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Abstract 

Objective: The object of this integrative review was to investigate the analgesic benefit 

and side effect profile of the coadministration of ketamine and magnesium. Secondary goals 

were to provide an evidence-based recommendation on the ideal dosing, frequency, and order of 

administration of the medications. Methods: Relevant articles published between January 2001 

and May 2019 were examined for quality, strength, and generalizability. Results: Beginning 

evidence suggests ketamine may interact with magnesium to provide synergistic NMDA receptor 

antagonism and analgesia. Evidence from animal studies proposes that order of administration 

may influence potency, with ketamine prior to magnesium producing better analgesia. 

Coadministration of ketamine and magnesium in low doses intended for analgesia did not result 

in a significant increase in side effects in these studies. While stronger evidence is needed, the 

coadministration of ketamine and magnesium may provide synergistic analgesic benefit without 

an increase in side effects.    

Keywords: ketamine, magnesium, analgesia, synergism, pain 
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COADMINISTRATION OF KETAMINE AND MAGNESIUM: AN INTEGRATIVE REVIEW 

Acute postoperative pain is a significant problem. Not only is postoperative pain a fear 

for many patients, but it also delays Post-Anesthesia Care Unit discharge, dissatisfies patients 

and consumes nursing resources.1 In addition to the emotional and financial drain, uncontrolled 

pain evokes a sympathetic nervous system response that can negatively affect cardiac outcomes 

and can increase the risk of post-surgical bleeding.2 

Historically, opioids have been a mainstay of treatment for post-surgical pain, but 

recently national attention has been placed on the reduction of opioid use in all fields of 

healthcare.3 Aside from their addictive potential, opioids contribute to unwanted side effects, 

including respiratory depression, nausea, vomiting, ileus, sedation, and postoperative 

hyperalgesia.4 Respiratory side effects are particularly concerning in patients with obstructive 

sleep apnea or chronic obstructive pulmonary disease who are undergoing outpatient surgery.2 

Furthermore, nausea and decreased gastric motility can prolong time to discharge, decrease oral 

intake, and profoundly decrease patient satisfaction.2 

Blockade of N-methyl-D-aspartate (NMDA) receptors may provide an effective 

alternative to opioids in the prevention and treatment of acute pain. NMDA receptor activation is 

involved in the transmission of painful stimuli and in central sensitization, or “wind-up.”5 The 

most potent NMDA receptor antagonist in clinical use, ketamine, has been effectively used in the 

reduction of both acute and chronic pain,3 and is considered to be a noncompetitive antagonist.6,7 

Likewise, magnesium is also thought to be a noncompetitive NMDA receptor antagonist5 and 

has been shown to reduce acute pain,1 albeit less consistently than ketamine.8,9  

Since ketamine and magnesium both block NMDA channel activation noncompetitively 

by different pathways, it has been postulated that the multimodal administration of both ketamine 
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and magnesium may provide the greatest reduction in pain with the additional benefit of fewer 

side effects. However, while the coadministration of ketamine and magnesium has been 

recommended in various multimodal pain management protocols, including many ERAS 

protocols,10 no comprehensive literature review has yet been done to synthesize evidence on 

whether the two drugs interact with each other to provide improved analgesia. Therefore, the 

purpose of this integrative review is to determine the effect of the coadministration of 

ketamine and magnesium on analgesia compared with ketamine or magnesium alone, and 

to assess the relevant side effects. Specifically, the questions that guided this integrative review 

were:  

 What is the effect of the coadministration of ketamine and magnesium on 

analgesia, as defined by pain score or opioid consumption, compared to 

ketamine or magnesium alone?  

 What side effects are associated with analgesic doses of ketamine and 

magnesium? 

Methods 

Multiple databases were searched in May 2019, including Medline, CINAHL, Academic 

Search Elite, the Psychology and Behavioral Sciences Collection, and the Science and 

Technology Collection, for peer-reviewed articles using the search terms “ketamine” “AND” 

“magnesium” alone and in combination with the words “anti-nociception,” “pain,” “analgesia,” 

“synergism,” and “synergistic.” Articles selected for inclusion addressed the effects of the 

coadministration of ketamine and magnesium on analgesia, opioid consumption, or NMDA 

channel depolarization in comparison to the administration of at least one of the drugs alone. 
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Exclusion criteria included studies that did not examine ketamine and magnesium in 

combination, duplicate articles, and articles not available in English.  

The initial search was focused on human subjects and literature published between 

January 1, 2012, and May 30, 2019, and produced 85 articles, 2 of which met inclusion criteria. 

Parameters were then expanded to include non-human subjects, and an additional 5 studies were 

included. For a comprehensive approach, the timeline was then expanded to include articles of 

any vintage. This search produced 135 articles, of which one additional human study and 2 non-

human studies met inclusion criteria and were added to the integrative review. In summary, the 

described search of available literature produced 10 suitable studies, including 1 adult study, 2 

pediatric studies, 3 rat studies, 1 mice study, 1 sheep study, and 2 in vitro studies on recombinant 

NMDA receptors. The 10 relevant research articles were synthesized into an evidence matrix for 

organization and extraction of data. The information was categorized by study purpose, sample, 

design, and effect of ketamine and/or magnesium.  

