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Ketamine and Depression: A Review

Wesley C. Ryan, M.D., Cole J. Marta, M.D., and Ralph ]. Koek, M.D.

DESPITE SIGNIFICANT PROGRESS, DEPRESSION REMAINS A common and disabling
condition that affects millions, leading to increased primary care visits and decreased
productivity (Baune et al., 2007). Both psychotherapy and antidepressant pharma-
cotherapy are evidence-based treatments recommended by experts and treatment
guidelines (Gelenberg et al., 2010). For those with more severe depression, phar-
macotherapy is often required for recovery. However, inadequate response and lack
of remission are common and characterize treatment-resistant depression (TRD)
(Keitner and Mansfield, 2012). The current pharmacopoeia available to clinicians
is primarily based on modulation of serotonergic, noradrenergic, and dopaminergic
transmission in the brain, with first line agents primarily consisting of selective sero-
tonin reuptake inhibitors (SSRIs) (Keitner and Mansfield, 2012).

As demonstrated by the STAR*D study, multiple trials of medications are fre-
quently required to achieve remission, and despite this, about 35% of patients re-
main symptomatic after several successive interventions (Rush et al., 2006; Olin
et al., 2012). When monoamine modulating antidepressant medications do work,
there is a delay of typically weeks before response is achieved. In those first few
weeks, antidepressant treatment may increase risk of suicidal behavior, and possibly
including completed suicide (Bjorkenstam et al., 2013). With the lack of rapid re-
sponse from existing medications, and indeed the apparent risk until such response,
there is urgent need for development of rapid acting treatment alternatives for de-
pression (Monteggia et al., 2013).

For severe depression, electroconvulsive therapy (ECT) is the only somatic inter-
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vention with the potential for more-rapid treatment effect; however, concern over
adverse effects limit use. Alternative approaches utilizing direct electrical modu-
lation, including repetitive transcranial magnetic stimulation (rTMS), trigeminal
nerve stimulation, and deep brain stimulation (Cook et al., 2014) as well as mag-
netic seizure therapy and vagal nerve stimulation (Wani et al., 2013) are promising
in terms of efficacy, but have not been shown consistently to have a more-rapid
onset of effect than pharmacotherapy.

Studies suggest a role for the glutamate system in regulation of mood (Skolnick
et al.,, 1996; Matthews et al., 2012; Machado-Vieira et al., 2009), and particu-
lar promise has been generated from studies looking at the N-methyl-D-aspartate
(NMDA) receptor antagonist ketamine for this novel indication (Artigas, 2013; Za-
rate et al., 2013; Mathew et al., 2008). Ketamine was developed in 1963, first tested
on humans in 1964, and FDA approved for roles in anesthesia in 1970 (Reich et al.,
1989; JHP Pharmaceuticals, 2009). It was not until 2000 that ketamine was con-
cretely demonstrated in the literature to have antidepressant properties (Berman et
al., 2000). Ketamine has shown a large effect size, with onset on the order of hours,
and duration of effect of approximately one week (Zarate et al., 2006). Reduction
in suicidal thoughts is further described, similarly within hours of administration
(Price et al., 2009; Price et al., 2014).

A significant limitation exists in that ketamine is FDA-approved only for intra-
venous (IV) or intramuscular (IM) use in induction or maintenance of anesthe-
sia, making administration in less controlled settings difficult. While most studies
on ketamine thus far have looked at longer IV infusions, other routes have shown
promise for increasing patient access to ketamine (Larkin and Beautrais, 2011; Har-
ihar et al., 2013; Lara et al., 2013; Lapidus et al., 2014; Iglewicz et al. 2014; Loo et
al., 2016).

This chapter reviews the extant literature regarding use of ketamine as an antide-
pressant, highlighting its role as a rapid acting agent for unipolar and bipolar depres-
sion. We report on and analyze efhicacy, with additional attention to durability of re-
sponse, improvement in suicidality, routes of administration, dosing protocols, and
safety. Different stereoisomeric forms of ketamine are also reviewed, given the pos-
sibility that one form may be associated with fewer dissociative effects. We conclude
with recommendations for future study design as well as potential off-label use in
less structured settings. Detailed discussions on the history and neuropharmacology
of ketamine, and the glutamate theory of depression are not included; the reader is
referred to previous publications on these topics (Domino et al., 2010; Krystal et
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al., 2013; Caddy et al., 2014; Naughton et al. 2014). In this review, we build upon
a less extensive article previously published elsewhere (Ryan et al., 2014).

Materials and Methods

PubMed.gov was searched using the term “ketamine depression,” with the filter
of English language, through April 2016, yielding 1274 studies. Studies were ex-
cluded that did not investigate clinical use of ketamine in humans for treatment of
depression, either unipolar or bipolar, or suicidality. Those utilizing ketamine as an
anesthetic or augmenting agent for, or in combination with, ECT or rTMS were
excluded, or in regards to ketamine misuse. The remaining articles were further re-
viewed for pertinent references. Data on depression response rates were combined
and recalculated to include intent to treat (ITT) analysis, accounting for differences
between rates reported in the studies and in this review. Data from randomized
controlled trials were weighed more heavily over open label investigations, which in
turn were weighed more heavily than individual cases or case series. At least three
areas of research pertinent to ketamine treatment of depression were not reviewed
in depth for this manuscript due to space limitations: biomarkers for response, neu-
rocognitive effects, and neuroimaging correlates.

Results
Study population and methodology

Using the above search criteria, a total of 77 publications were included in this
review. Of these, 56 utilized the IV route of administration, accounting for over
500 patients in total. A further 20 studies utilized IM, oral, intranasal, sublingual,
or subcutaneous treatment in over 150 patients. Nearly all publications reported
use of racemic ketamine, with only 13 patients in total receiving S-ketamine (Denk
et al., 2011; Paul et al., 2009; Segmiller et al., 2013; Paslakis et al., 2010). Most
studies utilized only one administration of ketamine, though six open label inves-
tigations (OLI), two randomized control trials (RCT), and 35 case studies/series
assessed multiple doses, from one to three times per week, for up to four weeks.
The majority of publications reported on patients with unipolar depression, though
bipolar depression was also represented in 14 publications. Given the differenc-
es in presentation, etiology, and response between these two types of depression,
these are considered separately. Save for a minority of case studies [table 5; suppl.
table 1], articles utilized one or more validated depression rating scales, includ-

ing the Montgomery—Asberg Depression Rating Scale (MADRS) (Montgomery
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and Asberg, 1979), Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960),
Beck Depression Inventory (BDI) (Beck et al., 1961), or Clinical Global Impression
scale (CGI) (Guy et al. 1976). The only study to report on the pediatric population
utilized rating scales more specific to that population (Papolos et al., 2013). Studies
of ketamine in hospice patients also utilized the Hospital Anxiety and Depression
Scale (HADS) (Zigmond and Snaith, 1983) [table 5; suppl. table 1].

We focused on the categorical outcome of response—defined as >50% reduc-
tion—within 24 hours because this was most commonly the primary outcome mea-
sure referred to in the studies reviewed. Remission was not consistently reported, and
was also variably defined. Notably, too, the majority of these studies were performed
in patients with treatment resistance, and while definitions varied between studies,
this typically was qualified by at least two, if not more, failed trials of adequate dose
and duration antidepressant treatment. Some also included failure of ECT and a few
described failure of adequate psychotherapy. To objectively assess such trials, many
studies utilized the Antidepressant Treatment History Form (Sackeim, 2001). Un-
less otherwise specified below, we accept the authors’ descriptions of TRD. Of the
studies employing ketamine IV infusions, most utilized racemic ketamine 0.5mg/kg
over 40 minutes, with several more varying the duration from 30 to 60 minutes. For
the sake of brevity, we abbreviate this protocol as KET in the rest of this document.
In studies utilizing alternate routes of administration, the dose and protocol varied
widely, and the majority utilized multiple ketamine administrations.

Efficacy from single doses (RCT and OLI data)

The nine RCTs reporting outcomes from single doses of ketamine included six
crossover studies, all with saline placebo, and three parallel group designs, all with
either lower ketamine doses or active controls [table 1]. Only one utilized a non-
IV route of administration; the majority utilized a single ketamine infusion. Seven
were done in patients with unipolar depression and the other two in patients with
bipolar depression. The larger of the two active control and blinded RCTs utilized
midazolam and included 72 patients in a 2:1 ratio of ketamine:midazolam, all with
treatment-resistant unipolar depression, who were discontinued from any concomi-
tant medications. In the ketamine group, 64% responded at 24 hour follow-up,
compared to 28% in the midazolam group (Murrough et al., 2013). Response rate
in the ketamine arm fell below 50% after day 3. The other active control blinded
RCT utilized ECT as the comparison condition, demonstrating a more-rapid onset
of action and greater response rates at 24 hours in the ketamine arm; KET elicited
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78% response versus 11% with ECT (Ghasemi et al., 2013). Li et al. (2016) nota-
bly compared 0.2mg/kg to 0.5mg/kg of ketamine, though only reported response
in the initial four hours: 44% and 38%, respectively. The other placebo controlled
studies in unipolar depression generally recruited fewer patients, and found 24-hour
outcomes of 45% with KET versus 2% with saline; and four-hour outcomes of 34%
versus 13% [figure 1].

Both studies of patients with bipolar depression were performed by the same
group and found more-rapid onset, but shorter duration, of benefit [table 1]. Re-
sponse was 58% in the first four hours, but by day one, half of the cohort no longer
met this criterion [figure 2]. While studies in unipolar depression generally discon-
tinued psychotropic medications and provided a washout period, those in bipo-
lar depression maintained patients on therapeutic levels of mood stabilizers, either
lithium or valproic acid, which may have had an effect on outcome.

Limitations in blinding and control selection are prevalent in all but Murrough
et al. (2013), who utilized midazolam as an active control. The trial with ECT as
the active control (Ghasemi et al., 2013) did not appear to have had strict patient
blinding, despite blinding of the treatment team. Valentine et al. (2011) was the op-
posite, with study personnel being aware of experimental conditions. Other studies
utilized a saline placebo, but the apparent ease in recognition of dissociative effects
likely sabotaged the blind.

Eighteen OLIs describe outcomes in unique depressed patients after KET, of
which 17 were principally in unipolar depression [table 2]. Nearly half of the over
250 unipolar depression patients, 95% of whom were categorized as TRD, respond-
ed within four to six hours after KET [figure 3]. At 24 hours, the overall response
rate increased to 59% and then gradually declined with time. While four-week
outcomes were only available for 47 individuals, the 21% response rate after a single
infusion is remarkable in light of the high degree of treatment resistance.

Each open-label trial was focused on some aspect of KET besides acute antide-
pressant efficacy per se, with several valuable findings. Thakurta et al. (2012) demon-
strated robust, but short-lived (< 3 days) antidepressant effects of standard dose KET
in an Indian population. Ibrahim et al. (2011) demonstrated that a history of non-
response to ECT was not associated with a reduced likelihood of response to KET
in TRD. Machado-Vieira et al. (2009) did not detect change in peripheral blood
brain-derived neurotrophic factor (BDNF) levels or correlation between BDNF and
MADRS scores, in 23 TRD subjects over the first four hours after KET. Salvadore et

al. demonstrated correlations between short-term antidepressant response to KET
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and pretreatment signals in prefrontal cortex on magnetoenchephalography (2009,
2010) and proton magnetic resonance spectroscopy (2012). In support of this pos-
sibility, Cornwell et al. (2012) demonstrated that stimulus-evoked somatosensory
cortical magnetoencephalographic responses were increased after ketamine infusion
in responders, but not non-responders to KET.

Phelps et al. (2009) identified another link to a potential biomarker, demonstrat-
ing that non-alcohol-dependent MDD subjects with a family history of alcoholism
had a substantially greater likelihood of response to KET than those without. Luck-
enbaugh et al. (2012) reported similar findings from a post-hoc analysis of RCT
data (Diazgranados et al., 2010b; Zarate et al., 2012). Both Mathew et al. (2010)
and Ibrahim et al. (2012) failed to demonstrate benefits from randomization to rilu-
zole over placebo during planned monthlong follow-up treatment after response to
open-label KET. Larkin and Beautrais (2011) found administration of a lower total
ketamine dose (0.2 mg/kg), via IV bolus rather than slow infusion, permitted use in
an emergency department setting by busy clinicians. While they reported cumula-
tive remission of 71.4% in the first four hours, improved response in the subsequent
two weeks must be interpreted in light of telephone follow-up and naturalistic treat-
ment, including inpatient care (this data omitted from the table).

The one OLI solely in patients with treatment-resistant bipolar depression dem-
onstrated progressive decreases in mean HDRS score and increases in response (Ry-
bakowski et al., 2013)[table 2]. Response more than doubled from 24% at one
day to 52% at one week, remaining stable for the duration of the two-week trial.
Patients were maintained on a variety of mood stabilizing medications, although a
limitation of the study is that subjects were tapered off of antidepressants as recently
as two weeks prior to KET. This may potentially explain the large disparity in out-
come data from the more rigorously designed RCTs.

Efficacy from multiple doses (RCT and OLI data)

Generally, the highest quality data describing the effects of multiple doses of ket-
amine draws from studies utilizing the IV route of administration. Two RCTs and
six OLIs assessed multiple sequential doses of IV ketamine [table 3]. Of these, three
utilized a regimen of thrice-weekly infusions for two weeks. Two others utilized
twice-weekly infusions, one of which stopped infusions when patients achieved re-
mission (Rasmussen et al., 2013), and the other of which increased the dose after
the third infusion (Cusin et al., 2016). Two studies directly compared different
dosing schedules of infusions, ranging from one to three times weekly over the
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course of three to four weeks (Diamond et al., 2014; Singh et al., 2016). All eight
multidose studies noted either stable or increasing rates of response over subsequent
infusions. The response rate for all subjects within 24 hours of their final infusion
was 57%, though if the outliers are excluded (Diamond et al. 2014, Cusin et al.,
2016), this increases to 74%. The majority of these studies also reported time to
relapse after the final infusion, monitoring subjects over the subsequent four weeks
or longer; however, criteria for relapse varied from liberal (aan het Rot et al., 2010)
to conservative (Shiroma et al., 2014). Summing totals from these studies over each
time point reveals 50% of patients no longer met response criteria seven to ten days
following the final infusion, though this may potentially underestimate true benefit
due to our conservative calculations [figure 4].

One RCT compared three ketamine infusions with three bilateral ECT treat-
ments over one week, finding 89% response rate after three ketamine infusions
versus 67% with ECT (Ghasemi et al., 2013). The other RCT compared two-times-
a-week to three-times-a-week infusions, finding both conditions to be significantly
better than saline placebo (Singh et al., 2016). They found no significant differ-
ence in response between the two ketamine conditions, and in fact slightly better
outcomes with the less frequent dosing condition, suggesting two times a week
dosing may be just as efficacious as three time a week. Regarding the six OLIs, all
unique patients are represented in Murrough et al. (2013), Rasmussen et al. (2013),
Shiroma et al. (2014), Diamond et al. (2014), and Cusin et al. (2016). Response
rates immediately after conclusion of the series of infusions were 71%, 60%, 79%,
29%, and 36%, respectively (ITT). Altogether, studies yielded a 20% response rate
approximately a month after conclusion of the course. In Murrough et al. (2013),
17% remained responders over an additional three months’ follow-up, with only
one receiving other medication in the interim. These authors also observed that ini-
tial nonresponders (at four hours after the first infusion) were four times less likely
than initial responders to achieve response at the end of six infusions. Additionally,
several studies noted that patients required up to two infusions before successfully
achieving response (Rasmussen et al., 2013; Diamond et al., 2014), suggesting that
one infusion may be insufficient. Rasmussen et al. (2013) added to the literature
by extending 0.5mg/kg infusions over 100 minutes (0.3 mg/kg/hr), the slower rate
permitting use without presence of anesthesia personnel. Interestingly enough, the
study with the lowest response rate was conducted in an ECT recovery room and
found that several patients complained the setting was too noisy, chaotic, or dis-
tressing (Diamond et al., 2014). Also notable is that this is the only study to use
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the BDI, a patient rated scale, as an outcome measure. The other study that was
conducted in an ECT recovery room had the next lowest response rate (Rasmus-
sen et al. 2013). Cusin et al. (2016) had poorer outcomes perhaps due to a highly
treatment resistant population, despite escalating the dose to 0.75mg/kg mid way
through the series of infusions. Diamond et al. (2014) also assessed memory at
baseline and after the treatment course, finding improvements in autobiographical,
episodic, and subjective memory. Both this study and Singh et al. (2016) were the
only to directly compare different treatment frequencies, and found better results
with the lower frequency arms.

