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Background: Little is known about the antidepressive effects of repeated intravenous ketamine infusions
beyond the acute phase of treatment in patients with refractory depression.
Methods: Twelve subjects with treatment-resistant non-psychotic unipolar or bipolar major depression
and suicidal ideation were given repeated (up to 6) thrice-weekly acute-phase intravenous infusions of
ketamine (0.5 mg/kg, administered over 100 min). Those who remitted during acute-phase treatment
received continuation-phase treatment that consisted of 4 weekly ketamine infusions, followed by 4 weeks
of post-continuation phase follow-up (during which no further ketamine infusions were administered).
Clinical measures were assessed at baseline, at 24 h following each infusion, at the last acute-phase ob-
servation, and during continuation and post-continuation follow-up (acute phase remitters only).
Results: Of the 12 enrollees, 5 (41.7%) remitted and 7 (58.3%) responded to ketamine treatment during the
acute-phase. All five subjects who remitted during the acute-phase experienced further depressive
symptom improvement during continuation-phase treatment. Four subjects lost remission status during
the post-continuation phase, but all were still classified as positive treatment responders at the end of the
post-continuation phase. Adverse effects were generally mild and transient during acute- and continua-
tion-phase treatment; however, one subject developed behavioral outbursts and suicide threats during
follow-up while hospitalized, and one subject died by suicide several weeks after the end of follow-up.
Limitations: This was an uncontrolled feasibility study with a small sample size.
Conclusions: The continuation-phase administration of ketamine at weekly intervals to patients with
treatment-resistant depression who remitted during acute-phase ketamine treatment can extend the
duration of depressive symptom remission. The antidepressive effect of ketamine persisted for several
weeks after the end of continuation-phase treatment. Our results highlight the need for close monitoring
of subjects who are at high baseline risk for suicide but do not respond clinically to ketamine.
ClinicalTrials.gov identifier: NCT02094898.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Multiple controlled trials have demonstrated the short-term
effectiveness of both single and repeated administration of sub-
anesthetic doses of intravenous (i.v.) and intranasal ketamine, a
potent non-competitive glutamatergic N-methyl-D-aspartate
(NMDA) antagonist, for treating the symptoms of non-psychotic
treatment-resistant unipolar and bipolar major depression
(McGirr et al., 2015; Newport et al., 2015). In these trials, subjects
who benefitted from ketamine experienced rapid (within hours)
bo).
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onset of clinical antidepressive response lasting 3–14 days on
average, with generally benign and transient adverse effects.

The field has now focused its attention on translating ketamine
clinical trial protocols to routine practice, with a focus on repeated
administrations of ketamine to sustain initial therapeutic benefit over
longer-term treatment (Bobo et al., 2016). Repeated acute-phase in-
fusions of ketamine provided over 12–14 days have been associated
with larger reductions in depressive symptoms than single infusions
for up to 14 days (Coyle and Laws, 2015). However, relapse rates in
these studies were high—generally occurring within 18–19 days (aan
het Rot et al., 2010; Murrough et al., 2012). There is a paucity of
studies of the antidepressive effects and safety of repeated i.v. keta-
mine infusions beyond the acute-phase of treatment.
SITY from ClinicalKey.com by Elsevier on September 24, 2019.
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We thus conducted an open label trial of i.v. ketamine in 12
adults with treatment-resistant unipolar or bipolar major de-
pression, followed by 4 weeks of continuation i.v. ketamine
treatment for subjects who achieved depressive symptom remis-
sion during the acute-phase.
2. Methods