Results 

Theory of Pain Transmission and NMDA Antagonism 

NMDA receptors are ligand-gated ion channels that are naturally stimulated by the 

agonist glutamate and co-agonist glycine. The ion channel is surrounded by five subunits, which 

include binding sites for endogenous glutamate, glycine, and magnesium, as well as exogenous 

ketamine.11 Physically painful experiences trigger the release of glutamate by C-fibers at NMDA 

receptors in the dorsal horn of the spinal cord.11,12 If the painful stimulus is large enough, 

magnesium is displaced, and glutamate binds. The combination of glutamate and glycine at 

NMDA receptors leads to ion channel depolarization via the influx of sodium and calcium, with 

efflux of potassium. Depolarization from these cations triggers the intracellular release of 
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calcium, which subsequently leads to further neuronal transmission of the painful message. As 

the NMDA receptor receives multiple activations, permeability to calcium increases and the 

threshold for subsequent neuron firing is lowered. This is the proposed mechanism behind 

windup.12 Central sensitization and windup can be so severe that allodynia can occur.13 Since 

windup, hyperalgesia, and chronic pain are intimately associated with NMDA receptor 

activation, NMDA antagonists have been proposed to pharmacologically treat pain and prevent 

windup. 

Ketamine is a dissociative anesthetic that binds noncompetitively to NMDA receptors at 

the phencyclidine binding site, producing analgesia. In larger doses, ketamine produces a 

disconnect between the thalamocortical and limbic systems that results in amnesia and 

anesthesia.11 As a chiral molecule, ketamine exists as two enantiomers, S(+)-ketamine and R(-)-

ketamine. Enantiomers are molecules that are mirror images of each other and cannot be 

superimposed. A racemic mixture is a 50/50 mixture of both left and right-handed enantiomers. 

Since enantiomers are not identical, they can interact with receptors differently and can yield 

diverse effects. The S(+) enantiomer of ketamine creates 2x more intense analgesia than racemic 

ketamine and 4x more analgesia than its R(-) counterpart.11 The S(+) enantiomer produces less 

salivation, shorter duration of action, and less emergence delirium compared to the R(-) 

version.11 When produced in a laboratory, ketamine is produced as a racemic mixture, meaning 

50% S(+) and 50% R(-). The enantiomers can be further separated in the laboratory into isolated 

enantiomers, but more commonly are administered together as a racemic mixture. Racemic 

ketamine can be used as an IV anesthetic induction agent in place of propofol or etomidate in 

doses of 1-2mg/kg IV or 4-8mg/kg IM, and has been shown to provide analgesia, particularly for 

somatic pain, in subanesthetic doses of 0.2-0.5mg/kg IV.11  
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Magnesium is an endogenous cation that is acquired naturally through diet and is also 

available parenterally. The biologically active component of magnesium is ionized in the serum 

and represents less than 1% of total body magnesium.14,15 Magnesium regulates the activity of 

calcium, sodium, and potassium, both peripherally and at NMDA receptors in the central nervous 

system.16,17 Magnesium has been shown to be a noncompetitive antagonist at NMDA receptors 

by limiting the influx of sodium and calcium and efflux of potassium, thus providing analgesia.17  

Synergistic Effects 

Overall, ketamine and magnesium appear to be synergistic at NMDA receptors and 

reduce pain more effectively when administered together. However, some inconsistency was 

found. Results are summarized in Table 1. Beginning evidence for synergism of ketamine and 

magnesium at NMDA receptors is provided by two in vitro studies.5,18 In both studies, in vitro 

NMDA receptors were produced through the expression of recombinant rat DNA 

in Xenopus (African frog) oocytes. In the first experiment, in vitro NMDA receptors were 

exposed to racemic ketamine, R(-)-ketamine, S(+)-ketamine, and magnesium (Mg2+) ions, 

respectively. Separate administration of racemic ketamine, R(-)-ketamine, S(+)-ketamine, and 

magnesium ions produced dose-dependent noncompetitive inhibition of NMDA receptors 

(magnesium p < 0.001-0.021, ketamine p ≤ 0.001). S(+)-ketamine exhibited 4 times greater 

potency than racemic ketamine (p=0.007), while R(-)-ketamine produced half the blockade of 

racemic ketamine.5 NMDA antagonism by ketamine and magnesium was again confirmed in the 

second in vitro experiment. In fact, the NMDA antagonism was even more pronounced when 

S(+)-ketamine and magnesium were each combined with the volatile anesthetics isoflurane, 

sevoflurane, and desflurane (magnesium p=0.001-0.036; ketamine p<0.001–0.006).18 
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Both in vitro studies used only S(+)-ketamine in combination with magnesium because 

S(+)-ketamine produced the strongest NMDA antagonism in the first leg of the study. Neither 

R(-)-ketamine nor racemic ketamine were tested in combination with magnesium ions in these in 

vitro experiments. Coadministration of S(+)-ketamine and magnesium ions produced significant 

synergistic NMDA blockade. Specifically, coadministration decreased the half-maximal 

inhibitory effect concentration (IC50) >90% for both magnesium and ketamine  (p ≤ 0.001-0.003, 

p < 0.001, respectively).5 The IC50 is the concentration of an inhibitor, in this case S(+)-ketamine 

or magnesium, that is required to decrease a response by 50%, in this case depolarization of 

NMDA channels.5 Coadministration of S(+)-ketamine and magnesium significantly decreased 

the concentration of each agent necessary to decrease depolarization by 50%. The extent of 

inhibition surpassed that which would have been expected from simply an additive interaction, 

indicating synergism between the agents.  

Synergistic antagonism was even more profound in the presence of the volatile 

anesthetics isoflurane, sevoflurane, and desflurane. The coadministration of Mg2+ and S(+)-

ketamine decreased the IC50 of each volatile anesthetic by approximately 50% (p<0.001) and 

significantly increased the steepness of the inhibition curve.18 Increased slope of the inhibition 

curve led to the conclusion that the two drugs were synergistic rather than simply additive, which 

would have produced no significant change in slope.18  

The main limitation to these two studies is the in vitro nature of their approach. S(+)-

ketamine and magnesium ions may be synergistic when applied directly to NMDA receptors, but 

it is difficult to fully generalize the results to in vivo NMDA receptors in humans, particularly 

after intravenous administration. Secondly, while S(+)-ketamine and magnesium ions appear to 

be synergistic at NMDA receptors, the findings cannot necessarily be used to make a statement 
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on the effect of ketamine and magnesium on pain perception. Third, only S(+)-ketamine was 

tested in combination with magnesium in both studies, weakening the ability to generalize these 

findings to the more commonly clinically used racemic version. Fourth, the same researchers 

were involved in both studies. While they are both reportedly well designed randomized 

controlled trials with reproducible findings, any unreported flaws in study design in one study 

may have been unintentionally repeated in the other study and may have skewed the results.  

