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Abstract: Up to 20% of depressed patients demonstrate treatment resistance to one or more
adequate antidepressant trials, resulting in a disproportionately high burden of illness. Ketamine
is a non-barbiturate, rapid-acting general anesthetic that has been increasingly studied in treat-
ment resistant depression (TRD), typically at sub-anesthetic doses (0.5 mg/kg over 40 min by
intravenous infusion). More recent data suggest that ketamine may improve response rates to
electroconvulsive therapy (ECT) when used as an adjunct, but also as a sole agent. In the ECT
setting, a dose of 0.8 mg/kg or greater of ketamine demonstrates improved reduction in depres-
sive symptoms than lower doses; however, inconsistency and significant heterogeneity among
studies exists. Clinical predictors of responses to ketamine have been suggested in terms of
non-ECT settings. Ketamine does increase seizure duration in ECT, which is attenuated when
concomitant barbiturate anesthetics are used. However, most studies are small, with considerable
heterogeneity of the sample population and variance in dosing strategies of ketamine, ECT, and
concomitant medications, and lack a placebo control, which limits interpretation. Psychotomi-
metic and cardiovascular adverse effects are reported with ketamine. Cardiovascular adverse
effects are particularly relevant when ketamine is used in an ECT setting. Adverse effects may
be mitigated with concurrent propofol; however, this adds complexity and cost compared to
standard anesthesia. Long-term adverse effects are still unknown, but relevant, given recent
class concerns for anesthetic and sedative agents.
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Introduction

Major depressive disorder (MDD) is defined as “treatment-resistant” depression
(TRD) if a patient does not respond to one or more adequate antidepressant trials.
TRD occurs at rates of 12%-20% among all depressed patients, and is associated
with a disproportionately high burden of illness compared with patients who respond
to treatment.!

Ketamine is a non-barbiturate, rapid-acting general anesthetic with an onset of
action within 30 s when given by intravenous (iv) injection at an anesthetic dose of
2 mg/kg (range=1-4.5 mg/kg).? Most randomized controlled trials (RCTs) report on
ketamine’s safety and efficacy in TRD, in a non-electroconvulsive therapy (ECT)
setting, when administered by iv infusion at a dose of 0.5 mg/kg over 40 min.> A grow-
ing body of literature suggests that sub-anesthetic doses of ketamine may reduce the
time between initiation of therapy and time to response and/or remission, in TRD,
with or without concomitant ECT.* Ketamine may also improve the response rates to
ECT when used concurrently as an adjunct.*

However, there are significant challenges associated with the use of ketamine in
the treatment of TRD, including: short duration of antidepressant effect and abuse
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potential in a non-ECT setting; potentially reduced efficacy
by concomitant anesthetics in an ECT setting; risk of cardio-
vascular (hypertension, tachycardia) and psychotomimetic
(hallucinations, anxiety) adverse effects; and drug—drug
interactions.’

A consensus statement on the use of ketamine in the
treatment of mood disorders has recently been released.’
Overall, there are limited data concerning the role of ketamine
in an ECT setting, for example, when used as an adjunct
compared to being used alone, optimal dosing and route of
administration, as well as other clinical indicators that may
predict the successful use of ketamine in both ECT and non-
ECT settings.**

The objectives of this review are to summarize the extant
literature to identify: (1) differences in efficacy that may exist
between different doses of ketamine when used alone or with
various concomitant agents in an ECT setting; (2) the efficacy
of doses other than 0.5 mg/kg, with or without concomitant
agents, and through different routes of administration, in a
non-ECT setting; and (3) clinical predictors of response to
ketamine in both settings.

Methodology
The following databases were searched: Pubmed, Embase,
PsycINFO (1987 to present), and MEDLINE (1946 to
present). The following search terms were used: ketamine,
N-methyl D-aspartate, NMDA antagonist, ECT, electro-
convulsive therapy, electroshock therapy, major depres-
sive disorder, major depression, MDD, treatment-resistant
depressive disorder. Studies were included if they met the
following criteria: language, English; publication status,
published trials; design, RCT; intervention, ketamine
administration alone without ECT for treatment of MDD,
ketamine administration with other agents without ECT for
treatment of MDD, ketamine administration as an anesthetic
for ECT for treatment of MDD, ketamine administration as
an anesthetic for ECT along with other agents for treatment
of MDD; participants, diagnosis of MDD, TRD, psychotic
TRD, bipolar depression.

