusal, hypersensitivity to
drugs of study, coagulopathy, local skin site infection,
traumatic nerve injury of upper limb, and any drugs or
opium abuse. On entering the patient in the operation
room, basic monitoring was applied (such as ECG, pulse
oximeter, and noninvasive blood pressure monitoring),

and baseline parameters were recorded. Details of anes-
thesia technique and study protocol as well as visual
analog scale (0 = no pain and 10 = worst pain imaginable)
were explained to the patients. Written informed consent
was obtained from all the patients. An intravenous (IV)
line (20G catheter) was inserted in the contralateral upper
limb. IV infusion of normal saline 5 mL/kg was started and
oxygen was given at 3 L/min via face mask. All the patients
received midazolam 0.03 mg/kg and fentanyl 3 mcg/kg as
IV premedication. For randomization, 52 flash cards (26 M
and 26 N) were made and mixed in a box, and given to the
nurse in the operation room. Any patient participating
in the study referred to the nurse and received one flash
card. The chosen flash card was sent out of the cycle and
not allowed to be used again. Thereby, the patients were
randomly divided into two groups; the first Group (M)
received 4 mg/kg lidocaine 1% (Aburaihan Co., Iran) plus 50
micg fentanyl plus 5 mL magnesium sulfate 20% (Pasteur
Institute, Iran), and the second group (N) received 4 mg/kg
lidocaine 1% plus 50 micg fentanyl plus 5 mL normal saline
0.9%. The dose of magnesium sulfate was determined
based on previous studies (1, 12). The nurse of operation
room prepared the drug components. Before procedure,
the patients were placed in the supine position with their
head turned to contralateral side. The supraclavicular
area was cleaned using an antiseptic iodine solution and
draped. The anesthesiologist performing supraclavicular
block was unaware of the constituents of the drugs and
group allotments. Similarly, research assistants keeping
records of different parameters including VAS score were
also unaware of group allotment and drugs used in the
block. Thus, blinding was properly maintained. To per-
form supraclavicular blockade, the ultrasound apparatus
(EdgeTM Mini-Dock, FUJIFILM Sonosite, WA 98021 USA) was
applied to see the brachial plexus at the level between
trunks and divisions. A linear array ultrasound transducer
was used in the study. After infiltration of the site of needle
insertion by local anesthetic, a sterile 45 mm, 22G needle
(Sonoplex®, B. Braun, Germany) under ultrasound guid-
ance was inserted and after reaching the tip of the needle
near the subclavian artery around the brachial plexus,
solution was injected and spread of drug was visualized.
The continuous aspiration and injection was taken to
avoid intravascular injection. After performing the block
on the patients, hemodynamic parameters and all compli-
cations related to supraclavicular block (pneumothorax,
hematoma, hypotension, bradycardia, etc.) were recorded.
After completing the block, the surgery started. In order
to evaluate the sensory block, pinprick test was used every
5 minutes until total analgesia was obtained in all the four
nerves (median, ulnar, radial, and musculocutaneous)
distributions. The data were recorded as follows: 0 = no
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block, 1 = partial block, and 2 = complete loss of sensation
to pinprick. Motor evaluation was performed by using a
three-point scale test (2 = normal movement, 1 = paresis
with some movement possible, and 0 = total paralysis).
Motor and sensory blocks were recorded every 5 minutes
for the first 30 minutes, then every 10 minutes for another
30 minutes, and every 15 minutes till end of the surgery.
After the end of motor block, the patient had complete
movement. The end of sensory block was defined as pain
sensation with pinprick test. After finishing surgery and
removal of the patients to the recovery room, research
assistants completed the questionnaires of study. When
the operation was over, VAS score was measured at 0,
1, 2, 4, 8, 16, and 24 hours. Meperidine 0.2 mg/kg was
given intravenously when VAS > 3 cm. The raw data were
entered into a MicroSoft Excel spreadsheet and analyzed
using standard statistical software SPSS, version 22.00
(SPSS Inc., Chicago, IL, USA). We performed Shapiro-wilk
test for normality of the data distribution. The Chi-square
test and sample t-test were used to analyze data. The data
were summarized as mean ± standard deviation or as
minimum and maximum or percentages. P-value of less
than 0.05 was considered significant. Generalized estimat-
ing equations (GEE) models were used to determine the
relationship between the type of medicine and alterations
in VAS score, blood pressure, and heart rate at different
time points of study. GEE models consisted of two main
effects: type of medicine and time point, and relationship
between them.

4. Results

A number of 52 patients participated in the study that
equally distributed in two groups; one group (M) received
lidocaine plus magnesium and the other group (N) re-
ceived lidocaine plus normal saline. Table 1 shows the de-
mographic data of both groups (M and N). There were no
statistical differences in the demographic data of the pa-
tients between the two groups. Hemodynamic variables
(blood pressure and heart rate) were stable in all the pa-
tients of both groups. None of the patients had severe com-
plications and none of them were excluded from the study.
Motor and sensory blocks characteristics of both groups
(M and N) are shown in Table 2. During postoperative pe-
riod, the patients were monitored for pain using VAS score
at various time intervals till 24 hours (Table 3). Rescue anal-
gesic was given when pain score was VAS > 3cm. The mean
duration of analgesia (when patients demanded the first
dose of rescue analgesia) was 8.00±0.00 hours in the case
group M and 4.26 ± 1.88 hours in the control group N. The
mean dose of rescue analgesic (meperidine) consumption
in 24 hours was 17.50 ± 5.00 mg in the case group M and