2.1. Participants

The study protocol was approved by the Mayo Clinic Institutional
Review Board. Adults (aged 18–64 years) meeting DSM-IV-TR criteria
for non-psychotic, treatment-resistant major depressive disorder
(MDD) or bipolar I or II disorder (BP) who were psychiatrically hos-
pitalized for acute suicidal ideationwere enrolled between December
30, 2014 andMay 18, 2016. The subjects in this study are unique from
those of a previously published report by our group (Rasmussen
et al., 2013). MDD or BP diagnoses were established by clinical in-
terview and confirmed using the Structured Clinical Interview for
DSM-IV (SCID). Treatment resistance was defined as failure to re-
spond to at least two therapeutic trials of antidepressants or mood
stabilizers (for patients with bipolar disorders) that were of adequate
duration and dose, or electroconvulsive therapy during the current
depressive episode. The number and adequacy of previous ther-
apeutic trials was systematically assessed at the time of study en-
rollment using the Antidepressant Treatment History Form (ATHF)
(Sackeim, 2001). Eligible subjects had a 9-item Patient Health
Questionnaire (PHQ-9) suicide item (item 9) score of Z1 at the
screening visit. Exclusionary criteria included psychotic symptoms,
duration of the current depressive episode 42 years, current alcohol
or non-nicotine substance use disorder (unless in remission for Z12
months), history of developmental delay or intellectual disorder,
pregnancy, unstable medical condition, and involuntary psychiatric
hospitalization. The determination of current disqualifying substance
use disorders was made on the basis of clinical assessment, supple-
mented by a negative urine drug screen. All participants provided
written informed consent.

2.2. Study design

This was a single-arm, open-label trial conducted in two phases.
During the acute-phase, i.v. ketamine was administered thrice-
weekly for up to 2 weeks. Those who achieved depressive symptom
remission (Montgomery Åsberg Depression Rating Scale (MÅDRS)
(Montgomery and Åsberg, 1979) total score r9 measured 24 h after
any acute-phase infusion) received continuation-phase treatment
that consisted of once-weekly i.v. ketamine infusions for 4 additional
weeks (Hawley et al., 2002). Remission could occur after any of the
6 acute-phase infusions, at which point the next infusion was the
first (of four) continuation-phase infusions. Individuals who remitted
during acute-phase and completed continuation-phase treatment
had 4 additional weekly post-continuation follow-up visits. Those
who responded to i.v. ketamine (Z50% reduction from baseline in
MÅDRS total score) but did not remit during acute-phase were not
eligible for continuation-phase treatment. Suicidal ideation was as-
sessed clinically throughout the trial, supplemented by scores on the
MÅDRS suicide item (item 10). The PHQ-9 was used as an assessment
instrument at the screening visit only.

2.3. Ketamine administration

Ketamine (0.5 mg/kg) was administered i.v. over 100 min for all
acute- and continuation-phase infusions. During the infusions,
heart rate, ECG, and pulse oximetry were continuously monitored.
Blood pressure was measured at 15 min intervals. Monitoring of
Downloaded for Anonymous User (n/a) at VANDERBILT UNIVERSI
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vital signs continued in this manner until 60 min after the end of
infusion. Initial acute ketamine infusions were provided in the
hospital, and continuation-phase infusions were generally pro-
vided as outpatients in a dedicated Clinical Research Unit.

2.4. Outcome measures

Depressive symptoms were measured using the MÅDRS prior
to each infusion, at the end of each infusion (100 min), at 24 h
post-infusion, and at all 4 post-continuation phase follow-up vis-
its. Additional effectiveness measures were assessed at the same
time points and included the Clinical Global Impression severity
(CGI-S) and change (CGI-C) subscales (Guy, 1976) and MÅDRS
factor scores (sadness [Factor 1], negative thoughts [Factor 2],
detachment [Factor 3], and neurovegetative symptoms [Factor 4])
(Williamson et al., 2006). Withdrawal from the study was based
on worsening depressive symptoms (CGI-S rating of much or very
much worse, or at the discretion of the clinical investigator).

Treatment-emergent manic symptoms were assessed using the
Young Mania Rating Scale (YMRS) (Young et al., 1978). Adverse effects
were also assessed in 15min intervals by direct questioning during all
infusions and for up to 60min post-infusion. Dissociative and psychotic
(hallucinatory) effects were assessed clinically by spontaneous report
and direct questioning. For example, spontaneous reports of feeling as
though one were floating, disconnected, or “spacey” (but not light-
headed) were classified as representing dissociation. Subjects were also
asked directly whether they experienced any of these sensations. CGI-S
ratings were completed by study clinicians. All other clinical ratings
were completed by trained research staff. Baseline scores for all mea-
sures were taken before the first acute-phase infusion.