Studies were excluded if they met the following criteria:
(1) Studies of ketamine use in a non-ECT setting using
0.5 mg/kg iv infusion over 40 min, unless investigating
clinical predictors for response or use in combination with
other specified agents for treatment of TRD; (2) cross-over
studies — due to the potential of carry-over effects; (3) studies
that did not investigate ketamine as a treatment of depression;
and (4) studies that did not report the efficacy of ketamine
as one of the primary objectives.

Table | Criteria for level of evidence and line of treatment

Level of Criteria

evidence

| Meta-analysis with narrow confidence intervals
and/or 2 or more RCTs with adequate sample size,
preferably PBO controlled

2 Meta-analysis with wide confidence intervals and/or
| or more RCTs with adequate sample size

3 Small-sample RCTs or nonrandomized, controlled
prospective studies or case series or high-quality
retrospective studies

4 Expert opinion/consensus

Abbreviations: RCTs, randomized controlled trials; PBO, placebo.

The level of evidence for each study was assessed using
prespecified criteria® (Table 1). The search generated 704
results, of which 26 studies met the inclusion criteria. Ten
additional resources were used for background information
purposes. Two additional studies were included from the
bibliographies of relevant studies.

Intravenous ketamine in
an ECT setting

A number of studies have investigated the use of ketamine,
either alone or in addition to other anesthetic agents,
and at various doses for induction of anesthesia in ECT
(Table 2).7-%

When compared to control anesthesia, ketamine alone,
or as an adjunctive agent to other anesthetics, significantly
reduced depression severity in a number of studies.”310:1413
Some studies have also shown an increased seizure duration
if ketamine was used as a sole anesthetic, or in combination
with other anesthetics, when compared to ketamine-free
anesthesia.”!*?! Significant cognitive improvement was
also seen with ketamine, especially in patients with higher
cognitive impairment at baseline.'® Several studies showed a
more rapid response to ECT in patients receiving ketamine,
despite the overall end effect being non-significant.'®'* When
considering dose-related efficacy, a majority of studies dem-
onstrated efficacy with ketamine doses equal to or greater
than 0.8 mg/kg, which may provide a signal for interpretation.
One study, however, did not find a significant improvement
in depressive symptoms when a dose of 2 mg/kg was used.
Given the significant heterogeneity of studies, as well as a
lack of high quality studies, conclusive results around dose-
related efficacy were not possible. At best, this could be
considered as a guide for future research.

In contrast, a few RCTs have not found ketamine to be
superior to other anesthetics in depressive symptom reduction
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or improved cognition,* 712 even if the seizure duration was
prolonged with ketamine.!! The effect of ketamine on seizure
duration varied between studies, with some demonstrating no
difference between ketamine and controls.?’ Of note, most of
the studies employed different methods of ECT administra-
tion, such as dose titration,!! which could explain some of the
observed differences in treatment efficacy.

Intravenous ketamine in
a non-ECT setting

When used as a general anesthetic together with propofol
and fentanyl for orthopedic surgery in patients with MDD,
ketamine (1 mg/kg) demonstrated significant reductions in
depressed mood, suicidal tendencies, somatic anxiety, and
hypochondriasis (Table 3).22%*

Lenze et al® attempted to demonstrate the efficacy and
safety of prolonged ketamine infusion (0.6 mg/kg/h over
96 h) vs a single dose (0.5 mg/kg for 40 min), both with co-
administration of clonidine (0.3 mg twice daily) in patients
with TRD. Although there was no difference in Montgomery-
Asberg Depression Rating Scale (MADRS) scores between
prolonged infusion and a single dose of ketamine, a more sus-
tained antidepressant response (spearman correlation coeffi-
cient between S-ketamine concentration and MADRS change
from baseline: 0.75 for 96-hour arm and 0.17 for 40-minute
arm; p<<0.05) was observed at 8 weeks following prolonged
infusion. Li et al** compared single bolus ketamine at doses of
0.5 mg/kg and 0.2 mg/kg, and a single bolus of normal saline
in patients with TRD. The investigators found no significant
difference between the two ketamine treatment strategies, but
both treatments were significantly more effective than placebo
(PBO) (Hamilton Depression Rating Scale [HDRS] reduction
of 37.8%, 38.2%, and 26.7%, respectively).

