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Background. While oral antidepressants reach efficacy after weeks, single-dose intravenous (i.v.) ketamine has rapid, yet
time-limited antidepressant effects. We aimed to determine the efficacy and safety of single-dose i.v. ketamine augmen-
tation of escitalopram in major depressive disorder (MDD).

Method. Thirty outpatients with severe MDD (17-item Hamilton Rating Scale for Depression total score 524) were
randomized to 4 weeks double-blind treatment with escitalopram 10 mg/day+single-dose i.v. ketamine (0.5 mg/kg
over 40 min) or escitalopram 10 mg/day + placebo (0.9% i.v. saline). Depressive symptoms were measured using the
Montgomery–Asberg Depression Rating Scale (MADRS) and the Quick Inventory of Depressive Symptomatology –
Self-Report (QIDS-SR). Suicidal ideation was evaluated with the QIDS-SR item 12. Adverse psychopathological effects
were measured with the Brief Psychiatric Rating Scale (BPRS)-positive symptoms, Young Mania Rating Scale (YMRS)
and Clinician Administered Dissociative States Scale (CADSS). Patients were assessed at baseline, 1, 2, 4, 24 and 72 h
and 7, 14, 21 and 28 days. Time to response (550% MADRS score reduction) was the primary outcome.

Results. By 4 weeks, more escitalopram + ketamine-treated than escitalopram + placebo-treated patients responded
(92.3% v. 57.1%, p = 0.04) and remitted (76.9% v. 14.3%, p = 0.001), with significantly shorter time to response [hazard
ratio (HR) 0.04, 95% confidence interval (CI) 0.01–0.22, p < 0.001] and remission (HR 0.11, 95% CI 0.02–0.63, p = 0.01).
Compared to escitalopram + placebo, escitalopram + ketamine was associated with significantly lower MADRS scores
from 2 h to 2 weeks [(peak = 3 days–2 weeks; effect size (ES) = 1.08–1.18)], QIDS-SR scores from 2 h to 2 weeks (max-
imum ES = 1.27), and QIDS-SR suicidality from 2 to 72 h (maximum ES = 2.24). Only YMRS scores increased significantly
with ketamine augmentation (1 and 2 h), without significant BPRS or CADSS elevation.

Conclusions. Single-dose i.v. ketamine augmentation of escitalopram was safe and effective in severe MDD, holding
promise for speeding up early oral antidepressant efficacy.
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Introduction

Major depressive disorder (MDD) is a common psychi-
atric disorder and leading cause of physical and mental

disability (Kessler et al. 2005). Although effective
pharmacological and psychosocial interventions exist,
there is a considerable lag before clinically relevant
efficacy, which further increases suicide risk and illness
burden (Trivedi et al. 2006), particularly during the first
days after starting antidepressants (Jick et al. 2004).
Electroconvulsive therapy (ECT) has more rapid anti-
depressant effects than standard pharmacotherapy
(Husain et al. 2004), but its invasive nature and adverse
cognitive effects make it usually a last treatment choice
for MDD (Pagnin et al. 2004).
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Several options have been explored to expedite anti-
depressant action. In the past decade, attention has
focused on the glutamatergic system’s role in the
pathophysiology of MDD and the mechanism of anti-
depressant action (O’Connor et al. 2010). Several
N-methyl-D-aspartate (NMDA) antagonists, such as
ketamine, MK-801 (dizocilpine) and Ro25-6981, have
been found to have antidepressant effects; however,
compared to ketamine, the antidepressant effects
MK-801 and Ro25-6981 at subanaesthetic doses were
not sustained as long as those of ketamine (Maeng
et al. 2008). Ketamine, a high-affinity non-competitive
antagonist at the NMDA receptor, is an anesthetic
used for surgical procedures (Lanning & Harmel,
1975). Since the first report of ketamine’s antidepres-
sant efficacy (Berman et al. 2000). several case reports
and controlled studies have been published (Aan Het
Rot et al. 2012; Caddy et al. 2014; Fond et al. 2014;
McGirr et al. 2015), concluding that a single infusion
of low-dose intravenous (i.v.) ketamine (0.5 mg/kg
over 40 min) rapidly improves depressive symptoms
with efficacy onset within 1-h post-infusion, peak effect
sizes at 24 h, and lasting effects for depression symp-
tom ratings of up until 5–8 days (Zarate et al. 2006;
Skolnick et al. 2009; Ibrahim et al. 2012; Mathew et al.
2012; Katalinic et al. 2013). Despite the rapid and
marked efficacy followed by a gradual loss of the
therapeutic benefit, repeated ketamine infusions
seem to be able to extend ketamine’s efficacy, but
may be less effective compared to single infusions
(Naughton et al. 2014). Ketamine’s antidepressant ac-
tion may be explained by enhanced neuroplasticity
through improved prefrontal glutamate homeostasis
and sustained attenuations in default mode network
connectivity and activity (Salvadore et al. 2009;
Scheidegger et al. 2012). In addition, ketamine could
rapidly activate the mammalian target of rapamycin
(mTOR) pathway, leading to increased synaptic signal-
ing proteins and then increased number and function
of new spine synapses in the prefrontal cortex.
Furthermore, blockadeofmTORsignalingblockedketa-
mine induction of synaptogenesis and behavioral
responses in animalmodels of depression (Li et al. 2010).

Studies that examined ketamine’s role in the treat-
ment of MDD have several limitations. Most trials
were cross-over studies and targeted treatment-
resistant depression, limiting the generalizability of
the findings. Moreover, the effects of add-on ketamine
to currently available antidepressants have not been
examined, and it is unknown if concurrent initiation
or oral antidepressant treatment with a single dose of
i.v. ketamine could speed up antidepressant efficacy
and bridge the gap of the first few weeks until clinically
relevant antidepressant effects are seen with oral
antidepressants.

Therefore, we aimed to determine the antidepressant
and antisuicidal effects and safety of low-dose single
i.v. ketamine infusion (0.5 mg/kg over 40 min) com-
bined with escitalopram initiation in MDD. We
hypothesized that compared to placebo (0.9% i.v. sa-
line), ketamine augmentation of escitalopram would
be associated with significantly shorter time to anti-
depressant response and remission, faster and clinical-
ly significant improvements in depressive symptoms
and suicidal thoughts, and acceptable tolerability.

Method

Patients and study settings

This was a randomized, double-blind, parallel-group
trial conducted between September 2013 and December
2014 in the Outpatient Unit of Psychological Medicine
at Beijing Chao-Yang Hospital, a university-affiliated
teaching hospital in China.