2.5. Concomitant treatments

All subjects continued to receive hospital or outpatient care as
usual during their participation in this study, including changes to
pharmacotherapy when necessary and psychosocial interventions.
Based on preliminary data suggesting benzodiazepine use may
attenuate ketamine response, administration of benzodiazepines
at Z4 mg/day lorazepam equivalents was not allowed (Frye et al.,
2015). No benzodiazepine doses were given on the morning of
ketamine administration. Treatment with electroconvulsive ther-
apy (ECT), transcranial magnetic stimulation, or deep brain sti-
mulation was not allowed.

2.6. Statistical procedures

Statistical analyses included all subjects who received at least
one acute-phase ketamine infusion. Change in baseline to end-
point values (24 h after the last infusion received during acute-
phase treatment) for continuous efficacy measures were assessed
using paired t-tests at a 2-tailed α level of 0.05. T-tests were used
to compare mean baseline and mean percent change (baseline to
last observed value during acute-phase) in efficacy measures be-
tween groups defined by remission status (remitters vs. non-re-
mitters). Descriptive statistics were used to summarize demo-
graphic and other discrete variables, including rates of response
and remission. All analyses were performed using STATA Version
14 statistical software (STATA Corp., College Station, TX, USA).
3. Results

3.1. Subject demographic and clinical characteristics

All 12 enrolled subjects received at least one acute-phase ke-
tamine infusion. Subjects were predominantly middle-aged (mean
TY from ClinicalKey.com by Elsevier on September 24, 2019.
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Fig. 1. Mean scores on the Montgomery Åsberg Depression Rating Scale (MÅDRS)
during acute and continuation phase treatment, and post-continuation follow-up. Mean
MÅDRS scores are shown for the entire sample (solid black bars), for subjects who
remitted during acute phase treatment (stripe-patterned bars), and for those who did
not remit during acute phase treatment (solid white bars). Remission was defined as a
MÅDRS total score r9 measured 24 h after ketamine infusion (gray colored zone). Only
subjects who remitted after any acute phase treatment received continuation phase
treatment and post-continuation phase follow up. All 5 acute phase remitters retained
remission status during continuation phase treatment. Although mean MÅDRS total
scores were r9, only one of 5 acute phase remitters retained remission status during
post-continuation phase follow up. Key: †p¼0.06; *po0.05; ‡pr0.01; pr0.001.
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age, 45.878 years), female (n¼11, 91.7%), and Caucasian (n¼11,
91.7%). Nine (75.0%) had confirmed diagnoses of MDD; all others
had diagnoses of bipolar I (n¼1) or II (n¼2) depression. Subjects
had failed to respond to 3 or more treatments during the current
depressive episode, including four who responded poorly to ECT.

3.2. Subject retention

The majority of enrolled subjects (7/12, 58.3%) completed acute-
phase treatment. Of the 5 who were unable to complete acute-phase
treatment, two were withdrawn due to adverse effects, one elected to
stop acute treatment due to lack of benefit, and two were withdrawn
due to clinical worsening (one subject experienced a treatment-
emergent behavioral outburst with suicidal threat, and one attempted
suicide) and absence of positive response, as discussed further below.

3.3. Clinical outcome

Five (41.7%) subjects achieved depressive symptom remission
and 7 (58.3%) were positive responders in the acute-phase. The
majority who remitted (4/5, 80.0%) did so after the first acute in-
fusion. The remaining subject remitted after the third acute infu-
sion. There were no significant differences in MÅDRS total or
MÅDRS factor scores at baseline between subjects who eventually
remitted in acute-phase and those who did not remit.

The main effects of ketamine on depressive symptoms during
acute and continuation phases of treatment, and during post-
continuation phase follow-up, are summarized in Fig. 1. Significant
reduction (improvement) in MÅDRS total scores occurred between
baseline and the end of the first acute infusion in the entire
sample, and in both remitters and non-remitters (data not shown).
However, only remitters had significant improvement in MÅDRS
total scores 24 h after the first infusion, and at the last acute phase
observation. For remitters, further improvement in depressive
symptoms was observed during 4 weeks of continuation-phase
treatment. All 5 subjects retained positive treatment response at
the end of post-continuation phase follow-up; however, only one
of 5 subjects remained in a remitted status.

