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ABSTRACT

Background: Spinal anesthesia is an established mode of anesthesia for lower limb
orthopedic surgeries. The limitations of the technique are short duration of action and
limited post-operative analgesia. Concomitant use of intravenous infusion of magnesium
sulfate may have an effect on the block characteristics and duration of action of
intrathecal bupivacaine. Methods: A total of 80 American Society of Anesthesiologists |
and Il patients, either sex, 20-60 years of age scheduled for elective orthopedic fixation
of fracture of long bones of lower limbs under spinal anesthesia were included. Spinal
anesthesia administered with 2.5 ml heavy bupivacaine mixed with 10 mcg fentanyl.
The groups were then divided to receive an infusion of injection magnesium sulfate 50
mg/kg/h over 15 min followed by 15 mg/kg/h until the end of the surgery (Group M)
and 15 ml of Normal Saline over 15 min followed by 100 ml/h until the end of surgery
(Group S). Onset, duration of sensory and motor block and amount of post-operative
analgesic were noted. Results: A total of 6 patients (Group M) and seven patients
(Group S) had inadequate block and excluded from the study. Mean block height was
T6. Time required to achieve block height was 8.82 min versus 7.42 min in Groups M
and S respectively (P = 0.04). Mean duration of motor block was longer in group M
(160.63 = 17.76 min) compared with Group S (130.12 + 20.70 min) (P = 0.000).
Time for regression of sensory block to T12/L1was 206.88 + 20.96 min (Group M)
and 163.88 = 15.46 min (Group S) (P = 0.000). Hemodynamic parameters were
similar and statistically not significant. Need for first analgesic requirement was after
262.88 £ 21.11 minin group M and 193.25 + 17.74 min in the group S (P = 0.000).
Mean dosage of tramadol needed in first 24 h was less in group M (190 = 30.38 mg
vs. 265 + 48.30 mg, P = 0.000). Conclusion: Use of intravenous magnesium with
spinal anesthesia reduces post-operative pain and analgesic consumption.
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INTRODUCTION

the patient discomfort while leaving physiologic nociceptive
mechanisms intact so as to function as an early warning
symptom.['?

Fundamental of regional anesthesia is pharmacologically
interrupting transmission of sensation in the specific
nerve fiber. The sensory signals generated by tissue
damage triggers a state of increased excitability, leading to
prolonged post-operative pain or sensitization to such pain.
The optimal pain treatment pre-empts the establishment of
pain hypersensitivity during and after surgery by minimizing

Access this article online

Quick Response Code:

Website:

www.saudija.org

DOL:
10.4103/1658-354X.125945

Vol. 8, Issue 1, January-March 2014

Spinal anesthesia is an established mode of anesthesia for
lower limb orthopedic surgeries because of its simplicity,
ease of administration and absence of side-effects of
general anesthesia. The limitations of the technique
are short duration of action and limited postoperative
analgesia. Additives to local anesthetic agent’s solutions
increases the duration of the spinal block and modulate
post-operative analgesia.

Magnesium (Mg) is the fourth common cation in body.
Anti-nociceptive effects of Mg are due to regulation
of calcium influx into the cell and antagonism of the
N-methyl D-aspartate NMDA receptors. Numerous clinical
investigations have demonstrated that Mg infusion during
general anesthesia reduced anesthetic requirement and
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post-operative analgesic consumption.’# The addition of
intrathecal Mg to bupivacaine prolonged the time of two
segment regression of spinal block height but did not affect
maximum sensory level or the time to reach the highest
level of sensory block.Pl

With this background, we hypothesized that concomitant
use of intravenous infusion of magnesium sulfate may
have an effect on the block characteristics and duration of
action of intrathecal bupivacaine. This study was planned to
evaluate and observe the effect of concomitant intravenous
infusion of magnesium sulfate in the patients undergoing
lower limb orthopedic surgery under subarachnoid block
with Bupivacaine.

METHODS

This prospective randomized trial was conducted after
institutional ethics approval and written consent from the
patients. A total of 80 American Society of Anesthesiologists
(ASA) 1 and II patients, either sex, 20-60 years of age
scheduled for elective orthopedic fixation of fracture
of long bones of lower limbs under spinal anesthesia
were included. Exclusion criteria’s included patient’s
refusal for spinal anesthesia, ASA 111 and IV patients, age
> 00 years, Body weight > 120 kg or height < 150 cm,
known allergy to study drug and known contraindications
to spinal anesthesia. Patients fulfilling inclusion criteria were
randomized by computer generated randomization into two
groups to receive injection magnesium sulfate 50 mg/kg/h
over 15 min followed by infusion 15 mg/kg/h until the end
of the surgery (Group M) and 15 ml of normal saline over
15 min followed by infusion at the rate of 100 ml/h till the
end of surgery (Group S).

