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Introduction

Depression is an increasingly common debilitating illness, 
currently projected to affect 121 million people worldwide 
(World Health Organization, 2012). Despite its high preva-
lence and disability, treatment response and remission rates 
remain frustratingly low. This was exemplified in a large 
effectiveness study in which a third of depressed patients 
did not achieve remission even after up to four trials of dif-
ferent antidepressant medications (STAR*D; Warden et al., 
2007). Presently, electroconvulsive therapy (ECT) is con-
sidered the most effective management of treatment-resist-
ant depression, with a rapid onset of response and high 
remission rate (UK ECT Review, 2003). However, its use is 
restricted by the risk of memory and cognitive impairment 
(UK ECT Review, 2003). Therefore, there is interest in 
developing alternative treatment options for depression 
which have both a faster onset of response and a higher 

success rate than current pharmacological and other physi-
cal treatment options.

Ketamine as a new treatment for 
depression: A review of its efficacy and 
adverse effects

Natalie Katalinic1, Rosalyn Lai1, Andrew Somogyi2,  
Philip B Mitchell1,3,4, Paul Glue5 and Colleen K Loo1,3,6,7

Abstract

Objective: Narrative review of the literature on the efficacy and safety of subanaesthetic doses of ketamine for the 
treatment of depression.

Method: Medline and PubMed databases were searched up to October 2012 using appropriate keywords.

Results: The studies consistently report substantial efficacy with high response and remission rates from 4 to 72 hours 
(averages 77% and 43%, respectively) from single doses, though not all patients respond to ketamine. Early relapse is 
common. While the usual procedure involves the administration of intravenous ketamine at a dose of 0.5 mg/kg over 40 
minutes, some preliminary evidence suggests other dosing regimens and routes of administration may be useful or even 
better. Repeated doses and maintenance pharmacological treatments have been investigated in order to prolong the 
antidepressant effects, with only modest success.

Conclusions: Current research on the antidepressant effects of ketamine has consistently shown rapid and substantial 
improvement in mood in the majority of patients. However, these effects have often been found to be short-lived. Future 
research should focus on identifying predictors of response (e.g. clinical, genetic, pharmacokinetic, environmental), 
examining different dosing regimens and routes of administration, and strategies to maintain the antidepressant response.
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Since the first placebo-controlled trial investigating the 
antidepressant effects of subanaesthetic ketamine doses in 
2000 (Berman et al., 2000) which found rapid and large 
effects, interest has risen quickly and many research studies 
have followed. The aim of this review is to collate the cur-
rent evidence for ketamine as a potential new treatment for 
depression and to address factors that pose a barrier to its 
becoming a useful clinical treatment.

Materials and methods

Medline and PubMed databases were searched up to 
October 2012 using combinations of the keywords “keta-
mine”, “NMDA”, “depression”, “major depressive disor-
der”, and “bipolar depression”. Once identified, all papers 
were reviewed by author NK providing that the studies ful-
filled inclusion criteria of: being written in the English lan-
guage; including depressed patients receiving ketamine; 
assessing mood outcomes; and publication in a peer-
reviewed journal. As the dose range for ketamine as an 
anaesthetic is 1–4.5 mg/kg by intravenous administration 
(Knox et al., 1970; MIMS, 2010), only research using doses 
≤1 mg/kg, given intravenously or by other routes, was 
included in this review. Due to the large methodological 
variations between studies and questions over the adequacy 
of blinding in many trials when saline was used as a pla-
cebo, we decided to undertake a qualitative and narrative 
review rather than a systematic meta-analysis. Thus, no 
additional inclusion or exclusion criteria were imposed. We 
considered all types of studies (e.g. double-blind/single-
blind randomized controlled trials; open-label uncontrolled 
studies; intraindividual crossover or parallel group trials; 
naturalistic observations; case reports; case series) and for-
mats (research reports, brief reports, letters to the editor, 
correspondence, editorials). References from these publica-
tions were checked to identify any further relevant publica-
tions to ensure that the review was thorough and that there 
was no duplication of clinical data from multiple reports 
emanating from the same author(s). The studies reviewed 
and their details are summarized in Table 1.

Review

Evidence for efficacy of ketamine as an 
antidepressant treatment

Open-label studies. Research investigating the antidepres-
sant effects of ketamine has consistently reported rapid and 
robust improvement using mostly intravenous infusions of 
0.5 mg/kg ketamine over 40 minutes. Most open-label stud-
ies analysing the effect of a single ketamine infusion on 
Montgomery-Asberg Depression Rating Scale (MADRS) 
or Hamilton Depression Rating Scale (HDRS) scores have 
found high response (≤50% baseline MADRS/HDRS 

score) rates within 230 minutes, ranging from an average of 
33% in a series of three separate studies by the same group 
(Salvadore et al., 2009, 2010, 2011) to 43% (Phelps et al., 
2009) and 44% (Machado-Vieira et al., 2009; estimate 
based on graphs presented). Furthermore, other similarly 
designed studies have found response rates of 50% and 
46% earlier than 230 min (110 minutes, Thakurta et al., 
2012b; 120 minutes, Mathew et al., 2010). In Mathew et al., 
(2010), 65% of patients responded by 72 hours and 50% of 
the sample maintained remission (MADRS score <10) 
from 24 hours post injection through to 72 hours. However, 
while the response rate for the sample in Thakurta et al., 
(2012b) initially increased to 77% by day 1 after treatment, 
this decreased to 13% by day 7 and 5% by day 14.

Three open-label studies (Price et al., 2009; Larkin and 
Beautrais, 2011, Thakurta et al., 2012a) have suggested that 
ketamine may be an appropriate treatment to rapidly reduce 
acute suicide risk in depressed patients. Larkin and 
Beautrais (2011) found a significant reduction in the 
Suicide Ideation item on the MADRS from the baseline 
score of 3.9 (SEM 0.4) at 40 minutes (0.6, SEM 0.2), 80 
minutes (0.6, SEM 0.2), 120 minutes (0.7, SEM 0.2), and 
240 minutes (0.6, SEM 0.1). In Price et al., (2009), 24 hours 
after infusion of ketamine, 81% of patients achieved a score 
of 1 or 0 (median score 0) out of a possible 6 on the Suicidal 
Thoughts item of the MADRS – a significant decrease from 
the pretreatment median score of 3.5. In addition, the 
patients’ previous association between the words “Escape” 
and “Me” on the Implicit Association Test (an item that cor-
relates highly with explicit suicide ideation) were signifi-
cantly reduced at 24 hours. Effect sizes for reduction in 
both implicit and explicit suicide ideation were large, rang-
ing from 1.36–1.67. Using the same dosing regimen, 
Thakurta et al., (2012a) found that scores on the Scale for 
Suicide Ideation and the HDRS-suicidality item were sig-
nificantly decreased from 40 minutes through to 230 min-
utes post ketamine. The biggest change from baseline was 
noted at 40 minutes, with 80% reduction in the mean score. 
However, scores returned to baseline the day after the 
infusion.

Investigating whether 0.5 mg/kg ketamine could be an 
appropriate treatment where treatment with ECT had failed, 
Ibrahim et al., (2011) reported significant decreases in 
MADRS scores by 230 minutes in both ECT-naïve (n=23) 
and ECT-resistant (n=17) depressed patients. Despite both 
groups improving and there being no significant differ-
ences between groups in the proportion of responders, the 
effect size was halved in the ECT-resistant sample (Cohen’s 
D 0.50).

In addition, there have also been several reports of keta-
mine at both full anaesthetic and subanaesthetic doses pos-
sibly enhancing the antidepressant effects of ECT at times 
resulting in greater reductions in depression scores and 
fewer ECT treatments required (Ostroff et al., 2005; 
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Goforth and Holsinger, 2007; Okamoto et al., 2010; 
Abdallah et al., 2012; Loo et al., 2012; Wang et al., 2012).

However, open-label studies carry an important meth-
odological limitation – specifically, the presence of expec-
tation effects and potential placebo effects. With the 
growing interest over ketamine as a new treatment for 
depression, it is imperative to control for these effects by 
using a blinded, randomized controlled trial design.