Case reports, intravenous route

We report data from case reports separately from RCTs and OLIs. The 22 pub-
lished case studies (or judged equivalent) that utilized ketamine infusions (KET)
comprised 40 patients and—save for one dose-finding study and another compar-
ing racemic versus S-ketamine—mostly utilized multiple infusions [suppl. table 1].
These reports on one to three patients describe dramatic improvement in depressive
symptoms and functioning in patients with TRD (Kollmar et al., 2008; Liebrenz
et al., 2007, 2009); geriatric TRD patients (Srivastava et al., 2015; Hassamal et
al., 2015); antidepressant effect of ketamine even when this was only arrived at
serendipitously (Ostroff et al., 2005); several descriptions of prolonged relief of de-
pression with repeated dosing (Correll, 2006; Messer et al., 2010; Murrough et
al., 2011; Hassamal et al, 2015); and safe use of ketamine in depressed patients
with severe medical comorbidities or who were concomitantly treated with mul-
tiple other CNS-acting medications (Kollmar et al., 2008; Liebrenz et al., 2007,
2009; Stefanczyk-Sapicha et al., 2008). Hassamal et al. (2015) described a woman
who was treated successfully with three separate series of infusions over the course
of more than a year, each providing benefit for four to eight months. There was a
notable case of rapid relief of intense dysphoria and crying in a terminally ill cancer
patient on a palliative care unit (Stefanczyk-Sapicha et al., 2008). The cases of Yang
et al. (2013) demonstrated rapid relief of depression in young, drug-naive men.
Uniquely, da Frota Ribeiro et al. (2015) described two cases of severe psychotic
depression refractory to other treatments who were responsive to ketamine IV infu-
sions with improvement in both psychosis and depression, suggesting psychosis may
not necessarily be a contraindication to ketamine. Gowda et al. (2016) reported
on a grieving man who experienced remission for three months after a single infu-
sion, focusing on the phenomenological experience as integral to his improvement.
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Szymkowicz et al. (2013) administered between 16 and 34 repeated KET infusions
to three TRD patients over a 12-month period, adjusting frequency depending on
individual response. Their first patient remitted after the second infusion, and was
maintained so with periodic treatments over the subsequent nine months. Their
two other subjects suffered repeated relapses despite intermittent courses of repeat
infusions. Lai et al. (2014) is a dose-finding study, which compared 0.1 to 0.4mg/
kg of ketamine IV over five minutes with a saline control; however, due to low en-
rollment and poor retention, just four individuals received ketamine. Of those, only
one displayed a clear dose response relationship for antidepressant response, though
dissociative effects were clearly dose-related.

Efficacy from alternate routes of administration

In contrast to most studies of IV infusion, studies into intramuscular, subcutane-
ous, intranasal, oral, and sublingual dosing have mostly utilized multiple adminis-
trations attempting to extend response [table 5]. Bioavailability of these different
formulations ranges from ~20% for oral, ~30% for sublingual, 45% for intranasal,
to 93% for intramuscular (Clements et al., 1982). Dose, frequency, follow-up in-
terval, treatment setting, and response metrics varied greatly between publications.
All patients had their existing medications continued, potentially biasing results.
Onset of benefit was generally rapid with parenteral routes, and was successfully
maintained with repeat dosing in several instances.

One unique dose- and route-finding study divided its 15-patient cohort into three
arms and varied the route of administration: four patients via IV push, five patients
via IM, and six patients via SC (Loo et al., 2016). Patients in each arm received
0.1-0.5mg/kg doses, in an ascending design, along with a midazolam control, find-
ing that doses under 0.5mg/kg were effective in some patients, and no significant
differences in outcome existed between the various routes of administration.

In regard to IM administration, one RCT, one OLI, and six case studies detailed
effects in 31 patients. The one RCT by Loo et al. (2016) found a 60% response
rate in the five subjects, versus 0% with the midazolam control. The OLI study
(Chilukuri et al., 2014) was notable in that it directly compared outcomes from dif-
ferent routes of administration (0.5mg/kg IV over 40 minutes, 0.25mg/kg IM, and
0.5mg/kg IM) and found comparable response rates of 33—44% immediately and
several days after administration. In contrast, in the case reports, doses ranged from
0.3mg/kg to 1.0mg/kg, from every two to eight days, and from two to 68 treat-
ments. All but one patient with unipolar depression met formal criteria for response
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by 24 hours, and this outlier experienced an affective switch into mania (Banwari
et al., 2015). Glue et al. (2011) also performed a dose-response assessment, find-
ing greater improvements with higher doses; although 0.5mg/kg and 0.7mg/kg
decreased MADRS scores, only 1.0mg/kg led to response. Zanicotti et al. (2012,
2013) described a woman with metastatic cancer and unipolar TRD who, after
1.0mg/kg, experienced remission of depression for five to six days, and pain for 24
hours. On a weekly outpatient regimen, response was largely maintained for eight
months. Two patients with bipolar depression experienced qualitative improvement
within days to a week after 0.5mg/kg or 0.9mg/kg IM that was maintained for nine
to 12 months by dosing at three-to-four-day intervals, although one patient did
require a dose increase after five months (Cusin et al., 2012).

Three studies utilized intranasal administration, of which one was a double blind
crossover RCT that compared ketamine 50mg with saline (Lapidus et al., 2014).
This study found significant differences in MADRS through two days, and a re-
sponse rate of 44% at 24 hours, comparable to other RCTs that utilized ketamine
infusions [table 1, figure 1]. The second trial was a case series of 12 pediatric sub-
jects (ages 6—19) with bipolar TRD that received a dose between 30-120mg. Onset
of benefit was frequently within the hour, lasting for 3-4 days, and maintained for
months with once- to twice-weekly dosing (Papolos et al., 2013). The final case de-
scribes successful long term maintenance of euthymia with twice weekly intranasal
administration (Clark et al., 2014).

Two studies utilized sublingual administration, one in a mixed cohort of unipo-
lar and bipolar depression (Lara et al., 2013). This study utilized a 10mg dose and
found “rapid” improvements in 17 of the 26 patients, though the time frame was
not defined. Using repeat dosing, from every two to seven days, ten patients were
described as maintaining response over a period of months, based on a Likert scale.
The other study with sublingual (transmucosal) ketamine is a chart review of 17
patients who were prescribed 0.5-1.0mg/kg every seven to 14 days, and found a
76% response rate, typically within 24 hours. This is likely an overestimate of true
response, as responder classification was by chart review and refill history (Nguyen
etal., 2016).

Subcutaneous (SC) administration has also been reported. The RCT by Loo et al.
(2016) found 100% response in the six subjects treated by SC ketamine, versus 17%
with the midazolam control. McNulty et al. (2012) describes a case of “dramatic re-
lief” from depression in a hospice patient after initial subcutaneous administration
of 0.5mg/kg, followed by the same amount by mouth daily, with maintenance for
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11 weeks. Another case describes long-term maintenance of response with repeated
doses, notably at only 0.2mg/kg (Gdlvez et al., 2014).

We found four other case studies and a subsequent OLI that utilized oral ad-
ministration. One case study (Irwin and Iglewicz, 2010) in two hospice patients
with depression found response in both after a single dose of 0.5mg/kg, one within
120 minutes, the other at eight days. The follow-up OLI included 12 additional
patients and utilized daily dosing of 0.5mg/kg (Irwin et al., 2013), finding 57%
response rate, mean time to response of 14.4 days, and maintenance of response
for at least 28 days. More recently the same authors published a retrospective chart
review involving 31 patients finding 71% response at 24 hours after single oral doses
of 0.5mg/kg (Iglewicz et al. 2014). It is unclear why this study displayed such rapid
response, while the other did not. De Gioannis and Leo (2014) described use of
oral ketamine outside the hospice setting, in two individuals with bipolar disorder
and suicidality, demonstrating maintenance of response with escalating doses of oral
ketamine every two to four weeks.

There have been relatively few investigations of doses other than the standard
0.5mg/kg; Loo et al. (2016) reported response to 0.1-0.5mg/kg via IV bolus, IM
injection, and SC injection. A trial of 20 patients by Lenze et al. (2016), in contrast,
tried a 96-hour ketamine infusion and found that, during eight weeks of follow-up,
efficacy was no greater than for a 40-minute infusion.

S-Ketamine

Ketamine exists as a racemic mixture of the S- and R- stereoisomers, and while
most studies have employed the racemate, a minority has solely used the more po-
tent S- stereoisomer. There may be differences between the two, both in terms of
antidepressant response and dissociative effects, though results are conflicting. Stud-
ies with S-ketamine describe treatment in just over 10 patients, all with unipolar
depression [table 5, suppl. table 1]. No reports utilizing R-ketamine for treatment
of depression exist. Only one publication, a case report, describes direct comparison
between stereoisomeric forms of ketamine. Two patients were each given equian-
algesic IV infusions of racemic ketamine 0.5mg/kg and S- ketamine 0.25mg/kg
a week apart (Paul et al., 2009). Robust antidepressant response to both isoforms
of ketamine was observed in one patient, while the other responded to neither.
Further, both patients had mild dissociative/perceptual disturbances (“psychotomi-
metic”) with the racemate but not S-ketamine. Paslakis et al. (2010) treated four in-
dividuals with S-ketamine using a total oral daily dose of 1.25mg/kg, bioequivalent
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to 0.25mg/kg IV, divided over three times daily, and similarly found no dissociative
effects and a 50% response rate. Conversely, subsequent studies utilizing IV infu-
sions of S-ketamine 0.25mg/kg, either one time or multiple, found comparable
response rates soon after infusion, but did note strong dissociative effects (Denk et
al., 2011; Segmiller et al., 2013).

Suicidality

Data regarding reduction of suicidality with ketamine is suggestive of benefit
[table 4]. The majority of studies did not assess suicidality as a primary outcome
measure, and also utilized group mean change in suicidality scales rather than more
easily interpretable results such as percent of the cohort achieving lack of suicidality.
In regards to unipolar depression, four RCTs and nine OLIs reported on suicidal-
ity, typically utilizing either the HDRS or MADRS suicide items, or the scale for
suicide ideation (SSI) (Beck et al., 1979). Of these, only one OLI reported lack of
benefit. The others showed benefit at disparate time points ranging from the first
four hours post dose to three days out. Time course data is present in two studies,
with one suggesting loss of significance after four hours. Murrough et al. (2015b)
found statistically significant differences between ketamine and midazolam, losing
significance by three days. Four studies, however, reported categorical outcomes of
percent of subjects attaining an SSI or MADRS-SI score below a certain threshold
(resolution of suicidal thoughts). These “response rates” ranged from 81% to 90%
within the first 24 hours. Another study found, at 4 hours, a 97% response rate in
33 previous ketamine responders, and a 100% response among the high suicidality
sub-cohort (Diazgranados et al., 2010a). Price et al. (2014) reanalyzed data from
the Murrough et al. (2013) RCT, finding decreases in both explicit suicidality as
well as implicit associations (“Escape = Me”). Other case reports, utilizing IV infu-
sions (Murrough et al., 2011; Zigman and Blier 2013), and a case series with IM
administration (Harihar et al., 2013), all showed benefit. Conversely, one OLI of
oral ketamine in 14 hospice patients found no such benefit (Irwin et al., 2013).

In bipolar depression, three RCTs and two case series report on suicidality. Two
of the RCTs by the same group conflict in finding significant benefit. Zarate et al.
(2012) demonstrated significant differences in between-group MADRS-SI scores
through three days. Diazgranados et al. (2010b), on the other hand, found no dif-
ference between IV ketamine and placebo, though these authors excluded patients
with risk for suicide at baseline. Murrough et al. (2015) recruited both unipolar and
bipolar subjects, and found benefit through two days follow-up. One case series uti-
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lized IM administration and showed qualitative improvement (Cusin et al., 2012),
while the other did so with oral doses every two to four weeks (De Gioannis and
Leo, 2014).

Adverse effects

During infusion, five different adverse events with ketamine led to discontinu-
ation in RCTs [suppl. table 2]: hypotension and bradycardia, hypertension un-
responsive to beta-blockers (Murrough et al., 2013), anxiety and paranoia in one
patient, palpitations in another patient, and a combination of anxiety, dizziness, hy-
poesthesia, and feeling cold in a third (Singh et al., 2016). Following infusion, four
adverse events led to discontinuation: worsening mood in three patients (one with
suicidal ideation), and increased anxiety in another (Diazgranados et al., 2010b).
Three placebo patients discontinued, for elevated blood pressure during infusion
(Valentine et al., 2011), hypomania (Diazgranados et al., 2010b), and disc degen-
eration (Singh et al., 2016). In OLIs, only two adverse events led to treatment dis-
continuation out of nearly 300 individuals [suppl. table 3]: elevated blood pressure
unresponsive to beta-blockers during infusion (Murrough et al., 2013), and a panic
attack (Diamond et al., 2014). In case reports, one subject receiving S-ketamine
at 0.25mg/kg discontinued during infusion due to dissociation (Segmiller et al.,
2013).

Although clinically significant hemodynamic changes were rare, tachycardia and
transient elevations in blood pressure were commonly reported across the various
routes of administration in RCTs and OLIs [suppl. tables 2 and 3]. Two cases of hy-
potension (Murrough et al., 2013; aan het Rot et al., 2010), one case of bradycardia
(aan het Rot et al., 2010), and one vasovagal episode were also reported. In regard
to pulmonary effects, aan het Rot et al. (2010) reported one patient with bradypnea,
with oxygen desaturation to 94%. To date, no RCTs or OLIs have reported these
effects persisting beyond four hours, save for one patient with mild, asymptomatic
hypotension lasting until discharge at 24 hours (aan het Rot et al., 2010).

Dissociation, psychotomimetic effects, manic symptoms, and other psychiatric
effects were assessed in most investigations. In RCTs and OLIs adverse effects as
measured by Clinician Administered Dissociative Symptom Scale (CADSS) (Brem-
ner etal., 1998), Brief Psychiatric Rating Scale (BPRS) (Overall and Gorham, 1970)
or Young Mania Rating Scale (YMRS) (Young et al., 1979) revealed significant in-
creases compared with control/baseline, that generally resolved by 80 min to four
hours, and was rarely reported as distressing.