Ketamine with adjunctive agents
in non-ECT setting

Three studies investigated adjunctive use of riluzole in
patients receiving ketamine infusion (Table 4).25%
Riluzole is a glutamatergic modulator postulated to induce
arapid response to ketamine, and to maintain remission with-
out the potential psychotomimetic side effects associated with
ketamine.” When dosed at 50 mg twice daily for 4 weeks fol-
lowing a single ketamine infusion (0.5 mg/kg) in patients with
TRD, riluzole did not appear to significantly prolong the dura-
tion of response (time to relapse=17.2 days for riluzole; 9.8
days for PBO). However, the study was not adequately pow-
ered to show a difference between the two treatment groups.
In another RCT, riluzole was administered at a daily dose of

100-200 mg following a ketamine infusion (0.5 mg/kg).>
There was no significant difference in time-to-relapse with
riluzole, when compared to PBO (24.4 days and 22.0 days,
respectively). A combination of single iv dose of ketamine (0.5
mg/kg) and escitalopram (10 mg daily) was studied in patients
with severe MDD.?” Compared to escitalopram therapy alone,
the combination group had a significantly higher response rate
(92.3% vs 57.1%), remission rate (76.9% vs 14.3%), shorter
time to response (HR=0.04 95% CI=0.01-0.22), and remis-
sion (HR=0.11, 95% CI=0.02—-0.63).

Oral ketamine

Oral ketamine has been investigated as an antidepressant
treatment in patients with mild-to-moderate depression
and concomitant chronic pain (Table 5).2 When compared
to diclofenac, ketamine, dosed at 50 mg orally three times
a day, showed significant improvement in HDRS (mean
difference=2.85, 95% CI 0.54-5.16) and Hospital Anxiety
and Depression Scale (HADS) scores (mean difference=0.75,
95% CI 0.18-1.32) at week 6 of treatment.

Intranasal ketamine

A recently conducted study compared three different doses of
S-(+)-ketamine enantiomer (esketamine) (28 mg, 54 mg, and
84 mg) administered intranasally vs PBO, and found that all
three doses significantly decreased MADRS in both phases
of the studies.?? However, in patients with severe MDD and
at imminent risk of suicide, intranasal esketamine (84 mg),
along with standard of care, was shown to be superior to PBO
in reducing symptoms of depression.*® These two studies are
summarized in Table 6.

Adverse effects of ketamine

In contrast to most anesthetic agents that are typically
hypotensive, ketamine increases heart rate and blood
pressure via centrally mediated adrenergic response; and,
while this may be useful in trauma or shock situations,
the parasympathetic and sympathetic responses to ECT
result in transient hypotension and bradycardia followed
by hypertension and tachycardia. Ketamine anesthesia is,
thus, associated with temporary increases in pulse rate and
blood pressure (BP), with a median systolic and diastolic
peak increase of 20%—25% from baseline. (2) Studies have
reported a significant QTc interval prolongation (up to
20.7 ms) and an increase in mean arterial BP (range of
9.8-22.5 mmHg).%!%1213.1921 This may be clinically signifi-
cant, considering that many psychotropics (antidepressants,
antipsychotics, lithium) prolong QTc interval.
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by: (1) 2.85£1.04 and (2) 2.10£0.72; mean

HADS (1) 9.05+1.60; (2) 9.45£1.47.

difference=0.75, 95% CI 0.18-1.32, P=0.012).

Abbreviations: po, per os; MDD, major depressive disorder; HDRS, Hamilton Depression Rating Scale; ECT, electroconvulsive therapy; HADS, Hospital Anxiety and Depression Scale; DB, double-blind; RCT, randomized controlled

trial.