Case reports and case series. The impact of ketamine on 
depression has also been reported in several case reports 
(often in a single patient), administering ketamine by the 
intravenous, oral, or intra muscularroutes, and some assess-
ing the use of S-ketamine, the enantiomer that has been 
reported to have fewer dissociative effects (Paul et al., 
2009) (see Supplementary Table). When examining intra-
venous ketamine at 0.5 mg/kg, case series have found simi-
lar results to open-label studies, with apparent response 
dissipating after 3 or 4 days (Kollmar et al., 2008; Paul 
et al., 2009). S-ketamine has been found to be similarly 
efficacious, although the time to relapse may be similar 
(Paul et al., 2009; Denk et al., 2011; Zanicotti et al., 2012b). 
Finally, two case series found that the patients who 
responded to oral racemic ketamine (Irwin and Iglewicz, 
2010) and oral S-ketamine (Paslakis et al., 2010) remained 
in remission or near remission for 1–2 weeks. It is notewor-
thy, though, that in the Paslakis et al., (2010) study, only 
two of four patients responded. The authors noted that their 
responders had melancholic features, whereas the two who 
did not respond had atypical depression and some addi-
tional comorbidities. If replicated, these clinical features 
may be important predictors of response.

Intraindividual crossover trials. In an attempt to more confi-
dently ascertain and quantify the antidepressant effects of 
ketamine, several studies have used an intraindividual 
crossover design to compare the effects of ketamine with 
saline placebo. In these studies, participants were gener-
ally randomly assigned to receive ketamine or placebo 
first, with the other treatment given a week later. Ketamine 
was usually infused over 40 minutes at 0.5 mg/kg. In the 
Zarate et al., (2006), Valentine et al., (2011), and Berman 
et al., (2000) studies focusing on patients with major 
depressive disorder (MDD), the ketamine group had sig-
nificantly lower HDRS scores as early as 60 minutes post 
infusion, persisting through to the final time point of fol-
low up (3 days for the Berman study; 7 days for the Zarate 
and Valentine studies). The ketamine condition in the 
Zarate et al., (2006) study showed response rates of 12/17 
(compared to 0/14 in the placebo group) and remission 
rates of 5/17 (compared to 0/14) 1 day after the infusion. In 
the Berman et al., (2000) study, response rates were 4/8 in 
the ketamine and 1/8 in the placebo groups 3 days after the 
infusions.

The Zarate group conducted a further study in 18 patients 
with bipolar affective disorder, using the same treatment 
protocol. Ketamine showed significantly superior efficacy 
in MADRS scores and HDRS scores from the end of the 
infusion to 3 days in an intention-to-treat sample 
(Diazgranados et al., 2010). Moreover, when receiving ket-
amine, 7/16 of this sample responded and 5/16 remitted, in 
comparison with 0/16 for both outcomes with placebo. 
When only completers (i.e. those who completed both 
treatment conditions) were analysed, ketamine was found 
to be significantly superior to placebo from 40 minutes 
after the infusion to a week later. A recent replication study 
in a sample of 15 patients with bipolar depression was per-
formed by this group; they found that there was a 79% 
response to ketamine at some time point for the sample 
(Zarate et al., 2012). Similar rates of relapse to the 2010 
study were also observed (median time to relapse: 2 days).

There are two major methodological concerns with these 
crossover design trials. First, Zarate et al., (2006) discov-
ered order effects in their study, such that those who 
received the ketamine dose first had lower pretreatment 
scores a week later when they were treated with placebo. 
These carryover effects were not found (Diazgranados 
et al., 2010) or examined (Berman et al., 2000) in other 
studies. Moreover, in the Valentine et al., (2011) study, the 
placebo session was always given first to avoid such car-
ryover effects. An even greater methodological concern is 
that ketamine induces marked psychotomimetic effects 
(e.g. dissociative symptoms), which would have been 
clearly evident to participants and investigators, whereas 
saline does not induce any such sensations. Thus, it is ques-
tionable if blinding was adequate in the saline-controlled, 
crossover trials.

Parallel group design trials. Only one randomized controlled 
trial used a parallel-group design in which participants were 
assigned to receive either ketamine or placebo, without 
crossing over to the other treatment condition. Such meth-
odology avoids the potential confound of carryover effects 
and limits blinding due to the subjective effects of ketamine. 
Kudoh et al., (2002) investigated ketamine’s antidepressant 
effects in a sample of 95 patients undergoing orthopaedic 
surgery, 70 of whom were depressed based on diagnoses 
made by their treating psychiatrists. Ketamine 1 mg/kg was 
given during anaesthesia to 35 of the 70 depressed patients. 
They found that the HDRS scores the day after surgery were 
significantly lower in the depressed patients who received 
ketamine than in the depressed patients who did not receive 
ketamine [mean HDRS 9.9 (SEM 4.1) vs. 14.4 (3.8), 22% 
decrease in HDRS scores from baseline vs. 17% increase, 
respectively], but these differences were no longer signifi-
cant at 3 days post surgery. The patients who were not 
depressed did not experience significant changes in mood at 
any of the assessment time points.
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Optimal dose and mode of administration

Pharmacology of ketamine. Ketamine is a non-competitive 
antagonist of the N-methyl-d-aspartate (NMDA) receptor 
(ionotropic glutamate) Ca2+ channel pore, with additional 
binding to the PCP binding site, to cause inhibition of 
NMDA receptor activity (Hirota and Lambert, 1996). It 
also interacts with opioid receptors, muscarinic receptors, 
adrenergic receptors, and voltage-gated Ca2+ channels 
(Quibell et al., 2011), but whether these interactions occur 
at clinically relevant doses/concentrations is unlikely. Ket-
amine has a chiral carbon atom and is marketed in most 
countries (including Australia) as a racemate – an equal 
mixture of S- and R-enantiomers. The affinity (Ki) at the 
PCP binding site of S-ketamine is about 5-times that of 
R-ketamine (Ebert et al., 1997) and S-ketamine is regarded 
as “… having twice the analgesic potency and fewer psy-
chotomimetic effects” (Quibell et al., 2011). In addition, a 
metabolite S-norketamine has a Ki one-sixth that of S-ket-
amine (Ebert et al., 1997), but is reported to be equipotent 
as an analgesic and achieves higher plasma concentrations 
than ketamine after parenteral administration (Domino 
et al., 1965). Ketamine is extensively metabolized by the 
hepatic CYP450 enzyme system (Yanagihara et al., 2001). 
The primary and active metabolite is norketamine by the 
enzymes CYP2B6 (major) and CYP3A4. Ketamine has a 
high systemic clearance (about 1L/min), a short half life of 
about 3 hours, and, due to a high hepatic first pass, oral 
bioavailability is about 20%. Preliminary research suggests 
that there may be a complex relationship between ketamine, 
its metabolites, and antidepressant effects (Zarate et al., 
2012).

Alternative doses and administration routes. While the pres-
ence of a significant antidepressant effect with ketamine 
has been investigated quite thoroughly, there is little infor-
mation on the dose–response relationship, or the optimal 
mode of drug administration – crucial elements if ketamine 
is to gain clinical acceptance and regulatory approval. As 
noted above, most studies tested ketamine’s antidepressant 
effects using 0.5 mg/kg infused intravenously over 40–60 
minutes and reported high response and remission rates, 
though for most participants the improvement only lasted a 
few days (Berman et al., 2000; Zarate et al., 2006, 2012; 
Machado-Vieira et al., 2009; Phelps et al., 2009; Price 
et al., 2009; Salvadore et al., 2009, 2010, 2011; Thakurta 
et al., 2012b). This is the dosing approach used in the initial 
pilot trial of ketamine (Berman et al., 2000).

