Review Article

Efficacy of memantine premedication in alleviating
postoperative pain- A systematic review and meta-analysis

ABSTRACT

Many premedication agents with opioid-sparing properties have been used in patients undergoing various elective surgeries.
Memantine is an N-methyl-D-aspartate (NMDA) receptor antagonist that has been used by many researchers as an
opioid-sparing strategy. Various databases like PubMed, Scopus, Cochrane Library, and clinicaltrials.gov were searched
after registering the review protocol in PROSPERO for randomized-controlled trials (RCTs) that investigated the efficacy and
safety of memantine premedication in adult patients undergoing various elective surgeries. The risk of bias (RoB-2) scale
was used to assess the quality of evidence. From the 225 articles that were identified after a database search, 3 studies
were included for a qualitative systematic review and a quantitative meta-analysis. The pooled analysis revealed that the
use of memantine provided better pain scores at 2nd (mean difference: -0.82, 95% ClI: -1.60, -0.05, P = 0.04) with significant
heterogeneity (P = 0.06; 12 =71%), and 6 hours postoperatively (mean difference: -1.80, 95% Cl: -2.23, -1.37, P < 0.00001),
but not at 1 hour. The sedation scores at 1 hour were higher in the memantine group but comparable in the 2nd hour. The
number of doses of rescue analgesia and nausea/vomiting in the postoperative period was comparable in both groups. The
results of this review suggest that memantine premedication could provide better pain scores in the immediate postoperative
period with acceptable adverse effects. However, the current evidence is insufficient to suggest the routine use of memantine

as a premedication before elective surgeries.
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Introduction

Despite several advances in the management of acute
pain, nearly 20%-50% of patients experience moderate to
severe pain in the first 24 hours after surgery.'? Opioids
are essentially the cornerstone of acute postoperative
pain management. However, the problems with its use
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are postoperative nausea/vomiting (PONV), respiratory
depression, somnolence, constipation, and addiction
potential.*# Therefore, anaesthesiologists are in constant
search of adjuncts that not only provide opioid-sparing,
effective analgesia but also have minimal adverse effect
profiles.
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N-methyl-D-aspartate (NMDA) receptors are the target
receptors for the excitatory neurotransmitter glutamate,
which is released in response to unpleasant peripheral
inputs.® The activation of NMDA receptors has been linked
to opioid receptor dysfunction, neuropathic pain, and
hyperalgesia.l®’ NMDA receptors are expressed in the central
nervous system and also outside the CNS.! Activation of the
NMDA receptor leads to a wind-up phenomenon and causes
central sensitization. The activation of NMDA receptors also
leads to peripheral sensitization and has been implicated in
visceral pain.®!

Ketamine, a phencyclidine, is the commonly used
NMDA-receptor antagonist which has been used for
procedural sedation, acute pain, and complex chronic
pain management.”’ The dissociative analgesia and
psychomimetic symptoms are known concerns with the use
of ketamine but this is seen at doses more than 1 mg/kg.
At doses of 0.1-0.3 mg/kg bolus or 1 mg/kg/hour infusion,
which is also known as the analgesic dose of ketamine, such
adverse events are uncommon."” In a systematic review
by Karlow et al.,'V the authors concluded that ketamine
is non-inferior to morphine when used judiciously in the
management of acute pain in the emergency department. In
a Cochrane review by Brinck et al.,!'? the authors concluded
that ketamine reduces postoperative analgesic consumption
and pain intensity with reduced nausea/vomiting in the
postoperative period.

Magnesium, ketamine, amantadine, memantine, and
dextromethorphan are other drugs that belong to the
NMDA-receptor antagonist family. Memantine is a derivative
of amantadine and is available as an oral preparation. In
the year 2000, US FDA approved the use of memantine for
Alzheimer’s disease. Another indication of its use is a complex
regional pain syndrome, phantom limb pain, fibromyalgia,
and postmastectomy pain. Memantine has a low affinity
for NMDA-receptor antagonist action and does not lead
to psychomimetic symptoms or dissociation at doses of
20-60 mg/day."> The use of memantine as an opioid-sparing
adjunct when administered as a premedication preoperatively
has been investigated in many studies with variable
success.!">'® This systematic review and meta-analysis aimed
to investigate the efficacy and safety of preoperative oral
memantine premedication as a part of multimodal analgesia
in patients undergoing various elective surgeries in adults by
comparing it with a control group or placebo.

Methods

This systematic review was registered with the international
prospective register of systematic reviews (PROSPERO
registration number: CRD42023404008) and was reported

as per the Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines.!'”!

