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ABSTRACT

Background: Spinal fusion surgery, as one of the treatment options for back pain,
often results in significant postoperative pain due to complexity and multiple
incisions. Glutamate receptors such as NMDA are among the main receptors involved
in this process, causing central hyperalgesia and sensitization and ultimately
accelerating pain processing in the CNS. Therefore, NMDA receptor antagonists such
as ketamine and magnesium sulfate can be considered as suitable options for treating
pain caused by these surgeries. A prospective study was conducted to compare the
effects of ketamine and magnesium sulfate on pain control in these patients. This
double-blind clinical trial was performed on 72 patients undergoing fusion surgery,
referred to the 5th Azar Medical & Educational Center of Gorgan in 2020-2022.
Methods: In group A, 50mg/kg of magnesium sulfate along with CVE=5 ml/kg was
infused over 20 minutes, and then 500 mg/h of magnesium sulfate was given during
and up to 48 hours after surgery. In group B, 0.5 mg/kg of ketamine was given as a
bolus after patient positioning and 2 minutes before surgical incision, followed by 2.5
mcg/kg/h of ketamine during and up to 48 hours after surgery. Pain was evaluated
using the NRS scale from admission to recovery up to 48 hours after surgery, and the
amount of opioid consumption was recorded.

Results: Both ketamine and magnesium sulfate led to a significant reduction in pain
during the first 48 hours after surgery (P value <0.0001). The speed of pain reduction
in the first 6 hours was higher in women in the ketamine group and in men in the
magnesium group, although the results were reversed in the second 6 hours. Pain
assessment in opium addicts indicated the superiority of magnesium in the speed of
pain reduction in patients during the first 12 hours. The amount of analgesic used
during recovery was statistically similar in both groups (p=0.645), but during the 24
hours after surgery, the amount of opioid consumption used in the magnesium group
was significantly lower (p=0.025). After 24 hours, none of the two groups needed
analgesics. No severe side effects were observed in any of the patients in the two
groups.

Conclusion: Magnesium sulfate not only works well with ketamine in controlling
postoperative pain but can also perform better than ketamine in women and opioid
addicts, leading to a reduction in the use of opioids and avoidance of ketamine's side
effects. In addition to reducing pain and analgesic use, considering the benefits of
magnesium in stabilizing hemodynamics and reducing anesthetic use, this drug can
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be a very suitable alternative to ketamine for a wider range of patients undergoing
spinal surgery, including those with heart and mental illnesses.

Introduction

in society, with around 10% of patients becoming

disabled. As age increases, the incidence of spinal
canal stenosis also increases. While non-surgical
treatment is the first line of treatment, surgical methods
are considered when initial treatments fail [1]. Spinal
surgeries often result in significant postoperative pain,
which can last for several days. Adequate pain relief is
important for postoperative care in these patients.
Laminectomy is a common spinal surgery [2], and
laminectomy with fusion is associated with moderate to
severe pain after surgery [1-2]. Severe postoperative pain
can lead to central pain sensitization and increased pain
sensation (hyperalgesia), which can cause patient
dissatisfaction with their surgery [3]. Effective pain
control leads to increased patient satisfaction and reduces
the duration of hospital stays and hospital costs [4].
Postoperative pain is caused by various mechanisms,
including nociceptive, neuropathic, or inflammatory
mechanisms [2]. The main receptor involved in this
process is glutamate receptors such as NMDA (N-
Methyl-D-Aspartate) receptor, which causes central
sensitization and hyperalgesia following painful stimuli
during and after surgery. Furthermore, high doses of
opioids during and after surgery can also stimulate these
receptors [3,5]. Although opioids are widely used for
postoperative pain relief, they have multiple side effects,
such as respiratory depression, nausea and vomiting,
hypotension, tachycardia, sweating, and pruritus [6]. So
other drugs such as NMDA receptor antagonists like
ketamine and magnesium sulfate are used to reduce the
need for opioid consumption by regulating the activity of
NMDA receptors [3-4,7-8]. These drugs can be a suitable
strategy for postoperative pain control.