Only two studies have investigated intravenous keta-
mine at a different dose, both involving rapid bolus injec-
tions – Kudoh et al., (2002) gave 1 mg/kg ketamine during 
general anaesthesia and Larkin and Beautrais (2011) gave a 
0.2 mg/kg bolus over 1–2 minutes to suicidal patients in the 
emergency department. Larkin and Beautrais (2011) found 
a significant antidepressant response 240 min post injection 

[mean MADRS changed from 40.4 (SEM 1.8) pretreatment 
to 11.5 (SEM 2.2) at 240 min]. Improvement was main-
tained at 7 days [mean MADRS 8.4 (SEM 1.6)] and 10 
days [mean MADRS 9.2 (SEM 1.7)] in all 13 patients. By 
day 10, 12/13 participants continued to meet the criterion 
for response. The results of Larkin and Beautrais (2011) are 
remarkable in that antidepressant effects were largely sus-
tained over the 10-day follow-up period, in contrast to all 
other studies. The reasons for this difference are unclear, 
but could arise from the open-label use of ketamine and the 
particular clinical setting (patients presenting to the emer-
gency department in crisis) or the mode of administration 
used (bolus injection rather than slow infusion). It is also 
possible that the dose–response curve for antidepressant 
effects of ketamine may not be linear and that 0.2 mg/kg as 
a bolus may be a more optimal dose for antidepressant 
effects. For example, previous animal studies indicate that 
ketamine’s effects on glutamate transmission may show a 
complex inverted U-shape dose–response relationship (Li 
et al., 2010; Autry et al., 2011). These observations high-
light the need for dose–response and pharmacokinetic stud-
ies, which examine the relationship between ketamine 
dose, speed (and route) of administration, plasma ketamine 
concentrations, therapeutic antidepressant response, and 
adverse effects.

The only report of the dose–antidepressant response 
relationship to date is that of Glue et al., (2011), who also 
gave ketamine by an alternative route (intramuscular injec-
tion) and tested a range of doses (0.5, 0.7, and 1.0 mg/kg) 
in two patients with refractory depression. A clear dose–
response relationship was evident, with higher doses lead-
ing to greater antidepressant response (average improvement 
in scores from 15% to 44% to 70%).

The oral route of administration has also been trialled. 
Irwin et al., (2010) gave a single dose of oral ketamine (0.5 
mg/kg) to two depressed patients in hospice care and 
reported acute results similar to those reported for intrave-
nous ketamine – both patients experienced a substantial 
improvement (45% and 37%) in mood by 60 minutes after 
the dose. Both patients also had a marked improvement in 
anxiety symptoms. Of interest, improvement was main-
tained for the duration of follow up (15 and 8 days respec-
tively), in contrast to the results of most intravenous studies. 
These results are very promising, though the reliability of 
antidepressant results with the oral route of administration 
needs to be tested in larger samples, given the likelihood of 
variable plasma concentrations because of extensive first-
pass hepatic metabolism of ketamine. Another considera-
tion is that the relative plasma concentrations of ketamine 
and its major metabolite, norketamine, differ between the 
oral (1:15) and intravenous routes (1:1) (Yanagihara et al., 
2003; Peltoniemi et al., 2011). The contribution of norketa-
mine to antidepressant effects is unknown.

A recent case series by Cusin et al., (2012) described 
two patients with treatment-resistant bipolar depression 

 at RANZCP on November 3, 2014anp.sagepub.comDownloaded from 

http://anp.sagepub.com/


720 ANZJP Articles

Australian & New Zealand Journal of Psychiatry, 47(8)

and attention deficit hyperactivity disorder who were suc-
cessfully treated with intramuscular ketamine. The first 
patient had only attained a short-term response from intra-
venous ketamine (0.5 mg/kg over 40 minute infusion), and 
had subsequently not responded to a 3-week course of 
either oral ketamine (210 mg capsules, taken three times a 
week) or intranasal ketamine (200 mg/ml, “three sprays”, 
three times a week). However, complete remission after 
one administration of 32 mg of intramuscular ketamine was 
achieved, and with continued administrations (increased to 
50 mg) every 4 days, stayed well for 5 months before a 
partial relapse. The second patient received intramuscular 
50 mg ketamine, administered every 3 days, leading to 
improvement after 1 week. This schedule was continued for 
6 months before a partial relapse occurred. The success of 
intramuscular administration after short-term response and 
failed trials of intravenous, oral, and intranasal administra-
tions is promising. The authors note that the reasons for this 
success are most likely to do with differences in the bioa-
vailability of ketamine across administrations (93% intra-
muscular vs. 17–20% oral) (Cusin et al., 2012). It is 
noteworthy, though, that both patients experienced adverse 
effects – namely irritability, nightmares, dissociative feel-
ings, and headaches.

Given the sparse data to date, it is not clear how route of 
administration, the drug itself (racemic vs. S-ketamine), 
and dosage, affect the antidepressant response of ketamine. 
Promising results have been reported with the intramuscu-
lar and oral routes, but in small numbers of patients and 
open-label treatment settings. It remains to be seen if these 
results are replicated in double-blind, placebo-controlled 
trials.

Adverse effects

Given the increasing interest in ketamine as an antidepres-
sant, it is of great importance to also evaluate related 
adverse effects associated with its use. While expected to 
be transient, these effects can be nonetheless distressing for 
patients (Table 2).

Psychotomimetic and neuropsychological adverse effects. Most 
of the research conducted using subanaesthetic doses of 
ketamine has shown increases in several adverse effects: 
general psychiatric symptoms (n=154) (Krystal et al., 1994, 
1998, 2000; Malhotra et al., 1996; Adler et al., 1998; Anand 
et al., 2000; Berman et al., 2000; Hetem et al., 2000; 
Umbricht et al., 2000; Abel et al., 2003; Honey et al., 2003, 
2005, 2006; Morgan et al., 2004a,b; Parwani et al., 2005; 
Rowland et al., 2005; ; Zarate et al., 2006, 2012; Stefanczyk-
Sapieha et al., 2008; Diazgranados et al., 2010; Coull et al., 
2011; Thakurta et al., 2012b); positive symptoms of schizo-
phrenia (n=273) (Ghoneim et al., 1985; Krystal et al., 1994, 
1998, 2000; Adler et al., 1998; Anand et al., 2000; Hetem 
et al., 2000; Honey et al., 2003, 2005, 2006; Morgan et al., 

2004a,b; ; Zarate et al., 2006; Stefanczyk-Sapieha et al., 
2008; Diazgranados et al., 2010; Thakurta et al., 2012b); 
negative symptoms of schizophrenia (n=107) (Krystal 
et al., 1994, 1998, 2000; Hetem et al., 2000; Rowland et al., 
2005); dissociative symptoms (n=290) (Krystal et al., 1998, 
2000; Anand et al., 2000; Abel et al., 2003; Morgan et al., 
2004a,b; Parwani et al., 2005; Rowland et al., 2005; 
Liebrenz et al., 2007, 2009; aan het Rot et al., 2010; 
Diazgranados et al., 2010; Coull et al., 2011; Ibrahim et al., 
2011; Larkin and Beautrais, 2011; Valentine et al., 2011; 
Zarate et al., 2012; Zanicotti et al., 2012b); and manic 
symptoms (n=129) (Harborne et al., 1996; Newcomer 
et al., 1999; Anand et al., 2000; Pfenninger et al., 2002; 
Zarate et al., 2006; Diazgranados et al., 2010; Mathew 
et al., 2010). Fortunately, these effects have mostly been 
restricted to the time of administration, disappearing com-
pletely by 60 minutes afterwards.

Other adverse effects experienced by patients include 
feelings of intoxication and lowered inhibitions (Pfenninger 
et al., 2002; Honey et al., 2003, 2005, 2006; Messer et al., 
2010); confusion (Newcomer et al., 1999; Morgan et al., 
2004a,b); decreased concentration (Harborne et al., 1996; 
Pfenninger et al., 2002; Honey et al., 2003, 2005, 2006; 
Lofwall et al., 2006; Mathew et al., 2010); and perceptual 
disturbances (Newcomer et al., 1999; Honey et al., 2003, 
2005, 2006; Morgan et al., 2004a,b; Mathew et al., 2010; 
Messer et al., 2010; Zanicotti et al., 2012b; Zarate et al., 
2012). Finally, an extensive review (Morgan and Curran, 
2006) has shown that non-chronic usage of ketamine 
acutely impairs several memory systems, including encod-
ing of information into episodic memory, the manipulation 
of information in working memory, and some components 
of semantic memory. Once again, though, most of these 
impairments were only apparent during the infusions, and 
none persisted longer than 2 hours after the beginning of 
the infusions.

Using S-ketamine, which is considered to have a lower 
incidence of psychotomimetic effects, studies have found 
the same effects with general psychiatric symptoms (Passie 
et al., 2005) and dissociative symptoms (Denk et al., 2011), 
but not for perceptual disturbances (Paul et al., 2009). One 
study comparing S-ketamine, R-ketamine, and racemic 
ketamine found that S-ketamine caused less drowsiness and 
impaired concentration than racemic ketamine (Pfenninger 
et al., 2002). In addition, one case report observed no psy-
chotomimetic effects at all with S-ketamine (Paslakis et al., 
2010). However, S-ketamine – like racemic ketamine – has 
been found to cause confusion and decreased inhibition 
(Paul et al., 2009) but its use may increase sufficiently the 
therapeutic index of ketamine.