214 Ketamine, Depression, and Current Research

We evaluated the adverse effects in multiple dose studies separately. Of the two
RCTs utilizing repeat dosing, Singh et al. (2016) noted diminishing intensity of
dissociative symptoms with repeat dosing. In the six OLIs utilizing repeat dosing,
elevations in CADSS and BPRS were either similar or diminished across multiple
infusions, with no progressive increase over multiple infusions. Cusin et al. (2016)
administered three infusions at 0.5mg/kg followed by three more infusions at
0.75mg/kg, finding decreasing dissociative effects despite the dose increase. Simi-
larly, hemodynamic and respiratory effects did not worsen with repeat adminis-
trations. Dose-dependent increases in dissociative symptoms were reported in two
dose-finding studies, one with rapid IV infusions over two to five minutes (Lai et al.,
2014) and the other with rapid administration via IV, IM, or SC routes (Loo et al.,
2016). Transient tachycardia and asymptomatic premature ventricular contractions
were described in one patient, and nausea and vomiting in another (aan het Rot et
al., 2010; Shiroma et al., 2014). One suicide attempt occurred during the washout
period before ketamine infusion (Murrough et al., 2013). One report of mania was
found in a patient who received 34 doses of ketamine at variable intervals over a
one-year period (Liebrenz et al., 2009), and another reported a “mild” hypomanic
episode in a patient after his third infusion (Diamond et al., 2014). Niciu et al.
(2013) analyzed data from three NIMH RCTs of IV ketamine infusion in bipolar
depression, finding transient increases in YMRS scores lasting no more than a day
after infusion, and no cases of full blown mania or hypomania. They also reported
that within the YMRS elevations, none of the patients had specific elevations in the
elevated mood item [suppl. table 2].

We evaluated the adverse effects in the non-IV alternate routes of administration
separately. Intramuscular reports noted effects similar to those of IV, but with less
intense dissociative effects and hemodynamic changes (Loo et al., 2016). In one
case, decrease in dizziness and derealization occurred over repeat (41 total) injec-
tions (Zanicotti et al., 2013), whereas in another a dose of 1.0mg/kg resulted in
intolerable dissociative effects necessitating a dose decrease to 0.5mg/kg (Cusin et
al., 2012). In one intranasal study of 12 pediatric patients, transient (60 minutes)
dissociative effects similar to IV were reported, as well as mild palpitations and mod-
erate respiratory distress (Papolos et al., 2013), whereas in another intranasal case
report the patient described feeling “high,” but only during the first few of more
than 30 administrations (Clark et al., 2014). The only RCT utilizing intranasal
administration found a similar side effect profile (Lapidus et al., 2014). Sublingual
dosing was evaluated in 43 patients across two studies, and resulted in no euphoria,
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psychotic, or dissociative symptoms (Lara et al., 2013; Nguyen et al., 2015). Light-
headedness (mild, transient, and improving on repeat dosing) and one report of
tachycardia (<30 minutes) occurred; mouth numbness was the only novel effect re-
ported (Lara et al., 2013). In the 51 patients that received oral ketamine, essentially
no adverse effects, including vital sign changes, were reported (Paslakis et al., 2010;
Irwin and Iglewicz, 2010; Irwin et al., 2013), save for disorientation and hallucina-
tions in a minority of a medically ill hospice population (Iglewicz et al., 2014). In
fact, there were improvements in BPRS and adverse symptom checklists (Irwin and
Iglewicz, 2010). Only diarrhea, trouble sleeping, and “trouble sitting still” occurred
(one each) in a study of 14 patients (Irwin et al., 2013). The only study of oral §-
ketamine, divided over three times daily, found essentially no side effects in all four
patients. Loo et al. (2016) directly compared IV, IM, and SC administration and
found the lowest side effect profile with SC dosing.

Lower urinary tract symptoms (LUTS) are common adverse effects in the ket-
amine abuse population. We looked systematically at the published data reviewed in
previous sections of this chapter, and report the following: most RCTs (Berman et
al., 2000; Zarate et al., 2006; Diazgranados et al., 2010b; Valentine et al., 2011; Sos
et al., 2013; Ghasemi et al., 2013; Lenze et al., 2016; Loo et al., 2016; Singh et al.,
2016) and OLIs (Machado-Viera et al., 2009; Phelps et al., 2009; aan het Rot et al.,
2010; Mathew et al., 2010; Ibrahim et al., 2011; Cornwell et al., 2012; Savadore et
al., 2009, 2010, 2012; Larkin & Beautrais, 2011; Thakurta et al., 2012; Rasmussen
et al., 2013; Rybakowski et al., 2013; Chilukurti et al., 2014; Niciu et al., 2014;
Shiroma et al., 2014a, 2014b) involving intravenous ketamine for treatment-resis-
tant unipolar or bipolar depression, did not specifically report on the presence or
absence of LUTS), with follow-up periods varying from 1 to 14 days. In Murrough
etal. (2013), some urinary symptoms) were reported within the first day after infu-
sion in two of the 26 patients, with such symptoms occurring in the subsequent
week after serial infusions in one patient. In their large, two-site RCT comparing
ketamine to midazolam, Murrough et al. (2013b) found during the one-to-seven-
day period after infusion that four of the 47 ketamine patients (9%) reported fre-
quent urination, three patients (6%) reported painful urination, and 1 patient (2%)
reported difficulty urinating; in contrast, none of the 25 midazolam treated patients
had urinary complaints. The study by Ibrahim et al. (2012) compared riluzole to
placebo after a single open-label ketamine infusion. They found increased urinary
frequency in three of 42 patients during the first several hours after infusion, and a
combined five of 42 during the 28-day follow-up period (one of 20 in the riluzole
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group, and four of 22 in the placebo group). After six infusions, Diamond et al.
(2014) described development of persistent cystitis in one of the 28 patients, which
was attributed by the patient to sexual activity, and that resolved with antibiotics.
No other patients reported cystitis or developed abnormalities on urine dipstick
testing. Cusin et al. (2016) reported difficulty urinating in one of 14 subjects dur-
ing treatment with thrice-weekly ketamine infusions at 0.5mg/kg, but none during
subsequent treatment at 0.75 mg/kg. Lapidus et al. (2014) reported that there was
no difference in the incidence of urinary urgency between subjects randomized to
intranasal ketamine or placebo. Finally, in case studies involving repeated ketamine
administrations and variable duration of follow-up, ranging from two to 36 infu-
sions and 12 days to 18 months, “no adverse effects” was reported, but LUTS) was
not specifically addressed (Messer et al., 2010; Cusin et al., 2012; Segmiller et al.,
2013; Szymkowitz et al., 2013; Hassamal et al., 2015; Srivastava et al., 2015).

Discussion
Antidepressant and antisuicidal effects

Ketamine appears to have remarkably robust eflicacy in short-term relief of severe
and treatment-resistant depression, with onset in hours, and duration of at least
a few days. While this has been observed in both unipolar and bipolar depressed
populations, in the latter, duration appears slightly shorter and there are fewer sup-
porting studies. Similarly, in cases of non-TRD, this effect seems to hold, though
relative efficacy is unclear. Ketamine’s effectiveness in relief of acute suicidal ideation
is also a highly valuable finding, though there are fewer studies on the matter. This
benefit appears unique to ketamine, although comparisons with other active treat-
ments are lacking. Furthermore, there are conflicting findings as to whether reduc-
tions in suicidality are specific, or rather related to overall reductions in depression
(Price et al., 2009; Diazgranados et al, 2010a; Rasmussen et al., 2013; Murrough et
al., 2013; Ballard et al., 2014; Murrough et al., 2015). Up until recently, most stud-
ies have excluded individuals with recent suicidality, and instead performed post-hoc
re-analyses of suicidality subscales; Murrough et al. (2015) notably treated suicidal
patients with ketamine, finding significant improvements. To date, however, there
are still no data on suicide attempts, completed suicide, or other long-term effects,
nor on parasuicidal behavior; this is fertile ground for further research given the
great potential benefit for treating emergent suicidality or averting hospitalization.
Ketamine deserves consideration for use in select patients who otherwise would
continue to suffer severely, if only as a temporizing measure to give clinicians time
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to identify and implement alternative treatments.

The largest challenge with this promising agent remains the extension of benefit
for the longer term, which is pertinent to the vast majority of depressed patients
who have failed to benefit sufficiently from psychotherapy, psychosocial interven-
tions, and the initial tiers of somatic intervention. Repeated ketamine infusions
have shown promise, and there may be a cumulative dose effect similar to ECT,
where a series of treatments are required to induce full response or remission (aan
het Rot, et al. 2010; Murrough et al., 2013; Rasmussen et al., 2013; Singh et al.,
2016). Indeed, several studies concluded patients require more than one infusion
before being considered non-responders, and response rate appears to correlate with
number of infusions [figure 3]. The comparison to ECT is tempting, and certainly
makes for a good argument against those who would dismiss the potential for ket-
amine in depression because of the only short-term benefit of single infusions. It is
far from clear what the optimum dose, frequency, duration, and number of infu-
sions is, and how this might be individualized, though future studies will be reveal-
ing. The existing paradigm of the 0.5mg/kg dose is quite arbitrary, though several
studies have assessed lower doses with success; it is not clear what the minimum
effective dose is for antidepressant benefit, and if this could be a pathway to mitigate
unwanted side effects. It also worth noting that some patients do not benefit from
ketamine, despite multiple treatments (Szymkowicz et al., 2014), and tolerance has
been reported (Bonnet et al., 2015). On the other hand, in loss of response after
an initial series of infusions, repeat courses were shown to be effective and provide
months more remission (Hassamal et al., 2015).

Alternatives to IV infusion, such as intramuscular (IM), intranasal (IN), oral,
sublingual (SL), and subcutaneous (SC) routes, have been studied to a lesser extent,
but do appear to work. The trade-off is potentially lower response rates with routes
other than the IM, which results in ketamine bioavailability similar to, IV adminis-
tration. These alternate routes offer a potentially greater benefit to risk ratio, given
the more favorable side effect profile. Loo et al. (2016) did compare different routes
of administration, finding non-IV routes were better tolerated. A significant limi-
tation is lack of high-quality prospective studies: of these alternate routes, our re-
view found only one robust RCT, which utilized IN administration (Lapidus et al.,
2014). Compared with IV administration, IM, IN, and SL routes are similarly rapid
acting, with conflicting and weaker data for SC and oral administrations. Duration
of benefit is similar to IV infusions, on the order of days, but has been successfully
prolonged with repeated dosing, which is notably easier given the relatively low re-
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source requirements with such administrations (Cooper et al., 2016). Several cases
describe treatment in an office-based setting, with patients returning to the office
anywhere from multiple times a week to once a month, and maintaining response
on the order of months. It is unclear if such response eventually fades, or rather if
it could be continued indefinitely, though several cases describe maintenance for a
year or more (Zanicotti et al., 2013; Cusin et al., 2012). Several series of infusions
spaced out over the course of a year proved to be effective in one case, suggesting
that a block of six infusions could be repeated after relapse (Hassamal et al., 2015).
Oral dosing has thus far been used mostly in hospice populations, and of the various
routes of administration likely produces the mildest dissociative side effect profile,
but with a slower onset of antidepressant benefit. One case report mitigated this
limitation through an initial single loading dose via a rapid acting route, followed
by more convenient oral daily maintenance dosing (McNulty et al., 2012). Oral
ketamine administration, compared to parenteral, results in a higher blood norket-
amine to ketamine ratio because of extensive first pass metabolism. Norketamine
is pharmacologically active as an NMDA antagonist and has analgesic and likely
antidepressant effects, along with longer elimination half-life than ketamine itself.
The clinical implications for treatment of depression, however, are unclear (Blonk et
al., 2010). Sos et al. (2013), however, found no correlation between blood levels of
ketamine or nor-ketamine and antidepressant response.

Adverse effects

Ketamine appears to be well tolerated by the majority of individuals who receive
it for short-term treatment of depression. The most commonly reported adverse
effects are dissociative and psychotomimetic experiences, which are transient and
typically resolve within an hour. Occasionally hemodynamic effects, also typical-
ly transient and mild, have led to treatment discontinuation, although in every
case these have responded to conservative management. Even at doses as high as
4-6mg/kg used for sedation in an emergency room setting, ketamine proved to be
safe (Isbister et al., 2016). Assessment of hemodynamic effects and antidepressant
response revealed no correlation (Luckenbaugh et al., 2014), though such a cor-
relation may exist between dissociative symptoms and antidepressant response, as
we later explore. Intramuscular, sublingual, subcutaneous, intranasal, and especially
oral administration generally resulted in fewer adverse effects than seen after IV
administration, possibly due to a slower increase in blood levels (Lara et al., 2013;
Paslakis et al., 2010; Irwin and Iglewicz, 2010; Irwin et al., 2013; Iglewicz et al.,
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2014; Loo et al., 2016). Supporting this theory are data from Lai et al. (2014) that
found extensive dissociative symptoms with IV administration over two minutes,
and decreases in such symptoms with extension of administration over five minutes.
Overall, the safety profile of short-term treatment with ketamine, particularly in
closely monitored settings, is reassuring.

Conversely, there is a relative paucity of data on adverse effects from chronic
repeated administrations of ketamine when used for treatment of depression. Long-
term exposure in abuse populations, where dose and frequency far exceed those
used in clinical protocols, does suggest potentially serious sequelae. In such popula-
tions, both short- and long-term neurocognitive adverse effects have been reported
(Curran and Monaghan, 2001; Morgan et al., 2004). Conversely, data from studies
utilizing ketamine for treatment of depression indicate it may actually improve neu-
rocognitive outcomes, most likely by reversing the “pseudo-dementia” seen in severe
depression (Permoda-Osip et al., 2015; Shiroma et al., 2014). In further support of
a benign cognitive safety profile, Murrough et al. (2015) found no neurocognitive
impairments one week after ketamine when compared with midazolam. In chronic
recreational use of ketamine, ulcerative cystitis has been identified as an important
adverse effect (Shahani et al., 2007). Since initial discovery, the syndrome of lower
urinary tract symptoms (LUTS)) has been well characterized in this population
and recognized by urologists as a new and serious medical condition (Chu et al.,
2008; Tan et al., 2014; Middela and Pearce, 2011; Winstock et al., 2012; Yek et al.,
2015; Wu et al., 2016). It occurs in 20-30% of chronic recreational ketamine users
(Chu et al., 2008; Winstock et al., 2012), with incidence and severity proportional
to cumulative dose and duration of use. Symptoms include increased frequency of
urination (progressing to hourly or more frequent), painful urination, and ulcer-
ation of the bladder epithelium leading to bleeding. As the syndrome progresses, the
bladder wall may thicken and stiffen, limiting drainage from the kidneys, eventually
leading to hydronephrosis and renal failure. In the early stages, damage is reversible
with abstinence from ketamine (Wein et al., 2013), though progresses to irrevers-
ible with continued use, eventually requiring urinary diversion or bladder replace-
ment (Wu et al., 2016). Infection is not typical—there is sterile pyuria, with white
blood cells reflecting inflammation—nor is malignancy, although this is still under
study. Clinically, LUTS) have been reported in monitored pain treatment programs
utilizing high doses of daily oral ketamine: after months at >80mg in three pallia-
tive care patients (Storr and Ouibell, 2009), and after nine days of 8mg/kg/d in an
adolescent with neuropathic pain (Grégoire et al., 2008). Other reviewers, found,
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as we did, a lack of systematic data on the occurrence of LUTYS) in clinical use of
ketamine for depression treatment, though this is certainly warranted (Katalinic et
al., 2013; Bobo et al., 2015; Coyle and Laws, 2015). In regard to dissociative symp-
toms, several clinical studies have noted subjects develop tolerance to these effects
with repeat dosing, but not to antidepressant benefit; that is, with serial infusions,
tolerability appears to improve and antidepressant effect grows (Cusin et al., 2016;
Singh et al., 2016).