The coadministration of ketamine and magnesium appears to provide synergistic 

analgesia in 4 animal studies. In a study of Wistar rats receiving subcutaneous magnesium 

sulfate and/or intraperitoneal racemic ketamine, the coadministration of racemic ketamine and 

magnesium sulfate was found to by synergistic in all ratios of ketamine to magnesium tested, 

1:1, 1:2, and 2:1, as evidenced by significantly longer latency times prior to tail withdrawal from 

hot water (p<0.05).19 These findings were further supported by a second study evaluating the 

combination of ketamine (enantiomer not specified) and magnesium sulfate in rats, when 

administered in the presence of morphine.20 The combinations of morphine/ketamine and 

morphine/magnesium sulfate both provided better analgesia than morphine alone (p<0.05 in both 

cases). The coadministration of morphine/ketamine/magnesium produced even better analgesia, 

as assessed by significantly longer latency in tail-withdrawal, compared to the group that 

received morphine/ketamine (p<0.02-0.05). Mathematical analysis suggested a synergistic 

interaction when ketamine was administered prior to magnesium.20  

Synergistic analgesia was also demonstrated in mice receiving racemic ketamine and 

magnesium oxide prior to intraperitoneal or hind paw injection of formalin.21 The separate 

administration of racemic ketamine and magnesium oxide each decreased painful behavior in all 

doses tested in both the formalin test and the abdominal writhing test (p = 0.0001). 
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Coadministration of ketamine and magnesium oxide resulted in synergistic reduction in painful 

behavior, particularly during the chronic phase of pain, defined as 15-25 minutes after painful 

stimulus (p<0.0001).21 

The analgesic effects of S(+)-ketamine and magnesium sulfate were again found to be 

synergistic when administered via epidural in sheep.22 While the extent of dermatome coverage 

was similar between the ketamine and ketamine/magnesium groups, the ketamine/magnesium 

group experienced longer duration of analgesia (115 minutes), compared to ketamine alone (45 

minutes) or magnesium alone (30 minutes) (no p value listed). While the results of this sheep 

study show promise as to potential benefit from the neuraxial administration of ketamine and 

magnesium, they should be interpreted with caution due to the small sample size of this study 

(n=6).  

Additive Effects 

While the majority of studies demonstrated beginning evidence for synergism from the 

coadministration of magnesium and ketamine, some study results indicated an additive 

interaction. A pediatric study of patients undergoing spinal fusion for scoliosis demonstrated 

significantly reduced postoperative opioid consumption when racemic ketamine and magnesium 

sulfate were given together compared to ketamine alone.1 Doses included racemic ketamine, 

0.2mg/kg bolus after induction, followed by an infusion at 0.15mg/kg/hr until extubation, and 

magnesium sulfate, 50mg/kg bolus after induction followed by infusion of 8mg/kg/hr until 

extubation. Patients who received the combination of racemic ketamine and magnesium sulfate 

consumed 29.5% less morphine, approximately 21.63 mg less, during the 48 hours following 

surgery, compared to patients who only received ketamine (p < 0.001).  
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In this pediatric study, the coadministration of racemic ketamine and magnesium lead to 

similarly effective pain control with less opioid consumption. Pain scores during the first 48 

hours after surgery were not statistically different between the two groups. Treatment groups 

never scored over an average of 3/10 or more than 1 point different from each other for pain at 

rest on the visual analogue pain scale (0-10). Due to the design of this study, a distinction could 

not be made between additive or synergistic interaction. Since ketamine has been independently 

demonstrated to be effective in providing analgesia, the authors did not withhold ketamine from 

any of the trial groups. Therefore, since magnesium was not tested alone in this study, it is 

difficult to know whether the results were additive or synergistic.  

An additive relationship between ketamine and magnesium was also supported by 1 rat 

study, which found that when ketamine was administered prior to magnesium sulfate, the effect 

of ketamine was increased by a factor of 1.2 (CI, 0.95-1.38).6 Whether racemic ketamine or an 

isolated enantiomer was used is not stated. The relationship was deemed to be additive rather 

than synergistic because, while the addition of magnesium to ketamine was beneficial, it did not 

produce a significant leftward shift of the log dose-response curve (p>0.05), which would have 

indicated increased potency.  

In addition, weakly additive results were suggested by a pediatric study examining 

pretreatment of children undergoing tonsillectomies with ketamine (enantiomer not specified) 

and/or magnesium sulfate 5 minutes prior to incision. The researchers found that codeine 

consumption (mg) was significantly lower in the group that received both ketamine and 

magnesium, compared to the groups that received ketamine or magnesium alone, approximately 

1.1mg/kg in the combined group, compared to 1.9mg/kg in the ketamine group or 1.6mg/kg in 

the magnesium group (p=0.03).2 However, these findings should be interpreted with caution, as 
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no group consumed less codeine than the placebo group, which consumed approximately 1mg/kg 

(p>0.05). A higher percentage of patients in the placebo group (70%) received fentanyl in PACU 

compared to the ketamine group (50%), the magnesium group (40%), and the 

ketamine/magnesium group (53%), but this was not statistically significant (p=0.29).  

