
Open Journal of Dentistry and Oral Medicine 5(4): 59-71, 2017 http://www.hrpub.org 
DOI: 10.13189/ojdom.2017.050401 

NMDA Receptor Antagonists for the Treatment of 
Neuropathic Pain Compared to Placebo: A Systematic 

Review and Meta-analysis 

Byron Larsen1, Kristin Mau1, Mariela Padilla2, Reyes Enciso3,* 

1Master of Science Program in Orofacial Pain and Oral Medicine, Herman Ostrow School of Dentistry,      
University of Southern California, USA 

2Division of Periodontology, Diagnostic Sciences and Dental Hygiene, Herman Ostrow School of Dentistry,     
University of Southern California, USA 

3Division of Dental Public Health and Pediatric Dentistry, Herman Ostrow School of Dentistry, University of Southern California, USA 

Copyright©2017 by authors, all rights reserved. Authors agree that this article remains permanently open access under the 
terms of the Creative Commons Attribution License 4.0 International License 

Abstract  The objective of this study is to evaluate the 
efficacy of N-Methyl-D-aspartate (NMDA) receptor 
antagonists on neuropathic pain disorders that can occur in 
the orofacial region. These disorders included: Postherpetic 
Neuralgia (PHN), Complex Regional Pain Syndrome 
(CRPS), Atypical Odontalgia, Temporomandibular Joint 
(TMJ) Arthralgia and facial neuropathies. Materials and 
Methods: Three databases (Medline through PubMed, Web 
of Science, and Cochrane library) were searched on January 
25, 2017 for randomized placebo-controlled studies using a 
NMDA receptor antagonist to treat spontaneously occurring 
neuropathic pains as compared to placebo. Two review 
authors separately evaluated the risk of bias. Results: The 
initial search yielded 267 unduplicated references, of which 
only 16 were eligible for inclusion. Six of these studies had 
an unclear risk of bias and ten had a high risk of bias. Four 
studies were included for meta-analysis. Oral memantine 
was found not to be more effective than placebo in treating 
PHN (p=0.735), while oral and IV ketamine were more 
effective than placebo in treating CRPS (p<.001). 
Conclusions: The quality of the evidence favorable to the 
use of ketamine in the treatment of CRPS is low. 
Inconclusive evidence in favor of other NMDA antagonist 
receptors was found. Additional studies with lower risk of 
bias and larger sample sizes are needed in this area of study. 

Keywords  N-methyl-D-aspartate (NMDA) Receptor 
Antagonist, Ketamine, Post-Herpetic Neuralgia (PHN), 
Complex Regional Pain Syndrome (CRPS), Facial 
Neuropathies 

1. Introduction

Neuropathic pain has been linked to structural and 
functional somatosensory nervous system alternations that 
produce spontaneous pain and pathologically intensified 
reactions to noxious and innocuous stimuli [1]. It is 
suggested that different mechanisms are at play regarding 
orofacial neuropathic pain due to the diverse clinical 
manifestations in disorders of various etiologies [2]. More 
specifically, involvement pertains to both peripheral and 
central sensitization mechanisms [3]. Campbell and Meyer 
[2] explain that altered responses can result from either 
injured axons or intact nociceptors that are in the proximity 
of the injured nerve. They additionally proposed that these 
mechanisms may be observed in pharmacological treatment 
outcomes [2]. 

N-methyl-D-aspartate (NMDA) receptors are involved in 
maintaining neural hyper excitability, including central 
sensitization [4]. Prolonged activation of nociceptors in the 
case of neuropathic pain comes from ectopic discharge 
generated in injured nerves or ganglia, which results in a 
continuous release of glutamate, that can lead to 
longer-lasting membrane depolarization [4]. It is the 
prolonged firing of C-fiber nociceptors that releases 
glutamate, which in turn acts on NMDA receptors causing 
central and peripheral sensitization. Clinically, this extended 
membrane depolarization presents as spontaneous pain, 
hyperalgesia and allodynia [5]. Considering that the 
blockage of NMDA receptors may disrupt or even overturn 
the pain process, NMDA receptor antagonists are being 
proposed in the pharmacological treatment of neuropathic 
pain [6]. Therefore, blocking these receptors with antagonist 
drugs can reduce the symptoms of hyperalgesia, allodynia 
and spontaneous pain [4, 6]. 

Neuropathic pain disorders can occur in the orofacial 
region including: Postherpetic Neuralgia (PHN), Complex 
Regional Pain Syndrome (CRPS), Atypical Odontalgia, 
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Temporomandibular Joint (TMJ) Arthralgia and facial 
neuropathies. The current choice of treatments for chronic 
pain, particularly neuropathic pain (i.e. that associated with 
peripheral nerve or CNS pathology) is very limited and the 
use of current medications such as tricyclic antidepressants 
(TCAs) and neuromodulators only show partial efficacy in 
the majority of patients [7]. According to Coluzzi and Mattia 
[8], “TCAs have become the mainstay in the treatment of 
neuropathic pain.” 

Since antagonists to NMDA receptors have been 
suggested to play a major role in the treatment of neuropathic 
pain [4, 6, 7], the objective of this review is to perform a 
meta-analysis evaluating the effects of individual NMDA 
receptor antagonists on patients with varying conditions 
affecting the orofacial region of the body. 

