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ABSTRACT

Background: Intravenous Regional Anaesthesia (IVRA) is a technically simple, reliable and cost-effective block with high
success rates which can be safely used for limb surgeries, magnesium sulphate improves the quality and duration of
regional analgesia and anaesthesia techniques. The present study aimed to assess whether magnesium as an adjuvant to
lignocaine exerts an added advantage over plain lignocaine in IVRA.

Materials and methods: Hundred patients undergoing various orthopaedic surgeries of forearm were randomized by double
blinded technique. One, group L, received IVRA with 40 ml drug solution prepared by mixing 10 ml of Lignocaine 2% with 30 ml
of normal saline, while the other group LM received 10 ml Lignocaine 2% with magnesium sulphate 1500 mg (in 10 ml of 15%
W/V) and normal saline to make 40 mL. The onset of sensory and motor blockade, the duration of motor blockade, the
duration of analgesia (time to first request for analgesic), the mean time of sensory and motor block recovery, quality of block,
sedation scores and side effects were noted and compared statistically; p-value<0.05 was considered significant.

Results: The onset of sensory block was significantly earlier in group LM (6.02+0.73) compared to group L (6.43+0.81),
p<0.01 and onset of motor block was also significantly earlier in group LM (8.75+1.07) than in group L (9.21+1.07), p<0.01.
The duration of motor blockade duration of analgesia and the mean time of sensory and motor blockade recovery
was significantly prolonged in group LM compared with group L and the difference was statistically significant. The
tourniquet tolerance was better observed in group LM compared to that in group L. The sedation scores, hemodynamic
parameters, side effects and complications were comparable in both groups without significant differences.

Conclusion: The addition of magnesium sulphate) to lignocaine for IVRA fastened the onset of sensory and motor
blockade, increased the duration of analgesia, prolonged the sensory and motor blockade and improved the tourniquet
tolerance significantly when compared to lignocaine used alone.
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This technique provides rapid onset, good muscle
relaxation, rapid recovery and avoids the systemic effects
of general anesthesia. However, because the drug is
rapidly dissipated, there is poor postoperative analgesia,
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INTRODUCTION

Intravenous Regional Anaesthesia (IVRA) may be defined
as a reversible state of anaesthesia produced by the
administration of local anaesthetics into the venous
system of the upper and lower extremities. This technique
is relatively simple, cost-effective, safe and reliable for
surgeries on limbs both in elective and emergency
settings, with success rates between 94% and 98% and
very economical [1].

limited time of surgical anesthesia, the potential for local
anesthetic toxicity, nerve damage secondary to direct
compression by the tourniquet, compartment syndrome
and a rare incidence of loss of limb [2].

To improve the technique, various adjuvants are studied.
Among the most commonly studied adjuvants, opioids
have been shown to improve tourniquet pain and
modestly quicker onset but with the occurrence of nausea,
vomiting and sedation at tourniquet deflation. Though
tramadol and sufentanil have decreased earlier onset of
sensory block no significant postoperative analgesia was
observed. In an attempt to reduce the local anaesthetic
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dose and to improve motor block by adding non-
depolarizing muscle relaxant, it proved’s the benefit of a
reduced dose of local anaesthetic at the cost of increased
time for onset of sensory block. Magnesium has
promising results as analgesia in various clinical
applications with minimal side effects.

We aimed to evaluate the effect of magnesium as an
adjuvant to lignocaine in IVRA, as it’s a biological element
with relatively no adverse effects and is less costly. It is
worthwhile to study the role of supplemental magnesium
in providing perioperative analgesia. The biological basis
for its potential anti-nociceptive effect could be due to its
calcium channel-blocking effect and non-competitive N-
methyl-D-aspartate (NMDA) receptor antagonism. NMDA
receptor antagonists can inhibit the induction of central
sensitisation owing to peripheral nociceptive stimulation
and eliminate hypersensitivity. Moreover, magnesium
sulphate possesses an endothelium-derived nitric oxide-
induced vasodilatory effect. The pneumatic tourniquet
produces ischemia, interfering with nerve dissemination
by oxidative stress and influencing the blood-nerve
barrier. Nitric oxide donors have been demonstrated to
defend vascular endothelium from ischemia/reperfusion-
mediated endothelial dysfunction [3].

