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Ketamine is an effective anesthetic that promotes hemodynamic 
stability and decreases postoperative opioid requirement, but also 
promotes psychological disturbances [1]. Despite the desirable an-
algesic and anti-inflammatory effects of ketamine, perioperative use has 
been limited because it promotes psychological disturbances. The in-
cidence of psychologic disturbances associated with perioperative ke-
tamine use reportedly ranges from 7% to 27% [2] presumably due to 
variation in amount of ketamine used and the use of diverse psycho-
logic assessment methods and timeframes. 

How ketamine induces psychologic effects remains unclear, but 
glutamine release and modulation of the serotonergic system are 
plausible mechanisms. Lamotrigine, an anticonvulsant which decreases 
presynaptic glutamate release may thus reduce ketamine induced psy-
chologic disturbances [3]. Furthermore, lamotrigine augments ser-
otonin reuptake inhibitors and may reduce ketamine-use disorder [3]. 
For example, 300 mg oral lamotrigine significantly decreased ketamine- 
induced perceptual abnormalities in healthy subjects [4]. It therefore 
seems likely that lamotrigine reduces the hyper-glutamatergic con-
sequences of ketamine-induced NMDA receptor dysfunction [5]. 

We report the finding of a pilot randomized and double-blind trial in 
which we tested the hypothesis that a single 300-mg dose of lamotrigine 
given a few hours before surgery reduces ketamine-induced psycholo-
gical disturbances. We enrolled 46 adults (23 Lamotrigine, 23 placebo) 
18–65 years who were scheduled for elective noncardiac surgery with 
general anesthesia with a planned overnight stay at Cleveland Clinic 
main campus between April 2019 and October 2019. All included pa-
tients provided written informed consent during their preoperative 
clinic visit. The trial was approved by Cleveland Clinic Institutional 
Review Board and was registered at clinicaltrails.gov [NCT03831854; 
PI Kamal Maheshwari; February 2019]. It was a priori defined as a pilot 
trial. We excluded patients who had a history of seizure and/or anti-
epileptic medication use, schizophrenia, unstable angina, or had pre-
viously taken lamotrigine. 

All patients received ketamine 1 mg/kg bolus at induction of an-
esthesia followed by a 5-μg/kg/min infusion which was stopped at the 
end of surgery. Anesthesia generally included propofol, a muscle re-
laxant, fentanyl, and sevoflurane. The primary outcome was presence of 
the psychologic disturbances measured 30–90 min after admission to 
the postanesthesia care unit. We evaluated four key items of the Brief 
Psychiatric Rating Scale corresponding to positive symptoms of schi-
zophrenia: conceptual disorganization, hallucinatory behavior, suspi-
ciousness, and unusual thought content. Each symptom was rated 1–7 
(1 = not present, 2 = very mild, 3 = mild, 4 = moderate, 5 = mod-
erately severe, 6 = severe, 7 = extremely severe). Secondary outcomes 
were opioid use, pain, and postoperative nausea or vomiting in the 
postanesthesia care unit. 

No patients randomized to lamotrigine had psychologic dis-
turbances, whereas 3 (14%) assigned to placebo did. (Table 1) Psy-
chological side effects were thus too sparse to justify formal statistical 
testing. Opioid use in morphine equivalents was a median of 5 [Q1, Q3: 
0, 15] mg in patients randomized to lamotrigine and 10 [0, 15] mg in 
those assigned to placebo, with the median difference being −2.3 
(98.3% CI; −9.5, 5.0, P = 0.63). Mean  ±  standard deviation pain 
scores were similar in the lamotrigine (4.9  ±  3.1) and placebo 
(4.4  ±  2.8) patients: difference in means of 0.5 (98.3% CI; −1.7, 2.6, 
P = 0.58). Five patients in each group experienced nausea or vomiting. 

In this pilot randomized trial, despite giving a moderate dose of 
ketamine, only 6% of our patients displayed psychologic disturbances. 
Our estimate of the incidence of psychologic disturbances will inform 
perioperative ketamine use and future research. A large trial (Fig. 1) 
seems warranted to assess the potential ability of lamotrigine to prevent 
ketamine-induced psychologic disturbances. 
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Table 1 
Summary of outcomes by treatment groups.         