To maximize the generalizability of the findings,
only patients seeking psychiatric treatment (as
opposed to those recruited by advertisements) were
enrolled. Inclusion criteria were: (1) age 18–60 years;
(2) both genders; (3) diagnosis of non-psychotic MDD
established by treating psychiatrists and confirmed
by a checklist based on DSM-IV criteria at study
entry (Trivedi et al. 2006); (4) severe MDD, defined as
a total score of 524 on the 17-item Hamilton Rating
Scale for Depression (HAMD) – Chinese version
(Hamilton, 1960; Xie & Shen, 1984) and a score of
51 on item 3, suicide risk (Zhu & Zhang, 1998). We
focused on severe MDD, as the deleterious effects of
delayed response and remission are highest; (5) ability
to communicate and provide written consent. Exclusion
criteria included (1) lifetime history of drug/alcohol de-
pendence, psychotic, bipolar or obsessive-compulsive
disorders; (2) Axis I disorder other than MDD judged to
be the primary presenting problem; (3) history of ineffi-
cacy or intolerance to escitalopram; (4) pregnant or
breast-feeding; (5) suicide attempt in the current episode;
(6) major medical conditions contraindicating the use
of ketamine and/or escitalopram; or (7) ECT or NMDA
antagonist medications administered within the past
6 months.

The study protocol was approved by the Human
Research and Ethics Committee of Beijing Chao-Yang
Hospital. All patients provided written informed
consent.

Study design

Patients meeting entry criteria entered a 2-week wash-
out phase of previously taken psychotropic medica-
tions (fluoxetine = 4 weeks). After wash-out, patients
were randomized according to a table of random
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numbers to 4 weeks of fixed-dose escitalopram 10 mg/
day plus a single saline solution infusion (placebo) or
fixed dose escitalopram 10 mg/day plus a single sub-
anaesthetic dose of i.v. ketamine hydrochloride (total
dose of 0.5 mg/kg) administered over 40 min.

The solutions were provided in identical 50-ml syr-
inges. Ketamine forms a clear solution when dissolved
in 0.9% saline. Following overnight fasting, infusions
were administered by an anesthesiologist in the
Department of Anesthesiology over 40 min via an infu-
sion pump with standard telemetry monitoring. The
anesthesiologist was blind to the group membership
of patients.

Concurrently, both groupswere started on 10 mg/day
fixed-dose escitalopram, a dose within the therapeutic
range recommended by the Guidelines for the
Prevention and Treatment of MDD in China (Chinese
Medical Association, 2003). Escitalopram was chosen
because it is one of the most commonly prescribed
antidepressants in China. Besides escitalopram, only
zolpidem was allowed sparingly as needed for insom-
nia. Other medications not affecting the central nervous
system were allowed.

Outcomes and assessments

Patients’ demographic and clinical characteristics
were collected by medical record review using a data-
collection form designed for this study. Treatment-
resistant MDD was defined as lack of/insufficient
response to 52 adequate antidepressant treatment
trials in the current episode (Price et al. 2009; aan het
Rot et al. 2010).

The primary outcome was time until response,
defined as a 550% reduction from the baseline
10-item Montgomery–Asberg Depression Rating Scale
(MADRS) – Chinese version (Montgomery & Asberg,
1979; Zhong et al. 2011) total score. Remission,
defined as MADRS total score 410 (Zimmerman
et al. 2004), was also assessed. Secondary outcomes
were the proportion of responders and remitters in
each group, severity of investigator-rated depressive
symptoms (MADRS), self-rated depressive symptoms
using the validated Quick Inventory of Depressive
Symptomatology – Self-Report (QIDS-SR) – Chinese
version (Rush et al. 2003; Liu et al. 2013), suicidal idea-
tion (QIDS-SR item 12), as well as reported side-effects
and severity of manic, psychotic and dissociative
symptoms. As in earlier studies (Larkin & Beautrais,
2011; Murrough et al. 2013a), psychotic and manic
side-effectsweremeasured by the four items (suspicious-
ness, unusual thought content, hallucinations, concep-
tual disorganization) of the Brief Psychiatric Rating
Scale (BPRS; Overall & Gorham, 1962; Zhang et al. 1983)
and the 11-item Young Mania Rating Scale (YMRS;

Young et al. 1978), respectively. Dissociative symptoms
were measured by the Clinician Administered
Dissociative States Scale (CADSS; Bremner et al.
1998). A checklist with the following common somatic
side-effects was used to measure side-effects at each
treatment visit: dry mouth, diarrhoea, dizziness, drow-
siness, loss of appetite or nausea, headache, fatigue,
nightmares, restlessness, palpitation, blurred vision
and increasing salivation.

Assessment schedule

Patients were assessed with the MADRS, QIDS-SR,
QIDS-SR – suicide, BPRS, YMRS and CADSS at base-
line, and 1, 2, 4, 24, 48 and 72 h, and 7, 14, 21 and 28
days after the end of ketamine or placebo infusion.
Digital pulse oximetry, heart and respiratory rate,
blood pressure and ECG were recorded every 5 min
for 1 h beginning 5 min prior to the infusion. Two
raters with >5 years of clinical experience and blind
to the study protocol and treatment assignment inde-
pendently assessed patients using the above measure-
ments. Prior to the study, the two raters conducted a
reliability exercise of the use of the MADRS, BPRS,
YMRS and CADSS. Inter-rater reliability (inter-class
correlation coefficients for scaled ratings and kappa
values for categorical measures) was >0.9 for all
measurements.

Patients were removed from the study if they had a
manic or hypomanic episode, suicide attempt, severe
medical condition or suffered from newly emerging
side-effects that they found intolerable. Patients
removed from the study received antidepressant treat-
ment as part of their ongoing clinical care.

Statistical analysis

Data were analyzed using SPSS for Windows v. 20.0
(SPSS Inc., USA). The analyses were conducted in the
modified intent-to-treat sample, i.e. including patients
with a baseline and 51 follow-up assessment.
Continuous and categorical outcomes were analyzed
as last-observation-carried-forward data. Estimated
time to response, the primary outcome, and remission
was analyzed using Kaplan–Meier survival analyses.
Cox proportional-hazards regression models were
used to compare the estimated time to response and
to remission between the two groups, controlling for
number of depressive episodes and length of current
depressive episode at baseline. Baseline socio-
demographic, clinical characteristics and response
and remission rate were compared between the two
groups using independent sample t test, Mann–
Whitney U test, χ2 test and Fisher’s exact test, as appro-
priate. Continuous outcomes, i.e. MADRS, QIDS-SR
and its suicide item, four pooled BPRS items, YMRS
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and CADSS, were compared between ketamine and
placebo at each assessment time point with analysis
of covariance (ANCOVA) adjusting for baseline
score, number of depressive episodes and length of
current episode. Alpha was set at 0.05 (two-tailed).

Results

Of 33 screened patients, 30 (90.1%) were randomized
to escitalopram + i.v. ketamine (n = 15) or escitalopram
10 mg/day + placebo (n= 15) (Fig. 1).