Ketamine, an NMDA receptor antagonist, is used as an
anesthetic and for maintaining anesthesia. It is also used
as an effective primary or adjunctive pain medication for
postoperative pain, with several mechanisms of action:
reducing central sensitization, and hyperalgesia, and
reducing resistance to postoperative drug use by
regulating mu, kappa, and delta opioid receptors.
Researchers have indicated that combining opioids with
NMDA antagonists like ketamine can provide useful
analgesic effects for patients undergoing spinal surgery
[8-10].

Loftus (2010) studied the effect of ketamine during
surgery in reducing the amount of opioid consumption
during surgery in 104 patients undergoing spinal surgery
with a history of chronic opioid use. According to the
results, the total amount of morphine consumed 48 hours
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after surgery and the average reported pain intensity in
recovery and during the 6 weeks after surgery also
decreased significantly [10]. Pacreu (2012) showed that
the use of ketamine as an infusion during and after
surgery in 22 patients undergoing lumbar arthrodesis
significantly reduced methadone use in the first 24 and
48 hours after surgery [9]. Similarly, Remerand (2009)
[11-12] and Adam (2005) [13] confirmed the early and
late analgesic effects of ketamine after complete hip
arthroplasty and knee arthroplasty, respectively. Finally,
Jouguluelet (2015) examined 39 clinical trials and 5
meta-analyses based on low-dose ketamine infusions
between 1966 and 2013. According to this study,
ketamine infusion could reduce opioid use by an average
of 40% and reduce pain intensity up to 48 hours after
surgery [14].

Magnesium is a cation that plays an important role in
normal body function. Magnesium is a non-competitive
NMDA antagonist and also a calcium channel blocker.
This drug has important analgesic effects, including the
suppression of neuropathic pain, increasing morphine
analgesic effects, and reduction of morphine resistance
[4,6-7].

According to research conducted by Manna (2012),
intravenous magnesium was able to reduce the total
consumption of anesthesia and analgesia drugs, recovery
time, postoperative pain score, and overall morphine
requirement in 60 patients undergoing neurosurgery [15].
Sedighinejad (2014) also confirmed the effect of a 48-
hour infusion of magnesium sulfate and sufentanil for
pain control in orthopedic surgery patients [16].
However, in a further study by Ghaffaripour (2016) on 40
patients undergoing laminectomy, magnesium sulfate
injection during surgery had no effect on pain control or
the need for analgesic drugs during the first 24 hours after
surgery [4]. Demiroglu (2016) also admitted that
intramuscular  magnesium  reduced pain  after
laminectomy, but this is not true for intravenous
magnesium [6]. Finally, Albrecht (2018), by reviewing
11 clinical trials from 1998 to 2016, stated that
intravenous magnesium sulfate injection in orthopedic
surgery can reduce the amount of painkillers used after
surgery and side effects such as vomiting, nausea, and
tremors, but there was no convincing evidence of a
significant effect on postoperative pain intensity [7]. One
of the few studies that compared the analgesic effects of
magnesium and ketamine is the study by Arikan (2016).
In this clinical randomized trial, 120 patients undergoing
total abdominal hysterectomy were randomly assigned to
three groups of 40 patients receiving ketamine,
magnesium, and normal saline. The results showed that
the total morphine consumption in the ketamine group
was 9.2+32.6 mg less than the magnesium and normal



Archives of Anesthesiology and Critical Care (In Press); X(X): XX-XX.

saline groups, and the patient satisfaction level in the
ketamine group was higher than the other two groups
[11]. Another similar study by Elshalakany in Egypt in
2022 investigated the effect of analgesic infusion of
ketamine and ketamine+magnesium sulfate in patients
after nephrectomy. This researcher stated that the
combination group had a significant success rate
compared to ketamine infusion alone [17-18].

Given that there are not many studies on the
comparative analgesic effects of ketamine and
magnesium sulfate and that the use of each of these drugs
is associated with consequences and side effects such as
delirium, brain stimulation, exacerbation of muscle
weakness, and respiratory depression [3], the superiority
of the effect or side effects of these drugs is under
discussion. In this study, we have attempted to answer the
question of which drug is more effective in controlling
pain in these patients and has minimal side effects.