2. Materials and Methods 

2.1. Criteria for Considering Studies for this Review 

Included studies were limited to randomized controlled 
trials on the efficacy of NMDA receptor antagonists 
compared to placebo group in adult patients to reduce 
spontaneous pain. Studies included at least one clinical 
endpoint on spontaneous pain in patients with postherpetic 
neuralgia (PHN), CRPS, facial neuropathy, atypical 
odontalgia and TMJ arthralgia. Two reviewers individually 
assessed trial reports to determine eligibility. 
Editorials/commentaries, reviews, case studies, animal 
studies, cost-effectiveness studies, pharmacokinetic studies, 
and guidelines were omitted. Articles not available in 
English were also omitted. Not randomized studies or 
uncontrolled studies, as well as open label studies were 
rejected. All studies where pain was induced or 
non-spontaneous were excluded. The primary outcome was 
the difference in pain relief between experimental and 
placebo conditions as measured on a numerical rating scale 
(NRS) or visual analog scale (VAS). 

2.2. Search Strategy 

For the identification of studies included or considered for 
this review, the following electronic databases were 
searched. 

MEDLINE via PubMed (searched on 2/14/2017). PubMed 
Search Strategy: 

("Ketamine"[Mesh] OR ketamine OR "NMDA" OR 
"Receptors, N-Methyl-D-Aspartate"[Mesh] OR 
"Amantadine"[Mesh] OR “amantadine” OR 
"Memantine"[Mesh] OR “memantine” OR "Riluzole"[Mesh] 
OR “Riluzole” OR “Dextromethorphan” OR 
"Dextromethorphan"[Mesh]) AND (post-herpetic OR 
postherpetic OR "Neuralgia, Postherpetic"[Mesh] OR 
"Complex Regional Pain Syndromes"[Mesh] OR CRPS OR 
(Complex regional pain syndrome) OR 

"Temporomandibular Joint Disorders"[Mesh] OR 
"Temporomandibular Joint Dysfunction Syndrome"[Mesh] 
OR TMJ OR TMD OR (temporomandibular joint) OR 
(temporomandibular disorder) OR temporo-mandibular OR 
BMS OR (burning mouth syndrome) OR "Burning Mouth 
Syndrome"[Mesh] OR arthralgia OR "Arthralgia"[Mesh] 
OR myofascial OR "Myofascial Pain Syndromes"[Mesh] ). 
Filters: Language, limit to English; Species, limit to 
humans. 

The Web of Science (searched on 2/14/2017). 
TOPIC: ketamine OR NMDA OR Receptors, 

N-Methyl-D-Aspartate OR amantadine OR memantine OR 
Riluzole OR Dextromethorphan AND TOPIC: post-herpetic 
OR postherpetic OR Neuralgia, Postherpetic OR Complex 
Regional Pain Syndromes OR CRPS OR Complex regional 
pain syndrome OR Temporomandibular Joint Disorders OR 
Temporomandibular Joint Dysfunction Syndrome OR TMJ 
OR TMD OR temporomandibular joint OR 
temporomandibular disorder OR temporo-mandibular OR 
BMS OR burning mouth syndrome OR arthralgia OR 
myofascial OR Myofascial Pain Syndromes AND TOPIC: 
random OR randomized OR randomly. 

The Cochrane Library (searched on 2/14/17): 
(ketamine OR NMDA OR Receptors, 

N-Methyl-D-Aspartate OR amantadine OR memantine OR 
Riluzole OR Dextromethorphan) AND (post-herpetic OR 
postherpetic OR Neuralgia, Postherpetic OR Complex 
Regional Pain Syndromes OR CRPS OR Complex regional 
pain syndrome OR Temporomandibular Joint Disorders OR 
Temporomandibular Joint Dysfunction Syndrome OR TMJ 
OR TMD OR temporomandibular joint OR 
temporomandibular disorder OR temporo-mandibular OR 
BMS OR burning mouth syndrome OR arthralgia OR 
myofascial OR Myofascial Pain Syndromes) AND (random 
OR randomized OR randomly). 

Reviews, included studies and clinical guidelines were 
scanned for relevant trials. 

2.3. Data Collection and Analysis 

Studies were limited to adults participating in randomized 
controlled trials on the efficacy of NMDA receptor 
antagonists on spontaneous neuropathic compared to 
placebo. Only studies in English were included. Two 
reviewers individually assessed abstracts to determine 
eligibility. If neuropathic pain was induced and not 
naturally occurring these studies were excluded from search 
results. Two authors (B.L and K.M.) independently 
screened the titles and abstracts resulting from the search 
strategy. If the abstracts met the inclusion criteria the same 
two authors reviewed the full text of the articles. The third 
author (R.E.) resolved all disagreements as to whether a 
study was included or excluded. This systematic review 
followed the recommendations of the Preferred Reporting 
Items for Systematic Review and Meta-Analyses (PRISMA) 
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statement [9]. 
Two reviewers (B.L. and K.M.) extracted the methods, 

participants, treatment groups and interventions, 
comparison groups, demographics and outcomes from the 
full-text articles eligible for inclusion. 

2.4. Assessment of Risk of Bias in Included Studies 

The risk of bias tool, described in the Cochrane 
Handbook for Systematic Reviews of Interventions [10], 
was used to assess each eligible study for risk of bias. Two 
reviewers (B.L and K.M.) assessed risk of bias for each 
included study. Risk of bias was assessed in the following 
categories: random sequence generation, allocation 
concealment, blinding, incomplete outcome data, selective 
reporting, other potential bias and overall risk of bias. 