Nonetheless, while ketamine consistently produces 
psychotomimetic and psychiatric adverse effects, these 
have been restricted to either the time of administration or 
immediately thereafter. Additionally, severity of these 
effects has not been found to be substantially different 
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Table 2. Summary of adverse effects found in studies using ketamine, including combined sample size and additional comments.

Adverse effect
Studies where increases were 
reported Total Comments

General psychiatric symptoms (Brief 
Psychiatry Rating Scale (including factors 
for thought disorder, withdrawal-
retardation, anxiety-depression, and 
hostility-suspiciousness); Present State 
Examination, and Visual Analogue Scales 
for anger, sadness, irritability, and anxiety)

Krystal et al., 1994, 1998; Malhotra 
et al., 1996; Adler et al., 1998, 
Anand et al., 2000; Berman et al., 
2000; Hetem et al., 2000; Umbricht 
et al., 2000; Abel et al., 2003; 
Honey et al., 2003, 2005, 2006; 
Parwani et al., 2005; Rowland et al., 
2005; Coull et al., 2011

154 These adverse effects were 
restricted to the time of 
administration, disappearing 
completely by 60 minutes after 
the end of administration

Positive symptoms of schizophrenia Ghoneim et al., 1985; Krystal et al., 
1994, 1998, 2000; Adler et al., 
1998; Hetem et al., 2000; Anand 
et al., 2000; Honey et al., 2003, 
2005, 2006; Morgan et al., 2004a,b; 
Zarate et al., 2006; Stefanczyk-
Sapieha et al., 2008; Diazgranados 
et al., 2010; Thakurta et al., 2012b

273

Negative symptoms of schizophrenia Krystal et al., 1994, 1998, 2000; 
Rowland et al., 2005

107

Dissociative symptoms Krystal et al., 1998, 2000; Anand 
et al., 2000; Hetem et al., 2000; 
Abel et al., 2003; Morgan et al., 
2004a,b; Parwani et al., 2005; 
Rowland et al., 2005; Liebrenz 
et al., 2007, 2009; aan het Rot 
et al., 2010; Diazgranados et al., 
2010; Coull et al., 2011; Ibrahim 
et al., 2011; Larkin and Beautrais, 
2011; Valentine et al., 2011; 
Zanicoti et al., 2012b; Zarate et al., 
2012

290

Manic symptoms Harborne et al., 1996; Newcomer 
et al., 1999; Anand et al., 2000; 
Pfenninger et al., 2002; Zarate 
et al., 2006; Diazgranados et al., 
2010; Mathew et al., 2010

129

Feelings of intoxication and lowered 
inhibitions

Pfenninger et al., 2002; Honey 
et al., 2003, 2005, 2006; Messer 
et al., 2010

49 These adverse effects were 
restricted to the time of 
administration, disappearing 
completely by 2 h after the 
beginning of infusions

Confusion Newcomer et al., 1999; Morgan 
et al., 2004a,b

69

Decreased concentration Harborne et al., 1996; Pfenninger 
et al., 2002; Honey et al., 2003, 
2005, 2006; Lofwall et al., 2006; 
Mathew et al., 2010

80  

Perceptual disturbances Newcomer et al., 1999; Honey 
et al., 2003, 2005, 2006; Morgan 
et al., 2004a,b; Mathew et al., 2010; 
Messer et al., 2010; Zanicotti et al., 
2012b; Zarate et al., 2012

166  

Acute cognitive impairment Curran and Morgan, 2000 54 Systems affected from the day 
of ingestion of ketamine to 3 
days later included: encoding 
of information into episodic 
memory; manipulation of 
information in working memory; 
some parts of semantic memory
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between doses or modes of administration. Therefore,  
outside recreational usage, there have been no reports of 
persistent adverse effects with subanaesthetic uses of 
ketamine.

Physical adverse effects. There have been no significant 
adverse effects reported in studies of low-dose ketamine 
and S-ketamine in antidepressant trials to date. Many have 
reported on a variety of transient physical effects such as 
light-headedness, headache, nausea, diplopia, drowsiness, 
and dizziness (Morgan et al., 2004b; Honey et al., 2005; 
Liebrenz et al., 2007; Mathew et al., 2010; Zanicotti et al., 
2012b; Zarate et al., 2012; also see recent reviews by Gho-
neim et al., 1985; Krystal et al., 1994; Newcomer et al., 
1999; Curran and Morgan, 2000; Hetem et al., 2000; 

Pfenninger et al., 2002; Honey et al., 2003, 2006; Morgan 
et al., 2004a; Liebrenz et al., 2009; aan het Rot et al., 2012). 
These symptoms tend to be dose-dependent, benign, and 
limited mainly to the period of the infusion or for a short 
time following.

Depression trials investigating subanaesthetic doses 
of ketamine consistently report on transient elevations 
in blood pressure and heart rate during the period of 
infusion and for up to 80 minutes after dosing (Zarate 
et al., 2006; aan het Rot et al., 2010; Diazgranados et al., 
2010; Mathew et al., 2010; Messer et al., 2010; Valentine 
et al., 2011; Ibrahim et al., 2012; Thakurta et al., 2012b). 
Most studies have observed no changes in oxygen satu-
ration (Diazgranados et al., 2010; Mathew et al., 2010; 
Ibrahim et al., 2012), though one found reduced 

Adverse effect
Studies where increases were 
reported Total Comments

Transient physical adverse effects: light-
headedness; headache; nausea; diplopia; 
drowsiness; dizziness

Ghoneim et al., 1985; Krystal et al., 
1994; Newcomer et al., 1999; 
Hetem et al., 2000; Pfenninger 
et al., 2002; Honey et al., 2003, 
2005, 2006; Morgan et al., 2004a,b; 
Curran and Morgan, 2000; 
Liebrenz et al., 2007, 2009; Mathew 
et al., 2010; Zanicotti et al., 2012b; 
Zarate et al., 2012

289 These adverse effects tended to 
be dose-dependent, benign, and 
limited mainly to infusion or for 
a short time following

Elevation in heart rate and blood pressure Zarate et al., 2006; aan het Rot 
et al., 2010; Mathew et al., 2010; 
Messer et al., 2010; Diazgranados 
et al., 2010; Valentine et al., 2011; 
Ibrahim et al., 2012; Thakurta et al., 
2012b

148 Adverse effects occurred during 
the period of infusion and for 
up to 80 minutes after dosing

Reduced oxygen saturation aan het Rot et al., 2010 10 Adverse effect observed during 
the period of ketamine infusion

Urinary tract complications Shahani et al., 2007; Chu et al., 
2008; Cottrell and Gillatt, 2008; 
Gregoire et al., 2008; Oxley et al., 
2009; Storr and Quibell, 2009; Tsai 
et al., 2009; Ho et al., 2010; Mason 
et al., 2010; Persson, 2010;

125 Most of these cases were 
reported in the context of 
recreational ketamine abuse, 
but five cases arose in the 
context of medically prescribe 
ketamine for analgesia. 
However, doses tended to be 
higher than those employed 
in depression trials (>6 mg/kg/
day), and for longer periods of 
time (daily for 5 months to 1 
year, except for once case for 
whom it was daily for 9 days)

Liver toxicity Dundee et al., 1980; Kiefer et al., 
2008

138 Moderate elevations were 
noted at anaesthetic doses

S-Ketamine  
General psychiatric symptoms Passie et al., 2005 12  
Dissociative symptoms Denk et al., 2011 1  
Confusion Paul et al., 2009 2  
Decreased inhibition Paul et al., 2009 2  
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saturation during the period of ketamine infusion (aan 
het Rot et al., 2010).