Additional effects of ketamine on MÅDRS total scores and other
effect measures during acute phase treatment are presented in Ta-
ble 1. There was a mean 41.5% reduction in MÅDRS total scores be-
tween baseline and the last acute phase observation in the entire
sample. Significantly greater reduction in MÅDRS total scores (base-
line to last acute-phase observation) occurred in remitters than non-
remitters. Similar results were observed for MÅDRS factors and CGI-S
scores. Scores on the MÅDRS suicide item (item 10) decreased sig-
nificantly between baseline and the last acute phase observation in
the entire sample and for remitters, but not for non-remitters. The
change in MÅDRS suicide item scores from baseline to last acute
phase observation was numerically greater for remitters than non-
remitters at the level of statistical trend (p¼0.12).

3.4. Adverse effects

Most common adverse effects during acute-phase treatment were
dissociation (n¼9), dizziness (n¼7), numbness or tingling in the
extremities (n¼7), sleepiness or sedation (n¼6), tearfulness/emo-
tionality (n¼4), and facial numbness (n¼3). No subjects experienced
visual or other types of hallucinations. In nearly all cases, these ad-
verse effects resolved within two hours following the end of infu-
sions. No new adverse effects were observed during continuation-
phase treatment. There were no significant increases in YMRS scores
during or following acute or continuation phase infusions.

There were statistically significant but transient increases in sys-
tolic and diastolic blood pressure during nearly all acute phase infu-
sions. Peak systolic blood pressure (SBP) readings were significantly
Downloaded for Anonymous User (n/a) at VANDERBILT UNIVER
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elevated from baseline during the first (130.6717.4 mmHg vs.
114.9718.3 mmHg, p¼0.0001), second (124.3711.2 mmHg vs.
108.8713.3 mmHg, p¼0.009), and third acute phase infusions
(130.9726.9 mmHg vs. 110.4715.0 mmHg, p¼0.02). Corresponding
peak diastolic blood pressure (DBP) readings were also significantly
increased from baseline during the first (79.777.5 mmHg vs.
70.977.1 mmHg, p¼0.005) and the third acute phase infusions
(75.9710.7 mmHg vs. 66.074.2 mmHg, p¼0.02). Similar increases
in SBP and DBP occurred during continuation phase treatment among
the 5 subjects who remitted during the acute phase. One patient
experienced transient elevation of blood pressure during the acute
phase that resolved within 2 h post-infusion. There were no sig-
nificant increases in heart rate or decreases in oxygen saturation le-
vels during the acute phase (all treated subjects) or the continuation
phase (subjects who remitted during the acute phase).

Two patients who were not benefitting acutely from ketamine
were withdrawn from the study due to clinical worsening, per
protocol. The first subject, who had a past history of attempted
suicide, was withdrawn after five acute-phase infusions following
a behavioral outburst and suicide threats precipitated by external
stressors during hospitalization. The second subject, who had a
history of recurring suicidal ideation despite multiple pharma-
cotherapeutic trials and ECT, experienced only transient anti-
depressive benefit and was withdrawn after four acute-phase in-
fusions following an attempted medication overdose that occurred
several days post-hospitalization. This was the subject's first
known lifetime suicide attempt. Neither event was judged as being
directly related to ketamine treatment, although both subjects
expressed disappointment regarding the lack of sustained anti-
depressive effects. The second patient died by suicide �10 weeks
after being withdrawn from the study.
4. Discussion

To our knowledge, this study is among the first to demonstrate
the effectiveness of continuation-phase administration of i.v. ke-
tamine infusions with treatment-resistant unipolar or bipolar
SITY from ClinicalKey.com by Elsevier on September 24, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.



Table 1
Depressive symptom, suicide-related, and global clinical measures at baseline and during the acute phase of intravenous ketamine therapy.

Outcome measures Entire cohort Remissiona Non-remission
(n¼12) (n¼5) (n¼7)

Mean7S.D. Mean7S.D. Mean7S.D.