2.5. Measures of Treatment Effect 

The primary endpoint for the studies was measuring the 
efficacy of the NMDA receptor antagonists in reducing pain 
scores of the subjects compared to placebo. Reduction in 
pain intensity was measured in multiple different ways 
throughout the studies by the different authors. The 
different measurement methods included: VAS 0-10, VAS 
0-100, numerical verbal scale 0-10, NPS 0-10, M-VAS, 11 
p0oint NRS-PI, 5 point categorical scales, VAS-PR 0-100, 
NRS 0-10 and 20 point Gracely Box Scale. To measure the 
treatment effect by using different scales, standardized 
mean difference (SMD) with 95% confidence intervals (CI) 
was used. Quality of evidence assessment, and summary of 
the findings, were conducted using the software GRADE 

profiler (GRADEpro), following the Cochrane 
Collaboration and GRADE Working Group. 

3. Results 

3.1. Results of the Search 

The initial search strategy yielded 320 references with 
260 unduplicated plus seven hand-search references. 
Independent assessment by two review authors based on the 
abstracts and titles reduced the number of relevant 
manuscripts to 29. Main reasons for exclusion of those 
references were that the study was a review or a systematic 
review (n=70), not in English (n=3 in German), animal 
study (n=5), in children (n=2), evidence-based 
recommendations (n=1), book chapter (n=1), 
editorial/opinion letter (n=18), only abstract (n=1), pilot 
study (n=1), open-label study (n=3), not a RCT (n=9), 
different condition (n=78), different intervention (n=46). 

All 29 eligible manuscripts identified were searched for 
full-text and analyzed for inclusion independently by two 
review authors, from these, 16 manuscripts were found 
relevant for inclusion. Main reasons for 13 excluded 
references were that the intervention under study was not a 
NMDA (n=2), different conditions (n=2), a review of the 
literature (n=1), abstract proceedings (n=2), not a RCT 
(n=4), pilot study (n=1) and an open label study (n=1). 
PRISMA flowchart shows a summary of our search results 
(Figure 1). 

 
Figure 1.  PRISMA flow diagram. 
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3.2. Included Studies 
There were sixteen included studies utilized for 

qualitative analysis [11–26] listed in Table 1.  These 
studies were limited to randomized controlled trials on the 
efficacy of NMDA receptor antagonists compared to 
placebo groups in adult patients with varying conditions to 
reduce spontaneous pain. Each study additionally included 
at least one clinical endpoint on spontaneous pain. Ten of 
the sixteen studies were crossover as well [11, 13, 14, 16–
20, 22, 23]. The number of participants ranged from 8 in 
one of the studies [14] up to 92 in another study [17]. 
Regarding the ages of the participants, the range was 
anywhere from 20 years old to 93 years old. All studies 
included adult males and females. The neuropathic pain 
conditions included were CRPS, PHN, TMJ arthralgia, 
atypical odontalgia, and facial neuropathies. Inclusion and 
exclusion criteria for the different studies varied pertaining 
mostly to the criteria defining the different condition 

diagnosis (Table 1). 
Of the 16 studies, 10 studies used Ketamine as the 

intervention and 3 of these studies used the S enantiomer of 
Ketamine while the others used the racemic (R/S) Ketamine 
form. Of the remaining studies 1 used Memantine, 1 used 
Riluzole, 3 used Dextromorphan and one studied 
Dextromorphan and Memantine. The NMDA receptor 
antagonists have different affinities for the receptor and as 
such have varying effects on pain. Additionally, the 
interventions had different routes of administration, 6 studies 
gave the subjects the intervention intravenously, 6 were 
given the drugs orally in the form of a capsule or syrup and 3 
were applied in a topical cream. The Ayesh et al. [11] study 
examined the effects on NMDA receptor antagonists on TMJ 
arthralgia, they were the only study to use intra-articular 
injection as the route of administration for the NMDA 
receptor antagonist. 

Table 1.  Characteristics of included RCT studies 

Reference 
Year, 

Country, 
Study design  

Patient’s 
condition 

Interventions and sample 
size 

Age mean or 
range (years) 

Gender: 
M/F 

Inclusion criteria 

Ayesh et al. 
2008[11] 

2008, 
Denmark 
Crossover 

TMJ Arthralgia 
patients 

N=36  

 Intra-articular ketamine 
(n=18) 

 Saline (n=18 
randomized; n=16 
completed) 

Age range: 
20-39 

3M/15F 

TMJ arthralgia according to 
Research Diagnostic Criteria for 
Temporomandibular Disorders 
(RDC/TMD) 

Baad-Hansen 
et al. 2007[12] 

2007, 
Denmark 
Crossover 

Atypical 
odontalgia 

Crossover N=14 randomized; 
10 completed 

 S-ketamine  
 Fentanyl 
 Isotonic NaCl  

I: 48.1 y.o. 
3M/7F 

C: 40.6 y.o. 
4M/6F 

(1) Atypical odontalgia pain (>6 
months); 

(2) Non-paroxysmal pain present 
during most of the day;  

(3) No tissue pathology. 

de Barros et 
al. 2012[13] 

2012, Brazil 
Crossover PHN 

N=12 total 

 1% topical S-ketamine 
(n=6) 

 Placebo (n=6) 

71.7 
4M/8F 

1) Older than 18 using 
amitriptyline and gabapentin to 
control PHN pain for at least 1 
month;  

2) Persistent pain at herpes zoster 
site for 30 days post skin 
healing  

Eide et al. 
1994[14] 

1994, 
Norway 
Crossover 

PHN 

Crossover: N = 8 patients 

 Ketamine hydrochloride 
 Morphine hydrochloride 
 Saline  

71.8 
4M/4F 

PHN patients 

Eisenberg et 
al., 1998[15] 

1998, Israel 
RCT PHN 

N = 24 

 Oral memantine (n=12) 
 Oral placebo (n=12) 

I: 65.7 
5M/7F 
C: 70.8 
7M/5F 

Symptoms and physical findings 
consistent with PHN 

Finch et al. 
2009[16] 

2009, 
Australia,  
Crossover 

CRPS 

Crossover N= 20 

 Racemic ketamine 
hydrochloride 10% in 
PLO 

 Placebo 

39.8 
6M/14F 

Diagnostic criteria for CRPS 

Galer et al. 
2000[17] 

2000, United 
States 
Crossover 

DN, PHN, 
Peripheral 
Neuropathy 

Total N = 43 Study 1: 
66 y.o. 