There have been a number of case reports that have 
linked repeated ketamine use to urinary tract problems (Chu 
et al., 2008; Cottrell and Gillatt, 2008; Oxley et al., 2009; 
Tsai et al., 2009; Shahani et al., 2007; Ho et al., 2010; Mason 
et al., 2010). Almost 200 cases of ketamine-associated urop-
athy have been described in the literature. These reports 
have arisen from ketamine use either in chronic abuse con-
texts or in analgesia; however, it is important to be aware of 
these effects given that repeated ketamine administrations 
are being considered for the treatment of depression. Whilst 
these cases have mainly been reported in the context of rec-
reational ketamine abuse (where use is chronic, doses are 
high, and comorbidity with other substance use is common), 
there have nonetheless been five reported cases of uropathy 
arising in the context of medically prescribed ketamine for 
analgesia (Gregoire et al., 2008; Storr and Quibell, 2009; 
Persson, 2010). In these reports, there appears to be a strong 
link between dose and symptoms, and doses used have 
tended to be higher than those being employed in ketamine 
depression trials (>6 mg/kg/day compared with 0.5 mg/kg). 
Ketamine had been administered daily from 5 months to 1 
year prior to the appearance of urinary symptoms in all but 
one case study (Gregoire et al., 2008), in which the 16-year-
old female patient experienced symptoms after receiving 
ketamine for 9 days at 8 mg/kg/day.

Ketamine-induced hepatotoxicity with modest tempo-
rary elevations of liver enzymes has been noted at anaes-
thetic doses (≥1 mg/kg) of ketamine (Dundee et al., 1980; 
Kiefer et al., 2008) and in patients receiving low-dose con-
tinuous infusions (i.e. 100 hour continuous infusions at 
rates of 10–20 mg/hour) (Sigtermans et al., 2009; Noppers 
et al., 2011). When investigated in trials using single doses 
of ketamine <1 mg/kg, there have been no significant 
changes noted in liver function tests (Mathew et al., 2010; 
Ibrahim et al., 2012).

Finally, there are concerns about the potential for 
dependence through long-term or repetitive ketamine use. 
Certainly, studies of the recreational drug-using popula-
tion have found that ketamine users develop cravings for 
the drug, physiological tolerance, and possibly a with-
drawal syndrome on cessation of ketamine (Morgan and 
Curran, 2012). The development of physiological toler-
ance is suggested for individuals who have undergone 
repeated anaesthesia with ketamine (Collier, 1981; 
MacLennan, 1982). However, this is less clear for keta-
mine use in analgesia (Hocking and Cousins, 2003), sug-
gesting that low-dose usage in a medical setting is less 
likely to produce tolerance. Perry et al., (2007) followed 
up healthy subjects who had been involved in controlled 
trials using subanaesthetic doses of ketamine and found 
that, for up to 6 months following exposure, there was no 
evidence of cravings for ketamine or use of ketamine out-
side of the research study.

Persistence of antidepressant effect with 
ketamine

The research reviewed on ketamine as an antidepressant has 
found that its therapeutic effects persist well beyond its half-
life of 2.5–3 hours (Kohrs and Durieux, 1998). Nevertheless, 
while most studies found high antidepressant efficacy with 
ketamine, these effects had often waned by the end of the 
follow-up period (up to 10 days) (Berman et al., 2000; 
Zarate et al., 2006; Price et al., 2009; Larkin and Beautrais, 
2011; Valentine et al., 2011). Typically, antidepressant 
effects did not persist beyond 1–2 weeks after a single dose 
(Berman et al., 2000; Diazgranados et al., 2010).

In light of these results – rapid and profound but short-
lived improvement – others have investigated means to 
prolong the antidepressant response. Mathew et al., (2010) 
studied the synergistic effects of pretreatment with lamo-
trigine (a glutamate release inhibitor) prior to ketamine 
treatment, on the basis that previous research had found it 
attenuated the acute psychotomimetic and cognitive 
adverse effects of ketamine while increasing its mood-ele-
vating effects. In a sample of 26 participants with treat-
ment-resistant depression, no differences were found 
between placebo and lamotrigine pretreatment with regards 
to efficacy of ketamine at any time point. Moreover, 
responders who consented (n=14) were randomized to rilu-
zole or placebo continuation to investigate if riluzole may 
prevent relapse. Riluzole was chosen due to its blockade of 
NMDA receptor activation (Pittenger et al., 2008), as well 
as its previous success as monotherapy for depression. 
However, Mathew et al., (2010) found no differences in 
relapse rates, with the riluzole group relapsing an average 
of 24 days after ketamine treatment compared with 22 days 
in the placebo group. These results are supported by a simi-
lar study by Ibrahim et al., (2012); this was a randomized 
controlled trial of riluzole, which also found no significant 
difference between rates of relapse in the ketamine-riluzole 
group (33%) and the ketamine-placebo group (21%) in a 
4-week trial. In contrast to lamotrigine and riluzole, one 
case study found positive results with memantine (another 
drug acting on the glutamatergic system) (Kollmar et al., 
2008). In this case study, after failing to maintain an ade-
quate response with two ketamine infusions, the treatment-
resistant MDD patient remained well for 6 months (the 
final point of follow up) after commencing oral memantine 
5 mg per day, titrated to 15 mg/day over 4 weeks, and 
remaining on this dose in addition to duloxetine, olanzap-
ine, lorazepam, venlafaxine, mirtazapine, and lamotrigine.

In several case reports, a second dose of ketamine was 
administered after participants relapsed following either a 
modest (Stefanczyk-Sapieha et al., 2008) or a good 
(Liebrenz et al., 2007, 2009; Kollmar et al., 2008) first dose 
response. The time interval between doses ranged from 10 
days through to 6 weeks. In two cases, the response to the 
second dose was somewhat less marked than the first dose 
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(Liebrenz et al., 2007, 2009; Kollmar et al., 2008), while in 
the third it was slightly better (Stefanczyk-Sapieha et al., 
2008). Nevertheless, relapse still occurred either earlier 
(Kollmar et al., 2008; Stefanczyk-Sapieha et al., 2008) or at 
about the same time (Liebrenz et al., 2007, 2009) as with 
the first dose.

Zanicotti et al., (2012b) reported almost 80% improve-
ment in MADRS score when using 1 mg/kg intramuscular 
ketamine on a depressed female patient with ovarian cancer. 
The patient was taking venlafaxine, quetiapine, and metha-
done during treatment, doses of which had been stable for at 
least 4 weeks. However, due to relapse 1 week later, they 
administered five additional ketamine treatments using the 
same dose and administration, spaced 7–8 days apart. They 
found identical responses in terms of magnitude and time to 
relapse after each dose. After completing 7 months of 
weekly ketamine dosing, with sustained improvement in 
depression ratings, the patient remained free of depression 
for at least 6 months (Zanicotti et al., 2012a). While this 
may suggest that repeated ketamine dosing over several 
months may be able to sustain an antidepressant response, 
outcomes in this case are confounded by the co-administra-
tion of methadone, which has been found to also block the 
NMDA receptor, demonstrating an affinity equal to keta-
mine for the MK-801 binding site (Ebert et al., 1998).

Other studies have investigated the use of multiple 
doses, in a model akin to that of a course of ECT treat-
ments. Murrough et al., (2011) administered 0.5 mg/kg 
ketamine three times a week over 2 weeks to a patient with 
treatment-resistant depression. Twenty-four hours after the 
first treatment, a substantial antidepressant effect was 
observed (the MADRS score had dropped from 44 to 5), 
and they reported that remission was maintained for 3 
months as measured by the Quick Inventory of Depressive 
Symptomatology. Messer et al., (2010) presented a case 
series where two patients with major depression were rand-
omized to either receive six sessions of 0.5 mg/kg ketamine 
on alternate days over 12 days, or ketamine on day 1 and 7, 
with placebo sessions at other “treatment” time points. 
Both patients showed significant decreases in their Beck 
Depression Inventory scores after only a couple of days. 
However, the patient who only received two ketamine ses-
sions relapsed by day 25, compared to the other case who 
relapsed on day 40.

In the Price et al., (2009) study, the 9/10 participants 
who responded to a single dose of ketamine (measured at 
24 hours) continued in the study to receive five additional 
infusions on alternate days, totalling a 2-week course. This 
sample was only followed up to the final ketamine treat-
ment and was found to be significantly improved at this 
time point, with an impressive effect size of d=5.98. 
However, given that they were not followed up past this 
point, it is unknown whether repeated infusions prevented 
relapse in this study. Perhaps the most seminal study to date 
in this regard is that of aan het Rot et al., (2010), who 

followed an identical dosing schedule in their open-label 
study. In line with single-dose studies, they found substan-
tial response rates 4 hours after the sixth and final infusion 
(9/9 participants). However, 8/9 of their MDD sample 
relapsed at an average of 30 days after their first infusion, 
suggesting that antidepressant effects of repeated ketamine 
only lasted for about 2 weeks after ceasing the course.