The administration of ketamine and/or magnesium had no significant effect on pain 

score, as assessed by the modified Hannallah objective pain scale (p=0.03). In fact, the placebo 

group actually had the lowest pain scores at 30 minutes, 60 minutes, and discharge, although the 

difference was not statistically significant. Mean pain scores at all times were less than 4/10 and 

varied between groups by a maximum of 1.3 points within any of the assessment time periods. 

Moreover, the authors themselves state that their findings do not suggest significant benefit from 

the addition of ketamine and/or magnesium, and no trend towards synergism was found.2 Doses 

used included ketamine 0.15mg/kg IV bolus and/or magnesium sulfate 30mg/kg IV bolus 

without subsequent infusion. Of note, these ineffective doses were lower than those seen in the 

previously discussed pediatric trial,1 which demonstrated significantly additive effects.  

Antagonistic Effects 

A statistically significant antagonistic interaction between ketamine and magnesium was 

found in rats when magnesium was administered first,6 as assessed by duration of painful 

response to injection of the hind paw with formalin. Coadministration of magnesium and then 

ketamine (enantiomer not specified) decreased the potency of ketamine by a factor of 1.6 (CI, 

1.2-2.4) and created a significant rightward shift of the log dose-response curve, suggesting a 

significantly antagonistic relationship between the drugs (p<0.05).  

This antagonistic result was weakly supported by a human study assessing the use of 

S(+)-ketamine and magnesium sulfate in adult patients undergoing lower abdominal surgery, 
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although the findings of this study were not statistically significant.23 The study purported that 

the coadministration of S(+)-ketamine and magnesium sulfate compared to ketamine alone 

produced no effect on postoperative pain scores, and actually increased the amount of opioid 

consumed postoperatively, although not significantly (p=0.12). Both groups in this study 

received S(+)-ketamine 0.2 mg/kg with induction, followed by a continuous infusion for 24 

hours at a rate of 2 µg/kg/min. The second group also received magnesium sulfate (MgSO4) 15 

mg/kg with induction followed by continuous infusion of MgSO4 5 mg/kg/hr for 24 hours. This 

dose of S(+)-ketamine is only slightly lower than the dose of racemic ketamine used in the 

previously discussed scoliosis trial, which had statistically significant additive results. S(+)-

ketamine should be more potent than racemic ketamine, so it is surprising that the S(+) doses 

were not effective, but the racemic doses were. However, the dose of magnesium was much 

lower than that seen in the scoliosis trial. Furthermore, the two studies addressed different 

populations, so it is possible that the adult and pediatric populations require significantly 

different dosing requirements. In addition, the adult study that demonstrated a nonsignificant 

trend towards antagonism had a high attrition rate (14%) and randomization was stopped 

prematurely, indicating potential difficulties interpreting the study results.23  

Order of Administration May Impact Analgesia in Rats  

Order of administration was only described in three rat studies, all of which reported 

better analgesia when ketamine was administered prior to magnesium. As discussed previously, 

one rat study found synergism with the coadministration of ketamine (enantiomer not described) 

and magnesium in the presence of morphine.20 However, synergism was only found when 

ketamine was administered first. Ketamine given 15 minutes before magnesium resulted in a 

significant increase in latency of tail withdrawal when compared to ketamine alone (p<0.01-
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0.05). In contrast, when magnesium was given 15 minutes prior to ketamine, the combination 

was no better than the ketamine alone (p>0.05). 

In another rat study, order again mattered.19 Regardless of order of administration, 

coadministration of racemic ketamine and magnesium sulfate provided synergistic analgesia 

(p<0.001-0.05), as assessed by latency of tail withdrawal (seconds) from hot water. However, 

when racemic ketamine was administered 15 minutes prior to magnesium, the combination was 

significantly more synergistic than when magnesium was given first (p<0.01). 

Perhaps the most astounding results were produced in a third rat study examining the 

response to formalin injection of the hind paw. The administration of ketamine (enantiomer not 

described) 5 minutes prior to magnesium produced additive results, increasing the potency of 

ketamine by a factor of 1.2 (CI, 0.95-1.38).6 However, the administration of magnesium 5 

minutes prior to ketamine produced antagonistic results, reducing the potency of ketamine by a 

factor of 1.6 (CI, 1.2-2.4).  

The consistency of these results is impressive, especially considering the strength of the 

design of these randomized controlled trials. However, it should be noted that there is great 

overlap in the authors that participated in two or more of the studies. Therefore, any unreported 

flaws in study design in one study may have been unintentionally repeated in the other studies 

and may have skewed the results. In addition, these are all animal studies, making 

generalizability of results to the human population difficult.  

Side Effects 

Overall, analgesic doses of ketamine and/or magnesium given in these studies did not 

create untoward side effects. No study reported a significant difference in hemodynamic 

instability or incidence of pruritis. One study suggested a trend toward potentiation of muscle 



COADMINISTRATION OF KETAMINE AND MAGNESIUM                                                                     15 

 

relaxant from the addition of magnesium.1 A second study noted ataxia with epidural 

administration of ketamine with or without magnesium.22 In contrast, nausea and vomiting scores 

were actually significantly improved after the coadministration of the drugs.1  

Improved nausea and vomiting. Analgesic doses of ketamine and magnesium used in 

these studies did not produce significant gastrointestinal upset. In fact, the incidence of nausea 

and vomiting was reduced by the coadministration of ketamine and magnesium. Specifically, in 

the pediatric scoliosis trial, which reported significantly additive reduction in postoperative 

opioid consumption when racemic ketamine and magnesium were given together, occurrence of 

nausea and vomiting was significantly lower when ketamine and magnesium were given 

together, with no patients reporting nausea or vomiting after coadministration, compared to 4 

patients who reported nausea or vomiting after receiving only ketamine (p=0.038). The other two 

human studies did not report any significant difference in nausea and vomiting between trial 

groups, but also did not see a reduction in pain or opioid consumption in any group.2,23  

Potentiation of muscle relaxant. An insignificant trend toward potentiation of muscle 

relaxant was observed from the coadministration of racemic ketamine and magnesium.1 When 

racemic ketamine and magnesium were administered together, the total dose of rocuronium 

tended to be lower than when ketamine was administered alone, approximately 72.6mg 

compared to 90.2mg, respectively. However, the results were not statistically significant. Muscle 

relaxation was not evaluated in the other studies included in this review.  