12M/10F 

1) >18 years old; 
2) diagnosis of chronic peripheral 

neuropathic pain due to 
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Crossover Study1:  

(1)100mg/day Riluzole 
(n=22)  

(2) placebo (n=22)  

Crossover Study2: 

(1)200mg/day Riluzole 
(n=21)  

(2) placebo (n=21) 

Study 2: 
64 y.o. 
13M/8F 

peripheral neuropathy or focal 
peripheral nerve injury > 3 
months. 

Gilron et al. 
2000[18] 

2000, United 
States 
Crossover 

Facial 
Pain/Possible 
Trigeminal 
Neuropathy, 
Anesthesia 
Dolorosa, 
Idiopathic TN 

Crossover N= 19 

 Dextromethorphan 
 Low-dose lorazepam  

50.26 
5M/14F 

Age between 18 and 89 years; daily 
paroxysms or continuous pain for at 
least 3 months; a previous trial of 
carbamazepine or baclofen (for TN) 
or a tricyclic antidepressant, an 
opioid, or gabapentin (for other 
neuralgias);  

Jørum et al. 
2003[19] 

2003, Norway 
Crossover 

Post-Traumatic 
Neuralgia, PHN 

Crossover N=12 

 alfentanil bolus  
 ketamine bolus 
 NaCl 

47.5 
5M/7F 

Clinical symptoms and findings of 
neuropathic pain following trauma 
(with special emphasis on severe 
cold allodynia and hyperalgesia.  

Leung et al. 
2001[20] 

2001, United 
States 
Crossover 

Post-Nerve Injury 
Neuropathic Pain 
including PHN 

Crossover N=12 

• ketamine IV  
• alfentanil IV  
• placebo (diphenhydramine 

IV) 

55.8 
7M/5F 

Demonstration of allodynia plus 
medical history suggesting nerve 
injury  

Lynch et al, 
2005[21] 

2005, Canada 
RCT 

DN, PHN, 
Post-Surgical/Post
-traumatic 

 2% amitriptyline (n = 22 
but 3 withdrew) 

 1% ketamine (n = 22 but 
3 withdrew) 

 2% amitriptyline and 1% 
ketamine (n=23 but 3 
withdrew) 

 Placebo cream (n=25 but 
3 withdrew) 

I: 1) 24-76 
9M/13F  
2) 30-78 
11M/11F 
3) 25-82 
12M/11F 
C: 34-84 
15M/10F 

Established diagnosis of PHN, 
diabetic neuropathy with moderate 
to severe pain persisting despite 
other Tx modalities for 3 months or 
longer with allodynia or 
hyperalgesia in the pain area 

McQuay et 
al. 1994[22] 

1994, 
United 
Kingdom 
Crossover 

Post-Surgical 
Neuralgia, 
Post-stroke Pain, 
Brachial Plexus 
Avulsion, 
Phantom Limb 
Pain, PHN, DN 

N=19 randomized; N=12 
completed 

Phase 1: 

 Dextromethorphan 
13.5mg, 3 x day  

 Placebo 
 Phase 2: 
 Dextromethorphan 

27mg, 3 x day  
 Placebo 

60.6 
12M/7F 

Male or female patients being 
treated for neuropathic pain, with a 
proven pathological process related 
to the painful area with 
demonstrable somatosensory 
dysfunction 

Nelson et al. 
1997[23] 

1997, United 
States 
Crossover 

DN, PHN 

N=32 Crossover; N=26 
completed  

• Dextromethorphan  
• Lactose placebo 

DN: 54 
10M/3F 

 
PHN: 65 
11M/2F 

Age of between 18 and 85 years; 
daily pain of at least moderate 
intensity > 3 months present more 
than 50% of the day; a previous trial 
of a tricyclic antidepressant 
medication. 

Sang et al. 
2002[24] 

2002, United 
States 
RCT 

DN, PHN 

DN (n=23)/PHN (n=22)  

• Dextromethorphan and 
memantine 

• active placebo: 0.2 and 
0.06 mg lorazepam 

DN: 55 
12M/11F 

 
PHN: 69 
12M/10F 

Adults > 18 y.o. with at least 
moderate pain for at least 50% of 
the day for a minimum of 3 months 
caused by either PHN or DN; 
previously failed trial of a tricyclic 
antidepressant for at least 2 weeks  

Schwartzman 2009, United CRPS • Ketamine IV (n=9) I: 24-47 Intractable CRPS > 6 months and 
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et al. 2009[25] States 
RCT 

• Saline (n=10) 0M/9F 
 

C: 27-60 
1M/9F 

failed at least 3 therapies: nerve 
blocks, opioid analgesics, 
non-opioid analgesics, non-steroidal 
anti-inflammatory drugs, 
anti-seizure medications, 
antidepressants, muscle relaxants or 
physical therapy. 