Methods

This study is a double-blind clinical trial that entered
the clinical phase after obtaining permission from the
ethics committee of Golestan University of Medical
Sciences and registration in the IRCT system.

e  Ethics code: IR.GOUMS.REC.1399.343
o |IRCT registration number:
IRCT20170413033408N6

In this study, patients with low back pain aged 18-65
years with ASA type 1 and 2 who were candidates for
laminectomy, discectomy, and posterior lumbar and
sacral screw and rod placement surgery were hospitalized
in the neurosurgery ward of 5 Azar Teaching Hospital in
Gorgan. The day before surgery, patients were visited by
an anesthesiologist, and after providing complete
explanations about the surgery and the purpose of this
study and obtaining written consent, they were enrolled
in the study.

Due to the lack of a related article on orthopedic
surgeries that reports the comparative results of both
drugs, based on the mean and standard deviation obtained
from a preliminary study with a sample size of 8
individuals in each group, at a confidence level of 0.95
and a test power of 0.80, and using the following formula,
the sample size for each group was calculated to be 36
individuals:

[tl_g’no_l"'tl—ﬁ,ng—l]Z(Sd%-'—Sd%)
BT N (1)
(F1—%2)?
2 2 2
n= [1.895+0.896]%[(2.79)*+(227)] _ 36 3)
(7.65—5.95)2

Patient allocation to one of the two drug groups was
done based on the permuted block randomization
method. A random sequence of letters A and B was

generated in blocks of four, and 18 blocks were made
available to one of the research team members who had
no involvement in selecting the samples. Sequentially
numbered, sealed, opaque envelopes (SNOSE) were used
to conceal the random sequence.

Inclusion criteria

e Patients aged 18-65 years with ASA type 1
and 2
e  Candidates for spinal fusion surgery

Exclusion criteria

e History of previous surgery in the
lumbosacral area

e History of schizophrenia and use of
antipsychotic drugs

e History of calcium channel blocker use

e History of neuropathy and myopathy

e History of kidney injury requiring dialysis in
the past

e Presence of conduction system disorders in
the patient’s ECG

e  Allergy to anesthesia drugs

e  Less than 48 hours hospital stay after surgery

Withdrawal criteria

e  Surgery duration exceeding four hours

e Need for transfusion of more than four units
of packed red blood cells

e Occurrence of air embolism during surgery

e Severe agitation and delirium in the recovery
and ward that did not respond to usual doses
of benzodiazepines or lasted more than two
hours and required further interventions.

Intervention procedure

After entering the operating room, all patients
underwent sedation with 0.05 mg/kg midazolam. For all
patients, a 5 ml/kg normal saline infusion along with 15
mg/kg tranexamic acid (to reduce bleeding) was
performed over 20 minutes before inducing anesthesia.
Then anesthesia induction was performed with 1-2 mg/kg
propofol, 1 mg/kg lidocaine, 3 mcg/kg fentanyl, and 0.5
mg/kg atracurium, and the patient was intubated with a
suitable-sized spiral tube. Isoflurane volatile anesthesia at
1-1.5 MAC and N20:0: gas with a ratio of 1:1 were used
for maintenance of anesthesia. Normal saline infusion at
a rate of 5-10 ml/kg/h was used for fluid therapy during
surgery. In case of bleeding exceeding MABL
(Maximum Allowable Blood Loss), packed red blood
cells were replaced. During surgery, the mean arterial
pressure was maintained within 30% of the patient’s
baseline pressure range. If there was a history of chronic
opioid use, we used 5 mg of methadone intramuscularly
after anesthesia induction. After intubation, a central



venous catheter, an arterial catheter, and a Foley catheter
were inserted and fixed for the patient.

In the magnesium group, along with initial fluid
therapy, 50 mg/kg magnesium sulfate was infused, and in
the ketamine group, 0.5 mg/kg ketamine was injected
about 2 minutes before incision after achieving a suitable
surgical position and preparing the surgical site.

After the start of surgery, in the magnesium group, the
prescription was continued at a rate of 500 mg/h, and in
the ketamine group, it was continued at a rate of 2.5
mcg/kg/h via infusion pump for 48 hours.

Anesthesia induction was performed by an
anesthesiologist who was not involved in the study design
or outcome assessment. The pumps, which were similar
in appearance (size, shape, volume, and manufacturer),
were prepared by the recovery nurse, and the responsible
physician had no knowledge of their contents.