All patients were kept nil per oral for 6 h and received tablet
alprazolam 0.25 mg night before and on the day of surgery.
Intravenous (i.v) access was established and preloading with
500 ml Ringer Lactate was carried out. Routine monitors
such as non-invasive blood pressure, Pulse oximeter (SpO,),
Electrocardiogram were attached and baseline parameters
recorded. Spinal anesthesia was administered in L3-1.4
intervertebral space in sitting position using 23G Quincke’s
needle and 12.50 mg of injection Bupivacaine mixed with
10 ug Fentanyl was administered in both groups. The patients
were turned to supine position and i.v infusion of the study
drug was started as per group allotted. Onset of spinal block,
level of sensory and motor blockade was evaluated by pin
prick method and modified Bromage scale respectively.

Surgery was started after achieving a sensory block of T10
or above and Bromage score of 3. Time taken to achieve
these conditions was recorded. Blood pressure (BP), heart
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rate (HR), SpO, were recorded every 2 min for first 15 min
and thereafter every 10 min until the end of surgery.

A fall in BP of more than 20% of baseline was treated
with fast i.v infusion of Ringer Lactate and (injection)
Mephentermine-5 mg i.v bolus. Fall in HR less than
45 beats/min or more than 20% of baseline and accompanied
by hemodynamic variability was treated with i.v bolus of
injection Atropine-0.6 mg intravenously. At the end of the
surgery, respective infusions were stopped, level of sensory
and motor blockade checked and patients shifted to post-
anesthesia care unit. Pain assessments were performed
utilizing visual analogue scale (VAS) at 0, 2, 4, 12 and 24 h
post-operatively. VAS 24 was treated with i.v slow bolus of
injection Tramadol 100 mg Further boluses of tramadol
100 mg were administered as per need of the patient. Total
consumption over the first 24 h post-operative was noted.
Time for demand of first bolus of tramadol was also noted.
All these parameters were recorded by an independent
investigator blinded to the group allotment of patients.

Sample size calculation was based on a previous study. With
the level of significance of 95%, power of study 80%, o
error of 0.05 and B error of 0.2, to show a 20% delay in
the requirement of 1* rescue analgesic, at least 35 patients
per group were needed. We took 40 patients per group for
our study to compensate for any drop outs.

Data was analyzed statistically using the software Microsoft
office Excel 2007 and SPSS version 19 (SPSS software IBM
Corporation, Amrock, New York). Quantitative data was
expressed as mean and standard deviation while qualitative
data was expressed in terms of median and range or
frequencies and percentages. The means of the continuous
variables (Time to achieve effect, Time to achieve Bromage
0/1, Sensory Regression to T12/L1) were compared by
using independent sample #test. P < 0.05 was considered
to be significant.

RESULTS

The demographic profile and type of surgeries are depicted
in Tables 1 and 2 respectively. Six patients in group M
and seven patients in Group S had inadequate block and

Table 1: Demographic profile

Patients characteristics

Group M (n=34) Group S (n=33)

Age in years (mean=SD) 36.28+15.30 44.62+15.88
Sex ratio (M:F) 31:9 23:17
Weight in kg (mean+SD) 55.75+7.80 56.98+9.99
ASA /Il 26/14 23/17

Duration of surgery (min) (mean+SD)
ASA: American society of anesthesiologists

105.00%34.15 106.13+19.91
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were excluded from the study so total of 67 patients were
taken for final analysis. The mean block height was T6
in both groups; however, the time needed to achieving
it was different 8.82 min versus 7.42 min in Group M
and S respectively (P = 0.04). The mean duration of
motor block was longer in Group M (160.63 + 17.76 min)
compared with Group S (130.12 + 20.70 min) (P = 0.000).
Time for regression of sensory block to T12/Llwas
206.88 * 20.96 min (Group M) and 163.88 * 15.46 min
(Group S) (P = 0.000) [Table 3].

Hemodynamic parameters such as HR and mean BP were
similar in both groups and statistically not significant
[Figures 1 and 2].

Need for first analgesic requirement was present after
262.88 + 21.11 min in group M and 193.25 + 17.74 min in
group S (P = 0.000). Mean dosage of tramadol needed in
first 24 h was also less in group M compared with group S
(190 £ 30.38 mg versus 265 + 48.30 mg, P = 0.000).
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Table 2: Type of surgeries