Sigtermans et 
al. 2009[26] 

2009, 
The 
Netherlands 
RCT 

CRPS • S(+)-ketamine (n=30) 
• Saline (n=30) 

I: 43.7 
8M/22F 
C: 47.5 
4M/26F 

CRPS-1 patients based on the 
International Association for the 
Study of Pain criteria. 

Abbreviations: M/F: Male/female gender; TMJ: Temporo-mandibular joint; PHN: Post-herpetic neuralgia; DM: Diabetes mellitus; TN = Trigeminal 
Neuralgia; I=Intervention; C=control; y.o. = years old; PLO= Pluronic lecithin organogel. 

Table 2.  Summary of risk of bias for eligible RCT studies. Key: - Low risk, + high risk, ? unclear. 

Study 
Random 

Seq. 
Generation 

Allocation 
Concealment Blinding 

Incomplete 
Outcome 

Data 

Selective 
Reporting 

Other 
potential 

bias 

Overall 
Bias 

Ayesh et al. 2008[11] ? _ ? _ _ _ ? 

Baad-Hansen et al. 2007[12] _ _ ? + _ ? + 

de Barros et al. 2012[13] ? ? ? _ _ + + 

Eide et al. 1994[14] ? ? ? _ _ + + 

Eisenberg et al., 1998[15] - ? ? + _ + + 

Finch et al. 2009[16] ? _ _ _ _ _ ? 

Galer et al. 2000[17] _ ? ? + _ _ + 

Gilron et al. 2000[18] ? _ ? ? _ + + 

Jørum et al. 2003[19] - ? ? ? _ _ ? 

Leung et al. 2001[20] ? _ ? ? _ ? ? 

Lynch et al. 2005[21] - _ ? _ _ + + 

McQuay et al. 1994[22] _ _ ? + _ + + 

Nelson et al. 1997[23] _ ? ? + _ + + 

Sang et al. 2002[24] _ _ ? ? _ _ ? 

Schwartzman et al. 2009[25] ? ? _ _ _ + + 

Sigtermans et al. 2009[26] _ _ ? _ _ _ ? 

 

Figure 2.  Summary of risk of bias for eligible RCT studies 
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3.3. Risk of Bias in Included Studies 

A summary of the risk of bias table (Table 2) is presented 
in this review with an accompanying graph of the risk of bias 
(Figure 2). 

Random sequence generation method was identified as 
low risk in 9 of 16 studies. These studies used offsite 
randomization, computer generated random sequencing or 
Latin square design [12, 15, 17, 19, 21–24, 26]. The 
remaining seven studies included were deemed at unclear 
risk of bias because the method of randomization was not 
clearly discussed [11, 13, 14, 16, 18, 20, 25]. 

Allocation concealment: A low risk of bias was 
determined to be present in 9 out of 16 studies. These studies 
had randomization codes provided in sealed envelopes and 
access to the randomization was not available [11, 12, 16, 18, 
20–24, 26]. Seven studies had an unclear risk of bias. These 
studies were unclear as to how the concealment strategy 
occurred [13–15, 17, 19, 23, 25]. 

Blinding: Two of 16 studies were determined to be low 
risk of bias when evaluating the blinding. In these cases it 
was clearly stated that the participants, and all those involved 
in the participants care, were blinded [16, 25]. The 14 
remaining included studies were deemed to have an unclear 
risk of bias. These studies failed to list if all the participants, 
investigators, outcome assessors and data analyst involved in 
the study were blinded to the randomization sequence [11–
15, 17–24, 26].  

Incomplete Outcome Data: Seven studies were 
considered low risk of bias because all participants were 
accounted for at the end of the study [11, 13, 14, 16, 21, 25, 
26]. In the Ayesh et al. [11] and the Sigtermans et al. [26] 
studies, 2 participants dropped out but data analyses were 
completed on all participants in the study. Four studies were 
considered an unclear risk of bias [18–20, 24]. In the Gilron 
et al. [18] study, 3 out of 18 patients (15.8%) did not 
complete the study. Nine of the 45 patients didn’t complete 
the Sang et al. [24] study, however this did not unbalance the 
groups and the reason for dropping out was mostly unrelated 
to treatment [24]. The Jørum et al. [19] study had no drop 
outs but during treatment 3 patients were given an extra 2 

hours to 2 days to allow their levels of medication to return to 
baseline before the next treatment infusion. In the study by 
Leung et al. [20] there was no mention if all the patients or 
only a portion of the patients completed the study. Five 
studies were considered at high risk of bias [12, 15, 17, 22, 
23] because 20% or more of the participants did not complete 
the study. 

Selective Reporting: All of the pre-specified outcomes 
were reported in each study [11–26].  

Other Potential Sources of Bias: Six studies had a low 
risk of bias because no significant differences between the 
subject groups were noted for any baseline or demographic 
variable [11, 14, 16, 17, 19, 24, 26]. Two studies had an 
unclear risk of bias [12, 20]. In the study by Baad-Hansen et 
al. [12], Pfizer Denmark donated the S -ketamine used in the 
study but no other funding was reported. In the Leung et al. 
[20] study an antihistamine was used as an active placebo. 
Eight studies had a high risk of bias due to the concurrent use 
of medications throughout the studies [13, 15, 18, 21–23, 
25]. 

Overall Risk of Bias: Of the included studies, ten were 
determined to have a high risk of bias, while the remaining 
six included studies had an unclear risk of bias (Table 2; 
Figure 2). 