Socio-demographic and clinical characteristics

There were no significant demographic or clinical dif-
ferences between the two groups, except that patients
in the escitalopram + ketamine group had more depres-
sive episodes and shorter length of the current episode
(Table 1). Altogether, 55.6% patients had treatment-
resistant depression and the mean total MADRS
score was 34.3 ± 7.3 points.

Treatment response

At week 4, the cumulative response rate was 57.1% v.
92.3% in the escitalopram + placebo and escitalopram

+ i.v. ketamine groups, respectively (χ2 = 4.3, df = 1,
p = 0.04), and the average time to response was
26.5 ± 4.0 v. 6.4 ± 9.5 days, respectively (t = 7.1, df = 25,
p < 0.001). For patients with treatment-resistant
depression, the response rate was 33.3% (2/6) in the
escitalopram + placebo group and 88.9% (8/9) in the
escitalopram + ketamine group (χ2 = 5.0, df = 1, p =
0.02), and the average time to response was 28.0 ± 0.0
v. 8.9 ± 10.6 days, respectively (t = 4.3, df = 13, p = 0.001).

Atweek 4, the cumulative remission ratewas 14.3% v.
76.9% in the escitalopram + placebo and escitalopram +
i.v. ketamine groups, respectively (χ2 = 10.7, df = 1, p =
0.001), and the average time to remission was 27.0 ± 3.7
v. 14.0 ± 12.0 days, respectively (t =−3.8, df = 25, p =
0.001). In the subgroupwith treatment-resistant depres-
sion, the cumulative remission rate was 0% v. 66.7% in
the escitalopram + placebo and escitalopram + i.v. keta-
mine groups, respectively (χ2 = 6.6, df = 1, p = 0.01).

The raw response and remission rates at each study
time point are presented in the Supplementary
Table S1. By week 4, there were no longer any signifi-
cant differences between the escitalopram + placebo
and escitalopram + i.v. ketamine groups regarding re-
sponse (50.0% v. 61.5%; χ2 = 0.3, df = 1, p = 0.54) and re-
mission (7.1% v. 38.5%; χ2 = 3.8, df = 1, p = 0.0504).

Fig. 1. Flow chart of the patient disposition.
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The Kaplan–Meier analysis-derived, estimated time
until response and remission in the two treatment
groups was significantly longer with escitalopram +
placebo than escitalopram + i.v. ketamine [response
26.5 (95% confidence interval (CI) 24.3–28.6) v. 6.4
(95% CI 1.4–11.4) days; log rank 16.7, p < 0.001; remis-
sion 27.0 (95% CI 24.3–29.6) v. 14.0 (95% CI 7.3–20.6)
days; log rank 12.2, p < 0.001] (Fig 2a, b).

After controlling for the potentially confounding
effects of number of depressive episodes and duration
of current episode, the estimated time to response and
remission was significantly shorter [response: hazard
ratio (HR) 0.04, 95% CI 0.01–0.22, p < 0.001; remission:
HR 0.11, 95% CI 0.02–0.63, p = 0.01) with escitalopram
+ i.v. ketamine than escitalopram + placebo.

Study discontinuation

The escitalopram + placebo and escitalopram + i.v.
ketamine groups did not differ significantly regarding
all-cause discontinuation (6.7% v. 20.0%, p = 0.28)

(Fig. 1), or discontinuation due to inefficacy (0%
v. 7.6%, p = 0.29) or intolerability (0.0% v. 0.0%, p = 1.0).

Symptom ratings

Compared with escitalopram + placebo, escitalopram +
i.v. ketamine infusion was associated with significantly
reduced MADRS scores from 2 h to 2 weeks [peak = 3
days to 2 weeks; effect size (ES) = 1.08–1.18] (Table 2,
Fig. 3). Similarly, the QIDS-SR scores were significantly
lower with escitalopram + i.v. ketamine than escitalo-
pram + placebo from 2 h to 2 weeks (maximum ES =
1.27), with significantly lower QIDS-SR suicidality item
ratings from 2 to 72 h (maximum ES = 2.24) (Table 2).

Adverse events

Escitalopram + i.v. ketaminewasnot associatedwith sign-
ificantly higher scores of the four BPRS-positive symptom
items or higher dissociative symptom scores compared to
escitalopram + placebo at any time point (Table 2). Only

Table 1. Baseline demographic and clinical characteristics of the study sample

Characteristics

Total
Escitalopram +
placebo (n = 14)

Escitalopram +
i.v. ketamine
(n = 13) Statistics

N % N % N % χ2 df p

Gender –a – 0.44
Women 17 63.0 10 71.4 7 53.8
Men 10 37.0 4 28.6 6 46.2

Family history of major depression 3 11.1 2 14.3 1 7.7 –a – 0.58
History of suicide attempts 3 11.1 1 7.1 2 15.4 –a – 0.49
Treatment resistant depression 15 55.6 6 42.9 9 69.2 1.8 1 0.16

Mean S.D. Mean S.D. Mean S.D. t/z df p

Age (years) 39.0 12.6 41.0 11.1 36.7 14.0 0.8 25 0.38
Age at onset (years) 34.4 12.9 38.5 10.2 30.0 14.4 1.7 25 0.08
Number of depressive episodes 3.9 3.5 2.5 2.9 5.3 3.6 −2.1 –b 0.03
Duration of illness (years) 4.7 5.5 2.8 5.0 6.8 5.4 −1.8 –b 0.06
Length of current episode (months) 5.1 5.7 7.2 7.2 2.7 1.9 −2.6 –b 0.01
MADRS total 34.3 7.3 32.3 6.5 36.5 7.8 −1.5 25 0.14
QIDS-SR total 17.1 4.6 17.5 4.2 16.8 5.3 0.3 25 0.72
QIDS-SR suicide 1.6 0.7 1.4 0.6 1.9 0.7 −1.7 –b 0.07
YMRS total 0.8 1.3 0.4 0.7 1.3 1.6 −1.7 0.07 0.11
BPRS – 4 items 4.0 0 4.0 0 4.0 0 0 –b 1.0
CADSS total 0 0 0 0 0 0 – – –

BPRS – 4 items, Brief Psychiatric Rating Scale items: suspiciousness, unusual thought content, hallucinations and conceptual
disorganization; CADSS, Clinician Administered Dissociative States Scale; MADRS, Montgomery–Asberg Depression Rating
Scale; QIDS-SR, Quick Inventory of Depressive Symptomatology – Self-Report; YMRS, Young Mania Rating Scale.

a Fisher’s exact test.
b Mann–Whitney U test; bold values are p < 0.05.
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Fig. 2. (a) Estimated mean time to treatment response by Kaplan–Meier analysis. (b) Estimated mean time to treatment
remission by Kaplan-Meier analysis.
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Table 2. Mean scores of the rating scales measuring efficacy and selected tolerability outcomes

Time point Variable

Escitalopram + placebo
Escitalopram + i.v.
ketamine

p value Cohen’s daN Mean S.D. N Mean S.D.