Another setting in which ketamine’s rapid onset of antidepressant—in addition
to analgesic—effects has been used with success is the inpatient palliative care set-
ting (Prommer et al., 2012, Iglewicz et al., 2014), though concern has been raised
that in the cancer patients, ketamine’s mTor upregulation could accelerate tumor
growth (Yang et al., 2011). In treatment of bipolar depression, another important
adverse effect to monitor for is induction of mania or cycle acceleration. As noted
in the Niciu et al. (2015) review of three larger NIMH trials, this was not found to
be a serious concern. Alternatively, Banwari et al. (2015) reported a case of mania
induction in a unipolar patient.

Ketamine stereoisomers

Ketamine exists as a racemic mixture of the S- and R- stereoisomers, yet these
appear to have subtly different effects. S-ketamine has long been known to have ap-
proximately two to three times greater potency in terms of analgesia and anesthesia
(Kohrs and Durieux, 1998), and three to four times greater affinity for the PCP
binding site of the NMDA receptor, but only negligible binding to the sigma recep-
tor. R-ketamine, on the other hand, has greater, although still weak, sigma receptor
binding, but the significance of this is unclear (Vollenweider et al., 1997). Observa-
tions from the anesthesia literature initially noted that in equianalgesic doses, S-ket-
amine has a lower incidence of psychotomimetic side effects than either the racemate
or R-stereoisomer (Raeder et al., 2000), leading some to investigate it for depres-
sion. In humans, both the racemate and S-ketamine appear to have antidepressant
effects, but data regarding psychotomimetic effects of the component stereoisomers
are more contradictory. A separate series of trials may perhaps explain this; one pilot
study of healthy individuals found that the dose of S-ketamine required to induce
psychosis is 60% of that of the racemate, suggesting the S-enantiomer is responsible
for such effects (Vollenweider at al 1997). These authors found psychotomimetic
effects in S-ketamine versus “a state of relaxation” in R-ketamine (Vollenweider at
al 1997). Similarly, a study in rodents reported minimal dissociative effects after R-
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ketamine (Yang et al., 2015). Animal studies assessing equimolar equivalents of each
stereoisomer found both to provide a rapid and long lasting antidepressant effect,
but ultimately a longer durability of effect with the R-enantiomer, leading them to
speculate the R- form may be a good candidate for future study (Zhang et al., 2014;
Hashimoto et al., 2014; Yang et al., 2015). Further research directly comparing S-,
R-, and racemic ketamine in humans is needed to clarify if one indeed exhibits fewer
dissociative effects while still maintaining antidepressant efficacy.

Further clinical issues

There is no uniform definition of treatment resistance in the literature reviewed,
although patients with or without treatment resistance, however defined, respond
similarly. In assessing improvements in depression, the most commonly used mea-
sures—the MADRS and HDRS—may not adequately assess change over a time
scale on the order of hours. Several questions, for example regarding sleep and ap-
petite, cannot reflect change over the course of a 40-minute infusion; some stud-
ies have gotten around this by carrying forward prior subscores (Rasmussen et al.,
2013). The issue of concomitant medications--or their discontinuation--is another
confound which needs to be carefully managed in the design of future studies.

Several potential predictors of response have received attention. Our review sug-
gests that patients with either unipolar or bipolar depression exhibit at least short
term response to ketamine, likely more so in those with unipolar depression. Some
authors have suggested that the melancholic subtype of major depression may augur
a greater likelihood of response, but this not been studied prospectively (Paslakis et
al., 2010; Atigari and Healy, 2013; Gdlvez et al., 2014). At least two studies found
a greater likelihood of antidepressant response in patients with a family history of
alcoholism, compared to those without, although no relationship to personal his-
tory of alcoholism was seen (Phelps et al., 2009; Niciu et al., 2015). The presence
of an anxiety component to depression predicted greater response in unipolar de-
pression, but not bipolar depression (Ionescu et al., 2014; Ionescu et al., 2014). At
least in bipolar depression, this is notable because those with the anxious subtype
are frequently poorer responders to conventional treatment. To this end, in stud-
ies of conditions previously classified as anxiety disorders, such as post-traumatic
stress disorder and obsessive-compulsive disorder, ketamine has also shown benefit
(Feder et al., 2014; Rodriguez et al., 2013). Additionally, several other factors have
been found to predictor antidepressant response to ketamine: slow processing speed
(Murrough et al., 2015), reduced attention (Shiroma et al., 2014), small hippocam-
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pal volume (Adballah et al., 2015), pre-infusion standardized uptake values on PET
imaging of the prefrontal cortex (Li et al., 2016), and MRI fractional anisotropy
measurements of the cingulum and forceps (Vasavada et al., 2016).

To date, other agents directed at the neurochemical target most frequently held to
account for ketamine’s antidepressant effect—NMDA receptor antagonism—have
been disappointing in terms of extending ketamine’s short-term benefits (Ibrahim et
al., 2012; Mathew et al., 2010; Zarate et al., 2006; Heresco-Levy et al., 2006; Mc-
Cloud etal., 2015). Additional trials are underway to explore this strategy, although
infusion of a specific NMDA antagonist, AZDG6765, was not effective (Zarate et
al., 2013). Another open label trial examined the combination of a single ketamine
infusion followed by daily pyridoxine and D-cycloserine, the latter of which is an
NMDA receptor antagonist at higher doses, and found remission in four of the
eight subjects (Kantrowitz et al., 2015). Alternative mechanisms, such as ketamine’s
effects on seizure threshold, are also worth considering (Atigari and Healy, 2013).

An obvious question is how dissociative and antidepressant effects might be re-
lated. Our review found the time course of these effects differs substantially. An-
tidepressant effects can occur in patients who do not experience even transient
dissociative effects, and vice-versa. One post-hoc analysis found that magnitude of
acute dissociative symptoms partially correlated with later antidepressant response
(Luckenbaugh et al., 2014). Thus, the dissociative effects are not necessarily part of
the antidepressant effects per se. On the other hand, it is worth considering that dis-
sociation is part of the unique effect of ketamine that is not shared by conventional
antidepressants: an altered sense of self that can also lead to a new state of content-
ment. This could explain why recent trials with non-psychoactive NDMA antago-
nists have not demonstrated antidepressant efficacy, and may in fact represent an as
yet unexplored aspect of mood regulation—what might be called the eudaimonic
dimension (or “well-being,” from Aristotle)—that ketamine has given the field an
opening to better explore. In support of this, a review by McCloud et al. (2015)
found no benefit from memantine and cytidine, both NMDA receptor antagonists
without reported dissociative/psychotomimetic effects. In this context it is worth
noting that nitrous oxide and classical hallucinogens, which share similar disso-
ciative/psychotomimetic effects with ketamine, may have antidepressant properties
(Nagele et al., 2015; Baumeister et al., 2014; Carhart Harris et al., 2016). When
used in combination with quinidine, dextromethorphan, which can also have dis-
sociative effects (Morris et al., 2014), was found incidentally to have antidepressant
effects (Pioro et al., 2010). Similarly, ketamine and the classic hallucinogens have
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each been employed in grief and end of life care, either for depression or anxiety, but
perhaps with a similar mechanism (Gowda et al., 2016; Iglewicz et al., 2014; Gas-
ser et al., 2014; Grob et al., 2011). It may be the case, as with classic hallucinogens,
which were originally termed psychotomimetic, that these altered states are less
“psychotic mimicking” and more psychedelic, or “mind manifesting.” In the case of
classic hallucinogens, concerns over these effects led their potential antidepressant
benefit to be ignored for many years (Baumeister et al., 2014).

A corollary issue pertinent to ketamine’s unique effects is what has been called
“set and setting” (Johnson et al., 2008); that is, the mind sets of the provider and the
patient, and the environmental setting in which the treatment session occurs, may
have particularly important impact on treatment outcome (Mithoefer et al., 2016).
Consistent with this, two studies conducted in noisy, crowded, high-intensity medi-
cal settings had the poorest outcomes among the studies of multiple ketamine infu-
sions (Rasmussen et al., 2013; Diamond et al., 2014). Conversely, recent studies
of MDMA-assisted psychotherapy for post-traumatic stress disorder (Mithoefer et
al., 2013) and psilocybin for end of life anxiety (Grob et al., 2011) used carefully
designed protocols to optimize these aspects of the interventions. It is possible that
similar optimization of ketamine treatment would improve antidepressant out-
comes.

Several other specific clinical issues deserve further exploration. One study found
a single dose of ketamine to accelerate the onset of benefit with escitalopram from
an average of 26.5 days to 6.4 days, suggesting a clinical application for ketamine to
accelerate treatment response, another important limitation of current medications
(Hu et al., 2016). To date, studies in TRD have excluded psychotically depressed
patients. However, da Frota Ribeiro et al. (2016) reported two cases of success-
ful ketamine treatment in severe psychotic depression with remission from both
depressive and psychotic symptoms, suggesting this contraindication for ketamine
may not be necessary. Is the presence of an anesthesiologist required? By extending
the duration of the ketamine infusion to 100 minutes, anesthesiology monitoring
was determined to be unnecessary (Rasmussen et al., 2013). Another study reports
infusions were performed by a psychiatrist with Basic Life Support training and
code team backup (Zigman and Blier, 2013). A further question, as alluded to in
discussion of alternate routes, is whether ketamine could be used in an office-based
setting: the RCT using intranasal ketamine amended their protocol after demon-
strated safety, and began discharging individuals four hours after receiving their
doses (Lapidus et al., 2014). Furthermore, several case reports utilizing IM and
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other methods of administration describe successful long-term treatment in an of-
fice-based setting. Alternate routes of administration could benefit not only the cost
and availability compared to IV administration, but have been shown to mitigate
the side effects of ketamine (Cooper et al., 2016). Ultimately, more rigorous studies
in such settings are needed.

Conclusion
Recommendations for future research
Based on this review, the following specific reccommendations stand out:

1) Direct comparisons between various routes and durations of ad-
ministration, both in acute and maintenance treatment, as well as to
active placebo or standard agents. Less resource intensive routes of
administration including intramuscular, intranasal, sublingual, subcu-
taneous, and oral routes should be studied as they offer potential ad-
vantages, including expansion of ketamine research to the outpatient
setting.

2) Dose-response relationships for each route of administration,
including monitoring of levels of both ketamine and nor-ketamine
levels, in part to find the minimum effective dose for each route.

3) Examination of serial ketamine administrations and optimal dos-
ing frequencies for each route of administration, or with augmenting
agents, with the goal of extending the duration of response and long
term maintenance of benefit.

4) Trials that prospectively assess anti-suicidal effects as a primary
study end point, in both acute and maintenance treatment, perhaps as
a way to avert or shorter inpatient psychiatric admission.

5) Trials to further assess if benefit seen in treatment resistant de-
pression extends to non-treatment resistant depression, and if ket-
amine is a viable treatment strategy in this population.

6) Systematic monitoring of psychotomimetic and dissociative ef-
fects with long-term treatment, and correlations with responses to
treatment, including assessments of tachyphylaxis to these effects.

7) Systematic monitoring of neuropsychological functions, urinary
tract related symptoms, suicidal behavior, and at least in bipolar sub-
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jects, mood switching, during long term treatment.

8) Careful analysis of ketamine’s “eudaimonic” effects as they relate
to antidepressant, dissociative, psychotomimetic, and antisuicidality
effects.

9) Additional trials to follow-up on the suggested benefits of ket-
amine in other disorders such as PTSD and OCD; and as a transper-
sonal agent for those with life threatening illness or at the end-of life.

Recommendations for clinical use

A thorough review of the literature utilizing ketamine for treatment of refractory
depression reveals rapid onset of action within hours, often lasting several days to
a week, after a single infusion. We acknowledge a common criticism raised about
the limited time frame of efficacy from a single dose of ketamine. However, this
does not distinguish it from any other treatment of depression, including psycho-
therapy, medication, or ECT. Furthermore, multiple dosing studies and alternate
routes of administration have safely and successfully extended the antidepressant
benefit of ketamine, with select cases demonstrating maintenance for nearly a year.
These findings are all the more impressive when viewed from the perspective of an
already treatment-resistant population. We did not find evidence of serious neuro-
cognitive adverse effects in clinical use, in contrast to what has been reported with
ketamine abuse. This is an area in which ketamine may distinguish itself from ECT
as an alternative for TRD. Similarly, we did not find evidence of LUTS), but this
has not been systematically investigated. The frequency and seriousness of LUTYS)
in the abuse population makes it an important adverse effect to monitor in clinical
use. Dissociative effects are common, time-limited, generally well tolerated, and
appear to subside in intensity with repeat dosing. At doses used for treatment of
depression, significant hemodynamic effects requiring intervention are possible but
uncommon, and do warrant monitoring. Other potential contraindications exist,
such as abuse liability, but with care in patient selection unwanted outcomes can
be minimized. Ketamine is clearly a very promising agent. While we currently urge
caution in widespread clinical adoption for treatment of depression, our review of
the risks and benefits supports its acute—and potentially repeated—use in carefully
selected cases who have not benefited from other treatments. Our review provides
strong suggestive support for the use of more “user friendly” non-IV alternate routes
of administration, but the evidence base is not as robust. While the existing and
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somewhat arbitrary paradigm of 40-minute IV infusions has proven effective, much
less-resource-intensive protocols such as intramuscular, intranasal, sublingual, sub-
cutaneous, and oral methods of administration represent a potential revolution in
the use of ketamine. These routes of administration have the advantage of expand-
ing use of ketamine to the outpatient setting, along with corresponding cost reduc-
tions. Ketamine has not reached the status of being formally promoted for wider
clinical use, although we acknowledge that it has seen growing use among psychia-
trists in private practice and academic centers. Providers hoping to utilize ketamine
for treatment of depression should take care to offer full informed consent as well as
communicate that this use is off-label from FDA-approved indications.

Abbreviations Key

ADHD, attention deficit hyperactivity disorder

BDI, Beck Depression Inventory

BDI-SI, Beck Depression Inventory Suicide Item

BDNE brain-derived neurotrophic factor

BPRS, Brief Psychiatric Rating Scale

CADSS, Clinician-Administered Dissociative States Scale
CBQ), Childhood Bipolar Questionnaire

COPD, chronic obstructive pulmonary disease

DS, Demoralization Scale

ECT, electroconvulsive therapy

HDRS, Hamilton Depression Rating Scale

HDRS-SI, Hamilton Depression Rating Scale Suicide Item
HTN, hypertension

ITT, intent to treat

LUTS, lower urinary tract symptoms

MADRS, Montgomery-Asberg Depression Rating Scale
MADRS-SI, Montgomery-Asberg Depression Rating Scale Suicide Item
MEP, motor evoked potentials

NMDA, N-methyl-D-aspartate

OAS, Overt Aggression Scale

QIDS, Quick Inventory of Depressive Symptoms
QIDS-SR Quick Inventory of Depressive Symptoms-Self Report
r'TMS, repetitive transcranial magnetic stimulation

SEP, sensory evoked potentials



S1, suicidal ideation

SSE Suicide Status Form

SSI, Scale for Suicide Ideation

SSRI, selective serotonin reuptake inhibitor
TRD, treatment-resistant depression
YBOCS, Yale Brown Obsessive-Compulsive Scale
YMRS, Young Mania Rating Scale

IV, intravenous

IM, intramuscular

IN, intranasal

SL, sublingual

SC, subcutaneous

t, time of first administration

mg, milligrams

kg, kilograms

mL, milliliters

hr, hours

min, minutes

mos, months

wk(s), weeks
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Figure 1. Randomized, crossover, controlled trials, response rates in bipolar depression
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Figure 3. Open label IV ketamine, response rates in unipolar depression
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Table 1. Efficacy in random controlled trials of ketamine for depression

Study Year  Design Diagnosis TRD N Gender  Age Concomitant Interval Response
Medication Measure:
Berman et 2000  double blind  unipolar(8)  no 9 4M/5F 37 no 72 HDRS 25 decr
al. [1] crossover bipolar(1) hours 50%
Zarate et al. 2006 double blind  unipolar yes 18 6M/12F 47 no 7 days HDRS 21 decr
Crossover 50%
S
8
£ Valentine et 2011 single blind  unipolar no 10 4M/BF 42 no 7days  HDRS 25 decr
.§ al. [1] Crossover 50%
@
%. Sosetal. [2] 2013  double blind  unipolar no 27 16M/15F 43 yes 7days  MADRS decr 50%
S Crossover 3]
Lietal 2016 parallel unipolar yes 16/ 13M/35F 46 yes 4 hours  HDRS 17 decr
group 16/ 50%
16
totals KET
saline
Diazgranados 2010  double blind  bipolar | yes 22 TM/15F 48 yes 14 days  MADRS decr 50%
etal. Crossover and Il
o]
3
R Zaakeeta. 2012 double blind  bipolar | yes 15 7M/8F 47 yes 14day  MADRS decr 50%
a? Crossover and Il
S
g
totals KET +Li/VPA
saline + Li/VPA
Murrough et 2013 parallel unipolar yes 47/ 35M/37F  47/43  no 7 days MADRS decr 50%
g a group 25
§
S
=
g Ghasemi et 2013 parallel unipolar yes  9/9 8W/10F 38 yes 1 day HDRS 25 decr
al. 9] group 50%
5 Lapidus et 2014 double blind  unipolar yes 20 10M/10F 48 yes 7days  MADRS decr 50%
g al. [6] Crossover
Y
g

* Some studies did not report depression response at all time points.