3.4. Meta-analyses 

PHN: Two studies comparing oral memantine to placebo 
in PHN patients reported baseline and post-treatment 
intensity of spontaneous pain [15, 24] and were included in 
the meta-analysis. There was no statistical heterogeneity (Q 
p= 0.800; I2 = 0%) and fixed effect model was used to 
report pooled results. The NMDA receptor antagonist was 
not statistically significant better than placebo in reducing 
pain intensity in PHN patients (SDM = -0.092; 95% CI = 
-0.627 to 0.442; p = .735) An overall negative standardized 
difference in means (SDM) represents a favorable result with 
a larger decrease in pain intensity in the NMDA group 
compared to the placebo group, however this difference was 
not statistically significant (Figure 3). 

 

Figure 3.  Oral memantine versus placebo in PHN patients. 

Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper 

in means limit limit p-Value
Schwartzman et al. 2009 -0.636 -1.559 0.287 0.177
Sigtermans et al. 2009 -1.143 -1.689 -0.598 0.000

-1.012 -1.482 -0.542 0.000

-4.00 -2.00 0.00 2.00 4.00

Favors NMDA Favors Placebo

Change in post-treatment pain intensity in CRPS patients



66 NMDA Receptor Antagonists for the Treatment of Neuropathic Pain Compared to Placebo:  
A Systematic Review and Meta-analysis 

 

 

Figure 4.  Ketamine versus placebo in CRPS patients 

CRPS: Two studies comparing intravenous and topical 
Ketamine to placebo in CRPS patients reported baseline and 
post-treatment intensity of spontaneous pain [25, 26] and 
were included in the meta-analysis. There was no statistical 
heterogeneity (Q p= 0.354; I2 = 0%) and fixed effect model 
was used to report pooled results. Ketamine was statistically 
significant better than placebo in reducing pain intensity in 
CRPS patients (SDM = -1.012; 95% CI = -1.482 to -0.542; 
p <.001). An overall negative standardized difference in 
means (SDM) represents a favorable result with a larger 
decrease in pain intensity in the NMDA group compared to 
the placebo group (Figure 4). 

3.5. NMDA Receptor Antagonist Effect in Pain 

PHN: De Barros et al. [13] results showed an effect of 
time on pain intensity in PHN patients when comparing 
S-ketamine to placebo. The significant differences were seen 
with the Numerical Verbal Scale (NVS) recordings during 
the times between the medical appointments versus at the 
moment of the medical appointments. According to the 
authors, the significant correlation between the current NVS 
scores concerning medical appointment times was believed 
to relate to the Hawthorne effect (or observer effect) rather 
than the treatment studied. More specifically it is suspected 
that participants showed behavioral changes simply in 
response to the awareness of being observed. Pain scores 
themselves (measured via NVS), showed no statistical 
differences for S-Ketamine or placebo use. 

The Eide et al. [14] study did conclude that unlike 
morphine or saline, low-dose IV Ketamine significantly 
reduced allodynia and wind-up-like pain in PHN patients 
utilizing a 100 mm VAS. On the other hand, PHN patients 
studied by Eisenberg et al. [15] showed no significant 
differences in pain reduction when receiving either oral 
Memantine or a placebo. The PHN patients in the Galer et al. 
[17] study received either 100mg/day of Riluzole, 
200mg/day of Riluzole or placebo. Intervention with either 
oral Riluzole or placebo showed no significant changes in 
pain reduction. The neuropathic pain patients participating in 
the Jørum et al. [19] study received Ketamine and Alfentanil 
in a crossover fashion; authors concluded that both drugs 
reduced spontaneous and evoked pain, including the single 

PHN patient. 
Facial neuropathy: Gilron et al. [18] found little or 

efficacy of high-dose Dextromethorphan in facial neuralgias. 
The authors’ opinion was that the maximum therapeutic dose 
of Dextromethorphan provided only limited blockade of the 
NMDA receptor, thus limiting its efficacy in treating facial 
neuropathies. 

CRPS: According to Finch et al. [16], topical Ketamine 
does not reduce pain in CRPS patients, but does show a 
reduction of allodynia. Positive results were seen in the 
Schwartzman et al. [25] study in which intravenous 
Ketamine (even at a low dosage), administered to CRPS 
patients in an outpatient setting resulted in statistically 
significant decreased pain. This pain reduction parameters 
were demonstrated with use of a short form McGill pain 
questionnaire and many were evaluated in the pain 
questionnaire that included most common sites of pain, 
burning pain, allodynia and overall pain. Data extracted from 
the activity watch confirmed decreased daytime pain scores. 
Spontaneous burning pain was also reduced in CRPS 
patients. Finally, Sigtermans et al. [26] found significant 
differences in pain reduction between Ketamine and placebo 
which were maintained until week 11, by week 12, 
Ketamine’s treatment effect lost significance in CRPS 
patients [26]. 

Studies including a mix of conditions: Leung et al. [20] 
studied the treatment with both Alfentanil and Ketamine in 
neuropathic pain conditions that included PHN and found a 
reduction in stroking-evoked allodynic areas. Only the 
Ketamine infusion demonstrated a significant reduction in 
the von Frey evoked allodynic area [20]. According to Lynch 
et al. [21], no pain differences resulted in PHN, diabetic 
neuropathy and post-surgical neuropathic pain patients with 
the use of a topical cream containing placebo, 2% 
Amitriptyline, 1% Ketamine, or a combination of 2% 
Amitriptyline and 1% Ketamine. No pain relief was seen in 
any of the McQuay et al. [22] groups that included PHN and 
diabetic neuropathy patients receiving either oral 
Dextromethorphan or placebo. The Nelson et al. [23] study 
did not show pain reduction in the PHN group, but did show 
promise for the diabetic neuropathy group. Sang et al. [24] 
found there was no effect of age, pain duration, duration of 
diabetes, level of PHN, or characteristic of pain on treatment 
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effects. Jørum et al. [19] utilized Ketamine and Alfentanil in 
a crossover fashion and in this, authors concluded that both 
drugs reduced spontaneous and evoked pain, including the 
single PHN patient. 

