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INTRODUCTION

Regional anesthesia is widely used to let the performance
of different surgical procedures including those
performed on the extremities.!'! Previous studies have
demonstrated that both spinal and epidural anesthesia
tend to have reduced blood loss and rates of Deep
Venous Thrombosis (DVT), less general anesthesia
induced adverse effects such as nausea, sore throat,
alteration of mental status, and cognitive dysfunction,
and allowing an improved pain control.*!

Regional anesthetic techniques may lead to blockade
or reduced pain ranged from several hours to several
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days.! Better pain control may result in an earlier
hospital discharge and may improve the patient’s ability
in postoperative period. In addition, it is usually easy
to administer and readily available.”]

It has become a common practice to use different
therapeutic regimens for treating intra and postoperative
pain and increasing the regional anesthetic period,
because no drug has yet been identified to have this
advantage without associated therapeutic side effects. ['#!
One method to increase the duration and reduce side
effects is to administer combinations of other classes
of analgesics with local anesthetics. One such class is
Neostigmine a cholinergic drug, because acetylcholine
produces analgesia by a spinal mechanism. In auto
radiographic studies muscarinic receptors have found
in lamina II and III of spine, Which can be influenced
by neostigmine. Intrathecal neostigmine produces some
analgesia alone, but with delay. Dose-dependent nausea
has also been observed.

Spinal neostigmine alone produces analgesia in humans
and animals at doses greater than 100 pg.”'"! We chose
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a dose of 25 ug because this dose would be unlikely to
cause side effects and has produced evidence of analgesia
in clinical trials.®!!

Additionally, spinal neostigmine has been associated with a
reduction in the dose of spinal narcotics required to produce
postoperative analgesia.['*!!!

Because magnesium is a noncompetitive antagonist to
NMDA receptors, it has the potential to prevent central
sensitization from peripheral nociceptive stimulation. In
previous studies, it was demonstrated that intrathecally
administered magnesium prolonged spinal opioid
analgesia, both in rats and humans.!'>"® The addition of
intrathecal magnesium to spinal anesthesia improved
postoperative analgesia in an orthopedic setting.!">!4!

Due to the fact that both neostigmine and magnesium
sulphate have shown effects on local anesthetic effects, we
considered these two drugs and compared their equivalent
doses effects as an adjuvant. Because the effects of adding
these two non-opioid drugs in such a concentration and
comparing their effects have not studied formerly.

The purpose of this study was to assess the anesthetic
effects of adjuvant therapies with neostigmine or
magnesium sulphate compared with bupivacaine alone
in patients under lower extremities surgeries with spinal
anesthesia.

MATERIALS AND METHODS

In this double-blind randomized clinical trial, After review
the literature we found that with a=0.05 and (3=0.1 and 90%
power and 0=8.5 and o =10 minutes, the sample size was
calculated from the below formula:

2.2
IN = 4(ZOHE—SZZB) c
N=30 in each group was found, So 90 ASA I and II
patients, candidate for lower extremities surgeries aging
from 20 to 65 years in a training hospital from 2009 to
2010, were recruited. Informed consent was obtained.
The study was approved by the Tehran University of
Medical Sciences Ethics Committee and was performed in
accordance with the Declaration of Helsinki. The inclusion
criteria were patients between 20-65 years who were
candidates for lower extremity surgeries. The exclusion
criteria were contraindications for regional anesthesia
including local infection, hemorrhagic disorders, drug
hypersensitivity, muscular disorders and central and
peripheral neuropathy, and drug abuse history and
addiction.
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The selected patients were randomly assigned (in a block
random manner) to receive either bupivacaine 0.5%
Spinal heavy 4 cc (Astra Levent- Zeneca, Istanbul, Turkey)
alone (Group A, n=30), or bupivacaine plus magnesium
sulphate 50% (Pasteur Institute, Tehran, Iran) (Group B,
n=30), or bupivacaine plus neostigmine 0.5 mg/ml (1 ml)
(Caspian Tamin Co. Rasht, Iran) (Group C, n=30). The
anesthesiologist in the operation room had no information
about the prepared drugs for the patients and it was
made in similar syringes by another colleague. The age,
sex, ASA class, duration of surgery, sensory and motor
function, hemodynamic status (systolic and diastolic blood
pressures, heart rate, and SPO2), drug side effects, and
recovery time were under-study variables and recorded
by anesthesiologist who were unaware of the group. The
patient and the anesthesiologist were blinded for the
groups [Figure 1].