The search for relevant keywords was done from databases
starting from January 2000 till February 2023. The strategy
included searches of PubMed/MEDLINE, Scopus, Cochrane
Library (CENTRAL), and clinicaltrials.gov. The search strategy
for the PubMed database was as follows: “Memantine” AND
“Acute pain” OR “Postoperative pain”.

Participants (inclusion and exclusion criteria)

RCTs in which oral memantine was compared with a placebo or
a control group in patients undergoing elective surgeries and
non-cardiac surgeries in adults were included. Studies in which
there were no control groups, case reports/series, editorials,
review articles, or conference abstracts were excluded.

RCTs in which oral memantine premedication was compared
to a placebo or a control medication in patients undergoing
elective surgery were carefully searched for in the database
findings. Two authors independently examined the titles
and abstracts, removing any duplicates. After careful
consideration by both authors, who also read the entire
text, the studies were chosen. An independent third author
addressed discrepancies and inconsistencies, if any. Each
reviewer separately extracted the data using a predefined
approach. The study characteristics and study results were
evaluated in the completed publications. Details like the
name of the author, publication year, study design, number
of participants, country, age, surgeries performed, primary
and secondary outcomes, and conclusions were gathered.

Intervention and comparators

Adult patients undergoing elective on-cardiac surgeries were
premedicated with oral memantine premedication which was
compared with either a placebo or a control group.

Outcomes: Primary and secondary

The primary outcomes were pain scores at various time
intervals. The secondary outcomes were sedation scores,
postoperative opioid consumption, patients requiring
rescue analgesia, adverse events like postoperative nausea/
vomiting (PONV), and quality of recovery (QoR).

Methodological quality assessment

The methodological quality and risk of bias of the included
RCTs were assessed using the Revised Cochrane risk-of-bias
assessment for RCTs (RoB 2). To assess bias, six areas were
taken into account: randomization bias, deviation from
intended intervention bias, missing data bias, outcome
measurement bias, selection bias for reported results, and
overall bias./"8l
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Data extraction

From the publications, reference data, populations, and
results were taken out and inserted into pre-designed
tables. For data extraction, the two authors (— and --) used
a systematic procedure. Data on the study’s design, number
of arms, main finding, participant demographics, sample size,
the procedure performed, and experimental intervention
were acquired (oral memantine premedication).

Data synthesis and analysis

The distinction between a therapeutic or negative effect
being present or absent was recovered as a dichotomous
result. For continuous data, we computed means and
standard deviations (SDs). The confidence intervals (Cls) or
P values that were associated with the variations in means
between the two groups were used to calculate the SDs if
they were not explicitly mentioned. If trials were clinically
homogenous in terms of demographic and control group,
pooling of the available was performed. When adequate
numbers of adequately homogenous studies were extracted
based on inclusion criteria, Review Manager software was
used to conduct the meta-analysis (version 5.4.1)."l

Dichotomous variables were evaluated using the
Mantel-Haenszel method, and the risk ratio and its
corresponding 95% confidence interval (Cl) were calculated.
The mean difference (MD) with the associated 95% CI for
continuous variables with units-unified was calculated using
the inverse variance method. The 12 statistic, which was
defined as 0%—40%-might not be important, 30%-60%-may
represent moderate heterogeneity, 50%-90%-may indicate
significant heterogeneity, and 75%-100%-considerable
heterogeneity, was used to assess the heterogeneity between
trials.!

The results were compared with the random effects model
and fixed effects model, and ultimately the reliability of
the combined results was analyzed following the degree of
consistency of the results. For the meta-analysis, the fixed
effects model was employed when P > 0.01 and 12 <50% and
the random effects model when P < 0.01 and 12 >50%.?!
For the reporting of dichotomous outcomes, risk ratios (RR)
with 95% Cl were used. Different opioids were converted to
intravenous (IV) morphine equivalent for comparison between
the trials.

Sensitivity and sub-group analysis

The robustness of the pooled estimates for outcomes that
included data from three or more studies was evaluated
by sequentially removing data from each study and by
reanalyzing the remaining data to ensure that the pooled
effect sizes were not the result of single study domination.

A sub-group analysis will be performed if there is both placebo
or an active control group (some other premedication drug).

Publication bias

Funnel plots of effect sizes against standard errors for
outcomes will be examined for asymmetry if there are more
than 10 studies that fulfill inclusion criteria.”? The Egger
bias test will be used as a corresponding statistical test with
P < 0.10 indicating asymmetry.*!