The highest of available scores was utilized for the 40 min-4hr time point.

[1] Response data from Valentine et al. 2011 and Berman et al. 2000 were later published in aan het Rot et al. 2012.

All studies utilized single administration of racemic ketamine 0.5mg/kg IV infusion over 40 minutes, except [2] 0.54mg/kg over 30
minutes, [5] the first of three infusions, done over 45 minutes, [6] intranasal ketamine 50 mg.

[3] Three subjects dropped out before receiving ketamine, so were excluded from modified intent to treat analysis.

[4] After 7 days measure was defined as loss of response, or MADRS>=20 maintained for two consecutive visits and meeting
criteria for a major depressive episode for 1 week.
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Arm 40min 1 2 3-4 7 10 14 21 28
-4hr day days days days days days days days
ketamine 1/8 (13%)  2/8(25%) * 4/8 (50%)
saline * * * 1/8 (13%)
ketamine 9/17 (63%) 12/17 1017 9/17 (63%)  6/17 (35%) 2117 (12%)
(71%) (59%)
saline 114 (7%  0/14(0%) 014 (0%  2/14(14%) 0/14 (0%)
ketamine 0/10 (0%)  4/10 (40%) * 3/10 (30%) *
saline : * * 110 (10%) *
ketamine * 10/27 - 11727 10/27
(37%) (41%) (37%)
saline * 127 (4%) 1727 (4%)  3/27 (11%)
0.5mg/kg ket 6/16 (38%)
0.2mg/kg ket~ 7/16 (44%)
saline 3/16 (19%)
% 23/67 28/62 10117 27/62 16/44 2117
responding  (34%) (45%) (59%) (44%) (36%) (12%)
% 4/30 1/41 2%) 0/14(0%) 5/59 (8%) 3/41 (7%)
responding (13%)
KET +LiVPA - 9/17 (B3%)  7/17 (41%) 917 (53%)  8/17 (47%) 2/17 (24%) 117 (6%)  1/17 (6%)
saline + Li/ 016 (0%)  0/16 (0%) 0/16 (0%)  0/16 (0%)  1/16 (6%)  1/16 (6%)  0/16 (0%)
VPA
KET +LIVPA 9/14 (64%  6/14 (43%) 5/14 (36%) 2/14 (14%)  1/14 (7%) 114 (7%) 114 (7%)
saline + Li/ 012 (0%  0/12(0%) 012 (0%  0/12(0%)  0/12(0%)  0/12(0%)  0/12 (0%)
VPA
% 18/31 13/31 14/31 10/31 5/31 2/31 (6%) 2/31(6%)
responding  (58%) (42%) (45%) (32%) (16%)
% 0/28 (0%) 0/28 (0%) 0/28 (0%) 0/28 (0%) 1/28 (4%) 1/28 (4%) 0/28 (0%)
responding
ketamine : 30/47 28/47 28/47 21/47 17/47 13/47 9/47 (19%)  9/47 (19%)
(64%) (60%) (60%) (45%) (36%) (28%)
midazolam : 7/25 (28%) 6/25 (24%) 5/25(20%  4/25 (16%) 4/25(16%) 2/25(8%)  0/25(0%)  0/25 (0%)
0.045mg/kg
ketamine * 7/9 (78%)
ECT * 1/9 (11%)
ketamine 50  6/18 (33%) 8/18 (44%) 4/18 (22%) 6/18 (33%) 1/18 (6%)
mg IN
saline 118 ©%)  1/18(6%) 1/18(6%)  2/18 (11%) 0/18 (0%)
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Table 2. Efficacy in open label investigations of ketamine for depression

Study Year Diagnosis TRD N Gender  Age  Concomitant Interval
Medication
Machado-Vieira et al. 2009 unipolar yes 231 14M/9F 44 no 240 minutes
Phelps et al. 2009 unipolar yes 26 1] 14M12F 44 no 230 minutes
Ibrahim et al. 2011 unipolar yes 42 1] 24MNBF 47 no 230 minutes
Cornwell et al. 2012 unipolar yes 20, no unique [1]  15M/5F 46 no 230 minutes
S
'§' Ibrahim et al. 2012 unipolar yes 42,2 unique [1]  26M/16F 47 no [2] 28 days
QO
S
= Salvadore et al. 2009 unipolar yes 11[3] TM/AF 44 no 230 minutes
g
Salvadore et al. 2010 unipolar yes 15,8 unique [3) 7 51 no 230 minutes
Salvadore et al. 2012 unipolar yes 14,10 unique OM/5F 50 no 24 hours
(3]
Mathew et al. 2010 unipolar yes 26 4] 16M/10F 48 no [2][5] 72hrs + 32 days
Larkin and Beautrais 2011 unipolar no 14 TM/7F 31 yes 4hrs
[6]
Thakurta et al. 2012 unipolar yes 227 10M/12F 50 no 14 days
Murrough et al. [8] 2013 unipolar yes 24,14 unique 15M/9F 48 no first infusion
4]
Rasmussen et al. [9] 2013 unipolar, yes 10 4M/6F 47 yes first infusion
bipolar I
Shiroma et al. [8] 2014 unipolar yes 14 14M 54 yes first infusion
Diamond et al. 2014 unipolar (22),  ves 28 16M/12F 47 yes first infusion
bipolar (6)
Chilukuri et al. 2014 unipolar yes 9 3M/6F 36 yes 3 days
Vasavada et al. 2015 unipolar no 10 8M/2F 48 yes 24 hours
totals
_tsn, Rybakowski etal. [11] 2013 bipolar yes 25 AM/21F 49 yes 14 days
S
[y
=

* Some studies did not report depression response at all time points.

[1113][4] Studies with overlapping patients

[2] Responders were randomized to daily riluzole or placebo, but upon subsequent analysis differences determined to non-
significant.

[5] Subjects randomized to pretreatment with one time dose of either lamotrigine 300 mg or placebo, to assay if this would
attenuate dissociative effects and improve antidepressant benefit. No significant effect was found. Relapse criteria was defined as
MADRS=>20 and MADRS increased by 10 from day 3 score, both for two consecutive visits.
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Response measure 40min- 1 2 3 7 10 14 21 28
6h day days days days days days days days
MADRS decr 50% 11/23
(48%)
MADRS decr 50% 11/26
(42%)
MADRS decr 50% 21/42
(50%)
MADRS decr 50% 9/20
(45%)
MADRS decr 50%, then 26/42 10/21 8/21 8/21 5/21 4/21 4/21 3/21 3/21
returning above 25% decr  (62%) (48%) (38%) (38%) (24%) (19%) (19%) (14%) (14%)
MADRS decr 50% 5/11
(45%)
MADRS decr 50% 6/15
(40%)
MADRS decr 50% 2/14 *
(14%)
MADRS decr 50% and 16/26 17/26 14/26 14/26 14/26 14/26 12/26 8/26 7/26

MADRS-1/2<=2; then (62%) (65%) (54%) (54%) (54%) (54%) (46%) (31%) (27%)
relapse [5]

MADRS <=10 10114
(71%)
HDRS 17 decr 50% 16/22 17/22 14/22 7/22 3/22 * 1/22 (5%)
(68%) (77%) (64%) (32%) (14%)
MADRS decr 50% 16/24 15/24
(67%) (63%)
MADRS decr 50% 2/10 2/10
(20%) (20%)
MADRS decr 50% 3/14
(21%)
BDI decr 50% 3/28
(11%)
HDRS 17 decr 50% 3/9(33%) * * 4/9 (44%)
MADRS decr 50% - 6/10
(60%)
% responding [10] 124/278  67/113 36/69 33/78 22/69 18/47 17/69 11/47 10/47
(45%) (59%) (52%) (42%) (32%) (38%) (25%) (23%) (21%)
HDRS 17 decr 50% 1/25 (4%)  6/25 13/25 13/25
(24%) (52%) (52%)

[7] Subjects overlap with Thakurta et al. 2012.

All studies utilized a single 0.5mg/kg IV infusion over 40 minutes except [11] over 45 minutes, [6] 0.2mg/kg IV over 1-2 minutes,
[9] 1-4 such IV infusions over 100 minutes; 2x/wk for 2wks or remission, [8] 6 infusions; 3x/wk for 2wks.

[10] Calculation excluded Cornwall et al. 2012 and lbrahim et al. 2012 due to preponderance of non-unique subjects.
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Table 3. Multidose ketamine efficacy for depression

Study Year Diagnosis TRD N Gender Age Concomitant Doses Interval Response
Medication Measure
aanhetRot 2010 unipolar yes  10[1] 5M/ 51 no 6; 3x/wk 2wks of infusions  MADRS decr
etal. 5F + 4wks 50%
Murrough 2013 unipolar yes 24,14 150/ 48 no (2] 6; 3x/wk 2wks of infusions  MADRS decr
etal. unique [1]  9F + 12wks 50%
‘§ Rasmussen 2013 unipolar, yes 10 aM/ 47 yes 1-4; 2x/wk — 0-2wks of MADRS decr
,E etal. 3] bipolar Il 6F for 2wks or infusions + 4wks  50%
§ remission
- Shiroma 2014 unipolar yes 14 14M 52 yes 6; 3x/wk 2wks of infusions  cumulative
etal. + 4wks MADRS decr
50%
Diamond 2014 unipolar yes 15 16M/ 47 yes 3; Tx/wk 3wks of infusions ~ BDI decr 50%
etal (22) bipolar 12F + 6 months
(6)
13 6; 2x/wk
Cusin et 2016 unipolar ves 14 3M/ 50 yes 6; 2x/wk 3wks of infusions  HDRS28 decr
al. [6] 11F + 3 months 50%
Ghasemiet 2013 unipolar ves  9/9 8/ 38 yes 3; 3x/wk Twk of infusions  HDRS25 decr
al. [4] 10F + 1 week 50%
3; 3x/wk Twk of ECT
Singhetal. 2016 unipolar yes  17/18/ 23M/ 44 yes 8; 2x/wk 4wks of infusions  MADRS decr
= 16/17 45F saline + 3wks 50%
3
8; 2x/wk
ketamine
12; 3x/wk
saline
12; 3x/wk
ketamine

totals

% responding
to ketamine [5]

* Some studies did not report depression response at all time points.
Response data was recalculated conservatively, accounting for differences from published data. Data from first infusions are also
reported on tables 1 and 2 where appropriate and available.

[1] Patients overlap between studies.

[2] Three responders were started on venlafaxine as part of another studly.
All studies utilized 0.5mg/kg IV over 40 minutes except [3] over 100 minutes, [4] over 45 minutes, [6] 0.5mg/kg IV over 45 minutes
for the first 3 infusions, then increased to 0.75mg/kg after.
[5] Calculation excluded aan het Rot et al. given these subjects are represented in Murrough et al. Calculations also exclude

control results.
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after 1st after 2nd after 3rd  after 2 after final 3-4 6-7 10-11 14 17-18  20-21  24-25 27-28
infusion infusion infusion  weeks infusion  days days days days days days days days

9/10 . . 9/10 710 510 510 410  3/10  2/10  3/10  2/10
(90%) (90%) (70%)  (50%)  (50%)  (40%)  (30%)  (20%)  (30%)  (20%)
16/24 . . 17/24 16/24  15/24  10/24  10/24  7/24  B/24  B/24  4/24
(67%) (71%) 67%)  (63%)  (42%)  (42%)  (29%)  (25%)  (21%)  (17%)
2/10 6/10 6/10 6/10 - 510  * 30 30 3/10
(20%) (60%) (60%) (60%) (50%) (30%) (30%) (30%)
314 . . 11/14 . 814 - mna mna 5/14
21%) (79%) (57%) (50%) (50%) (36%)
3/28 5/15 . 5/15 515 515 415 415 4115 4115 4115 4/15
(11%) (33%) (33%) (33%)  (33%)  (27%) (7% (7% (7%  (27%)  (27%)
3/28 3/13 . 3/13 3/13 1/13 1/13 1/13 1/13 1/13 1/13 1/13
(11%) (23%) (23%) (23%)  (8%) (8%) (8%) (8%) (8%) (8%) (8%)
. . 1/14 . 5114 . . . 1114 . . 1/14
(7%) (36%) (7%) (7%)
7/9 7/9 8/9 8/9(89%) 9/9 9/9
(78%) (78%) (89%) (100%)  (100%)
1/9 2/9 6/9 6/9 (67%) 8/9 8/9
(11%) (22%) (67%) (89%)  (89%)
N A7 N o7 N N N N N N N
(6%) (12%)
7/18 . 11/18 . 1318~ . . . 10/18
(39%) (61%) (72%) (56%)
. 0/16 1/16 . . . . . . .
(0%) 6%)
. . 417 N7 . 1017~ . . . 12117
(24%) (41%) (59%) (71%)

31/85  28/65  19/50  18/35  55/96 56/96  43/85 15/52  26/90 12/52  43/111 10/52  18/90
(36%)  (43%)  (38%)  (51%)  (57%) (58%) (51%) (29%) (29%) (23%) (39%) (19%)  (20%)
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Study Year Diagnosis TRD N Gender Age  Concomitant  Number of
Medication infusions
Berman et al. 2000 unipolar (8), no 9 AM/5F 37 no 1
bipolar (1)
Zarate et al. 2006 unipolar yes 18 B6M/12F 47 no 1
g
S DiazGranados etal. 2010 bipolar I and Il yes 18 6M/12F 48 yes 1
5
8
3
£ Zaateetal 2012 bipolar Iand Il yes 15 7M/8F 47 yes 1
Price et.al. 2014 unipolar yes 36/21, no 27TM/30F 47 no 1
unique [1]
Murrough et al. 2015b  unipolar (13), no 12/12 8M/16F 42 yes 1
bipolar (7), PTSD
(3), Borderline (1)
Price et.al. 2009 unipolar yes 26, no 16M/10F 48 no 1
unique [5]
Aan Het Rot et al. 2010 unipolar yes 10 [5] 5M/5F 51 no 6; 3x/wk for 2wks
DiazGranados etal. 2010 unipolar yes 333 20M/13F 46 no 1
Larkin and Beautrais unipolar no 14 TM/TF 31 yes 1
2011
3
o Thakurtaetal. 2012 unipolar yes 27 2] 13W/14F 49 no 1
Ibrahim et al. 2012 unipolar yes 42,2 unique  26M/16F 47 no [4] 1
(3]
Murrough et al. 2013 unipolar yes 24,14 15M/9F 48 no 6; 3x/wk for 2wks
unique [5)
Rasmussen et al. 2013 unipolar yes 10 4M/6F 47 yes 1-4; 2x/wk for
2wks
Diamond et al. 2014 unipolar (22) yes 28 16M/12F 47 yes 1-2x/wk for 3wks
bipolar (6)

* Some studies did not report data or depression response at all time points.
Suicidality was assessed as a secondary or post-hoc measure; trials were designed to assess response rates for depression

as the primary outcome measure.