Conclusions and future directions

Overall, while almost all studies have found significant anti-
depressant effects with ketamine administration, it is clear 
that not all patients respond. With the increasing number of 
studies finding rapid and substantial effects in a proportion 
of their patients, research should begin to focus on identify-
ing predictors of response. Moreover, maintenance of these 
effects continues to be a major limitation. Of the studies that 
followed participants until relapse, about one-third reported 
relapse within 3 days, one-third reported relapse in about a 
week, and one-third reported relapse between 20 and 40 
days. Generally, it appears that frequent, repeated infusions 
(in a model similar to an ECT course) may prolong the 
period of remission. While pretreatment with lamotrigine 
and riluzole were found to be unsuccessful in significantly 
prolonging remission, one case study found positive results 
with memantine. However, use of this method and its subse-
quent success are limited to one case.

Use of subanaesthetic ketamine can produce a variety of 
psychotomimetic, cognitive, or physical adverse effects; 
however, these are restricted to the time of administration 
or immediately following it, and have not been found to 
persist longer than 1–2 hours after treatment.

Future research should examine the efficacy of different 
doses and routes of administration. With regards to dosing, 
the relationship between ketamine dose and antidepressant 
efficacy may be more complex than a simple linear rela-
tionship. Investigating different routes of administration is 
important as it may show stronger efficacy, lower incidence 
and severity of adverse effects, or equivalent outcomes but 
within a more practical administration method. Currently, 
data in this field is sparse. Examining the pharmacokinetic 
and pharmacodynamic determinants of treatments response 
would also be extremely beneficial. Future research should 
further investigate the use of S-ketamine as an alternative 
to racemic ketamine for antidepressant treatment, as pre-
liminary evidence has suggested that it is similarly effica-
cious but with less adverse effects (Paul et al., 2009).

Finally, future research examining ketamine’s antide-
pressant effects should be undertaken in controlled trials, 
with an appropriate active control. Open-label studies lead 
to ambiguous results confounded by expectation effects. 
Moreover, placebo-controlled trials completed to date have 
used saline placebo as a comparator, which is insufficient 
for blinding purposes. Currently, several clinical trials of 
ketamine in the treatment of obsessive-compulsive 
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disorder, MDD, post-traumatic stress disorder, and suicidal 
ideation are using midazolam as the placebo comparator, 
due to its similar adverse-effect profile to ketamine (www.
clinicaltrials.gov).

Overall, the studies reviewed in this paper suggest that 
response to ketamine is variable and may be influenced by 
many factors. Further research is needed to investigate the 
optimal method of eliciting and subsequently maintaining 
ketamine’s strong antidepressant effects. In addition, future 
research should identify predictors (e.g. biomarkers, clini-
cal phenotype) of antidepressant response with ketamine.

Funding

This research received no specific grant from any funding agency in 
the public, commercial, or not-for-profit sectors. RL was supported 
by a NSW Institute of Psychiatry Research Fellowship grant and 
was awarded a Pfizer Neuroscience Research Grant (WS2339136).

Declaration of interest

The authors report no conflicts of interest. The authors alone are 
responsible for the content and writing of the paper.

References
aan het Rot M, Collins KA, Murrough JW, et al. (2010) Safety and effi-

cacy of repeated-dose intravenous ketamine for treatment-resistant 
depression. Biological Psychiatry 67: 139–145.

Abdallah CG, Fasula M, Kelmendi B, et al. (2012) Rapid antidepressant 
effect of ketamine in the electroconvulsive therapy setting. Journal of 
ECT 28: 157–161.

Abel KM, Allin MP, Hemsley DR, et al. (2003) Low dose ketamine 
increases prepulse inhibition in healthy men. Neuropharmacology 44: 
729–737.

Adler CM, Goldberg TE, Malhotra AK, et al. (1998) Effects of ketamine 
on thought disorder, working memory, and semantic memory in 
healthy volunteers. Biological Psychiatry 43: 811–816.

Anand A, Charney DS, Oren DA, et al. (2000) Attenuation of the neu-
ropsychiatric effects of ketamine with lamotrigine: support for hyper-
glutamatergic effects of N-methyl-d-aspartate receptor antagonists. 
Archives of General Psychiatry 57: 270–276.

Autry AE, Adachi M, Nosyreva E, et al. (2011) NMDA receptor block-
ade at rest triggers rapid behavioural antidepressant responses. Nature 
475: 91–95.

Berman RM, Cappiello A, Anand A, et al. (2000) Antidepressant effects 
of ketamine in depressed patients. Biological Psychiatry 47: 351–354.

Chu PS, Ma WK, Wong SC, et al. (2008) The destruction of the lower 
urinary tract by ketamine abuse: a new syndrome? British Journal of 
Urology International 102: 1616–1622.

Collier BB (1981) Long-term dangers of ketamine anaesthesia. British 
Journal of Anaesthesia 53: 552.

Cottrell A and Gillatt D (2008) Ketamine-associated urinary track pathol-
ogy: the tip of the iceberg for urologists? British Journal of Medical 
and Surgical Urology 1: 136–138.

Coull JT, Morgan H, Cambridge VC, et al. (2011) Ketamine perturbs per-
ception of the flow of time in healthy volunteers. Psychopharmacology 
(Berlin) 218: 543–556.

Curran HV and Morgan C (2000) Cognitive, dissociative and psychoto-
genic effects of ketamine in recreational users on the night of drug use 
and 3 days later. Addiction 95: 575–590.

Cusin C, Hilton GQ, Nierenberg AA, et al. (2012) Long-term maintenance 
with intramuscular ketamine for treatment-resistant bipolar II depres-
sion. American Journal of Psychiatry 169: 868–869.

Denk MC, Rewerts C, Holsboer F, et al. (2011) Monitoring ketamine 
treatment response in a depressed patient via peripheral mammalian 
target of rapamycin activation. American Journal of Psychiatry 168: 
751–752.

Diazgranados N, Ibrahim L, Brutsche NE, et al. (2010) A randomized add-
on trial of an N-methyl-d-aspartate antagonist in treatment-resistant 
bipolar depression. Archives of General Psychiatry 67: 793–802.

Domino EF, Chodoff P and Corssen G (1965) Pharmacologic effects of 
Ci-581, a new dissociative anesthetic, in man. Clinical Pharmacology 
and Therapeutics 6: 279–291.

Dundee JW, Fee JP, Moore J, et al. (1980) Changes in serum enzyme lev-
els following ketamine infusions. Anaesthesia 35: 12–16.

Ebert B, Mikkelsen S, Thorkildsen C, et al. (1997) Norketamine, the 
main metabolite of ketamine, is a non-competitive NMDA recep-
tor antagonist in the rat cortex and spinal cord. European Journal of 
Pharmacology 333: 99–104.

Ebert B, Thorkildsen C, Andersen S, et al. (1998) Opioid analgesics as non-
competitive N-methyl-d-aspartate (NMDA) antagonists. Biochemical 
Pharmacology 56: 553–559.

Ghoneim MM, Hinrichs JV, Mewaldt SP, et al. (1985) Ketamine: 
behavioral effects of subanesthetic doses. Journal of Clinical 
Psychopharmacology 5: 70–77.

Glue P, Gulati A, Le Nedelec M, et al. (2011) Dose- and exposure-response 
to ketamine in depression. Biological Psychiatry 70: e9–e10; author 
reply e11–e12.

Goforth HW and Holsinger T (2007) Rapid relief of severe major depres-
sive disorder by use of preoperative ketamine and electroconvulsive 
therapy. Journal of ECT 23: 23–25.

Gregoire MC, MacLellan DL and Finley GA (2008) A pediatric case of keta-
mine-associated cystitis (Letter-to-the-Editor RE: Shahani R, Streutker 
C, Dickson B, et al: Ketamine-associated ulcerative cystitis: a new 
clinical entity. Urology 69: 810–812, 2007). Urology 71: 1232–1233.

Harborne GC, Watson FL, Healy DT, et al. (1996) The effects of sub-
anaesthetic doses of ketamine on memory, cognitive perfor-
mance and subjective experience in healthy volunteers. Journal of 
Psychopharmacology 10: 134–140.