Neurological side effects. Neurological side effects were evaluated by all 3 human 

studies,1,2,23 1 rat study,20 and 1 sheep study.22 In all except the sheep study, there were no 

statistically significant increases in neurological side effects, including cognitive alteration, 

hallucinations, sedation, or ataxia.1,2,20,23 The study of epidural administration of S(+)-ketamine 
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and magnesium in sheep found that the administration of S(+)-ketamine alone produced severe 

ataxia. When ketamine and magnesium were given together, the sheep experienced more 

prolonged but less severe ataxia (p<0.05).22 While the findings were statistically significant, they 

should be interpreted with caution due to the small sample size (n=6), poor generalizability to 

other populations, and epidural administration. 

Discussion 

Ketamine and magnesium may be useful adjuncts or potential alternatives to the use of 

opioids in anesthesia. While very limited research exists at this point, anesthetic suggestions for 

the combined use of ketamine and magnesium have been developed using the guiding questions 

for this integrative review.  

What is the effect of the coadministration of ketamine and magnesium on analgesia, as 

defined by pain score or opioid consumption, compared to ketamine or magnesium alone? 

Overall, ketamine and magnesium act independently as noncompetitive antagonists at in 

vitro NMDA receptors5,18 and produce analgesia in both humans1 and animals.6,19,20,21,22 

Moreover, when administered together, ketamine and magnesium provide synergistic blockade 

of NMDA receptors5,18 and improved analgesia compared to the administration of each alone. 

While some inconsistencies were found, the majority of available, albeit limited, evidence points 

to a synergistic relationship between ketamine and magnesium in the reduction of pain,19,20,21,22 

as defined by decreased opioid consumption or decreased painful behavior. Based on available 

literature, even if a synergistic relationship cannot be stated, an additive relationship probably 

exists, and there may be analgesic benefit and potential reduction in opioid consumption when 

ketamine and magnesium are administered together.1,6   
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 The order of administration seems to matter significantly in the rat population, with the 

administration of ketamine prior to magnesium producing significantly more profound analgesia. 

Since the only studies to examine order of administration were rat studies, additional human 

studies should be conducted to examine not only impact of order of administration, but also ideal 

timing between bolus doses. Two of the rat studies demonstrated significantly higher levels of 

analgesic synergism when ketamine was administered 15 minutes prior to magnesium,19,20 while 

only additive results were produced when ketamine was given just 5 minutes prior to 

magnesium.6 In the rat population, it seems reasonable to recommend the administration of 

ketamine 15 minutes prior to magnesium. However, further research must be obtained in humans 

before an ideal dosing schedule can be recommended for humans.  

Due to the paucity of available human research, it is difficult to recommend an ideal 

dose. The only human study to have significant results was conducted in pediatrics, mostly 

female and on average 15 years old, undergoing surgery for scoliosis.1 These participants 

experienced significant analgesia from the coadministration of racemic ketamine, 0.2mg/kg 

bolus after induction, followed by an infusion at 0.15mg/kg/hr until extubation, and magnesium 

sulfate, 50mg/kg bolus after induction followed by infusion of 8mg/kg/hr until extubation.1 

In contrast, a pediatric study of patients undergoing tonsillectomies did not demonstrate 

analgesic benefit from ketamine (enantiomer not described) or magnesium or the combination. 

The doses administered in the tonsillectomy trial were lower than those used in the scoliosis trial, 

which may explain the statistically insignificant findings. During their tonsillectomies, the 

patients received ketamine 0.15mg/kg IV bolus and/or magnesium sulfate 30mg/kg IV bolus 

without subsequent infusion.2 
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Similarly, a third study in adults undergoing abdominal surgery did not demonstrate 

analgesic benefit from S(+)-ketamine or magnesium or the combination. All patients in this study 

received S(+)-ketamine 0.2 mg/kg IV bolus with induction, followed by a continuous infusion 

for 24 hours at a rate of 2 µg/kg/min (the equivalent of 0.12mg/kg/hr). The combination group 

also received magnesium sulfate 15 mg/kg with induction followed by continuous infusion at 5 

mg/kg/hr for 24 hours. The dosing of S(+)-ketamine in the abdominal surgery trial was very 

similar to the scoliosis study, however the dosing of magnesium was much lower in the 

abdominal surgery group. Perhaps lower magnesium dose may help explain the lack of 

significant findings. In addition, the difference in population, adults versus children, may also 

explain the different findings.  

Additional studies should be conducted to determine the ideal dosing of ketamine and 

magnesium. Using only the data available in this literature review, a tentative pediatric 

recommendation is to follow dosing protocol used in the pediatric scoliosis study, i.e. racemic 

ketamine 0.2mg/kg bolus followed by 0.15mg/kg/hr and magnesium sulfate 50mg/kg bolus 

followed by 8mg/kg/hr.1 This dosing is further supported by prior recommendations on the 

administration of racemic ketamine alone. The subanesthetic dose of 0.2-0.5mg/kg IV has been 

recommended for analgesia, particularly for treatment of somatic pain.11 Furthermore, evidence 

exists to support the administration of continuous infusion following initial bolus. It is theorized 

that continuous infusion or repeated boluses of ketamine can lead to some accumulation of the 

active metabolite, norketamine, which can beneficially contribute to prolonged analgesia with 

1/5-1/3 the potency of ketamine.11  

More research is needed regarding the enantiomers of ketamine and their interaction with 

magnesium. Not all studies included in this integrative review even commented on the type of 
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ketamine used. Furthermore, no study compared different molecular forms of ketamine to each 

other in combination with magnesium. Therefore, it is impossible to make a strong statement on 

the differences between enantiomers of ketamine when combined with magnesium.  