[1] Patients overlap with Murrough et al. 2013.
[2] Patients overlap with Thakurta et al. 2012.
[3] Patients overlap between these studies.
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Interval Outcome Baseline 40min-6h 1 day 2 days 3 days
Measure
72 hours HDRS-SI group mean " " * * "significantly
decreased"
(r=0.02)
7 days HDRS-SI group mean * * "significant *
effect" for
ketamine
14 days MADRS-SI group mean * not significant
for any time
point
14 days MADRS-SI group mean 2.3 025 (s 22with 1.1 (vs. 2.2 1.1 (vs 2.1 1.3 (vs. 2.3
saline, p<0.001)  with saline, with saline, with saline,
p<0.01) p<0.01) p<0.01)
7 days SSI< 4 27/57 (47%) * 86% (v.s. - -
62% with
midazolam,
p=0.04)
7 days BSI / MADRS-SI "Ketamine: 17.5/35.2 * not significant  significant / not significant
Midazolam: 17.9 / 34.3" / significant not significant ~ / not
significant
24 hours MADRS-SI <=1 7/26 (27%) * 21/26 (81%)
2 wks of infusions  MADRS-SI <=1 2/10 (20%) - 9/10 (90%) ) )
+ 4 wks [0]
230 minutes SSl< 4 23/33 (70%) 32/33 (97%)
10 days MADRS-SI group mean 3.9 (0.4) 0.6 (0.1) ) ) )
("significantly lower
than baseline")
2 days SSI group mean 4.85+5.37 0.78+1.48 ~3.5 4.41+4.8;
(p=0.001) (p>0.05) p=0.53
28 days SSI group mean 2.55 no significant
changes
throughout
study
2 wks of infusions  MADRS-SI group mean * 1.9+0.66 * * *
+ 12wks [6] (p<0.01)
0-2 wks infusions ~ SSI group mean 3.7+1.95 * 1.6+1.65 * *
+ 4wks [7] (p=0.007)
3 wks of infusions  HAMD-SI group mean 2.0 (SD=0.9) " 0.7 (Sb=1.1) * *
+ 6 months

[4] Responders were randomized to riluzole or placebo, but upon analysis differences found to non-significant.

[
[

5] Patients overlap between studies.
6] Data reported is for after completion of first infusion.

[7] Data reported is for after completion of all infusions.
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Table 5. Alternate routes of ketamine administration

review

Study Type Year Diagnosis TRD N Gender Age  Comorbidities Dose (racemic,
unless noted)
Glue et al. case 2011 unipolar yes 2 2F ? none reported 0.5,0.7,and
series 1.0mg/kg
Zanicotti et case 2012, unipolar yes 1 F 36 metastatic 1.0mg/kg
z al[1] 2013 ovarian cancer,
g pain
§ Harharetal.  case 2013 unipolar unclear 2 M 23 obsessive- 0.5mg/kg
=4 series compulsive
O .
= disorder
M 21 none reported 0.5mg/kg
Cusin et al case 2012 bipolar Il yes 2 F 57 ADHD 50mg for 5mos,
series then 70mg for 4mos
(55kg)

F 48 ADHD, 50mg for 6mos
fibromyalgia, (102kg)
hypothyroid

Chilukuri et al,  open 2014 unipolar yes 9 1M/8F 32 n/a 0.25mg/kg
label
9 2M/7F 42 n/a 0.5mg/kg
Banwarietal.  case 2015 unipolar to yes 1 M 52 none reported 0.3mg/kg
bipolar
Papolos etal.  case 2013 bipolar yes 12 10M/2F 6-19 unclear 30-120mg 2]
series |, Fear
of Harm
s phenotype
§ Clark case 2014 unipolar yes 1 1F 44 migraines 50mg
8
Lapidus etal.  RCT, 2014 unipolar yes 20 10M/10F 48 none reported 50mg
Crossover
saline
Lara etal. case 2013 unipolar yes 26 8M/18F  22-83  various 10 mg (100 mg/mL)
g series (12), bipolar for 5 minutes
5 (14
s Nguyen etal. — chart 2015 unipolar yes 17 2M/15F  24-66  various 0.5-1.0mg/kg
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Number Frequency Duration of Outcome Depression response Durability of benefit
of doses study Measure within 24 hours
3 unclear unclear, at least ~ MADRS yes, 3/3 (100%), but only at ~ not reported
3 days 1.0mg/kg
7,34 every 7-8 days 2 months, 8 MADRS yes, remission at 1hr remission after each dose for 3-7 days,
months largely maintained for 8 months
2 every 3 days 1 month HDRS yes, remission at 2hr remission through 1 month
2 every 3 days unclear, at least ~ HDRS yes, remission at 2hr >3 days
3 days
68+ every 4 days 9 months clinical unclear remission "within a few days", maintained
assessment for 9 months
61+ every 3 days 12 months clinical no responded "after 1 week", maintained for
assessment 6 months
once 3 days HDRS yes, 3/9 (33%) increased t0 44% at 3 days
once 3 days HDRS yes, 4/9 (44%) 3 days
3 every 2 days 1 year HDRS unclear n/a
many every 3-7 days several months  CBQ yes, 12/12 (100%) within "several months", 72-96hrs of benefit after
24hr, and many within Thr each dose
32 twice weekly 4 months clinical no "euthymic" by day 3, maintained >4
assessment months
once 7 days MADRS yes, 8/18 (44%) 3 days
once 7 days MADRS 1/18 (6%) low throughout study
1-90 every 2-7 days up to 6 months ~ custom 0-10  unclear, 17/26 (65%) with 20/26 (77%) had response to at least one
mood scale  "rapid" response dose; 10/26 (38%) maintained response
for "months"
unclear Every 7-14 days  upto 6 months  clinical unclear 76% responded, lasting from 1-2 weeks
assessment

continued next page



242

Ketamine, Depression, and Current Research

Table 5. Alternate routes of ketamine administration continued

Study Type Year Diagnosis TRD N Gender Age  Comorbidities Dose (racemic,
unless noted)
g Galvez etal.  case 2014 unipolar, yes 1 1F 62 HTN, 0.1mg/kg, then
g melancholic hypothyroid, 0.2mg/kg
g CVA
3
S 0.2mg/kg [5]
s = Looetal [8] RCT 2016 unipolar yes 4.(v) 2M/2F 53 none reported IV 0.1-0.5mg/kg
; § 5 (IM) AM/TF 46 IM 0.1-0.5mg/kg
g § 6 (SC) SMAF 48 SC 0.1-0.5mg/kg
538 15 TIMAF 49 midazolam
28
S :
@ McNulty et al.  case 2012 unipolar yes 1 M 44 hospice 0.5mg/kg SC, then
g =) daily [6]
&2
S5
H
w
Paslakis etal.  case 2010 unipolar no 4 ?MM/2F - 36-57  melancholia; S-ketamine 1.25mg/
series avoidant kg
personality
disorder, alcohol
abuse
Irwin et al. case 2010 unipolar no 23] TM/AF 64,70 hospice: COPD,  0.5mg/kg
series neoplasia
o lwinetal open 2013 unipolar no 14,12 YIMITE 2 hospice 0.5mg/kg
£ label unique [3]
De Gioannis ~ case 2014 bipolar, SI yes 2 1F 37 none 0.5-1.5mgkg [4]
and Leo series
™ 44 chronic pain 0.5 - 3.0 mg/kg [4]
lglewicz etal.  case 2014 unspecified  no 313 TIM/20F 68 hospice 0.5mg/kg
series depression

All patients continued existing medications during treatment with ketamine.
[1] Includes follow-up publication on the same patient.
[2] Variable dose: 100 mg/mL solution via metered nasal spray pump bottle.
[3] Two patients overlap between these studies
[4] Two patients received 0.5mg/kg orally, which was titrated up in 0.5mg/kg increments at follow-up sessions to final doses of
3.0mg/kg every 2-3 weeks and 1.5mg/kg monthly
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Number Frequency Duration of Outcome Depression response Durability of benefit
of doses study Measure within 24 hours
2 a month apart 9 months MADRS yes, only at higher dose 5 months
12 approx. weekly 9 months MADRS no, not until 3rd treatment 10 weeks
1-5 weekly 7 weeks MADRS unclear 75% response, 9 days (mean)
60% response, 12 days (mean)
100% response, 35 days (mean)
1 13% response
many daily 11 weeks clinical yes 11 weeks
assessment
121014 split over three 14 days HDRS no 2/4 (50%) responded at 7 days,
times daily maintained through 14 days
once several months ~ HDRS 17 yes, 1/2 (50%) patients 1 month for initial responder; other
responded by 120 min responded at 8 days
28 nightly 28 days HDRS 17 no unclear; mean time to response
14.4+19.1 days for 8/14 (57%)
responders
6 ormore  monthly >3 months MADRS yes unclear
3ormore  every 2-3weeks >4 months MADRS yes unclear
1-121[71  uptothreetimes 21 days CGl yes, 10/14 (71%)[7] 5/6 (83%) had response start to fade at
daily [7] day 2-3[7]

[5] Patient received a second course of treatment after initial relapse.

[6] An initial one time 0.5mg/kg (40 mg) subcutaneous dose was followed by 0.5mg/kg (40 mg) daily oral maintenance.

[7] Of 31 subjects, 29 received ketamine orally, 1 received subcutaneous, and 1 received via both routes; 22 received 1 dose,
5 received 2 doses, and 4 received three times daily dosing for 3 days; time to first response and time to fading of response
available for smaller sample.

[8] Utilized an ascending dose design in 0.1mg/kg increments, from 0.1 to 0.5mg/kg, with a midazolam control inserted
randomly
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Supplemental Table 1. Cases with IV administration of ketamine

depression

Study Year Diagnosis TRD N Gender Age  Comorbidities Medication Formulation
Status
Ostroff et al. 2005 unipolar yes F 47 schizoaffective disorder off for 1 day racemic
Correll and Futter 2006 unipolar yes F 39 none continued racemic
unipolar yes M 33 none continued racemic
Liebrenz et al [1] 2007, unipolar yes M 55 alcohol, benzodiazepine, and  ativan continued, racemic
2009 nicotine dependence off antidepressants
for 1 week
Kollmar et al. 2008 unipolar yes F 47 none unclear racemic
Ry
§ Stefanczyk-Sapieha 2008 unipolar yes M 50 metastatic prostate cancer methylphenidate racemic
S eta held day of infusion
Messer et al. 2010  unipolar yes M 50 obesity, sleep apnea unclear racemic
unipolar yes M 45 history of alcohol abuse, unclear racemic
nypertension
Murrough et al. 20117 unipolar yes F 45 none off racemic
Zigman and Blier 2013 unipolar yes F 37 prior pituitary adenoma continued racemic
resection, B12 deficiency,
and hypothyroidism
Yang et al. 2013 unipolar no 3M 19-31  none off racemic
Szymkowicz etal. 2013 unipolar yes ? ? 1) panic disorder, 2) none, 3)  continued racemic
and bulimia, bipolar Il, cluster C
bipolar Il
Szymkowicz etal. 2014 unipolar yes SMAF 72 1) GAD, parkinsons, dementia  continued racemic
2) GAD, dementia, 3) GAD
Aligeti et al 2014 bipolar I no M 32 alcohol dependence off racemic
Laietal [2] 2014 unipolar yes 2M/2F 51 1) - 3) melancholic continued racemic
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Dose Number  Frequency Duration Measure  Depression Response within  Durability of benefit
of Doses of study 24 hours
0.5mg/kg bolus (for 2 every 48 hours 5 days custom yes; mood rating improved from 5 days
ECT induction) scale 2/10t07/10
0.27mg/kg/hr for 5 1 n/a 6 months ~ HDRS no; remission via first HORS time 12+ months
days point at 5 days
0.3mg/kg/hr for 5 days 3 25and 7.5 8 months  HDRS no; remission via first HORS time ~ "several weeks"
months later point at 5 days
0.5mg/kg over 50min-~ 2 35 days later 14 days,  HDRS no; 1st infusion, response at 1st infusion maintained
7 days 48hrs; 2nd infusion near response  for 14 days, 2nd infusion
at 48hrs maintained 1 day
0.5mg/kg over 40 min-~ 2 2 wks later 6 months  HDRS yes, remission within 24 hours 4 days
after each infusion
0.5mg/kg over 60min -~ 2 10 days later 13days  HDRS BDI  no, near-response within first 6 hrs 6 hrs each time
0.5mg/kg over 40 min -~ 6 every otherday  12days  BDI no, only after 2nd infusion relapse at 29 days
0.5mg/kg over 40 min -~ 2 weekly 12 days  BDI yes, after Tstinfusion relapse at 18 days
0.5mg/kg over 40min -~ 6 three times a 12 MADRS yes, remission within 24 hrs remission over 3 months
week months via QIDS-SR
0.5mg/kg over 40 min-~ 1 once Tmonth  custom yes, dysphoria from 10/10 to mood remained
scale 3/10 at 40min improved for 8 days
0.5mg/kg over 3 min 1 once 120 group yes; halved at 120min n/a
minutes mean
MADRS
0.5mg/kg over 40 min -~ 16 - 31 varied, from 12 MADRS yes; though after 2nd, 3rd, or 12 months in one patient
every other months 10th infusions
day to every 2
months
0.5mg/kg over 40 min -~ 2 -6 unclear unclear MADRS no n/a
0.5mg/kg IV push 1 once 6 months ~ HDRS7, yes through 5 days, unclear
MADRS afterwards
saline 1 weekly 5weeks  MADRS no, 0/4 (0%) n/a
0.1mg/kg over 2-5 min yes, 2/4 (50%) 1-3days
0.2mg/kg over 2-5 min no, 0/4 (0%) n/a
0.3mg/kg over 2-5 min no, 0/4 (0%) n/a
0.4mg/kg over 2-5 min ves, 1/4 (25%) 1 day

continued next page
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Supplemental Table 1. Cases with IV administration of ketamine continued

Study Year Diagnosis TRD N Gender Age  Comorbidities Medication Formulation
Status
Srivastava et al. 2015 unclear ves 1 F 65 none yes racemic
Hassamal et al. 2015 unipolar ves 1 F 65 none yes racemic
Y
Q da Frota Ribeiro 2016 psychotic  vyes 2 2F 54 delusions, auditory continued racemic
% etal. depression hallucinations
Gowda et al. 2016 unipolar, no 1T M 28 none continued racemic
grief
Sampath et al. 2016 bipolar, ves 1 F 19 hypoxic encephalopathy after  continued racemic
rapid suicide attempt
cycling
» "Open label 2009 unipolar yes 2 IM/1F 51,58 1) nicotine dependence, HTN  continued racemic
§ Crossover 2) none
S Padetal (3"
3 S-ketamine
Denk et al. 20117 unipolar ves 1 F 56 none unclear S-ketamine
Segmiller etal. [4] 2013 unipolar yes 6 7 ? unclear continued S-ketamine

[1] Includes follow-up publication on the same patient.
[2] Subjects received ascending doses of ketamine, from 0.1 - 0.4mg/kg, interspersed with a saline treatment. Patients
were blinded to the order.
[3] Two subjects received 0.5mg/kg racemic ketamine and 0.25mg/kg S-ketamine over 40 minutes in this open-label

crossover study.