Hetem LA, Danion JM, Diemunsch P, et al. (2000) Effect of a suban-
esthetic dose of ketamine on memory and conscious awareness in 
healthy volunteers. Psychopharmacology (Berlin) 152: 283–288.

Hirota K and Lambert DG (1996) Ketamine: its mechanism(s) of action 
and unusual clinical uses. British Journal of Anaesthesia 77: 441–444.

Ho CC, Pezhman H, Praveen S, et al. (2010) Ketamine-associated ulcera-
tive cystitis: a case report and literature review. Malaysian Journal of 
Medical Science 17: 61–65.

Hocking G and Cousins MJ (2003) Ketamine in chronic pain management: 
an evidence-based review. Anesthesia and Analgesia 97: 1730–1739.

Honey GD, Honey RA, Sharar SR, et al. (2005) Impairment of specific 
episodic memory processes by sub-psychotic doses of ketamine: 
the effects of levels of processing at encoding and of the subsequent 
retrieval task. Psychopharmacology (Berlin) 181: 445–457.

Honey GD, O’Loughlin C, Turner DC, et al. (2006) The effects of a sub-
psychotic dose of ketamine on recognition and source memory for 
agency: implications for pharmacological modelling of core symp-
toms of schizophrenia. Neuropsychopharmacology 31: 413–423.

Honey RA, Turner DC, Honey GD, et al. (2003) Subdissociative dose 
ketamine produces a deficit in manipulation but not maintenance 
of the contents of working memory. Neuropsychopharmacology 28: 
2037–2044.

Ibrahim L, Diazgranados N, Franco-Chaves J, et al. (2012) Course of 
improvement in depressive symptoms to a single intravenous infusion 
of ketamine vs. add-on riluzole: results from a 4-week, double-blind, 
placebo-controlled study. Neuropsychopharmacology 37: 1526–1533.

Ibrahim L, Diazgranados N, Luckenbaugh DA, et al. (2011) Rapid 
decrease in depressive symptoms with an N-methyl-d-aspartate 
antagonist in ECT-resistant major depression. Progress in Neuro-
Psychopharmacology and Biological Psychiatry 35: 1155–1159.

 at RANZCP on November 3, 2014anp.sagepub.comDownloaded from 

http://anp.sagepub.com/


726 ANZJP Articles

Australian & New Zealand Journal of Psychiatry, 47(8)

Irwin SA and Iglewicz A (2010) Oral ketamine for the rapid treatment of 
depression and anxiety in patients receiving hospice care. Journal of 
Palliative Medicine 13: 903–908.

Kiefer RT, Rohr P, Ploppa A, et al. (2008) Efficacy of ketamine in anes-
thetic dosage for the treatment of refractory complex regional pain 
syndrome: an open-label phase II study. Pain Medicine 9, 1173–1201.

Knox JW, Bovill JG, Clarke RS, et al. (1970) Clinical studies of induction 
agents. XXXVI: Ketamine. British Journal of Anaesthesia 42: 875–885.

Kohrs R and Durieux ME (1998) Ketamine: teaching an old drug new 
tricks. Anesthesia and Analgesia 87: 1186–1193.

Kollmar R, Markovic K, Thurauf N, et al. (2008) Ketamine followed by 
memantine for the treatment of major depression. Australian and New 
Zealand Journal of Psychiatry 42: 170.

Krystal JH, Bennett A, Abi-Saab D, et al. (2000) Dissociation of keta-
mine effects on rule acquisition and rule implementation: possible 
relevance to NMDA receptor contributions to executive cognitive 
functions. Biological Psychiatry 47: 137–143.

Krystal JH, Karper LP, Bennett A, et al. (1998) Interactive effects of 
subanesthetic ketamine and subhypnotic lorazepam in humans. 
Psychopharmacology (Berlin) 135: 213–229.

Krystal JH, Karper LP, Seibyl JP, et al. (1994) Subanesthetic effects 
of the noncompetitive NMDA antagonist, ketamine, in humans. 
Psychotomimetic, perceptual, cognitive, and neuroendocrine responses. 
Archives of General Psychiatry 51: 199–214.

Kudoh A, Takahira Y, Katagai H, et al. (2002) Small-dose ketamine 
improves the postoperative state of depressed patients. Anesthesia 
and Analgesia 95: 114–118.

Larkin GL and Beautrais AL (2011) A preliminary naturalistic study of low-
dose ketamine for depression and suicide ideation in the emergency 
department. International Journal of Neuropsychopharmacology 14: 
1127–1131.

Li N, Lee B, Liu RJ, et al. (2010) mTOR-dependent synapse formation 
underlies the rapid antidepressant effects of NMDA antagonists. 
Science 329: 959–964.

Liebrenz M, Borgeat A, Leisinger R, et al. (2007) Intravenous ketamine 
therapy in a patient with a treatment-resistant major depression. Swiss 
Medical Weekly 137: 234–236.

Liebrenz M, Stohler R and Borgeat A (2009) Repeated intravenous keta-
mine therapy in a patient with treatment-resistant major depression. 
World Journal of Biological Psychiatry 10: 640–643.

Lofwall MR, Griffiths RR and Mintzer MZ (2006) Cognitive and subjec-
tive acute dose effects of intramuscular ketamine in healthy adults. 
Experimental and Clinical Psychopharmacology 14: 439–449.

Loo CK, Katalinic N, Garfield JB, et al. (2012) Neuropsychological and 
mood effects of ketamine in electroconvulsive therapy: a randomised 
controlled trial. Journal of Affective Disorders 142: 233–240.

Machado-Vieira R, Yuan P, Brutsche N, et al. (2009) Brain-derived neu-
rotrophic factor and initial antidepressant response to an N-methyl-d-
aspartate antagonist. Journal of Clinical Psychiatry 70: 1662–1666.

MacLennan FM (1982) Ketamine tolerance and hallucinations in children. 
Anaesthesia 37: 1214–1215.

Malhotra AK, Pinals DA, Weingartner H, et al. (1996) NMDA receptor 
function and human cognition: the effects of ketamine in healthy vol-
unteers. Neuropsychopharmacology 14: 301–307.

Mason K, Cottrell AM, Corrigan AG, et al. (2010) Ketamine-associated 
lower urinary tract destruction: a new radiological challenge. Clinical 
Radiology 65: 795–800.

Mathew SJ, Murrough JW, aan het Rot M, et al. (2010) Riluzole for relapse 
prevention following intravenous ketamine in treatment-resistant 
depression: a pilot randomized, placebo-controlled continuation trial. 
International Journal of Neuropsychopharmacology 13: 71–82.

Messer M, Haller IV, Larson P, et al. (2010) The use of a series of ketamine 
infusions in two patients with treatment-resistant depression. Journal 
of Neuropsychiatry and Clinical Neurosciences 22: 442–444.

MIMS (2010) MIMS Online. Available at: http://proxy36.use.hcn.com.
au/Search/FullPI.aspx?ModuleName=Product%20Info&searchKeyw

ord=ketamine&PreviousPage=~/Search/QuickSearch.aspx&SearchT
ype=&ID=19050001_2.

Morgan CJ and Curran HV (2006) Acute and chronic effects of ketamine upon 
human memory: a review. Psychopharmacology (Berlin) 188: 408–424.

Morgan CJ and Curran HV (2012) Ketamine use: a review. Addiction 107: 27–38.
Morgan CJ, Mofeez A, Brandner B, et al. (2004a) Acute effects of keta-

mine on memory systems and psychotic symptoms in healthy volun-
teers. Neuropsychopharmacology 29: 208–218.

Morgan CJ, Mofeez A, Brandner B, et al. (2004b) Ketamine impairs 
response inhibition and is positively reinforcing in healthy volunteers: 
a dose–response study. Psychopharmacology (Berlin) 172: 298–308.

Murrough JW, Perez AM, Mathew SJ, et al. (2011) A case of sustained 
remission following an acute course of ketamine in treatment-resist-
ant depression. Journal of Clinical Psychiatry 72: 414–415.

Newcomer JW, Farber NB, Jevtovic-Todorovic V, et al. (1999) Ketamine-
induced NMDA receptor hypofunction as a model of memory impair-
ment and psychosis. Neuropsychopharmacology 20: 106–118.