While ketamine preserves airway reflexes and spontane-
ous respirations versus other agents such as methohexital
or propofol, because muscle relaxants (paralytics) must
be used in ECT, ventilation still needs to be supported.
Hypersalivation may be a problem, especially in patients
without a secured airway. Increased muscle tone can occur
and may manifest as tonic-clonic movements. Ketamine
induces theta activity and suppresses alpha activity; an EEG
study of 14 patients did not show any seizure activity, but
epileptiform attacks have been reported.” Increased confu-
sion, restlessness, headaches, fear, and derealization have
also been observed as adverse effects of ketamine use in
anesthesia.”'*'*!? Hallucinations or delusions were rarely
observed.” 11

The S-ketamine enantiomer (esketamine) has a threefold
to fourfold greater affinity for NMDA receptors than the
R-ketamine enantiomer (arketamine), and has been associ-
ated with post-treatment disorientation and restlessness.’
It has been reported that arketamine, compared to esketamine
or racemic ketamine, may have a lower rate of adverse effects
related to NMDA inhibition such as dissociation, dizziness,
sensory, and perceptual deficits.’! Additionally, rates of
both cardiovascular and psychotomimetic effects appear to
be lower if ketamine is used in combination with propofol,
when compared to ketamine as a sole agent.®’

The US Food and Drug Administration (FDA) has very
recently issued new warnings about the safety of general
anesthetic and sedative (benzodiazepine) drugs, based on
animal studies showing prolonged exposure causes wide-
spread loss of nerve cells in the developing brain.*

Clinical predictors of response

to ketamine

One study has demonstrated ketamine’s antidepressant
effects to be more pronounced in individuals with TRD who
had a family history of alcohol dependence in a first-degree
relative.*® Other clinical predictors of response to ketamine
are summarized in Table 7.*3¢ A pooled analysis of National
Institute of Mental Health (NIMH) data reported that this
factor accounted for 22% variance in percent change of
HDRS scores, and was the strongest single clinical predictor
of response to ketamine.* This observation was further sup-
ported by a study conducted by Niciu et al,** where a single
dose of iv ketamine (0.5 mg/kg) was administered followed
by a flexible dose of riluzole (100—200 mg daily) or PBO for
4 weeks. Family history-positive patients had an extended
delay in time-to-relapse by an average of 13.4 days. How-
ever, personal history of alcohol dependence did not predict
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response to ketamine. Mathew et al?® found that responders
to ketamine alone, or ketamine along with riluzole were,
on average, 52.4 years old, whereas non-responders were
40.3 years old (P=0.01). A post hoc analysis of an RCT by
Tonescu et al*® showed that ketamine demonstrated greater
efficacy in anxious TRD than in non-anxious TRD; the
former group also remained in remission for longer. Finally,
in terms of cognitive factors, patients with slower processing
speed at baseline may have a better response to ketamine at
24 h post-infusion, as demonstrated by Murrough et al.*

Discussion

In an ECT setting, ketamine may accelerate initial response
when used alone or in combination with non-barbiturate
agents such as propofol, and at doses of equal to or higher
than 0.8 mg/kg. Stronger conclusions around dose-related
efficacy in the ECT setting would require further research
with more rigorous trials, as well as a meta-analysis to
account for the significant heterogeneity of the studies
included. While most studies using doses equal to or higher
than 0.8 mg/kg did demonstrate a significant reduction
in depressive symptoms, this finding was not consistent
among all studies, and limited our ability to draw a conclu-
sion around this specific objective (Table 2). Propofol does
appear to mitigate some of ketamine’s adverse effects, includ-
ing cardiotoxicity, psychotomimetic effects, vomiting, and
recovery agitation, without reducing efficacy.®® Ketamine, in
turn, mitigates propofol-induced hypotension.” When com-
bined with barbiturates such as thiopental, ketamine has not
been shown to be effective in reducing depressive symptoms,
likely due to the effects of barbiturates in attenuating seizures
as a result of their anticonvulsant properties.”!!>1¢ Ketamine
may have a role as an adjunctive agent to a non-barbiturate
anesthetic, or as a sole anesthetic to accelerate response in
the severely ill and those at risk of suicide. While iv ketamine
remains the main route of administration, a few studies have
demonstrated promising results in non-ECT settings when
using alternate routes, notably intranasal.?**