22.89± 7.69 mg in control group N. Comparison of the VAS
score in the case group M and control group N at differ-
ent time points till 24 hours after surgery is illustrated in
Figure 1. Hemodynamic parameters remained stable and
similar in the two groups at all the measurement intervals.
The pattern of mean Systolic Blood Pressure alterations in
the case group M and control group N had no significant
differences (P = 0.13). Also, the pattern of mean Diastolic
Blood Pressure alterations in the case group M and control
group N had no significant differences (P = 0.62). The pat-
tern of mean Heart Rate alterations in the case group M and
control group N had no significant differences (P = 0.38).
The patients were monitored for side effects and complica-
tions after supraclavicular block till 24 hours. In group M,
one patient (3.8%) and in group N three patients (11.5%) had
Nausea after supraclavicular brachial plexus block. One pa-
tient in each group (3.8%) had Hematoma in the site of in-
jection in supraclavicular brachial plexus block.
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Figure 1. Time-Series Comparison of the VAS Score in the Two Groups

Table 1. Baseline Characteristics of the Participantsa , b

Characteristics GroupN (N = 26) GroupM (N = 26) P Value

Gender, No. (%) 1.00

Female 8 (30.8) 8 (30.8)

Male 18 (69.2) 18 (69.2)

Age, y 37.03±12.23 36.65±13.93 0.91

Height, cm 172.50±9.33 172.03±9.91 0.86

Weight, kg 75.26±10.77 75.61±14.77 0.92

aData are expressed as mean±SD unless otherwise stated.
bGroup N: Lidocaine + Normal saline; group M: Lidocain + Magnesium.
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Table 2. Sensory and Motor Block Characteristics of the Participantsa

Characteristics GroupN (N = 26) GroupM (N = 26) P Value

Rescue Analgesic (%) < 0.0001

Yes 19 (84.6) 4 (26.9)

No 7 (15.4) 22 (73.1)

Sensory Block Onset,min 10.07 ± 1.68 14.23±2.23 < 0.0001

Sensory Block Duration,min 103.81 ± 8.09 123.38±6.72 < 0.0001

Motor Block Onset,min 17.59 ± 1.84 23.00±2.13 < 0.0001

Motor Block Duration,min 80.25 ± 6.80 92.80±7.33 < 0.0001

aData are expressed as mean ± SD unless otherwise stated.

Table 3. VAS During 24 Hours After Surgery Between the Two Study Groupsa

Variables Time points of Study, h P Valueb

Baseline 1 2 4 8 16 24

VAS < 0.0001

GroupN 0.50 (0.12) 2.11 (0.13) 2.65 (0.13) 3.57 (0.16) 3.07 (0.17) 2.00 (0.09) 1.76 (0.10)

GroupM 0 (0)c 0.65 (0.12)c 1.23 (0.16)c 1.84 (0.17)c 1.96 (0.26)c 0.76 (0.14)c 0.50 (0.10)c

aThe values are expressed as mean (SE).
bThe P-value for Group-Time interaction (Based on the results of GEE analysis)
cP < 0.05 for statistical difference between the two groups at the same time-points.

5. Discussion

This study showed that the addition of 5 mL magne-
sium sulfate 20% to lidocaine increased the duration of
analgesia and reduced postoperative pain in supraclavic-
ular brachial plexus block under ultrasound guidance in
upper limb surgeries, as well as delayed the analgesic re-
quest after surgery. In this study, we found that magne-
sium sulfate caused retardation in onset of sensory and
motor blocks, but increased the duration of sensory and
motor blocks in supraclavicular brachial plexus block un-
der ultrasound guidance in upper limb surgeries. Mag-
nesium sulfate had no effect on hemodynamic variables
in supraclavicular brachial plexus block under ultrasound
guidance in upper limb surgeries. In this study, the most
complication after supraclavicular brachial plexus block
under ultrasound guidance in upper limb surgeries was
“Nausea”. Rao et al. in Andhra Pradesh, India, in 2015, con-
cluded in one study that the addition of magnesium sul-
fate to 0.5% bupivacaine in supraclavicular brachial plexus
block for upper limb surgeries increased the duration of
sensory and motor blocks in comparison with the use of
0.5% bupivacaine, although the change was not statisti-
cally significant (2). Haghighi et al. in Guilan, Iran, in 2014,
investigated the effect of magnesium in axillary brachial
plexus block when added to lidocaine in upper limb surg-

eries, and reported that the addition of magnesium sulfate
to lidocaine significantly increased the duration of sen-
sory and motor blocks in comparison with the use of lido-
caine alone (13). Abdelfatah et al. in Cairo, Egypt, in 2013,
demonstrated that, the addition of magnesium sulfate
to lidocaine in interscalene brachial plexus block signifi-
cantly increased analgesic duration and reduced postop-
erative pain and opioid requirements in shoulder arthro-
scopic acromioplasty (14). Lee et al. in Seoul, Korea, in 2011,
found out that, magnesium sulfate added to bupivacaine
for interscalene brachial plexus block reduced postopera-
tive pain in arthroscopic repair of rotator cuff (15). Previous
studies were conducted with magnesium doses of 150, 300,
450, and 600 mg and their authors proposed to increase
the dose of magnesium in future. Hence, we conducted
this study with magnesium dose of 1000 mg and observed
the increased effects of magnesium that is in line with pre-
vious investigations. Further studies need to be carried out
using other adjuvants in low-level laser therapy, and vari-
ous local anesthetics in different peripheral nerve blocks
under ultrasound guidance.
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