The patient’s hemodynamics were measured and
recorded before and after induction and then every 5
minutes during surgery. The monitoring used for these
patients included ECG, heart rate, systolic and diastolic
blood pressure, mean arterial pressure, and capnography
from the Saadat monitoring device. The patient’s urine
output was also checked and recorded every hour.

After awakening and extubation, vital signs, including
heart rate, blood pressure, respiratory rate, patellar reflex
(muscle twitch), and level of consciousness, were
measured and recorded every hour for the first four hours
and then every two hours for the next four hours, and then
every four hours by the collaborating resident. In the
magnesium group, if the patellar reflex decreased for two
hours, the pump was stopped and re-infused once
symptoms subsided. If the patient became restless
without any alarming cause, 3-5 mg of midazolam was
injected intravenously. If there was no response and
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further intervention was needed, the patient was excluded
from the study.

For postoperative pain control, with the coordination of
the surgeon, 30 mg/6 h ketorolac with a maximum daily
dose of 120 mg and 15 mg/kg/6h intravenous
acetaminophen with a maximum daily dose of 4 grams
were used with a 3-hour interval between ketorolac and
intravenous acetaminophen. In patients with a history of
long-term narcotic use, the equivalent dose of the
narcotic was prescribed based on methadone. Pain was
measured and recorded based on the Numeric Rating
Scale (NRS). In case of NRS>4 despite receiving
acetaminophen and ketorolac, morphine was used for
postoperative pain control. Then the total amount of
morphine used during the first and second 24 hours was
measured and recorded.

The intensity of pain was described by calculating the
mean and standard deviation. The normality of the data
distribution was examined using the Shapiro-Wilk test.
The sphericity condition was examined using Mauchly’s
Test of Sphericity. Repeated Measure ANOVA and
Repeated Measure ANCOVA were used to analyze the
data. The significance level of the tests was considered to
be 0.05. The data were analyzed using R software version
4.0.2.

Results

In this study, 36 patients were in both the magnesium
and ketamine groups, with mean ages of 47.66 + 10.91
and 45.05 £ 14.80 years, respectively, and this difference
was not statistically significant (P value = 0.397). The
consort flow diagram of this study has been shown in
(Figure 1).

‘ Assessed for eligibility (n=80) |

Excluded (n=8 )

C Not meeting inclusion criteria (n=4 )
Declined to participate (n=3 )
Other reasons (n= 1)

Randomized (n=72)

1 [ Allocation | l

Allocated to intervention (n= 36)
= Received allocated intervention (n=36 )

T Did not receive allocated intervention
(give reasons) (n=0 )

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n= 01

l

Analysed (n= 36)
= Excluded from analysis (give reasons) (n=10)

Allocated to intervention (n=36)

C Received allocated intervention (n=36)

C Did not receive allocated intervention
(give reasons) (n=0 )

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0)

Analysed (n=36)
= Excluded from analysis (give reasons) (n=0 )

Figure 1- Consort Flow Diagram
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Of the 72 patients in the study, 26.4% were opioid
addicts, with 22% of them in the magnesium group and
29% in the ketamine group.

The results of Repeated Measure ANCOVA showed
that the mean pain intensity during recovery was
somewhat higher in the magnesium group than in the
ketamine group, but both drugs significantly reduced pain
intensity over 48 hours (P value < 0.0001). The rate of
pain reduction was slightly higher in the magnesium
group initially, but after 36 hours, the results were
completely equal for both drugs (Figure 2). To adjust for
the effect of age on pain reduction, Repeated Measure
ANCOVA was used, and the results showed that patient
age had no effect on how the drugs affected pain
reduction (P value = 0.199). To determine the effect of
patient gender on pain in the two groups under study, we
used a classification method, and the results showed that
the pattern of pain reduction in women and men in the

5.00

Estimated Mean of Pain

magnesium and ketamine groups was not similar. In
women, the rate of pain reduction during the first 6 hours
of recovery was higher in the magnesium group, but for
men, it was higher in the ketamine group. This behavior
was reversed between 6 and 12 hours, with men showing
a higher rate of pain reduction in the magnesium group
and women showing a higher rate in the ketamine group
(Figure 3,4). To determine the effect of opium addiction
on pain in the two groups under study, we also used a
classification method, and the results showed that pain
during recovery was higher in opium addicted patients
than in non-addicted patients, and over time, both groups
experienced a significant reduction in pain (P value <
0.01). The rate of pain reduction during the first 12 hours
of recovery was somewhat higher in the magnesium
group for addicted patients, but in non-addicted patients,
the rate of pain reduction was the same in both groups
(Figure 5,6).