Our primary objective was to assess and compare how
magnesium affects block quality in terms of the onset and
duration of sensory and motor block. Our secondary
objectives were to compare the duration of postoperative
analgesia, tourniquet pain and perioperative
haemodynamic parameters in both groups [4].

MATERIALS AND METHODS

After obtaining approval from the institutional ethics
committee (Reg.no: IEC/RMC/2014/062) of Rangaraya
Medical College, Government General Hospital, Kakinada,
we conducted this randomized double-blinded
interventional study at the same hospital.

Sample size

The present study being a thesis project work of limited
duration, we considered 100 patients as achievable
sample in stipulated time period.

100 patients of either gender of class American Society of
Anesthesiologist, ASA-I or ASA-II, between the age groups
of 18 to 45 years, with weight than over 60 kg, admitted
for various elective orthopaedic surgeries of the forearm
were included in the study after taking their written
informed consent. Patients who did not give consent for
IVRA, were allergic to local anaesthetic drugs, crush
injury to operating limb as there can be a risk of local
anaesthetic extravasation, Paget's disease, sickle cell
disease and severe Raynaud’s disease were excluded
from the study. The patients fulfilling inclusion criteria
were randomized into two groups: Group L and group
LM, each comprising 50 patients, respectively. A random
number table for 100 patients was prepared and using
sequentially numbered unrevealing sealed envelopes,
patients were randomly assigned into two groups. Group
L, received IVRA with 40 ml drug solution prepared by

mixing 10 ml of Lignocaine 2% with 30 ml of normal
saline, while the other group LM received 10 ml
Lignocaine 2% with magnesium sulphate 1500 mg (in 10
ml of 15% W/V) and normal saline to make 40 ml. A
different anesthesiologist prepared the drug and
administered it to maintain double-blinding of the study.

The preoperative evaluation was done a day before the
procedure, including the history, general physical
examination and demographic data like age, gender and
weight were recorded and explained about the Visual
Analogue Scale (VAS). Patients were asked to fast for 6
hours for solids and 2 hours for clear liquids before the
start of the procedure. All patients were premedicated
with inj.ondansetron 4 mg LV, and inj.midazolam 0.05
mg/kg 1.V 45 min prior to the procedure. In the operating
room, patients were monitored using all standard ASA
monitors, including electrocardiogram, pulse oximetry
and non-invasive blood pressure. A vein was cannulated
on the dorsum of the hand scheduled for surgery. The
operative arm was elevated for 3 min, then
exsanguinated with an Esmarch bandage and two
pneumatic tourniquets were placed around the upper
arm and the proximal cuff was inflated to 60 mmHg
above the patient’s systolic blood pressure. Circulatory
isolation of the arm was verified by inspection, absence
of radial pulse, and loss of pulse oximetry tracing of the
ipsilateral index finger. Then, an anaesthesiologist who is
blinded to drug preparation administered 10 ml
lidocaine 2%+30 ml of normal saline in group L and 10
lidocaine 2% 10 ml+magnesium sulphate 1500 mg (in 10
ml of 15%W/V)+20 ml normal saline in group LM over
90 seconds. The sensory block was assessed by a
pinprick performed with a 23-gauge hypodermic blunt
needle continuously every 30 seconds. The patient’s
response was evaluated in the dermatomal sensory
distribution of the medial and lateral antebrachial
cutaneous, ulnar, median and radial nerves. Motor
function was assessed by asking the subject to flex and
extend his/her wrist and fingers, and a complete motor
blockade was noted when no voluntary movement was
possible. Onset times for sensory and motor blockade
were noted as the time elapsed from injection of study
drug to sensory blockade achieved in all dermatomes and
to complete motor blockade, respectively. After sensory
and motor block was achieved, the distal cuff was inflated
to 60 mmHg above the patient’s systolic blood pressure,
followed by deflation of the proximal tourniquet when
the patient complaints of tourniquet pain or about 20-30
minutes after the onset of anaesthesia, whichever is
earlier [5].