1 h MADRS total 14 26.9 6.2 13 22.3 11.7 0.21 0.49
QIDS-SR total 14 14.0 4.2 13 10.6 6.3 0.12 0.63
QIDS-SR suicide 14 0.4 0.5 13 0.3 0.6 0.58 0.18
YMRS total 14 0.4 0.7 13 1.8 1.8 0.01 −1.02
BPRS – 4 items 14 4.0 0 13 4.1 0.3 0.13 −0.47
CADSS total 14 0 0 13 0.3 0.9 0.14 −0.47

2 h MADRS total 14 29.7 6.4 13 21.6 12.1 0.03 0.83
QIDS-SR total 14 16.1 4.2 13 10.0 6.9 0.01 1.06
QIDS-SR suicide 14 1.2 0.4 13 0.3 0.4 <0.001 2.24
YMRS total 14 0.4 0.7 13 1.5 1.5 0.02 −0.93
BPRS – 4 items 14 4.0 0 13 4.0 0 – –
CADSS total 14 0 0 13 0 0 – –

4 h MADRS total 14 31.8 6.4 13 22.6 11.5 0.01 0.98
QIDS-SR total 14 17.4 4.1 13 10.4 6.6 0.003 1.27
QIDS-SR suicide 14 1.3 0.4 13 0.3 0.5 <0.001 2.20
YMRS total 14 0.4 0.7 13 1.2 1.6 0.11 −0.64
BPRS – 4 items 14 4.0 0 13 4.0 0 – –
CADSS total 14 0 0 13 0 0 – –

24 h MADRS total 14 32.1 6.3 13 23.6 12.3 0.03 0.86
QIDS-SR total 14 17.5 4.1 13 12.3 6.6 0.02 0.94
QIDS-SR suicide 14 1.3 0.4 13 0.7 0.7 0.02 1.05
YMRS total 14 0.4 0.7 13 1.3 1.6 0.08 −0.72
BPRS – 4 items 14 4.0 0 13 4.0 0 – –
CADSS total 14 0 0 13 0 0 – –

72 h MADRS total 14 30.2 6.8 12 20.5 10.7 0.01 1.08
QIDS-SR total 14 16.2 4.4 12 10.4 6.6 0.01 1.03
QIDS-SR suicide 14 1.2 0.4 12 0.5 0.7 0.01 1.22
YMRS total 14 0.4 0.7 12 1.0 1.0 0.12 −0.69
BPRS – 4 items 14 4.0 0 12 4.0 0 – –
CADSS total 14 0 0 12 0 0 – –

1 week MADRS total 14 28.2 7.6 12 18.3 9.8 0.008 1.12
QIDS-SR total 14 15.0 5.2 12 9.2 5.4 0.01 1.09
QIDS-SR suicide 14 1.0 0.3 12 0.5 0.7 0.09 0.92
YMRS total 14 0.4 0.7 12 1.0 1.0 0.12 −0.69
BPRS – 4 items 14 4.0 0 12 4.0 0 – –
CADSS total 14 0 0 12 0 0 – –

2 weeks MADRS total 14 24.0 8.2 12 15.5 5.9 0.007 1.18
QIDS-SR total 14 13.1 5.2 12 8.0 3.9 0.01 1.10
QIDS-SR suicide 14 1.0 0.5 12 0.9 0.9 0.79 0.13
YMRS total 14 0.4 0.7 12 0.6 0.7 0.43 −0.28
BPRS – 4 items 14 4.0 0 12 4.0 0 – –
CADSS total 14 0 0 12 0 0 – –
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YMRSscores increasedsignificantlywithescitalopram + i.
v. ketamine, but only at 1 and 2 h (Table 2).

Patients in the escitalopram + i.v. ketamine group
experienced a number of mild, transient side-effects
at thepeakof infusion: dissociative symptomsmeasured
by theCADSS (n = 2; CASSS score: 2 and 3, respectively),
nightmares (n = 1), restlessness (n = 2), dizziness, nausea,
headache and increasing salivation (n = 5 each), which
each disappeared within 40 min post-infusion. Other
mild side-effects present within 4 h post-infusion
included nausea (n = 1), dizziness (n = 6), palpitation
(n = 1), headache (n = 2) and blurred vision (n = 1),
which disappeared by 24 h post-infusion. In the placebo
group, one patient complained of drymouth at the peak
of infusion, but remitted after infusion. Other mild side-
effectswithin 1 h post-infusion included drymouth (n =
1), dizziness (n = 1), palpitation (n = 1) and fatigue (n = 1),
which disappeared within 2 h. There were significantly
more patients with at least one adverse event in the esci-
talopram + i.v. ketamine group (10/13, 76.9%) than that
in the escitalopram + placebo group (4/14, 28.6%) (χ2 =
6.3, df = 1, p = 0.01, number-needed-to-harm = 3), but
none of the patients discontinued the 4-week treatment
due to intolerability.

Concomitant psychotropic medications

10 mg zolpidem was prescribed sparingly to 57.1%
(8/14) and 76.9% (10/13) of patients in the escitalopram
+ placebo and escitalopram + i.v. ketamine groups, re-
spectively (χ2 = 0.4, df = 1, p = 0.42).

Discussion

While at least seven previos randomized controlled
studies examined single ketamine infusion v. placebo
for unipolar or bipolar depression, all but one that
used midazolam as an active placebo (Murrough
et al. 2013a) were cross-over studies (Caddy et al.
2014; Fond et al. 2014; McGirr et al. 2015). Thus, to
the best of our knowledge, this was the first ran-
domized, parallel-group double-blind, controlled trial
comparing single ketamine infusion with inactive pla-
cebo and the first one to systematically investigate the
effect of a single intravenous infusion of ketamine used
as an adjunct to newly initiated treatment in patients
with MDD, aiming to speed up antidepressant efficacy
and to bridge the gap of the first few weeks until clin-
ically relevant antidepressant effects are seen with oral
antidepressants.

In our study, compared to placebo, i.v. ketamine
augmentation of escitalopram was associated with
significantly greater response and remission, and, im-
portantly, shorter time to response and remission. In
fact, single-dose i.v. ketamine augmentation of escita-
lopram reduced the time to response and remission
by 20 days and 12 days, respectively. Furthermore,
augmentation of newly initiated escitalopram with a
single i.v. ketamine infusion yielded symptomatic ben-
efits over placebo augmentation of excitalopram in the
first 2 weeks of escitalopram treatment after which
time point the escitalopram monotherapy started to
catch up. In particular, escitalopram + i.v. ketamine

Table 2 (cont.)