Intervention
Group

— Mg
= lcatamin

Recovery &h 12h

Time

24h

Figure 2- Comparison of the trend of pain reduction in two groups of magnesium and ketamine during 48 hours after

surgery.

5.00

Estimated Mean of Pain

gender: male

Intervention
Group
— g
== ketamin

Recovery 6h 12h

Time

Figure 3- Comparison of the trend of pain reduction in two groups of magnesium and ketamine for men during 48

hours after surgery.
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gender: female

500 Intervention
group
— Mg

450 = ketamin

3.00

Estimated Means of Pain

250

Recovery 6h 12h 24h 36h 48h

Time

Figure 4- Comparison of pain reduction process in two groups of magnesium and ketamine in women during 48
hours after surgery.

addiction: yes

500 Intervention
group

— Mg

= ketamin

500

4.00

Estimated Means of Pain

300

200

Recovery 8h 12h 24h 36h 43h
Time

Figure 5- Comparison of the trend of pain reduction in two groups of magnesium and ketamine for opium-addicted
patients during 48 hours after surgery.

addiction: no

500 Intervention
group
— Mg

450 = ketamin

350

300

Estimated Mean of Pain

200

Recovery gh 12h 24h 36h 4sh

Time

Figure 6- Comparison of the process of pain reduction in two groups of magnesium and ketamine for non-addicted
patients during 48 hours after surgery.
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After appropriate pain score evaluation, if necessary,
morphine was considered for patients. Therefore, we
continued to investigate the amount of drug consumption
in the two groups. Despite the use of ketamine,
magnesium, acetaminophen, and ketorolac, including
opioid addicts, none of the patients needed morphine in
the second 24 hours of hospitalization. The distribution
of drug consumption in the two treatment groups during
recovery was as follows: 2.08 + 2.34 mg in the
magnesium group and 2.33 + 2.27 mg in the ketamine
group (P value = 0.645). However, in the first 24 hours
after surgery, the amount of drug consumption in the
magnesium and ketamine groups was 2.44 + 3.85 and
5.27 £ 6.34 mg, respectively, which was statistically
significant (P value = 0.025); although the amount of
drug consumption in addicted patients in the magnesium
and ketamine groups was 6.18 + 4.62 and 10.63 + 8.04
mg, respectively, which was not statistically significant
(P value = 0.147).

Regarding the total drug consumption during the first
48 hours after surgery, it was 4.53 + 4.58 mg in the
magnesium group and 7.61 + 8.10 mg in the ketamine
group, which was statistically significant (P value =
0.04). We also examined the amount of drug
consumption in the two groups of addicted and non-
addicted patients during 48 hours. According to the
results, despite taking methadone for addicted
individuals, the amount of drug consumption in addicted
and non-addicted groups in the magnesium group was
8.76 £ 7.02 and 5.16 * 6.43 mg, respectively, which was
statistically significant (P value = 0.045).

In our study, we also evaluated the simultaneous effect
of opium addiction in the two drug groups under study.
According to the results, in the magnesium group, the
difference in the amount of drug requirement between
addicted and non-addicted groups was 6.18 + 4.62 and
4.04 + 4.53 mg, respectively, which was not statistically
significant (P value = 0.12). In the ketamine group, the
amount of drug consumption in addicted and non-
addicted groups was 10.63 + 8.04 and 6.32 + 7.87 mg,
respectively, which was not statistically significant (P
value = 0.067).