The standard monitoring included ECG, pulse oximetry
and NIBP. After IV line was prepared with catheter 18,
15 cc/kg normal saline was infused to all patients with no
premedication given. The patients were in lateral standard
position and the foot was in dependent position. Lumbar
puncture after subcutaneous injection of 2 cclidocaine 0.5%
in L3-L4 level from midline approach with a 25G in 90 mm
needle was performed (Dr. Japan Co. LTD -K-3 point type).

After the CSF flow was seen, all patients received 3 cc
bupivacaine 0.5% (15 mg) and then another blinded person
prescribed the above-mentioned drugs to each group.
The 50 mg magnesium sulphate was prepared by 1 cc of
magnesium sulphate 50% plus 9 cc normal saline 0.9% and
the 25 microgram neostigmine was prepared with 1 cc of
neostigmine 0.5% plus 19 cc normal saline 0.9%.

After intrathecal injection, the patient was repositioned
as supine. Then bilateral sensory and motor block after
the injection and each min then to rise to T10 level, were
evaluated and recorded by a blinded observer. Also the
heart rate, respiratory rate, SPO2, and systolic and diastolic
blood pressures were recorded 5 min before and then each
15 min up to the end of the surgery.

The sensory block onset, top level of sensory block, motor
block onset, and the completion of motor block and recovery
were recorded. The sensory block onset was defined as time
from intrathecal injection to lack of pain in T10 level with
pin prick test.

Top level of sensory block was evaluated using pin prick test
every 5 to 25 min after intrathecal injection. The motor block
was evaluated by Modified Bromage Scale as below:!+1°!
0: Without motor block

1: Impossibility of hip flexion
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2: Impossibility of knee flexion
3: Impossibility of ankle flexion

Motor block onset was defined as the time from
intrathecal injection to impossibility of knee flexion. Also
the complete motor block was defined as impossibility of
ankle flexion.'*!! When the score was zero in Bromage
classification, it was considered as recovery from
complete motor block."!3 Also the intra-operative and
recovery phase complications including nausea and
vomiting, itching, dyspnea, respiratory rate less than 10
per min, hypoxia, bradycardia, and hypotension were
recorded. If the blood pressure was reduced to less than
90 mmHg, 10 mg IV ephedrine was injected and if the
heart rate was reduced to less than 45 beats per min,
0.5 mg IV atropine was injected. After relief of motor
and sensory block, the patients were discharged from
recovery room to the ward.

Data from 90 patients were analyzed using SPSS
(version 18.0) software (Statistical Procedures for Social
Sciences; Chicago, Illinois, USA). Differences were tested

by Independent-Sample T and Chi-Square tests and were
considered statistically significant at P values less than 0.05.

RESULTS

The mean ages in groups A, B, and C were 34.57 + 17.45,
34.07 £12.27, and 33.33 + 14.76 years, respectively (P=0.950).
Thirty subjects (100%) in group A, 23 patients (76.7%)
in group B, and 24 patients (80%) in group C were male
(P=0.021). The mean duration of surgery in groups A, B, and
C were 117.48 +40.26, 98.39 + 37.66, and 111.88 + 41.01 min,
respectively (P=0.184).

The sensory block onset time and motor block onset time
(knee flexion time) were not significantly different among
the three groups (P > 0.05), whereas the time to complete
motor block was significantly longer in Group C and motor
block recovery time were significantly different among
groups (P=0.001) [Table 1]. The anesthesia levels were T4
in 5 patients, T6 in 21 patients, and T8 in four patients in
group A. T4 in 19 subjects, T6 in 8 patients, T8 in one subject,
and T10in 2 patients in group B. The anesthesia levels were

Figure 1: Flowchart of Subject Enroliment
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Table 1: Sensory and motor response in the three studied groups

Group Sensory block Motor block Time to complete Motor block
onset time Onset time Motor block Recovery time
Bupivacaine (G1) Mean 3.03 4.07 8.73 138.33
Std. Deviation 0.981 1.964 4.719 30.267
Bupivacaine+Magnesium (G2) Mean 3.90 4.03 8.21 121.50
Std. Deviation 2.771 2.025 6.472 21.701
Bupivacaine+Neostigmine (G3) Mean 3.70 5.17 13.47 125.00
Std. Deviation 1.088 3.041 5.309 27.418
P-value P>0.05 P>0.05 P=0.001 P=0.001

T4 in 15 subjects, T6 in 10 patients and T8 in 5 subjects in
group C without any significant differences (P > 0.05).