N missing Lamotrigine (N = 23) Placebo (N = 23) Treatment effect P valuec  

Primary outcomea     

Relative risk 
(95% CI)  

Psychologic disturbances 3 0 (0) 3 (14%) – 0.11     
Median difference  

Psychologic disturbances (scores) 3 4 [4, 4] 4 [4, 4] 0 [0,0] 0.08  

Secondary outcomeb     

Median difference (98.3% CI)  
Opioid consumption in PACU (mg) 0 5 [0, 15] 10 [0, 15] - 2.3 [−9.5, 5.0] 0.63     

Mean difference 
(98.3% CI)  

Pain score in PACU  4.9  ±  3.1 4.4  ±  2.8 0.5 (−1.7, 2.6) 0.58     
Relative risk 
(98.3% CI)  

PONV 2 5 (22) 5 (22) 1.0 (0.3, 3.8) 1.00  

Exploratory outcomes 
Daily average opioid use during hospital stay  24 [15, 69] 24 [15, 58]   
ORSDSd      

POD1  0.38 [0.0, 0.58] 0.57 [0.0, 0.74]   
POD2  0.18 [0.0, 0.35] 0.26 [0.16, 0.67]   
PACU length of stay (hours)  1 [1,1] 2 [1,2]   

PACU: postoperative anesthesia care unit; PONV: postoperative nausea vomiting. 
The outcomes are summarized as mean  ±  standard deviation, median [Q1, Q3], or N (%), as appropriate. 

a Fisher's exact test was used due to the expected number was less than 5. The relative risk could not be assessed due to zero incidence in treatment group 
b The treatment effect on opioid consumption was assessed through Wilcoxon sum rank test; Pain score was assessed using two sample t-test; PONV was assessed 

using Fisher's exact test 
c The significance level for primary outcome was 0.05 and 0.0167 for each secondary outcome (Bonferroni correction). 
d ORSDS is a 4 point-scale that evaluates 3 symptom distress dimensions where higher scores means more disturbances. The ORDS in the table was calculated 

using the mean of scores of 12 questions.  

Fig. 1. Sample size needed to detect different relative risk assuming different reference proportions at power of 0.9. Points indicate sample size needed at 
each relative risk point on X axis for a given treatment effect (relative risk). The connecting lines only approximate the relationship for intermediate values. 

Correspondence Journal of Clinical Anesthesia 68 (2021) 110074

2

http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0005
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0010
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0010
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0010
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0010
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0015
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0015
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0020
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0020
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0020
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0020
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0025
http://refhub.elsevier.com/S0952-8180(20)31399-4/rf0025


Kamal Maheshwari (MD MPH)a,c,⁎, Omer Bakal (MD)c, Pu Xuan (MS)b,c,  
Alparslan Turan (MD)a,c, Jonathan Fangc,  

Wael Ali Sakr Esa (MD PhD MBA)a, Daniel I. Sessler (MD)c,  
Amit Anand (MD)d 

a Department of General Anesthesiology, Cleveland Clinic, Cleveland, OH, 
United States of America 

b Department of Quantitative Health Sciences, Cleveland Clinic, Cleveland, 

OH, United States of America 
c Department of Outcomes Research, Cleveland Clinic, Cleveland, OH, 

United States of America 
d Department of Psychiatry, Cleveland Clinic, Cleveland, OH, United States 

of America 
E-mail address: MAHESHK@ccf.org (K. Maheshwari).    

⁎ Corresponding author at: Departments of General Anesthesia and Outcomes Research, Anesthesiology Institute, Cleveland Clinic, 9500 Euclid Avenue/E-31, 
Cleveland, OH 44195, United States of America. 

Correspondence Journal of Clinical Anesthesia 68 (2021) 110074

3

mailto:MAHESHK@ccf.org

	Lamotrigine for reducing ketamine-induced psychologic disturbances: A pilot randomized and blinded trial
	Funding
	Declaration of competing interest
	References