Timepoint Variable
Placebo Ketamine

p value Cohen’s daN Mean S.D. N Mean S.D.

3 weeks MADRS total 14 20.7 7.9 12 15.4 10.4 0.15 0.57
QIDS-SR total 14 12.2 4.3 12 8.7 6.3 0.11 0.64
QIDS-SR suicide 14 0.4 0.6 12 0.6 0.6 0.36 −0.33
YMRS total 14 0.4 0.7 12 0.8 1.0 0.26 −0.46
BPRS – 4 items 14 4.0 0 12 4.0 0 – –
CADSS total 14 0 0 12 0 0 – –

4 weeks MADRS total 14 18.1 8.2 12 14.0 10.2 0.27 0.44
QIDS-SR total 14 10.0 4.6 12 7.8 5.8 0.30 0.42
QIDS-SR suicide 14 0.2 0.4 12 0.4 0.9 0.46 −0.28
YMRS total 14 0.4 0.7 12 0.7 0.8 0.32 −0.39
BPRS – 4 items 14 4.0 0 12 4.0 0 – –

CADSS total 14 0 0 12 0 0 – –

BPRS – 4 items, Brief Psychiatric Rating Scale items: suspiciousness, unusual thought content, hallucinations and conceptual
disorganization; CADSS, Clinician Administered Dissociative States Scale; MADRS, Montgomery–Asberg Depression Rating
Scale; QIDS-SR, Quick Inventory of Depressive Symptomatology – Self-Report; YMRS, Young Mania Rating Scale.
Bold values are p < 0.05.
a Positive effect sizes indicate lower values for ketamine, negative effect sizes indicate lower values for placebo.
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was associated with lower MADRS scores from 2 h to 2
weeks post-infusion, peaking between days 3 and 14
with large effect sizes >1.0 (peak = 3 days to 2 weeks,
ES = 1.08–1.18). Similarly, QIDS-SR scores were signifi-
cantly lower than with placebo augmentation from 2 h
to 2 weeks post-infusion (maximum ES = 1.27), and the
QIDS-SR suicidality item was also significantly lower
with ketamine v. placebo augmentation from 2 to 72
h post-infusion (maximum ES = 2.24). Although the su-
periority of a single-dose i.v. ketamine augmentation
against the background of concurrently initiated 10
mg oral escitalopram treatment in both groups were
not sustained on the investigator-rated MADRS and
self-rated QIDS at the week 3 and week 4 rating time
point, at the 4-week study endpoint considerably
more ketamine-treated patients were remitted (38.5%
v. 7.1%), even though the gap between the response
rates with escitalopram + i.v. ketamine v. escitaloptram
+ placebo had narrowed (61.5% v. 50.0%). Importantly,
these benefits of single-dose i.v. ketamine augmenta-
tion were not offset by greater all-cause or specific-
cause discontinuation, co-medication use, or adverse
effects. In particular, there were no significant group
differences in psychotic or dissociative symptoms at
any time point, and only total YMRS scores were sign-
ificantly higher with i.v. ketamine, but this was only
the case at the 1- and 2-h assessment time point.

The significant reduction in depressive symptoms
within 1–2 h is consistent with previous single-infusion
ketamine studies (Caddy et al. 2014; Fond et al. 2014;

McGirr et al. 2015). However, our study adds to the lit-
erature by being the first to give the ketamine infusion
on day 1 of a newly initiated antidepressant, which
was done to accelerate/boost symptom reduction, re-
sponse and remission status, and to potentially extend
the duration of the beneficial effects of ketamine. In our
study, both goals were achieved. Single-dose i.v. keta-
mine augmentation resulted in the acceleration and en-
hancement of escitalopram’s efficacy, and the
combination of a single dose of i.v. ketamine with esci-
talopram also extended the duration of significant
ketamine effects, at least somewhat.

In general, antidepressants act relatively slowly until
robust improvement can be observed. For example,
SSRIs achieve statistically significant symptomatic im-
provement, which is not necessarily clinically relevant
yet, by the end of 1 week at best (Taylor et al. 2006).
The delayed antidepressant efficacy leads to the pro-
longation of severe morbidity suicide risk. Treatments
with rapid onset of antidepressant effects that could be
maintained have great clinical implications (Price et al.
2009). In this study, depressive symptoms significantly
improved in both groups by the end of 4 weeks, but
the improvement in the escitalopram + i.v. ketamine
group was observed as early as 2-h post-infusion,
much faster than in the escitalopram + placebo group.
In addition, this rapid onset of antidepressant action
with ketamine was evident across both interviewer-
rated (MADRS) and self-reported (QIDS) measures of
depression that was only lost by the 3-week rating

Fig. 3. Total scores of the Montgomery-Asberg Depression Rating Scale (MADRS) over time. * p < 0.05, ** p < 0.01, *** p < 0.001.

Single Ketamine infusion for major depression 631

https://doi.org/10.1017/S0033291715002159 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715002159


time point. Thus, the combination of single ketamine
infusion with initiation of escitalopram was able to
double, if not triple the duration of significant depres-
sion symptom advantages v. placebo infusion found in
previous studies (Caddy et al. 2014; Fond et al. 2014;
McGirr et al. 2015). However, our sample consisted
to only 55.6% of patients with treatment-resistant de-
pression and patients with co-morbid DSM-IV Axis I
diagnoses and prior non-response or intolerability
to escitalopram were excluded, whereas all previous
studies included only patients with treatment-resistant
depression without restricting co-morbidities or prior
non-response to escitalopram, which complicates the
direct comparison with these previous studies. Never-
theless, consistent with earlier findings of response
rates of 25–85% at 24 h and 14–70% at 72 h (aan Het
Rot et al. 2012), response rates in our study were
38.5% at 24-h and 53.8% at 72-h post-infusion.

In a study involving 14 depressed patients in an
emergency unit, single-dose i.v. ketamine (0.2 mg/kg)
was administered over 1–2 min, while psychophar-
macological and psychosocial interventions continued.
Suicidal ideation improved significantly, which was
sustained for up to 10 days. Similarly, in our study,
add-on i.v. ketamine use had rapid antisuicidal effects,
starting at 2 h and lasting 3 days. Interestingly, the ef-
fect sizes v.placebo infusion for the reduction of suicidal
thinking were almost double that of the antidepressant
effect, starting also at 2 h post-infusion, but this super-
iority v. placebo injection lasted only 3 days, not at
least 2 weeks like the antidepressant effect. The discord-
ance indurationbetweenketamine’s antidepressant and
antisuicidal effects may be due to different neurobio-
logical mechanisms involved in these mental phenom-
ena and therapeutic actions. It appears that a single
ketamine infusion can improve suicidal ideation,
which is likely related to, but not entirely driven by,
the improvement in depression (Ballard et al. 2014).