Results

Results of literature search

We searched PubMed/Medline, CENTRAL, Scopus, and
clinicaltrials.gov for RCTs comparing oral memantine
premedication with control in patients undergoing elective
non-cardiac surgeries. We identified 225 articles by
searching the above-mentioned databases and registries.
After removing duplicates and also articles that were not
relevant, we identified 14 articles for scrutiny. A total of nine
studies were considered eligible. From these six studies were
excluded (study with no control group-1, review articles-3,
active control group-0, unrelated primary and secondary
outcomes-3). Finally, we included 3 studies which included
224 patients for analysis (112 patients in the memantine
group and 112 in the control group),*?! depicted in the
PRISMA flowchart [Figure 1]. All the included studies with
study characteristics are summarized in Table 1. The PRISMA
checklist is provided as Supplementary File 1.

Risk of bias

The risk of bias within the trials according to ROB2 is depicted
in Figure 2a. The summary plot of the quality assessment is
shown in Figure 2b. The bias from the randomization process
was low in three studies.?*?® Bias due to deviations from
intended interventions (allocation concealment) was low in
all 3 studies.**?¢! Bias arising due to missing outcome data
was low in one study?® and there was no information in two
studies.??! Bias in the measurement of outcome was low
in all three studies.?*?% Bias arising due to the selection of
reported results was low in all three studies.?*?° The overall
bias was low.

Primary outcome meta-analysis

The three studies which fulfilled the inclusion criteria are
summarised here. Taheri et al.? randomized 180 patients
undergoing elective lower limb orthopedic surgery into
three groups (60 patients in each group). Patients in group 1
received 30 mg memantine, patients in group 2 received
45 mg dextromethorphan, and patients in group 3 received
a placebo 2.5 hours before surgery. Pain scores and sedation
scores (at 6, 12, 24, 36, and 48 hours), and PONV were
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Figure 1: PRISMA flowchart

compared postoperatively. The authors also compared opioid
consumption at 48 hours and patient satisfaction at the end
of 48 hours.

Rahimzadeh et al.® randomized 60 patients undergoing
dacryocystorhinostomy under standard general anesthesia
protocol. One group received 20 mg of memantine before
surgery (30 patients) and the patients in the other group
received a placebo (30 patients). Pain scores and sedation
scores were noted and compared at 1, 2, and 6 hrs after
surgery. Demographic data and adverse events like PONV
were also compared.

Karri et al.” randomized 66 patients undergoing laparoscopic
cholecystectomy into three groups: group 1 patients
received 600 mg oral gabapentin, group 2 patients
received 20 mg oral memantine, and group 3 patients
received a placebo 1 hour before surgery. Post extubation,
pain scores at 15 min, 1,2, and 4 hours were assessed
and compared using NRS and algesiometer. Sedation

> Reports excluded:

v

(n=3)

No controlgroup (n =1)
Review articles (n=3)
Active controlgroup (n =0)
Unrelated primaryoutcome

(n=2)

scores were also noted at the same time intervals. Rescue
analgesia (NRS > 4) was with IV tramadol 1 mg/kg. The
number of doses of rescue analgesia, total rescue analgesia,
and time to rescue analgesia was also compared. Adverse
events like dizziness, PONV, headache, and epigastric
discomfort were also compared. The efficacy for compared
only for 4 hours postoperatively.

Meta-analysis of pain scores at 1, 2, and 6 hour

Three studies reported pain scores at the end of the
first postoperative hour (112 patients in the memantine
group and 112 patients in the control group).?*? At the
end of 1 hour, pain scores were comparable between the
memantine and control group (MD: —0.85, 95% CI: -2.04,
0.34, P = 0.16). Arandom effect model revealed considerable
heterogeneity (P = 0.009; 12 =86%) [Figure 3a].

Two studies reported pain scores at the end of 2 hours
(52 patients in the memantine and control group, each).?>2°!
At the end of 2 hours, pain scores were significantly less
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Table 1: Summary of all the included studies

Authors/
year

Conclusions

Secondary
outcome

Primary

Dose of

Comparator

Number of
patients

Surgery

Country Type of study

memantine used outcomes

Memantine is effective in

Sedation scores,

PONV

Comparison of

30mg

Dextromethorphan

100 (60 in

Orthopaedic

Iran Double-blind

Taheri

reducing postoperative pain

postoperative
pain scores

memantine group, 60 45 mg and

in dextromethorphan
group, 60 as control)