Type of surgery Group M Group S
Nailing 20 15
Plating 8 9
External fixator 6 9

Anatomical region
Hip 6 7
Femur 7 7
Tibia 19 17
Knee 2 2

Table 3: Block characteristics

Group M (n=34) Group S (n=33) P value
T8 (6-10) T8 (6-10) —

Characteristic
Block height
median (range)
Time to achieve
effect (min)
mean+SD

8.82+3.40 7.42+2.58 0.04

Time to achieve
Bromage o/1 (min)
mean+SD

160.63+17.76 130.12+20.70 0.00

Sensory regression
toT12/L1 (min)
mean+SD

206.88+20.96 163.88+15.46 0.00

Table 4: Incidences of intraoperative
complications

Figure 1: Heart rate at different intervals
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Figure 2: Mean blood pressure at different interval
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Complication Group M Group S
(n=34) (n=33)
Bradycardia o o
Hypotension
Nausea/vomiting
Headache
Pruritus
1 spo

SpO,: Pulse oximeter

N O O O N
N O N N N

Incidences of intraoperative complications are depicted
in Table 4. Hypotension in both groups responded to 1.v
administration of injection Mephentermine 5 mg bolus.

DISCUSSION

Our study demonstrates the effectiveness of perioperative
infusion of Mg in prolonging the spinal sensory block as
well as reducing the post-operative analgesic requirements
without significant hemodynamic variability or side effects.

Use of Mg is associated with beneficial effects in
petioperative period, intensive care and postoperatively.”!
Mg has been found to have multisystemic effects in the
body involving the cardiovascular,!™'V central nervous
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systems,!'>"! analgesia,l'*!*l decrease in catecholamine

surges,!'""l management of asthma,”” eclampsia,/'*
tetanus®! and intensive care.***! Use of Mg infusion with
spinal anesthesia has been sparingly tested before.**’!

In our study, the onset of the block was slower with Mg
infusion. Few studies have commented on the onset of
block, most of them relates to intrathecal or epidural
administration of Mg. Use of the intrathecal Mg has
been demonstrated to delay the onset of block* ! though
Ghatak ¢z a/® has found that the onset of the block
was faster with epidural Mg. Dayioglu e a/P! however,
in their study did not find any difference in time to
reach the maximum sensory block. Ozalevli e a/P” and
Malleswaran e a/.P' have postulated the changes in pH
and baricity of local anesthetic solution with the addition
of Mg as the cause of delayed onset of block. The same
mechanism however cannot work with intravenous
administration of Mg and further research is needed to
assess this aspect.

Sensory block has been found to be increased with the
use of Mg-mechanism postulated being its action as
calcium channel as well as NMDA receptors antagonists.
In humans, calcium channel antagonists, mediate anti-
nociception by its action of decreasing calcium mediated
release of neurotransmitter implicated in nociception and
inflammation. Blocking of NMDA receptors has been
implicated with a decrease in post nociception central
sensitization of pain.”l Motor blockade produced by Mg
is a result of reduction of release of acetylcholine from
motor nerve terminals as well as direct depression of
muscle fiber membrane excitability leading to increase
motor block with its use.*

The dosage of Mg chosen by us was in accordance to the
study of Hwang ¢z 2/ The difference in our study was
in the dosage of bupivacaine as well as an addition of
fentanyl 10 mcg to bupivacaine. Hwang e 2/. administered
the volume of local anesthetic solution according to the
height of the patient while we administered a fixed dose
of bupivacaine mixed with fentanyl. This may have been
the reason for increased duration of analgesia in our case
(266.88 + 21.11 min vs. 249 £ 41 min in Hwang study).
Various other dosages and regimes have been investigated
by different authors for evaluation of Mg for post-operative
analgesia with varied results.’*

Hemodynamic depression was not seen in our study and
hemodynamic variability did not differ from the control
group. This may have been attributed to preloading with
ringer lactate as well as slow infusion of Mg. Mg causes a
dose dependent negative ionotropic effect due to primarily
arteriolar vasodilatation.’” In our study, only two patients
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developed hypotension and it responded to a single bolus
of injection Mephentermine 5 mg.

Side-effects reported in our study were minor and included
hypotension (5%), decreased SpO, (5%) with the use of
Mg This is slightly less than previously reported studies.
In a recent study Mercieri e a/P¥ investigated whether
intravenous infusion of Mg along with spinal anesthesia
has any effect on the cerebrospinal fluid (CSF) Mg level
corresponding to activation of central NMDA receptors
responsible for analgesia. They concluded that use of spinal
anesthesia is responsible for decrease in CSF Mg level for
the time local anesthetic effect persists as Increasing serum
Mg concentration over 80% of the baseline value left CSF
Mg levels unchanged. They thus postulated that central
NMDA receptors are not responsible for the analgesic
effects of Mg and a peripheral mechanism is responsible
for the same.

The major drawback of our study was the inability to
measure the serum Mg level as well as the inability of use
of patient control analgesia for control of pain.

In conclusion, use of intravenous Mg with spinal anesthesia
reduces post-operative pain and analgesic consumption
in moderate to severe pain associated with lower limb
orthopedic surgeries.
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