Different from most (Zarate et al. 2006; aan het Rot
et al. 2010; Murrough et al. 2013a) but not all previous
studies (Lapidus et al. 2014), in this study patients re-
ceiving ketamine did not experience significantly
greater, mild, transient elevations in measures of dis-
sociative, and psychotomimetic side-effects; solely
mania-like symptoms were significantly more pro-
nounced than with placebo infusions, but this effect
was only apparent at the 1- and 2 h post-infusion
time point. The rate of dissociative symptoms here
(2/13 = 15.4%) was basically similar to the figure in an
earlier study (8/47 = 17.0%) (Murrough et al. 2013a). In
addition, the very limited increase in dissociative and
psychotomimetic effects in our study may result from
ethnic differences in pharmacokinetics and bioavail-
ability of ketamine between Chinese and Western
patients, but this needs to be examined further.

However, more patients in the ketamine augmentation
group experienced at least one somatic adverse effect,
but these side-effects occurred mostly during the infu-
sion period, were transient and mild, did not require
medical or psychiatric interventions, and did not lead
to treatment discontinuation. While these symptoms
could have led to functional unblinding in patients
and raters, the lasting nature of the group differences
up to week 2 argue against functional unblinding as
a relevant issue driving the treatment differences.
Moreover, a different study that used midazolam, an-
other anesthetic, as an active placebo demonstrated
similar advantages of ketamine as demonstrated in
true placebo-controlled trials. (Murrough et al. 2013a)

While it has been well-established that single keta-
mine infusion has rapid-acting antidepressant (Caddy
et al. 2014; Fond et al. 2014; McGirr et al. 2015) and anti-
suicidal effects (Thakurta et al. 2012; Zarate et al. 2012),
efforts to sustain its antidepressant response have been
rather disappointing (aan het Rot et al. 2010). Strategies
to maintain ketamine’s rapid and robust antidepres-
sant effect have largely depended on repeated infu-
sions. However, although ketamine’s effect has been
extended by repeated infusions, the results in relapse
prevention have been less than promising (aan het Rot
et al. 2010; Murrough et al. 2013b; Naughton et al.
2014). In addition, ketamine is a ‘club drug’with signifi-
cant potential for abuse; thus repeated administrations
warrant caution. Further, prolonged ketamine use
might lead to neurotoxicity (Liao et al. 2010; Liao et al.
2011). By contrast, administration of a single dose i.v.
ketamine augmenting standard antidepressant initi-
ation is a safer attempt to maintain ketamine’s rapid
antidepressant and antisuicidal effects. Nevertheless,
despite starting 10 mg escitalopram concurrently with
the ketamine infusion and treating patients with this
antidepressant for the next 4 weeks, antidepressant
effects of escitalopram were no longer different from
placebo augmentation of escitalopram at the 3-week
time point, and response and remission rates did not
differ statistically significantly any longer at week
4. This finding suggests that other treatment options
are needed to sustain ketamine’s significant anti-
depressant benefits in those patients in whom standard
antidepressant treatment is ineffective. However, our
study indicates that the ketamine effect did not simply
diminish; rather, the escitalopram monotherapy effect
increased, catching up with the rapid and robust keta-
mine effect that was most pronounced in the first 2
weeks of treatment.

Several limitations of this study should be noted.
First, the results were obtained by restricting the anti-
depressant to escitalopram and may not be applicable
to other antidepressants. Moreover, the dose was fixed
at 10 mg/day and the long-term effect of ketamine
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cannot be evaluated in this study. Second, similar to
most studies (Zarate et al. 2006; Price et al. 2009; aan
het Rot et al. 2010; Diazgranados et al. 2010; Ibrahim
et al. 2011), the sample size (n = 30) was relatively
small in this study. Therefore our results are prelimin-
ary and need to be replicated in future studies with a
large sample size. In addition, this was a single-site
study, which allowed us to have the same two raters
do all the assessments, but the sample size was and
the generalizability of the results may be somewhat
reduced. Third, similar to all previous studies
(Berman et al. 2000; aan het Rot et al. 2010; Katalinic
et al. 2013) except for one that used midazolam
(Murrough et al. 2013a), saline was used as the inactive
placebo. The transientmania-like side-effects in the keta-
mine group may have compromised the blinding.
However, the very low level of side-effects in the keta-
minegroup shouldhavemitigatedagainst this limitation.
In addition, similar effect sizes to ours were obtained
when midazolam was used as an active placebo
(Murrough et al. 2013a), suggesting that the observed ef-
fect sizes inour studyareunlikelymajorlybiasedby func-
tional unblinding. Fourth, different from previous
studies, we included 44.4% of patients without treat-
ment-resistant depression.However, forpatientswithout
treatment-resistant depression, prolonged suicidality
and longer time to response and remission are also ser-
ious. Moreover, only one dose of i.v. ketamine was
given, which has been shown to be safe in previous stud-
ies andwhichwasalso safe in this study.Therefore,wedo
not consider our including non-resistant patients as rais-
inganyethical concern.Fifth, itwouldhavebeenuseful to
include an additional study group receiving pill placebo
+ single-dose i.v. ketamine (0.5 mg/40 min) in order to be
able to establish the additional benefit of the combination
of escitalopram+i.v. ketamine over i.v. ketamine alone.
However, since all previous single-dose i.v. ketamine
studies showed an attenuation of the antidepressive
effects by the end of week 1 and return to baseline in
mostpatients thereafter,wedidnot consider this armcru-
cial for testing our hypothesis. Finally, similar to the
STAR*D project (Trivedi et al. 2006), no structured diag-
nostic interview for major depression was administered.
The clinical diagnosis ofmajor depressionwas confirmed
by a checklist based on DSM-IV criteria at baseline.

Conclusions

Single-dose i.v. ketamine (0.5 mg/kg over 40 min)
added to newly initiated 10 mg/day escitalopram treat-
ment was safe, resulting in rapid and robust antidepres-
sant and antisuicidal effects in severe major depression
lasting up to 2 weeks. Although response rates were im-
pressive at 4 weeks, antidepressant symptom rating
benefits ceased being significant v. placebo after 2

weeks, calling for additional research into ways to opti-
mize ketamine dosing, administration, and duration in
order to sustain antidepressant benefits from ketamine
infusions.

Supplementary material

For supplementary material accompanying this paper
visit http://dx.doi.org/10.1017/S0033291715002159.

Acknowledgements

This study was funded by the National Science and
Technology Major Projects for ‘Major New Drugs
Innovation and Development’ (No.: 2012ZX09303014-
002) and the Key Medical Specialties Development
Project of Beijing Municipal Administration of
Hospitals (No.: ZY201403). [Trial Registration:
ChiCTR-TRC Identifier: 14004936.]