Dacryocystorhinostomy 60 (30 in memantine
(DCR)

clinical trial

et al./201724

scores when compared to 45 mg

dextromethorphan and placebo
Single dose, preoperative

placebo

20 mg Comparison of  Sedation scores,

Placebo

Double-blind

Iran

Rahimzadeh

memantine is effective in reducing
postoperative pain after DCR

adverse effects

postoperative
pain scores

group, 30 in placebo)

clinical trial

et al./2017%

Gabapentin is a better adjuvant

analgesic for laparoscopic

Sedation scores,

66 (22 in Gabapentin 20 mg Comparison of

Laparoscopic

Randomised,

India

Karri
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time to rescue

postoperative
pain scores

600 mg and
placebo

memantine group,
22 in gabapentin

group, 22 in
placebo)

cholecystectomy

placebo-controlled

trial

et al./20210

cholecystectomy compared
to memantine as a single

preoperative dose.

analgesia, number

of doses of

rescue analgesia

in the memantine group when compared to the control
group (MD: —0.82, Cl: —1.60, —0.05, P = 0.04). A random
effect model was applied which was suggestive of significant
heterogeneity (P = 0.06; I2 =71%) [Figure 3b].

Two studies reported pain scores at the end of 6 hours
(45 patients in the memantine and control group, each).?+2!
Pain scores were significantly less in the memantine group
after 6 hours when compared to the control (MD: —1.80, 95%
Cl: —2.23, —1.37,P <0.00001). However, heterogeneity was
not applicable as one study had 100% of weight as the details
of standard deviation were not provided by the second study
[Figure 3¢].?4

Meta-analysis of sedation scores

Two studies reported sedation scores at the end of
1 hour (52 patients in the memantine and control group,
each).”>%! On pooled analysis, it was revealed that the
sedation scores at the end of 1 hour were significantly more
in the memantine group than in the control group (MD:
1.73, 95% CI: 0.82, 2.64, P = 0.0002). Based on a fixed
effect model, there was moderate heterogeneity (P = 0.21;
12 =36%) [Figure 4a]

Two studies reported sedation scores at the end of 2 hours
(52 patients in the memantine and control group, each).?>2°!
On pooled analysis, it was revealed that the sedation scores
at the end of 2 hours were comparable between both
groups (MD: 0.07, 95% Cl: —0.38, 0.53, P = 0.76). Based on
a fixed effect model, there was no heterogeneity between
the studies (P = 0.85; 12 = 0%) [Figure 4b].

Meta-analysis of the total dose of rescue analgesia

Two studies reported a total dose of rescue analgesia
postoperatively (82 patients in the memantine and control
group, each).?*?! Pooled analysis revealed that the doses
of rescue analgesia were comparable between both groups
(MD: —7.57,95% Cl: —20.39, 5.25, P = 0.25). Arandom effect
model revealed considerable heterogeneity (P < 0.00001; /2
=99%) [Figure 5a].

Meta-analysis of PONV

Two studies reported PONV (52 patients in the memantine
and control group, each).?>?! Pooled analysis revealed
comparable PONV between memantine and control
(MD: 0.82, 95% Cl: 0.24, 2.81, P = 0.75). However,
heterogeneity was not applicable as one study had 100% of
weight (as there were no PONV events in the other group)
[Figure 5b].

As there were only three studies in quantitative analysis,
publication bias was not estimated.
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Figure 2: (a) Traffic light plot. (b) Summary plot
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Figure 3: (a) Forest plot showing comparison between pain scores at 1 hour. (b) Forest plot showing comparison between pain scores at 2 hours. (c) Forest

plot showing comparison between pain scores at 6 hours
Discussion

Summary of results

This systematic review and meta-analysis investigated the
efficacy and safety of oral memantine premedication before
various surgeries in providing opioid-sparing analgesia. The
pooled analysis revealed that the use of memantine provided
better pain scores at 2" and 6 hours postoperatively, but
not at 1 hour. This was at the cost of higher sedation scores
in the first postoperative hour with comparable sedation

scores from 2" hour. However, the number of doses of
rescue analgesia (in terms of IV morphine) and PONV were
comparable in both groups. To the best of our knowledge,
this is the first systematic review that has attempted to
investigate the efficacy of oral memantine premedication in
adults before surgery.

Several studies have demonstrated that low-dose ketamine (up
to 0.1 mg/kg) is useful in managing acute pain especially
when opioids are contraindicated, rapid onset of analgesia
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Figure 4: (a) Forest plot showing comparison between sedation scores at 1 hour. (b) Forest plot showing comparison between sedation scores at 2 hours
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Figure 5: (a) Forest plot showing comparison between total dose of rescue analgesia. (b) Forest plot showing comparison between PONV scores

is required, or pain is persistent despite conventional
analgesic modalities.””?! Although there are many NMDA
receptors available, ketamine has been widely used in acute
postoperative pain as the anaesthesiologists are familiar
with its use as a result of its extensive application in general
anesthesia and procedural sedation in combination with other
drugs in several areas.?*3? However, the common adverse
effects of ketamine like dissociation, and psychomimetic
effects interferes with its use regularly.”® This is despite
the existing availability of consensus guidelines on the use
of IV ketamine infusions for acute pain management made
available by the American Society of Regional Anesthesia and
Pain Medicine, the American Academy of Pain Medicine, and
the American Society of Anesthesiologists.!""!