[4] Some data not available.
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Dose Number  Frequency Duration Measure  Depression Response within  Durability of benefit
of Doses of study 24 hours
0.5mg/kg over 40 min 4 two times a 1 year HDRS yes 1 year
week
0.5mg/kg over 35min-~ 12 two times a 18 MADRS yes 4,8, and 6 months
week, then three months
times a week
0.5mg/kg over 40min~ 3-5 unclear unclear HDRS yes, 2/2 (100%) unclear
0.5mg/kg over 40 min-~ 1 once 3months  clinical yes 3 months
assessment
0.5mg/kg over 40 min-~ 2 5 days later 4 months  MADRS no, Near-response 4 months
0.5mg/kg over 40 min -~ 1 weekly 2 weeks  HDRS yes; 1/2 (50%) 3 days
0.25mg/kg over 40 1 weekly 2 weeks  HDRS no; 0/2 (0%), though had near- n/a
min response
0.25mg/kg over 40 1 n/a 100 MADRS yes, remission immediately after n/a
min minutes infusion
0.25mg/kg over 40 6 1-2x/wk for 4 weeks  HDRS yes; though after 1st, 3/6 (50%),  not reported
min 4 wks and 3rd, 4/6 (68%), infusions
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Supplemental Table 2. Control trial adverse effects

Study Year Design  Diagnosis TRD N Gender Age CADSS BPRS YMRS
ket vs. PBO ket vs. PBO ket vs.
PBO
Bermanetal. 2000 double unipolar(8) no 9 aM/ 37 not reported Significantly not reported
blind bipolar(1) 5F greater BPRS
Crossover scores. Non-
significant by 80
min. Resolved at
110min
Zarate et al. 2006 double unipolar yes 18 M/ 47 not reported Significantly Higher at 40
blind 12F greater BPRS min only
Crossover positive symptoms
subscale scores
compared to
placebo, only at
+40 min
Valentine etal. 2011 single unipolar no 10 aM/ 42 Significantly Non-significant not reported
blind 6F greater dissociation  greater BPRS
I~ Crossover at +20 min; positive symptom
=] — .
E- non-significant by scores at +20 min
N +60 min to +80 min
S]
]
§ Sos et al. 2013 double unipolar no 27 150/ 43 ot reported Non-significant not reported
2 blind 15F BPRS increase
S crossover (p=0.10)
Murrough 2013 parallel unipolar yes  47/25  35M/ 47/ Significantly No significant Mean YMRS
etal group 37F 43 greater dissociation difference in BPRS <1 for both
at 40min or BPRS positive  groups at
scale 40min
Ghasemietal. 2013 parallel unipolar yes  9/9 8M/ 38 notreported not reported not reported
group 10F
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Hemodynamic,
Respiratory, EKG; more
common with ketamine

Subjective adverse effects
more common with ketamine

Subjective adverse
effects more common
in placebo

Adverse event
leading to
discontinuation

Miscellaneous

not reported

not reported

not reported

none reported

Changes in BPRS or VAS-high
scores did not correlate with
percent decreases observed in
HDRS scores.

"elevations
in blood pressure,"

Perceptual disturbances, confusion,
euphoria, dizziness, and increased
libido. The majority of adverse
effects ceased within 80 min after
the infusion. Reports of derealization
or depersonalization ceased by
+110 min.

Gastrointestinal distress,
increased thirst, headache,
metallic taste, and
constipation

none reported

A) Inverse relationship trend
noted between the percentage
change in HDRS score at day
1 and the peak percentage
change in BPRS positive
symptoms subscale score.

B) "No serious adverse events
occurred during the study."

Significantly elevated

SBP at 10-95 min mean,
peak 40min of 14.1+/-
13.4mmHG. Trend toward
increased DBP. No effect
on heart rate

not reported

not reported

Elevated blood
pressure during
placebo infusion

"Mild" increases in BP

Dissociation/perceptual disturbances,
confusion, emotional blunting,
euphoria. Al resolved at 60 min.

Worsening depression

Worsening depression
in two receiving only
KET

BPRS scores were significantly
correlated with change in
MADRS score at day 7
(P=0.04); trended toward
significance at days 1 and 4
(p=0.06 and =<0.07).

Elevated blood pressure:
mean 19 systolic, 9.1
diastolic, resolved at +240
min. Midazolam decreased

Day of infusion: A) occurring in >
10% of patients: Nausea/vomiting,
dry mouth, dizziness, palpitations,
Sweating, headache, poor

Day of Infusion: A)
Occurring at > 10%
incidence: General
malaise B) Considered

N=2 in ketamine
condition (Hypertension
unresponsive to beta
blockers; hypotension,

N=2 SAE, considered
unrelated (transient
nypotension, bradycardia
during venipuncture—

mean blood pressure, coordination, tremor, blurred vision, — distressing in > 10%: bradycardia) vasovagal; Suicide attempt
hypotension in N=1. poor concentration, restlessness, Poor coordination. during washout period prior to
anxiety, decreased energy, and administration of ketamine or
fatigue. B) Considered distressing midazolam)
in > 10%: Dizziness, blurred vision,
and poor concentration.
Day 1-7 after infusion: A) Nausea/ Day 1-7 after infusion: A)
vomiting, diarrhea, dizziness on Palpitations and decreased
standing, perspiration, dry skin, rash,  energy. B) Considered
dizziness, headache, blurred vision,  distressing in >10%:
poor concentration, restlessness, General malaise and
anxiety, fatigue, and malaise. B) fatigue.
Considered distressing in >10%:
Poor concentration, restlessness,
anxiety, decreased energy, and
fatigue.
Non-significant change not reported not reported not reported

in both groups. Non-
significant and transient
elevation in SBP, HR in
N=3 ketamine on 2nd and
3rd administrations.

continued next page
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Supplemental Table 2. Control trial adverse effects continued

Study Year Design  Diagnosis TRD N Gender Age CADSS BPRS YMRS
ket vs. PBO ket vs. PBO ket vs.
PBO
Lapidusetal. 2014 double unipolar yes 20 1o0Mm/ 48 "Small increases "Small increases not reported
blind 10F at40 minutes" in-~ at 40 minutes" in
crossover ketamine group ketamine group
S
g
)
S
§ Laietal. 2014 single unipolar yes 4 2M/ 51 unclear unclear unclear
§ blind 2F
s crossover
Murrough 2015b  parallel unipolar (13),  no 12712 8w/ 42 notreported not reported not reported
etal. group bipolar (7), 16F
PTSD (3),
Borderline (1)
Singh et al. 2016 parallel unipolar yes  17/18/  23\W/ 44 Significant only Increased not reported
group 16/17  45F at +40 min, and significantly at
diminished with +40 min only,
repeated dosing no delusions or
(for both ketamine  hallucinations
dose groups) reported
Looetal. 2016 parallel unipolar yes  4/5/6  11IM/ 49 Dose-response Dose-response “No
group 4F relationship relationship evidence of
observed for all observed for mania”
routes of ketamine,  all routes of
higher peak in IV ketamine, higher
group peak in IV group
Lietal 2016 parallel unipolar yes  16/16/  13M/ 46 not assessed No significant not assessed
group 16 35F difference in BPRS
Diazgranados 2010 double bipolar | yes 18 6M/ 48 not reported not reported not reported
etal. blind and Il 12F
Crossover
o]
g
)
S
?s Zarate et al. 2012 double bipolar | yes 15 ™/ 47 Significantly No significant Non-
& blind and Il 8F greater dissociation  difference in BPRS  significantly
S Crossover at +40 min or BPRS positive  lower
subscale noted.

Total N were reported for crossover studies, while N of each arm were reported for parallel group studies.
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Hemodynamic,
Respiratory, EKG; more
common with ketamine

Subjective adverse effects

more common with ketamine

Subjective adverse
effects more common
in placebo

Adverse event
leading to
discontinuation

Miscellaneous

Mean increase of 7.6 in
SBP. 3 pts > 130 SBP. No
pts >100 DBP. No pts over
110 BPM

In N>1: Feeling strange or
unreal (8/18), poor memory,

weakness/fatigue, dizziness, poor

concentration, decreased sexual
arousal/orgasmv/interest, poor

coordination, numbness/tingling; all

resolved by +240 min.

Trouble sleeping at
+240 min, and +240
min to +24 hrs, Sleep
disturbance / nightmares
and "overall" adverse
effect at +240 min to
+24hrs,

None; N=2 withdrew
prior to treatment.

in ketamine responders
versus nonresponders, higher
increase in CADSS score at
+40 min: 1.75 +/- 417
versus 1.09 +/- 1.76.

unclear Dose dependent increase in n/a none Dose dependent increase in
psychotomimetic side effects. psychotomimetic side effects
N=1 died from Headache, poor concentration, poor — Dizziness on standing, not reported N=5 SAE, considered
cardiorespiratory disease, coordination, restlessness, malaise. nausea/vomiting, diarrhea, unrelated (N=4 hospitalization
judged unrelated to study xerostomia, chest pain for worsening depression/
suicidality, N=1 death due to
cardiorespiratory causes)
None outside of “normal "3x/wk: headache, nausea, dizziness ~ 2x/wk: headache, N=2 in 2x/wk N=2 SAE, all in 2x/wk

limits”

2x/wk: anxiety, dissociation, nausea,

intervertebral disc

ketamine (anxiety;

ketamine group, considered

dizziness" degeneration anxiety, paranoia), N=1  unrelated (anxiety from
in 2x/wk placebo (disc  unrelated life events; suicide
degeneration), N=1 attempt 4 weeks after last
in 3x/wk ketamine ketamine dose).
(anxiety, hypoesthesia,
dizziness, feeling cold).
Increased MAP / SBP, DBP,  Mild depersonalization, derealization,  not reported none All adverse effects resolved
HR to > 120% baseline in:  altered body perception, altered time by 4 hours; all hemodynamic
N=2IVand 2 IM/N=11, perception; more so in IV group effects resolved by 30
11IM,and 1 SC. minutes.
not reported Cases of “floating sensation” none none Side effects were “mild and
significantly greater in higher dose self-limiting and required no
0.5mg/kg ketamine arm additional medical treatment.”
Tachycardia and increased  Adverse events associated only unclear Ketamine (4); A) "No serious adverse

blood pressure; resolved in
minutes.

with ketamine (>10% of subjects)

included dissociation; feeling

strange, weird, or bizarre; dry mouth

anxiety, three with
worsening mood (one
worsening suicidal
ideation). Placebo (1):
Hypomania

events occurred during the
study." B) No adverse event
was significantly different
from placebo at +80 min or
thereafter.

Tachycardia in one patient

Dry mouth, headache, breast pain/

swelling, leg cramp, dizziness or
faintness, difficulty falling asleep,
decrease body temp, flatulance,
concentration difficulty, drowsy/
sleepiness, woozy, loopy, early

morning awkening, interrupted sleep,
vivid dreams, difficulty speaking, skin
irritation, sweating, noise sensitivity,
fearfulness, cough, increased thirst,
diarrhea, increaed appetite, stool

discoloration, increased libido,

tremor and menstrual iregularity.

Irritability, muscle, bone,
or joint pain, increased
body temp, "slowed", and
decreased libido.

none reported

A) "No serious adverse
events occurred during the
study." B)No adverse event
was significantly different
from placebo at +80 min or
thereafter.




252

Ketamine, Depression, and Current Research

Supplemental Table 3. Open label trial adverse effects

Study Year Diagnosis TRD N Gender  Age CADSS Results BPRS Results YMRS
Results
Machado- 2009 unipolar yes 23 T1AM/9F 44 not reported not reported not reported
Vieira et al.
Phelpsetal. 2009  unipolar yes 26 1AM/12F 44 Those with positive Positive symptoms not reported
family history of alcohol  elevated in FHP and FHN
(FHP) had significantly  groups at +40 min, back
higher scores at +40 to baseline by +80 min.
min compared to family  FHP had significantly fewer
history negative (FHN).  dysphoric symptoms at
+120 and +230 min.
Price et.al. 2009  unipolar yes 26,0 16M/10F 48 not reported not reported not reported
unique
Salvadore 2009  unipolar ves 11 TM/4F 44 not reported Significant decrease in not reported
etal. psychotic symptoms after
+230 min.
Diazgranados 2010  unipolar yes 33 20M/13F 46 Inadequate inter-rater Inadequate inter-rater not reported
etal. reliability reliability
Salvadore 2010 unipolar yves 15(8 ? 51 notreported Significant decrease in not reported
etal. unique) positive subscale after
+230 min
Mathew etal. 2010  unipolar yes 26 16M/10F 48  notreported Nonsignificant changes in-~ "Significant
positive symptoms at+240  main effect of
min time" on item
1. No effect of
pretreatment.
aanhetRot 2010  unipolar yes 10,0 5M/5F 51 Significantly increased ~ Nonsignificant mean not reported
etal. [1] unique at +40 min, normal by increase, baseline at
+2 hrs +2 hrs
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Hemodynamic, Respiratory, and EKG
effects

Subjective adverse effects

Subjective
adverse
effects

Adverse event

leading to ending

treatment

Miscellaneous

not reported

not reported

none reported

Changes in BPRS or VAS-
high scores did not correlate
with percent decreases
observed in HDRS scores

not reported

not reported

none reported

A) Inverse relationship

trend noted between the
percentage change in HDRS
score at day 1 and the peak
percentage change in BPRS
positive symptoms subscale
score.  B) “No serious
adverse events occurred
during the study.”

not reported

not reported

none reported

not reported

not reported

none reported

A) “No serious adverse
events occurred during the
study.” B) No adverse event
was significantly different
from placebo at 80 min or
thereafter.

not reported

Mild perceptual disturbances
observed in most patients only
within +1 hr.

none reported

"No serious adverse
events occurred during
the study."

A) “No serious adverse
events occurred during the
study.” B)No adverse event
was significantly different
from placebo at 80 min or
thereafter.

not reported

not reported

none reported

Elevated blood pressure during infusion
(mean 19.8 +/- 10.9 systolic mmHg, 13.4
+/- 7.7 diastolic mmHg) and pulse (mean
10.9 +/- 11.9 bpm); back to baseline at
+40-80 min.

Most common: blurry vision,
diminished mental/sharpness,
dizzy/faint, drowsy/sleepy,
feeling strange/unreal,
headache, numbness/tingling,
ringing in ears/trouble hearing,
and slurred speech.

none reported

"There were no serious
adverse events, and no
treatment-emergent
mania or suicidality"

"There were no serious
adverse events, and no
treatment-emergent mania
or suicidality”

A) Tachycardia and hypertension reported

in two patients, resolved 5Sminutes after
infusion. B) Bradycardia in one patient on
initial and repeat infusions, resolved by 2hrs.
C) Asymptomatic, mild hypotension (80/55)
developed in one patient with baseline of
107/48, lasting until discharge at 24hours,
and on two repeat infusions. D) Asymptomatic
premature ventricular contractions reported

in one patient on repeat infusions 4 and 5,
resolved at 2hrs. E) Bradypnea noted in one
patient on several infusions and one time
desaturation 99% to 94%. No effect noted on
respiratory rate after administration period."