The procedure was allowed to start when the adequate
block was achieved. Haemodynamic parameters were
recorded 5 minutes before, during and after the injection
of anaesthetic and after release of the tourniquet for at
least 45 minutes and every 15 minutes. Hypotension
(25% decrease from baseline value) was treated with IV
bolus of 6 mg mephentermine, and bradycardia (25%
decrease from baseline value) was treated with atropine
0.6 mg IV stat, and arterial oxygen saturation <91% was
treated with O, supplementation via a face mask. Pain
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scores were observed using Visual Analogue Scale (VAS)
before and after tourniquet application and subsequently
at 5, 10, 15, 20, 30, 40 and 50 min after study drug
administration. Intraoperatively, when tourniquet pain is
>3 on VAS, patients were given inj. fentanyl 1 mcg/kg,
and the total administered dose and time were noted.
Sedation was measured using Wilson's grading score
intraoperatively every 10 min after the injection.

The tourniquet was kept inflated for at least 40 min and
did not exceed 1.5 hr. At the end of the surgery, the
tourniquet deflation was performed by the cyclic
deflation technique. Sensory block recovery time was
noted (time elapsed after tourniquet deflation up to pain
recovery in all dermatomes determined by pinprick test).
Motor block recovery time was noted (the time elapsed
from tourniquet deflation until movement of fingers).
Postoperatively patients were given 75 mg diclofenac
intramuscularly when VAS was >3. The first analgesic
requirement time was also noted (the time elapsed from
tourniquet release until the first patient request for
analgesia [6].

Data analysis was conducted using SPSS version 20
(Chicago, IL: SPSS Inc.). The Independent Student's t-test
was used to analyze the continuous variables, whereas
the chi-square test was used to analyze the categorical
variables. A p-value of less than 0.05 was considered
statistically significant.

RESULTS

A total of 138 patients were screened for the study to
recruit 100 patients, after excluding the patients who
have not met the inclusion criteria (Figure 1). The
procedure was performed successfully in both groups.
The distribution of age of patients was comparable
between both the groups, with mean age in group L was

35.16 yrs and in group LM was 35.86 yrs (p-value 0.34).
Gender distribution was comparable with 38% female
patients in group L while 46% female patients in group
LM out of 50 patients and was statistically analysed using
fisher’s exact test and p value is 0.537 (>0.05) indicating
non significance. The weight distribution in the groups
was comparable with p-value of 0.06 indicating non-
significant randomization. The type and duration of
surgeries in both groups were comparable with no
significant difference (Table 1) [7].

Figure 1: Consolidated Standards of Reporting Trials (CONSORT) flow diagram
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Figure 1: Consolidated Standards of Reporting Trials
(CONSORT) flow diagram.

Table 1: Types of surgery/procedure that the patient underwent.

External fixation 4 8 4 8

k wire fixation 2 4 2 4
ORIF with plating 29 58 28 56

Radial head excision 3 6 3 6
Square nailing of ulna 10 20 11 22

Tendon repair 2 4 2 4
Total 50 100 50 100

Note: P-value=0.537, NS

Onset of sensory blockade

The mean time of onset of sensory blockade was 6.43 *
0.81 min in group L and 6.02 * 0.73 min in group LM
(Table 2). The statistical analysis by unpaired t-test
showed statistically significant difference (p=0.0018)
between the two groups [8].

Onset of motor blockade

The mean time of onset of motor blockade was 9.21 +
1.07 min in group L and 8.75 # 1.07 min in group LM

(Table 2). The statistical analysis by unpaired t-test
showed statistically highly significant difference (p<0.01)
between the two groups.

Initial time of tourniquet pain

Mean onset of tourniquet pain was 51.15 = 4.79 min in
group L and 57.79 #* 5.36 min in group LM (Table 2).
Throughout the operation period if no tourniquet pain
was encountered, the beginning of tourniquet pain was
accepted as the duration of tourniquet application time.
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The statistical analysis by unpaired t test showed
statistically significant difference (p<0.01) between the
two groups [9].

Sensory block recovery time

The mean time of sensory block recovery time was 4.68 *
0.91 min in group L and 5.88 * 0.87 min in group LM
(Table 2). The statistical analysis by unpaired t-test
showed statistically significant difference (p<0.01)
between the two groups.