Declaration of Interest

Dr Correll has been a consultant and/or advisor to or
has received honoraria from AbbVie, Acadia, Actavis,
Alkermes, Bristol–Myers Squibb, Eli Lilly, Forum,
Genentech, Gerson Lehrman Group, IntraCellular
Therapies, Janssen/J&J, Lundbeck, Medavante,
Medscape, Otsuka, Pfizer, ProPhase, Reviva, Roche,
Sunovion, Supernus, Takeda, and Teva. He has
received grant support from Bristol–Myers Squibb,
Janssen/J&J, Otsuka and Takeda. The remaining
authors report no biomedical financial interests or po-
tential conflicts of interest.

References

aan het Rot M, Collins KA, Murrough JW, Perez AM, Reich
DL, Charney DS, Mathew SJ (2010). Safety and efficacy of
repeated-dose intravenous ketamine for treatment-resistant
depression. Biological Psychiatry 67, 139–145.

Aan Het Rot M, Zarate Jr. CA, Charney DS, Mathew SJ
(2012) Ketamine for depression: where do we go from here?
Biological Psychiatry 72, 537–547.

Ballard ED, Ionescu DF, Vande Voort JL, Niciu MJ,
Richards EM, Luckenbaugh DA, Brutsche NE, Ameli R,
Furey ML, Zarate Jr. CA (2014). Improvement in suicidal
ideation after ketamine infusion: relationship to reductions
in depression and anxiety. Journal of Psychiatric Research 58,
161–166.

Berman RM, Cappiello A, Anand A, Oren DA, Heninger
GR, Charney DS, Krystal JH (2000). Antidepressant effects
of ketamine in depressed patients. Biological Psychiatry 47,
351–354.

Bremner JD, Krystal JH, Putnam FW, Southwick SM,
Marmar C, Charney DS, Mazure CM (1998). Measurement
of dissociative states with the Clinician-Administered

Single Ketamine infusion for major depression 633

https://doi.org/10.1017/S0033291715002159 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715002159


Dissociative States Scale (CADSS). Journal of Traumatic Stress
11, 125–136.

Caddy C, Giaroli G, White TP, Shergill SS, Tracy DK (2014).
Ketamine as the prototype glutamatergic antidepressant:
pharmacodynamic actions, and a systematic review and
meta-analysis of efficacy. Therapeutic Advances in
Psychopharmacology 4, 75–99.

Chinese Medical Association (2003). Guideline for the
Prevention and Treatment of Psychiatric Disorders in China.
Chinese Medical Association: Beijing.

Diazgranados N, Ibrahim L, Brutsche NE, Newberg A,
Kronstein P, Khalife S, Kammerer WA, Quezado Z,
Luckenbaugh DA, Salvadore G, Machado-Vieira R, Manji
HK, Zarate Jr. CA (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.

Fond G, Loundou A, Rabu C, Macgregor A, Lancon C,
Brittner M, Micoulaud-Franchi JA, Richieri R, Courtet P,
Abbar M, Roger M, Leboyer M, Boyer L (2014). Ketamine
administration in depressive disorders: a systematic review
and meta-analysis. Psychopharmacology 231, 3663–3676.

Hamilton M (1960). A rating scale for depression. Journal of
Neurology, Neurosurgery and Psychiatry 23, 56–62.

Husain MM, Rush AJ, Fink M, Knapp R, Petrides G,
Rummans T, Biggs MM, O’Connor K, Rasmussen K, Litle
M, Zhao W, Bernstein HJ, Smith G, Mueller M,
McClintock SM, Bailine SH, Kellner CH (2004). Speed of
response and remission in major depressive disorder with
acute electroconvulsive therapy (ECT): a Consortium for
Research in ECT (CORE) report. Journal of Clinical Psychiatry
65, 485–491.

Ibrahim L, Diazgranados N, Franco-Chaves J, Brutsche N,
Henter ID, Kronstein P, Moaddel R, Wainer I,
Luckenbaugh DA, Manji HK, Zarate Jr. CA (2012). Course
of improvement in depressive symptoms to a single
intravenous infusion of ketamine v. add-on riluzole: results
from a 4-week, double-blind, placebo-controlled study.
Neuropsychopharmacology 37, 1526–1533.

Ibrahim L, Diazgranados N, Luckenbaugh DA,
Machado-Vieira R, Baumann J, Mallinger AG, Zarate Jr.
CA (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.

Jick H, Kaye JA, Jick SS (2004). Antidepressants and the risk
of suicidal behaviors. Journal of the American Medical
Association 292, 338–343.

Katalinic N, Lai R, Somogyi A, Mitchell PB, Glue P, Loo CK
(2013). Ketamine as a new treatment for depression: a
review of its efficacy and adverse effects. Australian and New
Zealand Journal of Psychiatry 47, 710–727.

Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters
EE (2005). Prevalence, severity, and comorbidity of 12-month
DSM-IV disorders in the National Comorbidity Survey
Replication. Archives of General Psychiatry 62, 617–627.

Lanning CF, Harmel MH (1975). Ketamine anesthesia.
Annual Review of Medicine 26, 137–141.

Lapidus KA, Levitch CF, Perez AM, Brallier JW, Parides
MK, Soleimani L, Feder A, Iosifescu DV, Charney DS,

Murrough JW (2014). A randomized controlled trial of
intranasal ketamine in major depressive disorder. Biological
Psychiatry 76, 970–976.

Larkin GL, 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, Banasr M, Dwyer JM, Iwata M, Li XY,
Aghajanian G, Duman RS (2010). mTOR-dependent
synapse formation underlies the rapid antidepressant
effects of NMDA antagonists. Science 329, 959–964.

Liao Y, Tang J, Corlett PR, Wang X, Yang M, Chen H, Liu T,
Chen X, Hao W, Fletcher PC (2011). Reduced dorsal
prefrontal gray matter after chronic ketamine use. Biological
Psychiatry 69, 42–48.

Liao Y, Tang J, Ma M, Wu Z, Yang M, Wang X, Liu T, Chen
X, Fletcher PC, Hao W (2010). Frontal white matter
abnormalities following chronic ketamine use: a diffusion
tensor imaging study. Brain 133, 2115–2122.

Liu J, Xiang YT, Wang G, Zhu XZ, Ungvari GS, Kilbourne
AM, Lai KY, Zhong BL, Zhang L, Zhang Q, Zou YC, Xiao
L, Zhao Q, Li Y, Wu J, Zhang GF, Chiu HF (2013).
Psychometric properties of the Chinese versions of the
Quick Inventory of Depressive Symptomatology – Clinician
Rating (C-QIDS-C) and Self-Report (C-QIDS-SR). Journal of
Affective Disorders 147, 421–424.