What side effects are associated with analgesic doses of ketamine and magnesium? 

Beginning evidence suggests that the side effects of analgesic doses of ketamine and 

magnesium are not significant. In fact, a review of reported side effects in these studies actually 

demonstrated a decrease in nausea and vomiting associated with the coadministration of 

analgesic doses of racemic ketamine and magnesium, possibly due to the opioid-sparing effect.  

Significant neurological side effects were not found with ketamine, except when 

administered via epidural in sheep, which resulted in ataxia.22 Ataxia was not increased in rats 

receiving ketamine.20 Hallucinations were not noted in pediatrics undergoing scoliosis surgery 

who received ketamine.1 Neurological side effects, including hallucinations, have been reported 

in patients receiving anesthetic doses of ketamine of 1-2mg/kg IV.11 The paucity of neurological 

side effects in this integrative review, particularly in humans, makes sense, given that the 

analgesic doses used in these studies, 0.15-0.2mg/kg IV, are much lower than recommended 

anesthetic doses.  

Similarly, administration of magnesium in these studies did not contribute to significant 

side effects. Only one study suggested a nonsignificant trend toward decreased use of muscle 

relaxant when magnesium was added to racemic ketamine.1 When magnesium is given in higher 

doses, such as for pre-eclampsia, it can contribute to multiple side effects. Pre-eclamptic doses 

can result in hypotension, nausea and vomiting, fatigue, and weakness.24 However, the lack of 

side effects found in this integrative review is not surprising, as the bolus doses administered in 

the human studies were much lower than those given for pre-eclampsia. Analgesic doses of 
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magnesium in these studies ranged from a 15mg/kg-50mg/kg bolus followed by an infusion of 0-

8mg/kg/hr. For a 70kg adult, this approximately translates to a 1-3.5g bolus, followed by an 

infusion of 0.5g/hr. In contrast, doses recommended for pre-eclampsia are larger and include a 

bolus of 4-6g IV, followed by an infusion of 1-2g/hr IV.25 

Anesthetic Considerations for the Administration of Ketamine and Magnesium 

While not discussed in the articles included in this integrative review, there are a few 

situations in which the use of ketamine may be problematic. Ketamine should be avoided or used 

with caution in patients presenting with severe hepatic impairment, severe pulmonary 

hypertension, catecholamine depletion, and increased intracranial pressure (ICP). Ketamine 

should be used in caution with patients with severely decreased liver function or blood flow, due 

to primary metabolism of ketamine by cytochrome P450 enzymes in the liver, with a high 

hepatic extraction rate.11 The active metabolite, norketamine, is further metabolized in the liver 

to an inactive compound that is excreted in the urine.11 

Ketamine increases catecholamine release. Therefore, ketamine should be avoided in 

patients with severe pulmonary hypertension, since catecholamine release can contribute to 

pulmonary vasoconstriction.11 Ketamine should also be used with caution in patients who are 

catecholamine depleted. After depletion of endogenous catecholamines, ketamine is thought to 

cause direct myocardial depression, and caution should be used when administering ketamine to 

patients who present in late sepsis or after pharmacological blockade of catecholamine 

receptors.11  

Ketamine is thought to increase cerebral blood flow and cerebral oxygen metabolism, 

leading to increased ICP.11 Therefore, the use of ketamine should be limited in patients with 

already elevated ICP.  
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Ketamine may interfere with specific procedures. One side effect of ketamine is 

nystagmus, which may interfere with surgery involving the eye. Ketamine can also interfere with 

nerve monitoring. Specifically, ketamine increases somatosensory evoked potential amplitude 

and decreases auditory and visual evoked responses.11 As a result, ketamine should be avoided or 

used carefully when evoked potential monitoring is required.  

The use of magnesium can be problematic in patients with certain preexisting 

comorbidities. Magnesium should be avoided or used with caution in patients with preexisting 

neuromuscular weakness, severe renal impairment, and concerns over elevated ICP. First, 

magnesium should be used carefully or avoided completely in patients with pre-existing 

neuromuscular weakness. In one human study included in this review, analgesic doses of 

magnesium in combination with racemic ketamine lead to a nonsignificant trend towards 

decreased muscle relaxant requirements.1 These results would likely be exaggerated in patients 

with pre-existing neuromuscular dysfunction. Magnesium can contribute to muscle weakness by 

antagonizing the presynaptic entry of calcium at the neuromuscular junction.16,17 Presynaptic 

entry of calcium is necessary to facilitate the release of acetylcholine into the synaptic cleft. 

Therefore, patients with neuromuscular diseases, like myasthenia gravis or Lambert Eaton 

myasthenic syndrome, may be more sensitive to the muscle relaxant effects of magnesium, 

particularly when magnesium is combined with a nondepolarizing muscle relaxant.  

Magnesium should be used with caution in patients with severe renal impairment and 

increased ICP. Magnesium is passively excreted by the kidneys, following the movement of 

sodium and water. Therefore, severe renal impairment can lead to higher serum magnesium 

concentrations.15 In patients with increased ICP, it may also be wise to avoid magnesium. 

Similar to ketamine, magnesium leads to dilation of cerebral vasculature, which can increase 
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cerebral blood flow.25 Therefore, magnesium can increase ICP, particularly in patients with 

altered cerebral autoregulation. 