MÅDRS total score at:
Baseline 29.477.5 29.478.2 29.477.7
Last acute phase observation 15.9710.6nnn 5.473.4nn 23.476.3

MÅDRS total score, % change from baseline at:
Last acute phase observation �41.5740.3 �79.1713.0††† �14.6711.0

MÅDRS Factor 1b score at:
Baseline 7.472.0 7.472.6 7.471.7
Last acute phase observation 3.572.3nnn 1.270.5nnn 5.170.5n

MÅDRS Factor 1 score, % change from baseline at:
Last acute phase observation �50.3735.7 �83.6715.7††† �26.5724.2

MÅDRS Factor 2b score at:
Baseline 6.071.5 6.271.6 5.971.6
Last acute phase observation 3.471.7nnn 1.871.5n 4.670.5

MÅDRS Factor 2 score, % change from baseline at:
Last acute phase observation �37.0736.5 �65.4731.4†† �16.7725.2

MÅDRS Factor 3b score at:
Baseline 9.573.1 9.872.7 9.373.5
Last acute phase observation 4.973.5nnn 1.471.3nnn 7.471.8

MÅDRS Factor 3 score, % change from baseline at:
Last acute phase observation �40.2748.5 �84.3714.8†† �8.9737.3

MÅDRS Factor 4b score at:
Baseline 6.573.0 6.073.8 6.972.6
Last acute phase observation 3.873.6n 1.071.2n 5.973.4

MÅDRS Factor 4 score, % change from baseline at:
Last acute phase observation �36.0758.0 �84.3720.4††† �8.4754.4

MÅDRS suicide (item 10) score at:
Baseline 2.971.1 3.271.1 2.771.1
Last acute phase observation 1.770.8nn 1.270.8n 2.270.4

MÅDRS suicide (item 10) score, % change from baseline at:
Last acute phase observation �26.7745.4 �50.0746.8††† �7.2737.1

CGI-S score at:
Baseline 5.670.5 5.470.5 5.770.5
Last acute phase observation 3.971.7nnn 2.670.9nnn 4.971.6

CGI-S score, % change from baseline at:
Last acute phase observation �29.4730.8 �50.7720.3 �14.3728.7

Key: CGI-S¼Clinical Global Impression-severity subscale; MÅDRS¼Montgomery Åsberg Depression Rating Scale.
a Remission was defined as a MÅDRS total score r9 measured 24 h after any acute phase infusion.
b MÅDRS factor 1 (sadness) consisted of MÅDRS items 1 and 2; factor 2 (negative thoughts) consisted of MÅDRS items 9 and 10; factor 3 (detachment) consisted of

MÅDRS items 6–8; and factor 4 (neurovegetative symptoms) consisted of MÅDRS items 3–5. Compared with baseline value.
n pr0.08.
nn po0.05.
nnn pr0.01. Remitters compared with non-remitters.
†po0.05.
†† pr0.01.
††† pr0.001.
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depressed patients who remitted during acute treatment with
ketamine. Five subjects who remitted during acute-phase experi-
enced further depressive symptom improvement during once-
weekly continuation-phase treatment. One subject remained in
remitted status throughout 4 weeks of post-continuation phase
follow-up. Adverse effects were generally mild and transient
during acute- and continuation-phase treatment. Transient in-
creases in SBP and DBP in this study were similar to those reported
in previous short-term clinical trials of i.v. ketamine infused at
faster rates (generally over 40 min), and intranasal ketamine, for
treatment-resistant depression (Bobo et al., 2016).

The most critical limitation of ketamine as antidepressive treatment
is the brief duration of its beneficial effect (Bobo et al., 2016). Prior
studies showed the majority of patients who responded well to a
Downloaded for Anonymous User (n/a) at VANDERBILT UNIVERSI
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single-dose of ketamine relapsed within 2–3 weeks (Berman et al.,
2000; Diazgranados et al., 2010; Zarate et al., 2006, 2012). Previous
research has shown repeated acute-phase ketamine infusions were
associated with sustained antidepressive benefit while administered for
up to 2 weeks; however, relapses occurred after 18–19 days following
the last ketamine administration (aan het Rot et al., 2010; Murrough
et al., 2013), and 55–89% of patients treated acutely with repeated ke-
tamine infusions may relapsewithin onemonth following final infusion
(aan het Rot et al., 2010; Rasmussen et al., 2013; Shiroma et al., 2014).