Motor block recovery time

The mean time of motor block recovery time was 5.43 +
0.95 min in group L and 6.12 + 1.12 min in group LM. The
statistical analysis by unpaired t-test showed statistically
significant difference (p<0.01) between the two groups
(Table 2).

Intraoperative haemodynamics

The mean blood pressures were compared between
group L and group LM, at 0, 5, 10, 15, 20, 25, 30, 45
minutes and after tourniquet deflation (Figure 2). The p

values ranged between 0.22 to 0.7 at different times
which showed that these are not statistically significant
which indicate that both the groups are comparable
without any significant difference.
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Figure 2: The mean blood pressures were compared
between group L and group LM.

The heart rates were compared between group L and
group LM and show no significant difference (Table 2).

Table 2: Comparision of changes in heart rate in the two groups L and LM.

HR Groups Mean SD P-value Inference

Baseline L 80.35 571 0.09 NS
LM 82.31 5.59

5 min L 73.1 5.10 0.09 NS
LM 74.83 4.87

10 min L 74.73 4.72 0.97 NS
LM 74.77 4.68

15 min L 74.75 4.31 0.63 NS
LM 75.19 4.57

20 min L 72.63 4.72 0.22 NS
LM 73.79 4.47

25 min L 75.15 4.36 0.39 NS
LM 75.9 4.17

30 min L 76.15 4.16 0.43 NS
LM 76.77 3.63

45 min L 76.35 4.75 0.98 NS
LM 76.38 4.76

After Tourniquet deflation L 75.23 3.86 0.31 NS
LM 89.31 96.14

Duration of analgesia DISCUSSION

The mean duration of analgesia was 56.02 + 4.02 min in
group L compared to 62.29 * 5.54 min in group LD. The
statistical analysis by unpaired t test showed statistically
significant difference (p<0.0001) between the two
groups.

Although general anaesthesia is routinely used for most
surgical procedures, regional anaesthesia has been
increasing in popularity in recent years due to excellent
outcomes and is sublimed over general anaesthesia due
to various disadvantages of the latter like polypharmacy,
complications of tracheal intubation in high-risk cases,
postoperative nausea, vomiting, respiratory depression
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and cardiovascular instability; most of them can be
mitigated with regional anaesthesia techniques. In the
current study, we selected Intravenous Regional
Anesthesia (IVRA) in regional anaesthesia techniques for
upper limb surgeries as it is most effective in individuals
with multiple injuries compared to brachial plexus
blocks, which is technically difficult in inexperienced
hands requiring expertise in conducting blocks and has
got a higher rate of side effects like pneumothorax,
hemothorax, Horner’s syndrome, phrenic nerve block
and accidental intravascular injection with toxicity.

Onset of block

In our study, the mean time of onset of sensory blockade
was 6.43 * 0.81 min in group L and 6.02 + 0.73 min in
group LM. The onset of the motor block had a mean
duration of 9.21 * 1.07 minutes in group L and had a
mean duration of 8.75 * 1.07 minutes in group LM and a
p-value of <0.01.

The present study corroborates with the study conducted
by Pooja Bansal et al, who studied the effect of
magnesium sulphate and nitroglycerine as potential
adjuncts to lidocaine in intravenous regional anaesthesia.
They studied 75 patients with 3 groups of 25 patients in
each. They observed that the mean onset of sensory and
motor block was earliest in magnesium compared to
nitroglycerine group and control group. Similar results
were also observed in a study conducted by Praviz
Kashefi et al., where they studied the efficacy of
magnesium sulphate as an adjuvant to lignocaine in IVRA
in 40 patients. Their results showed that the onset of
sensory block is 6.20 * 2.35 minutes in the lignocaine
group and a much quicker onset in group M, where it is
4.10 + 2.22 minutes, which is statistically significant.

Also, in a study conducted by Alireza et al., magnesium as
an adjuvant to lignocaine has shown quicker onset of
both sensory and motor block over paracetamol as an
adjuvant, substantiating magnesium as a better choice
over paracetamol.

Sherif et al.,, studied three groups of 20 patients in each
where ropivacaine with magnesium sulphate as adjuvant
provided better results than intravenous magnesium and
plain ropivacaine used in the block. Thus, the role of
magnesium sulphate as an adjuvant to lignocaine in IVRA
is a better option than systemic intravenous drug
administration in quickening the onset of sensory block.
Magnesium sulphate has shown a faster onset of block
compared to nitroglycerine dexamethasone and plain
group in a study conducted by Surinder Singh et al.