Recommendations 

Based on available literature, a strong recommendation cannot be made regarding the 

coadministration of ketamine and magnesium. While beginning evidence supports the use of 

ketamine and magnesium in the reduction of pain, further research must be conducted before 

practice changes can be suggested. Specifically, additional human studies should be conducted to 

examine the ideal dosing of ketamine and magnesium in both adults and pediatrics. The only 

human study to have significant synergistic findings was one pediatric study, making it difficult 

to strongly recommend an ideal dose in pediatrics and impossible to recommend one in adults. 

Human studies should be conducted to examine the effect of order of administration of ketamine 

and magnesium on analgesia. While three rat studies suggested that order of administration 

mattered, with ketamine prior to magnesium producing better analgesia, there is insufficient data 

to support a recommendation for practice, given the paucity of data and the lack of human 

research on the subject. While the studies included in this integrative review did not, for the most 

part, find significant side effects from the coadministration of ketamine and magnesium, further 

research should be done on side effects of analgesic doses of these medications, since side effect 

profiles may change as an ideal dose and order of administration is defined.  

Assessment of literature review 

Strengths of this literature review include the presence of multiple randomized 

controlled trials in the animal population. In addition, the literature search encompassed a wide 

range of dates.  
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Limitations of this literature review include a paucity of research on the coadministration 

of ketamine and magnesium in the treatment of pain in humans. While many studies exist 

examining the effects on each drug individually, more research needs to be done examining the 

drugs in combination, particularly larger randomized controlled trials in humans and subsequent 

systematic reviews.  

Multiple inconsistencies were found between studies. First, there was a wide variety of 

populations studied, including adults, pediatrics, rats, mice, and sheep. Among human studies, 

each focused on different surgical procedures. Third, studies evaluated doses of different opioids 

used postoperatively and utilized different pain scales. Furthermore, different enantiomers of 

ketamine were used, with some studies examining racemic ketamine, while other examined the 

S(+) or R(-) enantiomers. Since racemic ketamine appears to be most widely available for 

anesthetic use, additional studies should focus on dosing of racemic ketamine in particular. 

Additional research is needed to determine ideal dosing of the drugs in humans, as well as the 

efficacy of continuous infusion versus repeated bolus dosing. Finally, human studies should be 

conducted to examine the impact of order of administration and ideal timing between doses, 

since this has only been evaluated in rats.  

Conclusion 

Acute postoperative pain negatively impacts patient outcomes, reduces satisfaction, and 

prolongs recovery after surgery. Beginning evidence suggests that the coadministration of 

ketamine and magnesium may offer synergistic benefit in the treatment of pain without 

significant risk of untoward side effects. While further research is essential, the results of this 

integrative review suggest that the administration of low dose ketamine and magnesium may be 

useful as a potential adjunct or alternative to opioids for the treatment of acute pain.  
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Table 1: Evidence Matrix of Available Research on the Coadministration of Ketamine and Magnesium 

Author

/Date 

 

Population, 

Sample Size, 

Study Design 

Findings Molecular 

Form 

Limitations 

Jabbour

, et al., 

20141 

-Pediatric 

patients with 

idiopathic 

scoliosis 

undergoing 

posterior spinal 

fusion and 

instrumentation 

n=50 

-Randomized 

prospective 

double-blind 

study (level I) 

Combo significantly decreased morphine consumption: 

 Postop morphine consumption (mg) was significantly decreased by the 

coadministration of racemic ketamine with MgSO4 compared to ketamine 

alone at all times (post-operative hours 4, 8, 12, 18, 30, 36 and 48). 

 The relative difference in the cumulative post-operative PCA morphine 

consumption in the 48 hours following surgery was 29.5% lower with 

ketamine/magnesium (51.53 mg) compared to ketamine alone (73.16 mg) 

(P < 0.001).  

Combo did not significantly affect pain scores: 

 Pain scores at rest, as measured by the Visual Analogue Scale (0-10cm), 

were not statistically significantly different between the 

ketamine/magnesium group and the ketamine group at any point during the 

first 48 hours after surgery. 

 Pain scores between groups were always within 1 point of each other and 

less than 3/10. 

Racemic 

ketamine  

 

Magnesium 

sulfate 

(MgSO4) 

-Order of 

administration not 

described 

 

-No trial with just 

magnesium, so 

synergism cannot 

be stated 

O’Flah

erty, et 

al., 

20032  

-Pediatric 

patients, 3-

12yrs, 

undergoing 

T&A 

n=80 

-Randomized 

double-blind 

placebo-

controlled study 

(level I) 

 

Combo did not significantly affect opioid consumption: 

 A nonsignificant trend towards increased requirement of at least one dose 

of postoperative fentanyl was seen in the ketamine/magnesium group 

(53%) compared to ketamine alone (50%) and magnesium alone (40%). 

 Total Fentanyl consumption was not statistically significantly different 

between groups (p=0.855), and was only 0.06mcg/kg lower in the combo 

group compared to ketamine alone.  

 Codeine consumption (mg) was significantly lower in the 

ketamine/magnesium group (1.1mg/kg) compared to ketamine alone 

(1.9mg/kg) and magnesium alone (1.6mg/kg) (p = 0.030), but not 

significantly different and actually higher than the placebo group (1mg/kg) 

(p>0.05). 

Combo did not significantly affect pain scores: 

Ketamine 

(enantiome

r not 

described) 

 

MgSO4 

 

 

-Order of 

administration not 

described 

 

-Codeine 

administration by 

parents at home 

was not guided by 

protocol and varied 
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 Pain score, as measured by modified the Hannallah objective pain scale, 

was not significantly different between groups (p=0.030). 

 Pain scores between groups were always within 1 point of each other and 

less than 4/10.  

Stessel, 

et al., 

201323 

-Adult patients 

undergoing 

general 

anesthesia for 

lower 

abdominal open 

surgery  

n=50  
-double-blind 

controlled trial, 

randomization 

stopped 

prematurely 

(level II) 

 

Combo did not significantly affect opioid consumption: 

 There was a statistically insignificant trend towards increased cumulative 

postoperative opioid (piritramide*) use (mg) in the combo group 

(1.017mg/kg) compared to ketamine alone (0.616mg/kg) and compared to 

the placebo group (0.663mg/kg) (p=0.12). 