In our study, one subject developed behavioral outbursts and
suicide threats during follow-up while hospitalized. Another
subject died by suicide several weeks after the end of follow-up.
Whether the severe behavioral outcomes observed in the two
subjects under discussion here would have been expected for
TY from ClinicalKey.com by Elsevier on September 24, 2019.
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other inpatients and those who were discharged had they not
received ketamine is difficult to discern. The subjects in this trial
were all hospitalized owing to severe depression and acute suici-
dal ideation, and thus constituted a sample of depressed in-
dividuals at perhaps higher-than-usual risk of adverse behavioral
outcomes. Conversely, others have reported the onset of dys-
phoria, increased anxiety, and suicidal ideation in two ketamine-
treated individuals with refractory obsessive-compulsive disorder
who were described as having minimal depressive symptoms at
the start of infusion (Niciu et al., 2013). Two serious treatment-
emergent adverse events including treatment-emergent anxiety
and a suicide attempt that occurred 4 weeks after the last keta-
mine dose were also reported in a recently published randomized
trial of repeated acute phase ketamine infusion therapy for treat-
ment-resistant unipolar major depression (Singh et al., 2016). Our
group recently reported a case of ketamine over-use and clinical
deterioration under ketamine treatment for depression when
provided off-label in non-research settings (Schak et al., 2016). At
minimum, our report further highlights the need for very close
clinical monitoring and follow-up of ketamine-treated depressed
patients who are at high risk for suicide, particularly those who do
not achieve significant benefit.

Our results suggest that a brief continuation-phase consisting of
once-weekly administration of i.v. ketamine can be used to extend
the duration of depressive symptom remission in patients with
treatment-resistant depression who respond well to acute treatment
with i.v. ketamine. We also observed sustained antidepressive benefit
during 4 weeks following the end of the continuation-phase, when
no additional ketamine infusions were provided. This suggests the
time window between ketamine infusions could be extended in-
crementally beyond administration every 7 days in patients who
continue to tolerate and benefit from ketamine beyond its im-
mediate, acute-phase effects. This may permit identification of an
optimal frequency of ketamine infusions for patients who require
ongoing, post-acute phase ketamine treatment—a clinical hypothesis
in need of systematic investigation.

Our findings are limited by lack of a placebo or other control
group and small sample size. Although our response (58%) and
remission (42%) rates are comparable to those reported by others
(Murrough, 2012), it is unknown whether the relatively slow rate
of ketamine infusion in our study (over 100 min) may have limited
its acute antidepressive effects. Further, we did not test the acute
effects of ketamine at doses higher than 0.5 mg/kg. Medication
therapy other than ketamine could be adjusted at any time during
the trial, thus raising the possibility that clinical improvements
may have occurred as a result of treatment-as-usual, although the
very rapid onset of therapeutic effect among the subjects who
experienced depressive symptom response and remission argues
against this. We were unable to conduct secondary analyses of
ketamine effects within subgroups defined by sex or race owing to
very low numbers of male and non-Caucasian participants. And
finally, several subjects were unable to complete all acute-phase
treatments owing to lack of sustained benefit or adverse effects.
5. Conclusions

Intravenous administration of continuation-phase ketamine at
weekly intervals to patients with treatment-resistant unipolar or
bipolar major depression who remitted during acute-phase keta-
mine treatment (given up to thrice-weekly) can extend the dura-
tion of depressive symptom remission. The antidepressive effect of
ketamine may persist several weeks after the end of continuation-
phase treatment. Our results also highlight the need for close
monitoring of subjects who are at high baseline risk for suicide but
do not respond clinically to ketamine.
Downloaded for Anonymous User (n/a) at VANDERBILT UNIVER
For personal use only. No other uses without permissio
Funding

This work was supported by the Mayo Foundation for Educa-
tion and Research, Rochester, MN, USA.
References

aan het Rot, M., Collins, K.A., Murrough, J.W., Perez, A.M., Reich, D.L., Charney, D.S.,
Mathew, S.J., 2010. Safety and efficacy of repeated-dose intravenous ketamine
for treatment-resistant depression. Biol. Psychiatry 67 (2), 139–145.