Noppers IM, Niesters M, Aarts LP, et al. (2011) Drug-induced liver injury 
following a repeated course of ketamine treatment for chronic pain 
in CRPS type 1 patients: a report of 3 cases. Pain 152: 2173–2178.

Okamoto N, Nakai T, Sakamoto K, et al. (2010) Rapid antidepressant 
effect of ketamine anesthesia during electroconvulsive therapy of 
treatment-resistant depression: comparing ketamine and propofol 
anesthesia. Journal of ECT 26: 223–227.

Ostroff R, Gonzales M and Sanacora G (2005) Antidepressant effect of keta-
mine during ECT. American Journal of Psychiatry 162: 1385–1386.

Oxley JD, Cottrell AM, Adams S, et al. (2009) Ketamine cystitis as a 
mimic of carcinoma in situ. Histopathology 55: 705–708.

Parwani A, Weiler MA, Blaxton TA, et al. (2005) The effects of a suban-
esthetic dose of ketamine on verbal memory in normal volunteers. 
Psychopharmacology (Berlin) 183: 265–274.

Paslakis G, Gilles M, Meyer-Lindenberg A, et al. (2010) Oral administra-
tion of the NMDA receptor antagonist S-ketamine as add-on therapy 
of depression: a case series. Pharmacopsychiatry 43: 33–35.

Passie T, Karst M, Wiese B, et al. (2005) Effects of different subanes-
thetic doses of (S)-ketamine on neuropsychology, psychopathology, 
and state of consciousness in man. Neuropsychobiology 51: 226–233.

Paul R, Schaaff N, Padberg F, et al. (2009) Comparison of racemic keta-
mine and S-ketamine in treatment-resistant major depression: report 
of two cases. World Journal of Biological Psychiatry 10: 241–244.

Peltoniemi MA, Saari TI, Hagelberg NM, et al. (2011) Exposure to oral 
S-ketamine is unaffected by itraconazole but greatly increased by 
ticlopidine. Clinical Pharmacology and Therapeutics 90: 296–302.

Perry EB Jr, Cramer JA, Cho HS, et al. (2007) Psychiatric safety of 
ketamine in psychopharmacology research. Psychopharmacology 
(Berlin) 192: 253–260.

Persson J (2010) Wherefore ketamine? Current Opinion in Anaesthesiology 
23: 455–460.

Pfenninger EG, Durieux ME and Himmelseher S (2002) Cognitive impair-
ment after small-dose ketamine isomers in comparison to equianalgesic 
racemic ketamine in human volunteers. Anesthesiology 96: 357–366.

Phelps LE, Brutsche N, Moral JR, et al. (2009) Family history of alcohol 
dependence and initial antidepressant response to an N-methyl-d-
aspartate antagonist. Biological Psychiatry 65: 181–184.

Pittenger C, Coric V, Banasr M, et al. (2008) Riluzole in the treatment of 
mood and anxiety disorders. CNS Drugs 22: 761–786.

Price RB, Nock MK, Charney DS, et al. (2009) Effects of intravenous 
ketamine on explicit and implicit measures of suicidality in treatment-
resistant depression. Biological Psychiatry 66: 522–526.

Quibell R, Prommer EE, Mihalyo M, et al. (2011) Ketamine*. Journal of 
Pain and Symptom Management 41: 640–649.

Rowland LM, Astur RS, Jung RE, et al. (2005) Selective cognitive 
impairments associated with NMDA receptor blockade in humans. 
Neuropsychopharmacology 30: 633–639.

Salvadore G, Cornwell BR, Colon-Rosario V, et al. (2009) Increased  
anterior cingulate cortical activity in response to fearful faces: a  

 at RANZCP on November 3, 2014anp.sagepub.comDownloaded from 

http://anp.sagepub.com/


Katalinic et al. 727

Australian & New Zealand Journal of Psychiatry, 47(8)

neurophysiological biomarker that predicts rapid antidepressant 
response to ketamine. Biological Psychiatry 65: 289–295.

Salvadore G, Cornwell BR, Sambataro F, et al. (2010) Anterior cingu-
late desynchronization and functional connectivity with the amygdala 
during a working memory task predict rapid antidepressant response 
to ketamine. Neuropsychopharmacology 35: 1415–1422.

Salvadore G, van der Veen JW, Zhang Y, et al. (2011) An investigation 
of amino-acid neurotransmitters as potential predictors of clinical 
improvement to ketamine in depression. International Journal of 
Neuropsychopharmacology 15: 1063–1072.

Shahani R, Streutker C, Dickson B, et al. (2007) Ketamine-associated 
ulcerative cystitis: a new clinical entity. Urology 69: 810–812.

Sigtermans MJ, van Hilten JJ, Bauer MC, et al. (2009) Ketamine produces 
effective and long-term pain relief in patients with Complex Regional 
Pain Syndrome Type 1. Pain 145: 304–311.

Stefanczyk-Sapieha L, Oneschuk D and Demas M (2008) Intravenous 
ketamine “burst” for refractory depression in a patient with advanced 
cancer. Journal of Palliative Medicine 11: 1268–1271.

Storr TM and Quibell R (2009) Can ketamine prescribed for pain cause 
damage to the urinary tract? Palliative Medicine 23: 670–672.

Thakurta RG, Das R, Bhattacharya AK, et al. (2012a) Rapid response with 
ketamine on suicidal cognition in resistant depression. Indian Journal 
of Psychological Medicine 34: 170–175.

Thakurta RG, Ray P, Kanji D, et al. (2012b) Rapid antidepressant response 
with ketamine: is it the solution to resistant depression? Indian 
Journal of Psychological Medicine 34: 56–60.

Tsai TH, Cha TL, Lin CM, et al. (2009) Ketamine-associated bladder dys-
function. International Journal of Urology 16: 826–829.

UK ECT Review (2003) Efficacy and safety of electroconvulsive ther-
apy in depressive disorders: a systematic review and meta-analysis. 
Lancet 361: 799–808.

Umbricht D, Schmid L, Koller R, et al. (2000) Ketamine-induced  
deficits in auditory and visual context-dependent processing in 

healthy volunteers: implications for models of cognitive deficits in 
schizophrenia. Archives of General Psychiatry 57: 1139–1147.

Valentine GW, Mason GF, Gomez R, et al. (2011) The antidepressant 
effect of ketamine is not associated with changes in occipital amino 
acid neurotransmitter content as measured by [(1)H]-MRS. Psychiatry 
Research 191: 122–127.

Wang X, Chen Y, Zhou X, et al. (2012) Effects of propofol and ketamine 
as combined anesthesia for electroconvulsive therapy in patients with 
depressive disorder. Journal of ECT 28: 128–132.

Warden D, Rush AJ, Trivedi MH, et al. (2007) The STAR*D Project 
results: a comprehensive review of findings. Current Psychiatry 
Reports 9: 449–459.

World Health Organization (2012) Mental Health – Depression. Available at: 
www.who.int/mental_health/management/depression/en/.

Yanagihara Y, Kariya S, Ohtani M, et al. (2001) Involvement of CYP2B6 
in n-demethylation of ketamine in human liver microsomes. Drug 
Metabolism and Disposition 29: 887–890.

Yanagihara Y, Ohtani M, Kariya S, et al. (2003) Plasma concentration pro-
files of ketamine and norketamine after administration of various ket-
amine preparations to healthy Japanese volunteers. Biopharmaceutics 
and Drug Disposition 24: 37–43.

Zanicotti CG, Perez D and Glue P (2012a) Acute and maintenance IM ket-
amine for a depressed patient with terminal cancer. Cairns, Australia: 
International Psychogeriatric Association.

Zanicotti CG, Perez D and Glue P (2012b) Mood and pain responses 
to repeat dose intramuscular ketamine in a depressed patient with 
advanced cancer. Journal of Palliative Medicine 15: 400–403.

Zarate CA Jr, Brutsche NE, Ibrahim L, et al. (2012) Replication of keta-
mine’s antidepressant efficacy in bipolar depression: a randomized 
controlled add-on trial. Biological Psychiatry 71: 939–946.

Zarate CA Jr, Singh JB, Carlson PJ, et al. (2006) A randomized trial of an 
N-methyl-d-aspartate antagonist in treatment-resistant major depres-
sion. Archives of General Psychiatry 63: 856–864.

 at RANZCP on November 3, 2014anp.sagepub.comDownloaded from 

http://anp.sagepub.com/