Though tramadol has shown better outcomes in
comparison to magnesium as an adjuvant to lignocaine, it
has shown side effects like skin rash.

Thus the role of magnesium sulphate as an adjuvant to
lignocaine in IVRA is observed to be more efficacious in
enhancing the onset of sensory block and motor block
than other adjuvants like paracetamol, nitroglycerine,
dexamethasone etc.

Initial time of tourniquet pain

The mean onset of tourniquet pain was 51.15 * 4.79 min
in group L and 57.79 % 5.36 min in group LM. The
statistical analysis by unpaired t-test showed a
statistically significant difference (p<0.01) between the
two groups, suggesting that the tourniquet tolerance is
better in group LM compared to group L.

Similar results were shown in various studies. Surinder
Singh et al,, in their study, compared the groups receiving
lignocaine+magnesium  sulphate, lignocaine alone,
lignocaine+dexamethasone and lignocaine+nitroglycerine
and found better VAS scores before and after tourniquet
deflation and better tourniquet tolerance in group LM
compared to group L, group LD and group LN.

Thus, in the aforementioned studies, it is observed that
intraoperative VAS scores were minimal with magnesium
sulphate as an adjuvant to lignocaine, which resulted in
better tourniquet tolerance.

Duration of analgesia

In the present study, we observed that the duration of
analgesia in group L had a mean duration of 56.02 + 4.02
minutes and the mean duration was 62.29 + 5.54 minutes
in group LM and a p-value of <0.01 (p<0.05), which is
considered statistically significant which infers a
significant prolongation of analgesia in group LM. Our
findings are consistent with the findings of Praviz et al;
Singh S et al. and Turan et al.

Sensory and motor block recovery time

The mean duration of sensory block recovery was 4.68 *
0.91 minutes in group L and 5.88 * 0.87 min in group LM.
The mean duration of motor block recovery was 5.43 *
0.95 minutes in group L and 6.12 *+ 1.12 minutes in group
LM. The statistical analysis by unpaired t-test showed a
statistically significant difference (p<0.01) between the
two groups in both.

Similar results were seen in studies conducted by Pooja
Bansal et al., where the mean sensory block recovery
time was 3.28 + 1.33 in a group with lignocaine alone as
compared to 6.48 * 0627 in group M (lignocaine
+Magnesium sulphate). Various other studies also
demonstrated prolonged motor and sensory block in the
magnesium group over other adjuvants or control groups
in their respective studies. Thus, it is shown that the
duration of sensory block is prolonged significantly in the
magnesium group, which is a desired response.

In our study we observed that there was no statistical
difference between the groups for sedation scores both in
intraoperative period and postoperative period. None of
the patients in both groups showed significant
haemodynamic changes requiring treatment.

Side effects like nausea, vomiting and dry mouth were
negligible in both the groups. One of the advantages of
IVRA with magnesium sulphate and Lidocaine, especially
in developing countries where majority of patients are of
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low socioeconomic status and cannot afford expensive
techniques, long term hospital stays, is that it is very cost
effective and cheap as compared to general anaesthesia
and post-operative analgesia costs. Furthermore the
reduced hospital stay is also a definite advantage of this
technique, reducing significant burden on limited
medical resources of our country.

Limitations of this study

There are a number of limitations for this study. First,
since this is a limited period study hence sample size was
determined as per the duration of the study. In our study
a particular range of age and weight group were
included, this may limit the generalization of the findings
to broader groups of demographic variables. Hence a
further large scale study incorporating multiple age and
weight groups so as to negate the pharmacodynamics
variables involved.

CONCLUSION

In conclusion, our study provides further evidence for the
efficacy and safety of magnesium sulfate as an adjuvant
to lidocaine in IVRA for elective hand surgery. The
addition of magnesium sulfate can lead to a quicker onset
of anesthesia, prolonged duration of analgesia and
improved tourniquet tolerance. These benefits can
contribute to a more comfortable and efficient surgical
experience for patients.
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