Berman, R.M., Cappiello, A., Anand, A., Oren, D.A., Heninger, G.R., Charney, D.S.,
Krystal, J.H., 2000. Antidepressant effects of ketamine in depressed patients.
Biol. Psychiatry 47 (4), 351–354.

Bobo, W.V., Vande Voort, J.L., Croarkin, P.E., Leung, J.G., Tye, S.J., Frye, M.A., 2016.
Ketamine for treatment-resistant unipolar and bipolar major depression: cri-
tical review and implications for clinical practice. Depression Anxiety 2016.
http://dx.doi.org/10.1002/da.22505.

Coyle, C.M., Laws, K.R., 2015. The use of ketamine as an antidepressant: a systematic
review and meta-analysis. Hum. Psychopharmacol. 30 (3), 152–163.

Diazgranados, N., Ibrahim, L., Brutsche, N.E., Newberg, A., Kronstein, P., Khalife, S.,
Kammerer, W.A., Quezado, Z., Luckenbaugh, D.A., Salvadore, G., Machado-
Vieira, R., Manji, H.K., Zarate Jr., C.A., 2010. A randomized add-on trial of an
N-methyl-D-aspartate antagonist in treatment resistant bipolar depression.
Arch. Gen. Psychiatry 67 (8), 793–802.

Frye, M.A., Blier, P., Tye, S.J., 2015. Concomitant benzodiazepine use attenuates
ketamine response: implications for large scale study design and clinical de-
velopment. J. Clin. Psychopharmacol. 35 (3), 334–336.

Guy, W., 1976. ECDEU Assessment Manual for Psychopharmacology —Revised
(DHEW Publ. No. ADM 76–338). Rockville, MD, U.S. Department of Health,
Education, and Welfare, Public Health Service, Alcohol, Drug Abuse, and Mental
Health Administration, NIMH Psychopharmacology Research Branch, Division
of Extramural Research Programs, pp. 218–222.

Hawley, C.J., Gale, T.M., Sivakumaran, T., Hertfordshire Neuroscience Research
group, 2002. Defining remission by cut off score on the MADRS: selecting the
optimal value. J. Affect. Disord. 72 (2), 177–184.

McGirr, A., Berlim, M.T., Bond, D.J., Fleck, M.P., Yatham, L.N., Lam, R.W., 2015.
A systematic review and meta-analysis of randomized, double-blind, placebo-
controlled trials of ketamine in the rapid treatment of major depressive epi-
sodes. Psychol. Med. 45 (4), 693–704.

Montgomery, S.A., Åsberg, M., 1979. A new depression scale designed to be sen-
sitive to change. Br. J. Psychiatry 134 (4), 382–389.

Murrough, J.W., 2012. Ketamine as a novel antidepressant: from synapse to beha-
vior. Clin. Pharm. Ther. 91 (2), 303–309.

Murrough, J.W., Perez, A.M., Pillemer, S., Stern, J., Parides, M.K., aan het Rot, M.,
Collins, K.A., Mathew, S.J., Charney, D.S., Iosifescu, D.V., 2013. Rapid and longer-
term antidepressant effects of repeated ketamine infusions in treatment re-
sistant major depression. Biol. Psychiatry 74 (4), 250–256.

Newport, D.J., Carpenter, L.L., McDonald, W.M., Potash, J.B., Tohen, M., Nemeroff,
C.B., APA Council of Research Task Force on Novel Biomarkers and Treatments,
2015. Ketamine and other NMDA antagonists: early clinical trials and possible
mechanisms in depression. Am. J. Psychiatry 172; , pp. 950–966.

Niciu, M.J., Grunschel, B.D., Corlett, P.R., Pittenger, C., Bloch, M.H., 2013. Two cases of
delayed-onset suicidal ideation, dysphoria and anxiety after ketamine infusion
in patients with obsessive-compulsive disorder and a history of major de-
pressive disorder. J. Psychopharmacol. 27 (7), 651–654.