Other conditions: The Ayesh et al. [11] study showed no 
changes in pain over time or between intra-articular 
injections of Ketamine or normal saline on TMJ arthralgia 
patients. The atypical odontalgia patients studied by 
Baad-Hansen et al. [12], had no pain differences between 
treatments with S-Ketamine and fentanyl. 

3.6. NMDA Receptor Antagonist Effect in other 
Outcomes 

PHN: Eide et al. [14] found no significant changes in the 
thresholds for warm, cold, heat pain or tactile sensation with 
Ketamine or Morphine. However, Ketamine did normalize 
abnormal heat pain sensations in 4 patients, probably due to a 
central effect. Both wind-up pain and pain evoked by 
allodynia were significantly inhibited by Ketamine [14]. In 
the Eisenberg et al. [15] study, all forms of evoked pain 
tested were reduced but no significant differences between 
Memantine and placebo were detected. In addition, no 
statistically significant changes in thresholds were observed 
in either group [15]. All analyses of other secondary outcome 
measures showed no significant changes with the use of 
either Riluzole dosage or placebo according to Galer et al. 
[17]. Jørum et al. [19] found the cold pain detection threshold 
in the contralateral area not exhibiting symptoms to be 
notably reduced with use of intravenous Ketamine, when 
compared to the same site in age-matched normal controls. 
Heat pain detection thresholds were unchanged and without 
uniform heat hyperalgesia. Ketamine did not significantly 
reduce cold allodynia. Significant and marked reductions of 
hyperalgesia to cold were seen following Ketamine. It also 
significantly reduced ongoing pain and mechanical 
hyperalgesia. NMDA-receptor mediated central sensitization 
was found to be linked to cold hyperalgesia, but it is believed 
that there are other contributing mechanisms given that no 
changes were observed in the cold pain detection threshold 
[19]. 

Facial neuropathy: Although little to no pain efficacy 
was found by Gilron et al. [18] regarding the effects of 
Dextromethorphan on overall pain, a positive correlation was 
noticed between Dextromethorphan changes in pain-related 
interference with daily activities and changes in overall daily 
pain. 

CRPS: While Finch et al. [16] found that topical Ketamine 
does not lead to pain reduction in patients with CRPS, results 
did show that topical Ketamine does cause a reduction in 
allodynia. The Schwartzman et al. [25] study showed a 
statistically significant reduction of pain in patients treated 
with Ketamine on: (1) the short form McGill pain 
questionnaire for the 3 month length of the study following 
treatment; (2) in several of the parameters evaluated in the 

pain questionnaire (pain in the most affected area, burning 
pain, pain when touched or brushed lightly and overall pain 
level; (3) data from the activity watch demonstrated fewer 
nighttime awakenings as well as lower daytime pain scores 
(only measured for 2 weeks following the last infusion); and 
(4) spontaneous burning pain decreased for 1 month. 
Changes in the other evaluated parameters included overall 
pain, deep muscle pain, joint pain, quantitative sensory 
testing and quality of life issues and none reached statistical 
significance. However, they did trend toward improvement 
in the Ketamine group [25]. The secondary outcomes 
measured in Sigtermans et al [26] showed significant 
improvement with Ketamine treatment compared to placebo 
treatment. These secondary outcome measures included: 
ability to use the affected limb in normal day-to-day activity 
for upper and lower limbs, active range of motion, threshold 
for touch on the affected and contralateral limbs, skin 
temperature of the affected and contralateral limbs, 
volumetric measurements of the affected and contralateral 
limbs [26]. 

Studies including a mix of conditions: Regarding 
Ketamine infusions, Leung et al. [20] noted dose-dependent 
increases in cold and cold pain thresholds and reductions in 
stroking pain scores. Ketamine infusions also showed a 
reduction in the stroking hyperalgesia area and a significant 
reduction in the von Frey hyperalgesia area. No significant 
central nervous system (CNS) side effects and changes in 
vital signs were noted [20]. Of the secondary endpoints 
evaluated by Sang et al. [24], statistically significant results 
were not yielded regarding the analysis of a six-category 
pain relief response or quality of life. There was no 
detectable effect in reduction of allodynia. 

Other conditions: The Ayesh et al. [11] study reported 
decreased pressure pain threshold and decreased pressure 
pain tolerance after injections but without a difference 
between injections of Ketamine and normal saline. 
Baad-Hansen et al. [12], additionally found no difference 
between intravenous infusions of S-Ketamine, fentanyl and 
placebo regarding capsaicin-evoked pain. 