Safety concerns in the setting of ECT include higher
rates of hypertension, QTc interval prolongation, transient
arrhythmias, confusion, or fear, with hallucinations upon
awakening from anesthesia.”*!2162325 The rates of these
effects appear to have a positive correlation with an increas-
ing dose of ketamine, notably in the 0.8-2.0 mg/kg dosing
range.®%121623.25 K etamine use in patients with cardiovascular
disease should be considered with caution, especially when
used in an ECT setting. Ketamine should also be considered
with caution in patients with a history of psychotic episodes,
due to its potential psychotomimetic effects. Concomitant

use of propofol may be considered to mitigate some of these
adverse effects.® However, this does add to complexity and
cost. It is important to note that most of these adverse effects
are transient in nature, and subside shortly after completion
of an ECT session.”'>!8 Therefore, an individual risk—benefit
analysis should be considered.

One of the biggest challenges in using ketamine for treat-
ment of MDD appears to be the maintenance of response
to ketamine.?*?>% There are concerns regarding the use of
ketamine as a maintenance treatment, including: (1) lack of
evidence supporting such use; (2) lack of long-term safety
data; and (3) logistical difficulties associated with administra-
tion in an outpatient setting. Riluzole has thus far not shown
a statistically significant difference over PBO in maintenance
of the response induced by ketamine.?2¢ Although riluzole
shows theoretical promise, larger and more rigorous RCTs will
have to be carried out to investigate the hypothesis. Hu et al*’
demonstrated that a combination of ketamine with escitalopram
was more efficacious in achieving and sustaining response and
remission than escitalopram alone. This observation suggests
that patients should be maintained on existing oral antidepres-
sant therapy during and after receiving ketamine treatment.
Lenze et al® found that prolonged ketamine infusion (96 h) may
offer a more sustained antidepressant response. Safety concerns
regarding such a prolonged infusion may be greater than with
the standard total of six 40-min infusions, particularly given
recent animal data demonstrating neurotoxicity with chronic
sub-anesthetic iv doses of ketamine.?” A study by Daly et al”
demonstrated that administration of intranasal esketamine
for up to 74 days may be an option to maintain response
and remission. Self-administration of esketamine presents
another concern in terms of risk for abuse. Ketamine remains
arestricted drug in most jurisdictions. Tolerance, dependence,
and withdrawal have been reported with long-term use.’

The studies investigating the clinical predictors of ket-
amine’s efficacy in TRD are indeed interesting.* The evidence
to date suggests that ketamine may potentially be more ben-
eficial for patients with a history of a first-degree relative with
alcohol dependence, patients suffering from anxious depres-
sion, patients with slower processing speed at baseline, patients
suffering from depression and undergoing a surgery, and
patients who are around 50 years of age.?6*+3¢ It is important
to note that, currently, such evidence may only be interpreted
as signals, and further research is needed to better understand
the clinical predictors of ketamine’s efficacy in TRD.

Limitations
There are a few limitations to this literature review. A full
meta-analysis was not performed, and only published English

submit your manuscript

1448

Dove

Neuropsychiatric Disease and Treatment 2018:14


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Ketamine’s role in ECT and non-ECT settings

language studies were included. The average level of evi-
dence was 3; many studies were at high risk for bias, given
the lack of blinding, and the majority had less than 50 par-
ticipants. Small samples are underpowered to conclude a
meaningful difference between treatment groups. Addition-
ally, the populations included in these studies were hetero-
geneous and included patients with differing durations of
illness and on different antidepressant treatments. Ketamine
has been principally investigated in patients with chronic
and severe depression who may have altered neurobiology
and pharmacological responses, when compared to patients
who are relatively early into their illness.’®** Therefore,
the results cannot be generalized to all patients suffering
from MDD, and it is important to recognize that even small
changes in depressive symptoms may be more meaningful
or accepted in a population of patients with very treatment-
resistant depression. Studies also differed in ECT adminis-
tration techniques and depression rating scales used. There
are only limited data regarding validity of depression rating
scales used more frequently than weekly, whereas changes
in ketamine response may occur on an hourly to daily basis.?
Some studies have also used PBO controls, but ketamine’s
psychotomimetic effects render full blinding difficult,?3242%-3
The majority of the studies allowed concomitant medications,
which increases inter-patient variability, and exacerbates
potential risk for specific interactions with ketamine. Finally,
only short-term effects of ketamine have been explored, thus
leaving the question of long-term safety unanswered. This
is particularly relevant given the recent class warning for
anesthetic and sedative agents.