Rasmussen, K.G., Lineberry, T.W., Galardy, C.W., Kung, S., Lapid, M.I., Palmer, B.A.,
Ritter, M.J., Schak, K.M., Sola, C.L., Hanson, A.J., Frye, M.A., 2013. Serial infusions of
low-dose ketamine for major depression. J. Psychopharmacol. 27 (5), 444–450.

Sackeim, H.A., 2001. The definition and meaning of treatment-resistant depression.
J. Clin. Psychiatry 62 (Suppl 16), S1–S17.

Schak, K.M., Vande Voort, J.L., Johnson, E.K., Kung, S., Leung, J.G., Rasmussen, K.G.,
Palmer, B.A., Frye, M.A., 2016. Potential risks of poorly monitored ketamine use
in depression treatment. Am. J. Psychiatry 173 (3), 215–218.

Shiroma, P.R., Albott, C.S., Johns, B., Thuras, P., Wels, J., Lim, K.O., 2014. Neurocog-
nitive performance and serial intravenous subanesthetic ketamine in treatment
resistant depression. Int. J. Neuropsychopharmacol. 17 (11), 1805–1813.

Singh, J.B., Fedgchin, M., Daly, E.J., De Boer, P., Cooper, K., Lim, P., Pinter, C., Mur-
rough, J.W., Sanacora, G., Shelton, R.C., Kurian, B., Winokur, A., Fava, M., Manji,
H., Drevets, W.C., Van Nueten, L., 2016. A double-blind, randomized, placebo-
controlled, dose-frequency study of intravenous ketamine in patients with
treatment-resistant depression. Am. J. Psychiatry 173 (8), 816–826.

Williamson, D., Brown, E., Perlis, R.H., Ahl, J., Baker, R.W., Tohen, M., 2006. Clinical
relevance of depressive symptom improvement in bipolar I depressed patients.
J. Affect. Disord. 92 (2–3), 261–266.

Zarate, C., Brutsche, N.E., Ibrahim, L., Franco-Chaves, J., Diazgranados, N., Cravchik,
A., Selter, J., Marquardt, C.A., Liberty, V., Luckenbaugh, D.A., 2012. Replication of
ketamine's antidepressant efficacy in bipolar depression: a randomized con-
trolled add-on trial. Biol. Psychiatry 71 (11), 939–946.

Zarate Jr, C.A., Singh, J.B., Carlson, N.E., Brutsche, N.E., Ameli, R., Luckenbaugh, D.A.,
Charney, D.S., Manji, H.K., 2006. A randomized trial of an N-methyl-D-aspartate
antagonist in treatment-resistant major depression. Arch. Gen. Psychiatry 63
(8), 856–864.
SITY from ClinicalKey.com by Elsevier on September 24, 2019.
n. Copyright ©2019. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref1
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref1
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref1
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref1
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref2
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref2
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref2
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref2
http://dx.doi.org/10.1002/da.22505
http://dx.doi.org/10.1002/da.22505
http://dx.doi.org/10.1002/da.22505
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref4
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref4
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref4
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref5
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref6
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref6
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref6
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref6
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref7
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref7
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref7
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref7
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref8
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref8
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref8
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref8
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref8
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref9
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref9
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref9
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref10
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref10
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref10
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref11
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref11
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref11
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref11
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref11
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref12
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref12
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref12
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref12
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref12
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref13
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref13
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref13
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref13
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref13
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref14
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref14
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref14
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref14
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref15
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref15
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref15
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref16
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref16
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref16
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref16
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref17
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref17
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref17
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref17
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref18
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref19
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref19
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref19
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref19
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref20
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref20
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref20
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref20
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref20
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref21
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref21
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref21
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref21
http://refhub.elsevier.com/S0165-0327(16)31351-9/sbref21

	Continuation phase intravenous ketamine in adults with treatment-resistant depression
	Introduction
	Methods
	Participants
	Study design
	Ketamine administration
	Outcome measures
	Concomitant treatments
	Statistical procedures

	Results
	Subject demographic and clinical characteristics
	Subject retention
	Clinical outcome
	Adverse effects

	Discussion
	Conclusions
	Funding
	References