Maeng S, Zarate Jr. CA, Du J, Schloesser RJ, McCammon J,
Chen G, Manji HK (2008). Cellular mechanisms
underlying the antidepressant effects of ketamine: role of
alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid
receptors. Biological Psychiatry 63, 349–352.

Mathew SJ, Shah A, Lapidus K, Clark C, Jarun N,
Ostermeyer B, Murrough JW (2012). Ketamine for
treatment-resistant unipolar depression: current evidence.
CNS Drugs 26, 189–204.

McGirr A, Berlim MT, Bond DJ, Fleck MP, Yatham LN, Lam
RW (2015). A systematic review and meta-analysis of
randomized, double-blind, placebo-controlled trials of
ketamine in the rapid treatment of major depressive
episodes. Psychological Medicine 45, 693–704.

Montgomery SA, Asberg M (1979). A new depression scale
designed to be sensitive to change. British Journal of
Psychiatry 134, 382–389.

Murrough JW, Iosifescu DV, Chang LC, Al Jurdi RK, Green
CE, Perez AM, Iqbal S, Pillemer S, Foulkes A, Shah A,
Charney DS, Mathew SJ (2013a). Antidepressant efficacy of
ketamine in treatment-resistant major depression: a two-site
randomized controlled trial. American Journal of Psychiatry
170, 1134–1142.

Murrough JW, PerezAM, Pillemer S, Stern J, ParidesMK, aan
het Rot M, Collins KA, Mathew SJ, Charney DS, Iosifescu
DV (2013b). Rapid and longer-term antidepressant effects of
repeated ketamine infusions in treatment-resistant major
depression. Biological Psychiatry 74, 250–256.

Naughton M, Clarke G, O’Leary OF, Cryan JF, Dinan TG
(2014). A review of ketamine in affective disorders: current
evidence of clinical efficacy, limitations of use and
pre-clinical evidence on proposed mechanisms of action.
Journal of Affective Disorders 156, 24–35.

634 Y.-D. Hu et al.

https://doi.org/10.1017/S0033291715002159 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715002159


O’Connor RM, Finger BC, Flor PJ, Cryan JF (2010).
Metabotropic glutamate receptor 7: at the interface of
cognition and emotion. European Journal of Pharmacology
639, 123–131.

Overall JE, Gorham DR (1962). The brief psychiatric rating
scale. Psychological Report 10, 799–812.

Pagnin D, de Queiroz V, Pini S, Cassano GB (2004). Efficacy
of ECT in depression: a meta-analytic review. Journal of ECT
20, 13–20.

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

Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B,
Klein DN, Markowitz JC, Ninan PT, Kornstein S, Manber
R, Thase ME, Kocsis JH, Keller MB (2003). The 16-Item
Quick Inventory of Depressive Symptomatology (QIDS),
clinician rating (QIDS-C), and self-report (QIDS-SR): a
psychometric evaluation in patients with chronic major
depression. Biological Psychiatry 54, 573–583.

Salvadore G, Cornwell BR, Colon-Rosario V, Coppola R,
Grillon C, Zarate Jr. CA, Manji HK (2009). Increased
anterior cingulate cortical activity in response to fearful
faces: a neurophysiological biomarker that predicts rapid
antidepressant response to ketamine. Biological Psychiatry
65, 289–295.

Scheidegger M, Walter M, Lehmann M, Metzger C, Grimm
S, Boeker H, Boesiger P, Henning A, Seifritz E (2012).
Ketamine decreases resting state functional network
connectivity in healthy subjects: implications for
antidepressant drug action. PLoS ONE 7, e44799.

Skolnick P, Popik P, Trullas R (2009). Glutamate-based
antidepressants: 20 years on. Trends in Pharmacological
Sciences 30, 563–569.

Taylor MJ, Freemantle N, Geddes JR, Bhagwagar Z (2006).
Early onset of selective serotonin reuptake inhibitor
antidepressant action: systematic review and meta-analysis.
Archives of General Psychiatry 63, 1217–1223.

Thakurta RG, Das R, Bhattacharya AK, Saha D, Sen S,
Singh OP, Bisui B (2012). Rapid response with ketamine on
suicidal cognition in resistant depression. Indian Journal of
Psychological Medicine 34, 170–175.

Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA,
Warden D, Ritz L, Norquist G, Howland RH, Lebowitz B,
McGrath PJ, Shores-Wilson K, Biggs MM, Balasubramani
GK, Fava M (2006). Evaluation of outcomes with
citalopram for depression using measurement-based care in
STAR*D: implications for clinical practice. American Journal
of Psychiatry 163, 28–40.

Xie GR, Shen QJ (1984). Use of the Chinese version of the
Hamilton rating scale for depression in general population
and patients with major depression (in Chinese). Chinese
Journal of Nervous and Mental Diseases 10, 346.

Young RC, Biggs JT, Ziegler VE, Meyer DA (1978). A rating
scale for mania: reliability, validity and sensitivity. British
Journal of Psychiatry 133, 429–435.

Zarate Jr. CA, Brutsche NE, Ibrahim L, Franco-Chaves J,
Diazgranados N, Cravchik A, Selter J, Marquardt CA,
LibertyV,LuckenbaughDA (2012).Replicationofketamine’s
antidepressant efficacy in bipolar depression: a randomized
controlled add-on trial. Biological Psychiatry 71, 939–946.

Zarate Jr. CA, Singh JB, Carlson PJ, Brutsche NE, Ameli R,
Luckenbaugh DA, Charney DS, Manji HK (2006). A
randomized trial of an N-methyl-D-aspartate antagonist in
treatment-resistant major depression. Archives of General
Psychiatry 63, 856–864.

Zhang MY, Zhou TJ, Tang SH, Chi YF, Xia ML, Wang ZY
(1983). The application of the Chinese version of the Brief
Psychiatric Rating Scale (BPRS) (in Chinese). Chinese Journal
of Nervous and Mental Diseases 9, 76–80.

Zhong BL, Wang Y, Chen HH, Wang XH (2011). Reliability,
validity and sensitivity of Montgomery-Åsberg Depression
Rating Scale for patients with current major depressive
disorder [in Chinese]. Chinese Journal of Behavioural Medicine
and Brain Sciences 20, 85–87.

Zhu CM, Zhang MG (1998). Scales on depression [in
Chinese]. In Manual of Rating Scales in Psychiatry
(ed. M. Y. Zhang), pp. 121–132. Hunan Science &
Technology Press: Hunan, China.

Zimmerman M, Posternak MA, Chelminski I (2004).
Derivation of a definition of remission on the
Montgomery-Asberg depression rating scale corresponding
to the definition of remission on the Hamilton rating scale
for depression. Journal of Psychiatric Research 38, 577–582.

Single Ketamine infusion for major depression 635

https://doi.org/10.1017/S0033291715002159 Published online by Cambridge University Press

https://doi.org/10.1017/S0033291715002159