Conclusion

Ketamine warrants consideration as an agent for use in an
ECT setting and may accelerate response. However, the
evidence is mixed, the effect is modest at best, and many
questions regarding optimal dosing strategies remain unan-
swered. The long-term safety of ketamine is still unknown,
and there are recent class concerns with respect to the use
of most anesthetic agents. Ketamine may be more effica-
cious in patients with certain clinical predictors, but requires
further investigation to confirm the same. It should be
used with caution or avoided in certain patients with addi-
tional risk factors for cardiovascular or psychotomimetic
adverse effects.

Additional rigorous, well-controlled, randomized,
double-blinded studies are needed that would further explore
different dosing strategies and routes of administration for
ketamine in ECT and non-ECT settings, in order to address
risks and benefits.

Acknowledgments

Dr Adam Abba-Aji FRCPC, Program Director, Mood and
Anxiety Disorders Program, University of Alberta, is grate-
fully thanked for his review of the manuscript.

Disclosure

VJ, CN, and JC have no conflicts of interest to report in
this work. PC has received research grants and honoraria
from Janssen, Pfizer, Eli Lilly, Astra Zeneca, Glaxo Smith
Kline, Lundbeck, Bristol Myers Squibb, Hoffmann la Roche,
Sunovion, Mylan, Paladin, Boehringer Ingelheim, Otsuka,
HLS, Allergan, and Novartis.

References

1. Mrazek DA, Hornberger JC, Altar CA, Degtiar I. A review of the clini-
cal, economic, and societal burden of treatment-resistant depression:
1996-2013. Psychiatr Serv. 2014;65(8):977-987.

2. Inc SC. Product Monograph. QC, Canada: Sandoz Canada Inc.; 2015.
Available from: https://www.sandoz.ca/sites/www.sandoz.ca/files/
Ketamine_ HCI_PMe_20150506.pdf. Accessed July 13,2017.

3. Naughton M, Clarke G, O’Leary OF, Cryan JF, Dinan TG. A review
of ketamine in affective disorders: current evidence of clinical efficacy,
limitations of use and pre-clinical evidence on proposed mechanisms
of action. J Affect Disord. 2014;156:24-35.

4. Newport DJ, Carpenter LL, McDonald WM, et al. Ketamine and other
NMDA antagonists: early clinical trials and possible mechanisms in
depression. Am J Psychiatry. 2015;172(10):950-966.

5. Sanacora G, Frye MA, McDonald W, et al. A consensus statement on the
use of ketamine in the treatment of mood disorders. JAMA Psychiatry.
2017;74(4):399-405.

6. Kennedy SH, Lam RW, MclIntyre RS, et al. Canadian Network for
Mood and Anxiety Treatments (CANMAT) 2016 Clinical guidelines
for the management of adults with major depressive disorder: Sec-
tion 3. Pharmacological treatments. Can J Psychiatry. 2016;61(9):
540-560.

7. Jarventausta K, Chrapek W, Kampman O, et al. Effects of S-ketamine
as an anesthetic adjuvant to propofol on treatment response to elec-
troconvulsive therapy in treatment-resistant depression: a randomized
pilot study. J ECT. 2013;29(3):158-161.

8. Wang X, ChenY, Zhou X, Liu F, Zhang T, Zhang C. Effects of propofol
and ketamine as combined anesthesia for electroconvulsive therapy in
patients with depressive disorder. J ECT. 2012;28(2):128-132.

9. Yalcin S, Aydogan H, Selek S, et al. Ketofol in electroconvulsive therapy
anesthesia: two stones for one bird. J Anesth. 2012;26(4):562-567.

10. Yoosefi A, Sepehri AS, Kargar M, et al. Comparing effects of ketamine
and thiopental administration during electroconvulsive therapy in
patients with major depressive disorder: a randomized, double-blind
study. J ECT. 2014;30(1):15-21.