4. Discussion 
In this systematic review, Medline, The Cochrane 

Database and Web of Science databases were searched for 
randomized controlled trials comparing NMDA receptor 
antagonists to placebo intervention. Studies not written in 
English were excluded and the Embase database was not 
searched as the review authors did not have access at the 
time of this review. Stimulus induced evoked pain studies 
were not included in our review. It must be considered that 
evoked pain may respond to NMDA receptor antagonists 
differently than spontaneous neuropathic pain. Therefore, 
conclusions of our study may only apply to spontaneous 
neuropathic pain. 
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Table 3.  Quality of the evidence and summary of findings (GRADE) 

Oral Memantine compared to placebo for post-herpetic neuralgia 

Outcomes 

No of 
Participants 

(studies) Follow 
up 

Quality of the evidence 
(GRADE) 

Anticipated absolute effects 

Risk with 
Placebo Risk difference with oral Memantine (95% CI) 

Change in 
pain intensity 

VAS 

54 
(2 studies) 
3-6 weeks 

⊕⊕⊝⊝ 
LOW1,2 

due to risk of bias, 
imprecision 

 ---- 

The mean change in pain intensity in the oral Memantine group 
was 

0.092 standard deviations lower 
(0.627 lower to 0.442 higher) 

 
Ketamine compared to placebo for the treatment of CRPS 

Outcomes 

No of 
Participants 

(studies) Follow 
up 

Quality of the evidence 
(GRADE) 

Anticipated absolute effects 

Risk with 
Placebo Risk difference with Ketamine (95% CI) 

Change in 
pain intensity 

VAS 

79 
(2 studies) 
1-2 weeks 

⊕⊕⊝⊝ 
LOW1,2 

due to risk of bias, 
imprecision 

----- 
The mean change in pain intensity in the intervention groups was 

1.012 standard deviations lower 
(1.482 to 0.542 lower) 

CI: Confidence interval;  

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect.  

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 

Very low quality: We are very uncertain about the estimate. 
1 Two studies at unclear or high risk of bias 

2 Small number of studies (n=2) with small sample size 
 

Despite the small favorable effects seen in reducing pain 
by treating CRPS patients with ketamine, evidence in favor 
of NMDA receptor antagonists is lacking. Large high 
quality RCTs with a low risk of bias providing data on 
homogeneous interventions and outcomes are needed. The 
final quality of our data from meta-analyses is low. This is 
due to the fact there were only two studies in each 
meta-analysis (Table 3). Additionally, each meta-analysis 
included a study with unclear risk of bias and a study with 
high risk of bias and small sample size. Despite 16 studies 
meeting the inclusion criteria, only 4 could be used for 
meta-analyses. There was a lot of variation in interventions, 
route of administration and spontaneous neuropathic pain 
disorder studied. This limited the data set available for 
comparison. The available evidence to date does not support 
NMDA receptor antagonists as a first line treatment for 
spontaneous neuropathic pain disorders. 

4.1. Agreements and Disagreements with Other Reviews 

Only primary research RCTs were included in this 
systematic review with meta-analyses. In the process of 
inclusion/exclusion, seventy reviews were excluded from 
our original search strategy. Of these seventy reviews, two 
were duplicates and thirty-two were excluded since the 
authors studied a different condition than PHN, CRPS, 
facial neuropathy, atypical odontalgia and TMJ arthralgia 

(n=12), different intervention – not NMDA antagonists 
(n=17), not in English (n=1), a cost-benefit analysis (n=1), 
or an editorial or opinion letter (n=1). Thirty-six articles 
were examined for further review. Of those thirty-six 
included reviews, twelve were related to PHN, sixteen 
related to CRPS, three included information pertaining to 
other neuropathies including trigeminal neuralgia and five 
were combinations of two or more different neuropathies 
(PHN and CRPS or PHN and other neuropathies). 

According to the American Chronic Pain Association 
Consumer Guide to Pain Medication and Treatment, 
ketamine is the strongest of the NMDA receptor antagonists 
[27]. According to Niesters and Dahan [28], systematic 
reviews and meta-analyses support the efficacy of ketamine 
treatment of CRPS. Eide et al. [14] concluded that ketamine 
reduces pain in patients with PHN as well as inhibits 
allodynia and wind-up like pain. The authors further stated 
that ketamine appears to exhibit its effects on the quality of 
the tactile and warm sensations during sensory testing, but 
does not seem to affect sensory thresholds. 

Dextromethorphan, Memantine, Riluzole, Amantadine, 
GV196771 and MK-801 have a weaker affinity for the 
receptor, slightly different binding sites, minimizing their 
side effect profile in treating PHN and CRPS [29–31]. 
These weaker NMDA receptor antagonists were deemed 
ineffective in prior reviews in treating PHN [17, 18, 23, 31, 
32]. High dose IV ketamine is most effective but its side 
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effects limits its uses and confines it often to in-patient 
procedures [33]. In patients who respond to a NMDA 
receptor antagonist for their pain of neuropathic origin, the 
high doses needed are limited by its toxicity [33]. 

All included reviews [29, 31, 33–66] agreed that more 
research of higher quality is necessary to truly assess the 
effectiveness of this class of drugs against specific 
neuropathic conditions. There are positive findings for the 
use of ketamine in treating opioid-resistant CRPS [67]. But 
due to a lack of convincing evidence routine administration 
of NMDA receptor antagonists as a first- or even 
second-line treatment of neuropathic pain cannot be 
supported now. Hocking and Cousins [33] concluded that 
NMDA receptor antagonists are best reserved as a third-line 
treatment in patients who do not respond to standard 
pharmacotherapy. 

4.2. Conclusions 

Since the studies evaluated multiple pain conditions and 
the same NMDA receptor antagonist was not used in each 
study, nor were the receptor antagonists administered in the 
same manner, comparing and summarizing data was 
difficult. This narrowed the meta analyses to only four of 
the sixteen studies [15, 24–26]. The lack of homogenous 
data and small sample sizes constrained the ability to draw 
conclusions about the efficacy of NMDA receptor 
antagonists in treating spontaneous neuropathic pain in the 
orofacial region. Additional research in this area is needed, 
with higher quality of studies and less heterogeneity of the 
patient populations. 
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