*Piritramide is an opioid available in Europe. It is not available in the 

United States. 

Combo did not significantly affect pain scores: 

 Pain score was not significantly different between groups, as measured on 

0-100mm visual analogue scale.  

 At all time points, there was a statistically insignificant trend toward the 

combo producing lower pain scores than ketamine alone (6-17 points lower 

depending on the time). 

 The combo produced lower pain scores than the placebo at hours 3-12 (2-7 

points lower depending on the time), but higher pain scores than the 

placebo at hours 0.5-4 and 24 (1-15 points higher depending on the time), 

but these differences were not statistically significant (p>0.05). 

S(+)-

ketamine 

 

MgSO4 

-Order of 

administration is 

not documented 

 

-High attrition 

(14%), but 

approximately 

equal losses 

between groups 

 

-Randomization 

stopped 

prematurely “due to 

numerous 

organizational 

problems” 

 

 

Liu, et 

al., 

20015 

-Recombinantly 

expressed 

NMDA 

receptors 

n= not stated 

- In vitro 

experimental 

lab study (level 

I) 

Combo significantly increased NMDA receptor blockade: 

 The combination of S(+)-ketamine and Mg2+ at in vitro NMDA receptors 

produced super-additive blockade, decreasing the half maximal inhibitory 

concentration (IC50) >90% at both receptor subtypes (p = <0.001- 0.003). 

S(+)-

ketamine 

 

Ionized 

magnesium 

(Mg2+) 

-In vitro study 
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Hollma

nn, et 

al., 

200118   

-Recombinantly 

expressed 

NMDA 

receptors 

n= not stated 

- In vitro 

experimental 

lab study (level 

I) 

Combo significantly increased NMDA receptor blockade: 

 Coadministration of S(+)-ketamine and Mg2+ profoundly potentiated 

inhibition of in vitro NMDA receptor functioning by volatile anesthetics 

more strongly than ketamine or magnesium alone (p<0.001).  

S(+)-

ketamine 

 

Mg2+ 

-In vitro study  

 

Savic 

Vujovic

, et al., 

201519 

-Male Wistar 

rats  

n= 70 

-Experimental 

randomized 

controlled study 

(level I) 

Combo significantly decreased pain response: 

 Coadministration of racemic ketamine and magnesium sulfate provided 

synergistic analgesia at all ratios (p<0.001-0.05), as assessed by latency of 

tail withdrawal (seconds) from hot water.  

Order of administration affected synergism: 

 The combination was significantly more synergistic when ketamine was 

given first (p<0.01). 

Racemic 

ketamine 

 

MgSO4 

-Animal study 

 

Vučkov

ić, et 

al., 

201520 

 

 

-Male Wistar 

rats  

n=142 
- Experimental 

randomized 

controlled study 

(level I) 

 

 

  

Combo significantly decreased pain response: 

 The administration of ketamine and morphine, followed by magnesium 

produced significantly decreased pain response, as assessed by latency of 

tail withdrawal (seconds) from hot water, compared to ketamine and 

morphine administration without magnesium (p<0.01). 

Order of administration affected result: 

 Ketamine/morphine administered prior to magnesium produced 

significantly better pain control than ketamine/morphine alone. 

 Magnesium administered prior to ketamine/morphine produced no 

difference in painful behavior than ketamine/morphine alone (p>0.05). 

Ketamine 

(enantiome

r not 

described) 

 

MgSO4 

-Animal study 

 

 

Vujović

, et al., 

20176 

-Male Wistar 

rats 

n=96 

-Experimental 

randomized 

Combo significantly increased or decreased pain response: 

 Magnesium before ketamine produced significantly more painful behavior, 

as assessed by increased duration of painful response to formalin injection 

of hind paw, compared to ketamine alone (p<0.05). 

 Ketamine before magnesium was additive, increasing potency of ketamine 

by 1.2 (CI, 0.95-1.38), but not synergistic (p>0.05). 

Ketamine 

(enantiome

r not 

described) 

 

MgSO4 

-Animal study 
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controlled study 

(level I) 
Order of administration affected result: 

 Ketamine before magnesium was additive, increased potency 1.2 (CI, 0.95-

1.38). 

 Magnesium before ketamine was significantly antagonistic (p<0.05).  

Jahangi

ri, et 

al., 

201321  

 

-Male mice 

n=70  

-Randomized 

controlled trial 

(level I) 

 

Combo significantly decreased pain response: 

Coadministration of ketamine and MgO resulted in synergistic reduction in painful 

behavior, as assessed by abdominal writhing after intraperitoneal acetic acid 

injection and duration of response to formalin injection of the hind paw, 

particularly in the chronic pain phase (p<0.0001). 

racemic 

ketamine  

 

magnesium 

oxide 

(MgO) 

-Animal study 

 

DeRoss

i, et al., 

201222  

-Adult male 

sheep 

n=6 

- Randomized 

(level II) 

 

Combo produced significantly longer epidural blockade: 

 Ketamine/magnesium combo significantly longer duration of analgesia 

(115 minutes), as assessed by withdrawal response to deep needle prick, 

compared to ketamine (45 minutes) or magnesium alone (30 minutes) (no 

p value listed). 

Combo did not affect onset time and spread of blockade: 

 Both extent and onset time of block were similar for ketamine alone and 

ketamine/magnesium combo, which were both better than magnesium 

alone (p<0.05) 

S(+)-

ketamine 

 

MgSO4 

-Animal study 

 

-Small n 

 

-Epidural 

administration 

 

 

 

 

 