11. Abdallah CG, Fasula M, Kelmendi B, Sanacora G, Ostroff R. Rapid
antidepressant effect of ketamine in the electroconvulsive therapy
setting. J ECT. 2012;28(3):157-161.

12. Erdil F, Ozgul U, Colak C, Cumurcu B, Durmus M. Effect of the
addition of ketamine to sevoflurane anesthesia on seizure duration in
electroconvulsive therapy. J ECT. 2015;31(3):182—185.

13. Salehi B, Mohammadbeigi A, Kamali AR, Taheri-Nejad MR, Moshiri I.
Impact comparison of ketamine and sodium thiopental on anesthesia
during electroconvulsive therapy in major depression patients with drug-
resistant; a double-blind randomized clinical trial. Ann Card Anaesth.
2015;18(4):486—490.

14. Rybakowski JK, Bodnar A, Krzywotulski M, et al. Ketamine anesthesia,
efficacy of electroconvulsive therapy, and cognitive functions in
treatment-resistant depression. J ECT. 2016;32(3):164—168.

Neuropsychiatric Disease and Treatment 2018:14

submit your manuscript

1449

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.sandoz.ca/sites/www.sandoz.ca/files/Ketamine_HCl_PMe_20150506.pdf
https://www.sandoz.ca/sites/www.sandoz.ca/files/Ketamine_HCl_PMe_20150506.pdf

Jankauskas et al

Dove

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Anderson IM, Blamire A, Branton T, et al. Randomised controlled trial
of ketamine augmentation of electroconvulsive therapy to improve
neuropsychological and clinical outcomes in depression (Ketamine-
ECT study). Efficacy Mech Eval. 2017;4(2).

Kuscu OO, Karacaer F, Biricik E, Gulec E, Tamam L, Gunes Y. Effect
of ketamine, thiopental and ketamine-thiopental combination during
electroconvulsive therapy for depression. Turk J Anaesthesiol Reanim.
2015;43(5):313-317.

Fernie G, Currie J, Perrin JS, et al. Ketamine as the anaesthetic for
electroconvulsive therapy: the KANECT randomised controlled trial.
Br J Psychiatry. 2017;210(6):422-428.

Zhong X, He H, Zhang C, et al. Mood and neuropsychological effects of
different doses of ketamine in electroconvulsive therapy for treatment-
resistant depression. J Affect Disord. 2016;201:124—130.

Rasmussen KG, Kung S, Lapid M1, et al. A randomized comparison of
ketamine versus methohexital anesthesia in electroconvulsive therapy.
Psychiatry Res. 2014;215(2):362-365.

Loo CK, Katalinic N, Garfield JB, Sainsbury K, Hadzi-Pavlovic D,
Mac-Pherson R. Neuropsychological and mood effects of ketamine
in electroconvulsive therapy: a randomised controlled trial. J Affect
Disord. 2012;142(1-3):233-240.

Erdil F, Begec Z, Kayhan GE, Yologlu S, Ersoy MO, Durmus M. Effects
of sevoflurane or ketamine on the QTc interval during electroconvulsive
therapy. J Anesth. 2015;29(2):180-185.

Kudoh A, Takahira Y, Katagai H, Takazawa T. Small-dose ketamine
improves the postoperative state of depressed patients. Anesth Analg.
2002;95(1):114-118.

Lenze EJ, Farber NB, Kharasch E, et al. Ninety-six hour ketamine infu-
sion with co-administered clonidine for treatment-resistant depression:
A pilot randomised controlled trial. World J Biol Psychiatry. 2016;
17(3):230-238.

Li CT, Chen MH, Lin WC, et al. The effects of low-dose ketamine
on the prefrontal cortex and amygdala in treatment-resistant depres-
sion: a randomized controlled study. Hum Brain Mapp. 2016;37(3):
1080-1090.

Ibrahim L, Diazgranados N, Franco-Chaves J, et al. 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. 2012;37(6):
1526-1533.

Mathew SJ, Murrough JW, aan het Rot M, Collins KA, Reich DL,
Charney DS. Riluzole for relapse prevention following intravenous
ketamine in treatment-resistant depression: a pilot randomized, placebo-
controlled continuation trial. Int J Neuropsychopharmacol.2010;13(1):
71-82.