The drug-related adverse effects were as follows: four
subjects (13.3%) in group A (two cases of nausea and
two cases of itching), two patients (3.3%) in group B (one
case of nausea and one case of itching), and 13 patients
(30%) in group C (intraoperative nausea in three subjects,
and nausea in seven patients in recovery and vomiting
in recovery in three patients) (P=0.016), Which was
statistically meaningful The homodynamic status was not
significantly different across the study among the three
groups (P > 0.05).

DISCUSSION

Our results showed that the time to complete motor block
and motor recovery time were significantly different
among the three studied groups and were shorter in the
magnesium group. Also, the patients in the magnesium
group experienced less therapeutic side effects compared
with the other groups in a significant manner.

In a study by Ghatak et al., in 2010 in India, the onset of
anesthesia was faster in magnesium group which was
not similar with our research results.'” In the Ghatak
et al., study, the groups were similar with respect to
hemodynamic status, nausea and vomiting; but our study
showed that only hemodynamic status was similar and the
other side effects were less common in those patients who
received bupivacaine plus magnesium sulphate.

Central sensitization is an activity-dependent increase in
the excitability of spinal neurons and is considered to be
one of the mechanisms implicated in the persistence of
postoperative pain.™ Central sensitization has been shown
to depend on the activation of dorsal horn N-methyl-D
aspartate (NMDA) receptors by excitatory amino acid
transmitters such as aspartate and glutamate.!’>"! In
a previous study, adding a low dose of ketamine
(0.15 mg-kg-1,1i.v.), anoncompetitive antagonist of NMDA
receptors, to a multimodal analgesic regimen improved
postoperative analgesia and functional outcome.'>"! In
this study, Magnesium sulphate was used for the above
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mentioned reason and showed that faster block onset and
recovery could be achievable with this drug.

Taheri et al., performed a study in Iran and found that
duration of analgesia was longer in patients who received
bupivacaine plus tramadol compared with bupivacaine plus
neostigmine. There were no significant differences in heart
rate, mean arterial pressure, and oxygen saturation between
groups, as well as our study. Adverse effects excluding the
vomiting were not observed in any patients in their study,
whereas in our study there were two cases of itching.!"®!

In another study performed by D’Angelo et al., in 2001 in
the United States, the spinal neostigmine produced severe
nausea and did not significantly increase the duration of
spinal analgesia compared with bupivacaine, an observation
which was similar to our findings in the current study
showing more adverse effects in the neostigmine group.[”!

Spinal neostigmine alone uniformly produces analgesia in
large doses (100-200 pg), but it also results in significant
dose-dependent nausea. Nausea associated with spinal
neostigmine is thought to result from spread in CSF
to brainstem sites and is not responsive to standard
antiemetics. The incidence of nausea can be reduced in
volunteers with the addition of glucose to the neostigmine
solution, especially in lateral position and with lower
volume of inject ate.'’'" In our study we had nausea and
vomiting in 30% of the patients with the used dosage.

In Dayioglu et al., study in Turkey, the addition of intrathecal
magnesium to spinal anesthesia by bupivacaine prolonged
the time for recovery from anesthesia, but did not affect the
time to reach the highest level of sensory block similar to
our study. Also, the mean times to complete recovery of
motor function were similar in the two groups. This was
not similar to our findings in this study.['

Unlugenc et al, showed that the addition of magnesium
sulfate to bupivacaine did not shorten the onset time of
sensory and motor blockade or prolong the duration of
spinal anesthesia. Similar observations were made in
our study for the sensory blockade time.”! In a study by
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Ozalevli et al., in Turkey, it was observed that in patients
undergoing lower extremity surgery, the addition of
magnesium sulphate to spinal anesthesia induced by
bupivacaine and fentanyl significantly delayed the onset
of both sensory and motor blockade, but also prolonged
the period of anesthesia without additional side-effects.*!
These findings were in somehow in accordance with our
results in the current study. Finding the longer onset time
was an finding and was not our goal. We believe that it is
not a favorite effect for starting a surgery but in this study
we found this unpleasant effect.

In summary, according to the obtained results, it may
be concluded that the magnesium sulphate is a safe and
effective adjuvant therapeutic for enhancing onset time of
motor block. Accordingly, use of magnesium sulphate for
regional anesthesia may be considered on the bases of the
patients’ condition and physician’s opinion. While as our
findings showed that neostigmine could prolong the onset
time and it should be considered since usage especially in
urgent cases need faster anesthesia.

It has been advocated by the writers of the article to perform
more researches with different magnesium and neostigmine
dosage in more patients in different procedure settings in
the future to find more details about the safest route and
dosage.

Our study has the limitation of only one dose-response
evaluation. We preferred to use a smaller dose of magnesium
and neostigmine that would not cause any side-effects.
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