Several NMDA antagonists like magnesium sulfate, amantadine,
dextromethorphan, and memantine were explored by several
researchers for various surgeries to investigate their safety
and analgesic efficacy.®**! In a randomized, double-blind,
controlled trial by Schley et al.,* the authors randomized
19 patients undergoing acute traumatic amputation of the
upper extremity under brachial plexus block (continuous
ropivacaine infusion for at least 7 days). There were 10 patients
in the memantine group who received 20-30 mg per day of oral
memantine for 4 weeks and the 9 patients in the control group
received a placebo. the authors concluded that memantine

can reduce the intensity of phantom limb pain and might also
prevent the development of phantom limb pain.

Morel et al." randomized 40 females with breast cancer
undergoing mastectomy into two groups. One group received
5-20 mg/day of oral memantine for 2 weeks before surgery
which was continued at a dose of 20 mg/day for another two
weeks after surgery. The other group received a placebo for
a similar duration. Post-mastectomy pain was compared in
both groups at the end of 3 months. The analysis revealed that
patients receiving memantine showed a significant difference
in post-mastectomy pain intensity at three months, less rescue
analgesia, and a better emotional state. Shanthanna et al.l*"!
conducted a randomized-controlled, factorial-design, pilot
study to compare NMDA antagonists (IV ketamine and oral
memantine) with a placebo and IV steroid (dexamethasone)
with placebo in patients undergoing video-assisted thoracic
surgeries. Patients were allotted 27 eligible patients randomly
in 4 groups viz., NMDA active with steroid placebo, NMDA
placebo with steroid active, NMDA and steroid both active,
and both NMDA and steroid placebo. As per the methodology,
0.5 mg/kg ketamine was administered as a bolus followed
by 0.1 mg/kg/hour for 24 hours started postoperatively in
the NMDA active group. From postoperative day-1, patients
received 5 mg BD memantine for a week, and 10 mg BD
for the second week, and was continued for 4 weeks.
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The patients in the placebo group received a placebo
preoperatively and postoperatively for 4 weeks. Out of the
27 patients, four patients had pain at rest and two patients
had pain at movement. The authors discontinued the trial
due to the non-availability of trial medications.

In an interesting study by Martin et al.,'*'! the authors
randomized 60 patients who were treated for chronic
neuropathic pain with 0.4-0.5 mg/kg IV ketamine
infusion (over 2 hours) into two groups. In one group,
patients received 90 mg/day oral dextromethorphan,
in another group the patients received 20 mg/day oral
memantine, and in the third group, patients received
a placebo, all for 12 weeks. This limited sample-sized
study concluded on analysis of various outcomes that
oral dextromethorphan temporarily extended ketamine
pain relief over one month, with improved cognition in
patients who received memantine. This is an interesting
premise in postoperative patients in which intraoperatively
the patients receive an analgesic dose of ketamine and
postoperatively, the planned NMDA antagonist for an
extended duration, depending on the type of surgery.

Limitations

There were several limitations in this review. The number
of RCTs was less thus leading to an overall small sample
size. Although in all studies, patients received a single dose
of memantine, the dose was not consistent. Moreover, the
type of surgeries for which memantine was investigated
was of varying severity which could have affected overall
pain assessment. A pooled analysis of pain scores was
possible for up to 6 hours only and not beyond due to
methodological limitations. Several outcomes like patient
satisfaction, quality of recovery, length of stay, and cost
of hospitalization were not investigated in the included
studies. Memantine is a safe NMDA-receptor antagonist
with negligible adverse effects and therefore well-designed
and adequately powered studies need to be conducted
to encourage its use as an opioid-sparing premedication.
However, the strength of this review is that all the studies
included are RCTs with a low bias.

Conclusion

This systematic review and meta-analysis demonstrate better
pain relief postoperatively with a preoperative single dose
memantine premedication at 2 and 6 hours with comparable
adverse events with a placebo. There is insufficient evidence
at present to advocate the routine use of memantine as a
premedication before various surgeries. Future studies with
robust methodology and adequate sample size need to explore
the role of memantine premedication for various surgeries.
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