Discussion

Numerous studies have investigated various methods
and drugs to reduce pain after spinal surgery. The aim of
this study was also to compare the effect of two similar
and yet different drugs in the treatment of these patients;
ketamine and magnesium sulfate are both NMDA
receptor antagonists, and their effect on reducing
postoperative pain and faster recovery and reducing
opioid consumption has been confirmed or rejected in
various studies. Most studies on ketamine, such as Pacreu
[9], Remerand [12], and Adam [13], have supported the
positive effect of this drug on postoperative pain, while

studies on magnesium have had more contradictions, and
although Ghaffaripour [4] and Demiroglu [6] have
rejected the effect of magnesium on postoperative pain,
studies such as Manna [15] and Sedighinejad [16] have
indicated its positive effect. Our study confirmed the
majority of studies, indicating that both ketamine and
magnesium  sulfate are effective in reducing
postoperative pain after spinal surgery.

Spinal surgery is often associated with severe pain, and
the main treatment for this pain is usually narcotic drugs.
In a relatively similar study, Etezadi [17] and colleagues
in 2020 investigated the effect of adding ketamine and
magnesium in combination in the treatment of pain in
patients undergoing lumbar orthopedic procedures.
Elshalakany [18] also compared the analgesic effect of
ketamine infusion and ketamine & magnesium sulfate in
patients after nephrectomy. Since both drugs are NMDA
receptor antagonists, we decided to compare these two
drugs individually and evaluate the effect of other drugs
such as acetaminophen and ketorolac on reducing
narcotic consumption.

In contrast to most studies, such as Loftus [10] and
Demiroglu [6], we did not consider narcotic drugs as the
first line of treatment for postoperative pain in our study
and used a multimodal approach to compensate for it, an
approach that has been a very suitable alternative to
narcotics with fewer side effects.

Elshalakany [18] and Etezadi [17] found the
combination of ketamine and magnesium to be very
effective, but in this study, we examined both drugs
individually and found that about 36 hours after surgery,
the level of pain in both groups of patients had decreased
similarly. These findings, despite agreement with Arikan
[11] about ketamine, are in contrast with him about
magnesium effects. In fact, in contrast with Arikan [11],
Ghaffaripour [4], and Demiroglu [6], we suggest that
magnesium is also effective in controlling postoperative
pain.

However, the rate of pain reduction during the first 36
hours and its relationship with gender and addiction were
noteworthy and distinguished findings in this process.
Our studies showed that the level of pain in recovery was
higher in men than women and in opium addicts than
healthy individuals. The rate of pain reduction in the
ketamine group was higher in men than women in the
first 6 hours, but this parameter was in favor of
magnesium between 6 and 12 hours. These differences in
hours and gender can be evaluated more accurately by
designing more extensive studies. In examining opium-
addicted patients, pain reduction was almost equal in both
the ketamine and magnesium groups from 12 hours after
surgery, and it was clearly consistent with non-addicted
patients. However, during the first 12 hours, the rate of
pain reduction for magnesium was higher, while non-
addicted individuals did not show any significant
differences in drug type.



In addition, another noteworthy point is the need and
response of patients to narcotics. Although no difference
was observed in the need for narcotics in recovery
between the two groups, the results of the 24-hour follow-
up showed a significant statistical difference in the
amount of morphine consumption in the two groups of
patients. Since no need for narcotics was observed in any
of the patients from 24 hours after surgery, it can
practically be concluded that, contrary to expectations,
magnesium plays a better role than ketamine in
controlling postoperative pain and reducing the need for
narcotics and their side effects.

Limitations

One of the limitations of this study is its duration. We
only examined patients in the first 48 hours after surgery
and during drug infusion. Although at the time of
discharge, all patients were stable and their pain was
controlled with oral medications, more extensive and
longer studies can be designed to measure the effect of
NMDA receptor antagonist drugs on postoperative pain
reduction after discontinuation of drug infusion and
obtain a more comprehensive clinical view of the results
of this study. In addition, due to the limited sample size,
the interpretation of results related to addiction and
gender will require further investigation.

Conclusion

The results of this study showed that both magnesium
sulfate and ketamine are effective in controlling
postoperative pain and reducing the use of narcotics and
their side effects. In other words, magnesium sulfate not
only works well alongside ketamine in controlling
postoperative pain but can also perform better than
ketamine and reduce narcotic use in spinal surgery
patients, especially women and opioid addicts. Therefore,
with further studies in this area, if this finding is
confirmed, magnesium can be considered a suitable and
safe alternative to ketamine for a wider range of spinal
surgery patients, including those with heart and mental
ilinesses and opium addicts.
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