Neuropsychiatric Disease and Treatment

Publish your work in this journal

Neuropsychiatric Disease and Treatment is an international, peer-
reviewed journal of clinical therapeutics and pharmacology focusing
on concise rapid reporting of clinical or pre-clinical studies on a
range of neuropsychiatric and neurological disorders. This journal
is indexed on PubMed Central, the ‘PsycINFO’ database and CAS,

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hu YD, Xiang YT, Fang JX, et al. Single i.v. ketamine augmentation of
newly initiated escitalopram for major depression: results from a ran-
domized, placebo-controlled 4-week study. Psychol Med. 2016;46(3):
623-635.

Jafarinia M, Afarideh M, Tafakhori A, et al. Efficacy and safety of oral
ketamine versus diclofenac to alleviate mild to moderate depression
in chronic pain patients: a double-blind, randomized, controlled trial.
J Affect Disord. 2016;204:1-8.

Daly EJ, Singh JB, Fedgchin M, et al. Intranasal esketamine in treat-
ment resistant depression — a double-blind, randomized, efficacy and
dose response study. Society of Biological Psychiatry’s (SOBP) 71st
Annual Meeting; May 12-14, 2016; Atlanta, GA, USA.

Canuso C, Singh J, Fedgchin M, et al. A novel study design to evalu-
ate the rapid reduction of the symptoms of major depressive disorder,
including suicidal ideation, in subjects assessed to be at imminent risk
for suicide. Neuropsychopharmacology. 2015;40(22):S480.

Zanos P, Gould TD. Intracellular signaling pathways involved in (S)- and
(R)-ketamine antidepressant actions. Biol Psychiatry. 2018;83(1):2—-4.
FDA Drug Safety Communication. FDA review results in new warnings
about using general anesthetics and sedation drugs in young children and
pregnant women issued on December 14, 2016. Safety Announcement
[4-27-2017]. 2017. Available from: https://www.fda.gov/downloads/
Drugs/DrugSafety/UCM554644.pdf. Accessed September 1, 2017.
Niciu MJ, Luckenbaugh DA, Ionescu DF, et al. Clinical predictors
of ketamine response in treatment-resistant major depression. J Clin
Psychiatry. 2014;75(5):e417—e423.

Niciu MJ, Luckenbaugh DA, Ionescu DF, et al. Ketamine’s antide-
pressant efficacy is extended for at least four weeks in subjects with a
family history of an alcohol use disorder. Int J Neuropsychopharmacol.
2014;18(1):pii.

Ionescu DF, Luckenbaugh DA, Niciu MJ, et al. Effect of baseline
anxious depression on initial and sustained antidepressant response to
ketamine. J Clin Psychiatry. 2014;75(9):¢932—938.

Murrough JW, Burdick KE, Levitch CF, et al. Neurocognitive effects
of ketamine and association with antidepressant response in individuals
with treatment-resistant depression: a randomized controlled trial.
Neuropsychopharmacology. 2015;40(5):1084-1090.

SunL, Li Q, Li Q, et al. Chronic ketamine exposure induces permanent
impairment of brain functions in adolescent cynomolgus monkeys.
Addict Biol. 2014;19(2):185-194.

Sheline YI. Neuroimaging studies of mood disorder effects on the brain.
Biol Psychiatry. 2003;54(3):338-352.

Fournier JC, DeRubeis RJ, Hollon SD, et al. Antidepressant drug effects
and depression severity: a patient-level meta-analysis. J4MA. 2010;
303(1):47-53.

Dove

and is the official journal of The International Neuropsychiatric
Association (INA). The manuscript management system is completely
online and includes a very quick and fair peer-review system, which
is all easy to use. Visit http://www.dovepress.com/testimonials.php to
read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal

1450

submit your manuscript

Dove

Neuropsychiatric Disease and Treatment 2018:14


http://www.dovepress.com/neuropsychiatric-disease-and-treatment-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.fda.gov/downloads/Drugs/DrugSafety/UCM554644.pdf
https://www.fda.gov/downloads/Drugs/DrugSafety/UCM554644.pdf

	Publication Info 4: 