No more than N=2 reported
any of the following:
abnormal sensations, blurred
vision, diminished mental
capacity, dizzy/faint, drowsy/
sleepy, feeling strange/
unreal, headache, hearing
or seeing things, numbness/
tingling, poor coordination/
unsteadiness, poor memory,
rapid or pounding heartbeat,
weakness/fatigue. [4]

none

N=2 tachycardia

and hypertension

on repeat infusions;
N=1 tachycardia on
repeat infusions; N=1
hypertension on repeat
infusions. Al side effects
were manageable. No
significant change in
peak BPRS+ scores or
CADSS scores across
the six infusions.

N=2 tachycardia and
hypertension on repeat
infusions; N=1 tachycardia
on repeat infusions; N=1
hypertension on repeat
infusions. Al side effects
were manageable. No
significant change in peak
BPRS+ scores or CADSS
Scores across the six
infusions.

continued next page
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Supplemental Table 3. Open label trial adverse effects continued

mean of 0.3 +0.510
7.8+12.0 at peak of
infusion; baseline by
+240 min.

from pre-infusion mean of
4.040.1t04.5+0.9 at
peak of infusion; baseline
by +240 min.

Study Year Diagnosis TRD N Gender  Age CADSS Results BPRS Results YMRS
Results
Larkin and 2011 unipolar no 14 s 31 not reported No significant elevation at No significant
Beautrais +40 min elevation at
first time point
of +40 min.
lbrahimetal. 2011  unipolar yes 42 24M/18F 47 Significantly increased not reported not reported
at +40 min, normal by
+80 min
Salvadore 2012 unipolar yes 14,11 9M/5F 50  not reported not reported not reported
etal unique
Thakurta 2012 unipolar yes 27 13M/14F 49 not reported Significant increase in not reported
etal positive subscale at +40
min only
Cornwell 2012 unipolar yes 20,0 15M/5F 46 Significantly increased  Significant decrease in not reported
etal. unique at +40 min only positive subscale at +80
min, +120 min, and +230
min
Ibrahim et 2012 unipolar yes 42,2 26M/16F 47 Significantly increased  Significantly increased at Variably
al. 2] unique at +230 min +230 min different
through time
course.
Thakurta 2012 unipolar yes 22 T0M/12F 50 not reported Significant increase in not reported
etal positive subscale at +40
min only
Rybakowski 2013 hipolar, yes 25 AM/21F 49 not reported not reported not reported
etal. unspecified
Rasmussen 2013 unipolar yes 10 4AM/6F 47 not reported No significant change in Isolated
etal. [3] and positive subscale or total symptoms. No
bipolar Il BPRS noted at +2 hrs mania.
or+1 day
Murrough et~ 2013 unipolar yes 24,14 15M/9F 48 Significant increase Significant increase in Elevated mood
al. [1] unique from pre-infusion positive symptoms subscale  measured by

the YMRS-1,
baseline by
+240 min.
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Hemodynamic, Respiratory, and EKG Subjective adverse effects  Subjective Adverse event Miscellaneous
effects adverse leading to ending
effects treatment

not reported Mild positive psychotomimetic  none

symptoms in N=2, resolving

within 40 min; mild unpleasant

dissociative symptoms in

N=2, resolving within 30 min.
not reported not reported none noted
not reported not reported not reported
Non-specific elevation of blood pressure Generally reported: elevated none reported  "No serious adverse "No serious adverse events

blood pressure, euphoria,
headache,increased thirst,
and dizziness occurring with
ketamine administration
ceased within 60 min.

events occurred during
the study."

occurred during the study."

not reported

not reported

none reported

Referred to Ibrahim et
al. (2012)

Referred to Ibrahim et al.
(2012

Elevations in blood pressure and pulse,
resolved within 80 min; no clinically
meaningful EKG changes; no clinically
meaningful changes in respiratory effects.

Generally reported: perceptual
disturbances, drowsiness,
confusion, and dizziness
occurred during infusion,
resolved within 80 min.

none reported

Elevation in blood pressure with
administration, resolved within 40 min.

Generally reported: euphoria,
headache, increased thirst,
and dizziness occurring with
administration, resolved within
40 min.

none reported

"No serious adverse
events occurred during
the study."

"No serious adverse events
occurred during the study.”

not reported

not reported

none reported

No clinically significant elevation in blood
pressure during the infusions. No arrhythmia.
No patients required respiratory support.

N=1 vertigo, N=3 dizziness,
N=1 visual hallucinations,
N=3 drowsiness, N=1
dysmegalopsia/anxiety and
diplopia, N=3 no adverse
effects.

none reported

Elevated blood pressure and/or heart rate
(33%).

The most common effects
were reported with prevalence:
58.3% of patients reported
feeling unreal/strange. 54.2%
reported abnormal sensations,
50% blurred vision, 45.8%
reported feeling drowsy/
sleepy; largely resolved prior
to subsequent infusions.

Maximum
blood pressure
180/115
during infusion.
Unsatisfactory
response

to anti-
nhypertensives.
Stabilized upon

discontinuation.

No serious adverse
events occurred during
the study; 16.7%
reported that any

side effect impaired
functioning at any
time; no trend towards
increasing dissociative
or psychotomimetic
effects over the course
of the trial.

No serious adverse events
occurred during the

study; 16.7% reported

that any side effect

impaired functioning at

any time; no trend towards
increasing dissociative or
psychotomimetic effects over
the course of the trial.

continued next page
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Supplemental Table 3. Open label trial adverse effects continued
Study Year Diagnosis TRD N Gender  Age CADSS Results BPRS Results YMRS
Results
Shiroma et 2014 unipolar yes 14 14M 54 Significant increase Significant increase in not reported
al. [1] from a pre-infusion positive subscale from pre-
mean of 0 to infusion mean of 4.0+0 to
8.60+6.49 attheend  4.6+1.9 at end of infusion,
of infusion; returned to - returned to mean by
baseline by +120 min. ~ +120 min.
Chilukuri 2014 unipolar yes  9/9/9 37 not reported not reported not reported
etal
9 3M/6F 36 not reported not reported not reported
(0.5mg/
kg Iv)
9 2M/7F 42 ot reported not reported not reported
(0.5mg/
kg IM)
9 TM/8F 32 notreported not reported not reported
(0.25mg/
kg IM)
Diamond 2014 unipolar yes 28 16M/12F 47 notreported not reported not reported
etal. and bipolar
Vasavada 2015 unipolar yes 10 8M/2F 48 not reported not reported not reported
Cusin et al. 2016 unipolar yes 14 3M/11F - 50 Increased in both not reported not reported

0.5mg/kg and
0.75mg/kg Infusions,
respectively: amnesia
(36%, 31%),

depersonalization (64%,

31%); derealization
(71%, 62%).

[1] 6 infusions total, 3x/wk for 2wks; [3] up to 4 infusions total, 2x/wk for 2 wks or until remission

[2] Reported over 28 days and compared between post treatment with riluzole or placebo.
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Hemodynamic, Respiratory, and EKG
effects

Subjective adverse effects
adverse
effects

Subjective

Adverse event
leading to ending
treatment

Miscellaneous

Elevation from normotensive to hypertensive
blood pressure in N=1 (180/92) that rapidly
responded to 10mg labetalol; no arrhythmia;
no patients required respiratory support.

N=1 with gastroesophageal
reflux disease had nausea and
vomited after second infusion,
responded to ondansetron.

none reported

A) Complete recovery
in all patients after

2 hrs. B) Nausea and
vomiting in N=1 on one
infusion, responded to
ondansetron IV 8 mg IV,
and used as prophylaxis
in subsequent infusions.

A) Complete recovery in

all patients after 2 hrs. B)
Nausea and vomiting in N=1
on one infusion, responded
to ondansetron IV 8 mg IV,
and used as prophylaxis in
subsequent infusions.

No change in mean SBP or DBP for all pts
combined; max SBP was 160, max DBP
was 90

No change in mean SBP or DBP for all pts
combined; max SBP was 160, max DBP
was 90

No change in mean SBP or DBP for all pts
combined; max SBP was 160, max DBP
was 90

No change in mean SBP or DBP for all pts
combined; max SBP was 160, max DBP
was 90

Sedation/drowsy 22%, heavy ~ none
head 11%

Sedation/drowsy 22%, none
lightness of body 22%, heavy

head 11%

Sedation/drowsy 33% none

all well enough to return
home at +4 hrs

all well enough to retun
home at +4 hrs

all well enough to retun
home at +4 hrs

all well enough to return
home at +4 hrs

all well enough to retun
home at +4 hrs

all well enough to retun
home at +4 hrs

N=1 withdrew during their first freatment
due 1o a panic attack nine minutes into

the infusion, experiencing tachycardia and
tachypnea. N=1 was withdrawn due to
concurrent upper respiratory tract infection.
N=1 had a 10 minute vasovagal episode
(BP 77/47, HR 45, reduced level of
consciousness) 11 minutes into his first
infusion, resolved by +1 hr.

"Most patients” reported some  N=1,
transient effects, including concurrent
perceptual distortions, upper
detachment, anxiety, nausea,  respiratory
and confusion during infusion.  infection
"Most" experienced marked,  (unrelated);
but well tolerated dissociative ~ N=1 panic
symptoms. Specific data attack; N=1
includes: anxiety 25%, mood  vasovagal
18% (see notes), nausea episode; N=4
with vomiting 7%, Following  anxiety; N=1
infusions "the majority of anxiety, mood,

patients experienced an
increase in fatigue with a
small number of patients also
experiencing mild headaches”,
N=1 hypnagogic hallucination.

of effect).

and worsening
Sl (reported as
reaction to lack

All of the following
completed the study:
N=1 self-report of
rapid cycling, clinically
no change in behavior,
resolved with increase
in antipsychotic.

N=3 worsening
mood/Sl, reported
prone to fluctuation

in mood/SI prior.

N=1 mania, treating
psychiatrist reported
this as “consonant
with pre-existing
mood instability".

N=1 symptomatic
cystitis, self-reportedly
secondary to sexual
activity, resolved with
single dose antibiotics.
No other cystitis or
abnormal urinary
dipsticks reported.

All of the following
completed the study: N=1
self-report of rapid cycling,
clinically no change in
behavior, resolved with
increase in antipsychotic.
N=3 worsening mood/

S, reported prone to
fluctuation in mood/SI

prior. N=1 mania, treating
psychiatrist reported this

as "consonant with pre-
existing mood instability".
N=1 symptomatic cystitis,
self-reportedly secondary to
sexual activity, resolved with
single dose antibiotics. No
other cystitis or abnormal
urinary dipsticks reported.

not reported

not reported

none reported

not reported

not reported

Mild transient SBP and DBP increases during
infusions; all had at least 10 mmHg SBP
increase, and larger increase at the higher
ketamine dose. No significant changes in
pulse oxymetry or pulse.

Mild visual disturbances,
moderate auditory
disturbances ("buzzing
sound"), headache,

nausea, sedation, and “mild
dissociative symptoms based
on CADSS”

none reported

No serious adverse
events reported; the
majority of the minor
effects dissipated by
+120 min.

No serious adverse events
reported; the majority of the
minor effects dissipated by
+120 min.

[4]From week 1 to week 2, prevalence of abnormal sensations increased from one patient to two patients, and additional patient
reported weakness/fatigue at week two who had not the week prior.




258 Ketamine, Depression, and Current Research

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. Biological Psychiatry,
67(2), 139-145. doi:10.1016/j.biopsych.2009.08.038

Abdallah, C. G., Salas, R, Jackowski, A., Baldwin, P, Sato, J. R., & Mathew, S. J.
(2015). Hippocampal volume and the rapid antidepressant effect of ketamine.
Journal of Psychopharmacology (Oxford), 29(5): 591-595.

Aligeti, S., Quinones, M., Salazar, R. (2014). Rapid resolution of suicidal behavior
and depression with single low-dose ketamine intravenous push even after 6
months of follow-up. Journal of Clinical Psychopharmacology, 34(4), 533-535.
doi:10.1097/JCP.0000000000000146

Artigas, E (2013). Developments in the field of antidepressants, Where do we
go now? European Neuropsychopharmacology. Advance online publication.
doi:10.1016/j.euroneuro.2013.04.013

Atigari, O. V., & Healy, D. (2013). Sustained antidepressant response to ket-
amine. BMJ Case Reports, 2013, bcr2013200370. doi:10.1136/ber-2013-
200370

Ballard, E. D., Ionescu D. E, Vande Voort, J. L., Niciu, M. ]., Richards, E. M.
Luckenbaugh, D. A., % Zarate Jr., C. A. (2014). Improvement in suicidal
ideation after ketamine infusion: Relationship to reductions in depression and
anxiety. Journal of Psychiatric Research, 58, 161-1606.

Banwari, G., Desai, P, & Patidar, P. (2015). Ketamine-induced affective switch in
a patient with treatment-resistant depression. Indian Journal of Pharmacology,
47(4), 454-455.

Baumeister, D., Barnes, G., Giaroli, G., Tracy, D. (2014). Classical halluci-
nogens as antidepressants? A review of pharmacodynamics and putative
clinical roles. 7herapeutic Advances in Psychopharmacology, 4(4), 156-169.
doi:10.1177/2045125314527985

Baune, B. T., Adrian, 1., & Jacobi, F. (2007). Medical disorders affect health
outcome and general functioning depending on comorbid major depression
in the general population. Journal of Psychosomatic Research, 62(2), 109-118.
d0i:10.1016/j.jpsychores.2006.09.014

Beck, A. T., Kovacs, M., & Weissman, A. (1979). Assessment of suicidal intention:
The scale for suicide ideation. Journal of Consulting and Clinical Psychology,
47(2), 343-352. doi:10.1037/0022-006X.47.2.343



Ryan et al. 259

Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., & Erbaugh, J. (1961). An in-
ventory for measuring depression. Archives of General Psychiatry, 4(6), 561-571.
d0i:10.1001/archpsyc.1961.01710120031

004

Berman, R. M., Cappiello, A., Oren, D. A., Anand, A.,Heninger, G. R., Charney,
D.S., & Krystal, J. H.

(2000). Antidepressant effects of ketamine in depressed patients. Biological
Psychiatry, 47(4), 351-354. doi:10.1016/50006-3223(99)00

Bjorkenstam, C., Moller, J., Ringback, G., Salmi, P, Hallgvist, J., & Ljung,

R. (2013). An association between initiation of selective serotonin reuptake
inhibitors and suicide: A nationwide register-based case-crossover study. PLoS
ONE, 8(9), 73973. doi:10.1371/journal.pone.0073973

Blonk, M. I, Koder, B. G., van den Bemt, . M., & Huygen, E J. (2010). Use of
oral ketamine in chronic pain management: A review. European Journal of Pain,
14(5), 466-472. doi:10.1016/j.¢jpain.2009.09.005

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: Critical review and implications for clinical practice. Depression and
Anxiety, epub ahead of print.

Boleslav Kosharskyy, M., Wilson Almonte, M., & Naum Shaparin, M. (2013). In-
travenous infusions in chronic pain management. Pain Physician, 16, 231-249.

Bonnet, U. (2015). Long-term ketamine self-injections in major depressive disor-
der: Focus on tolerance in ketamine’s antidepressant response and the develop-
ment of ketamine addiction. Journal of Psychoactive Drugs, 47(4), 276-285.

Bremner, J. D., Krystal, J. H., Putnam, E. W., Southwick, S. M., Marmar, C.,
Charney, D. S., & Mazure, C. M. (1998). Measurement of dissociative states
with the clinician-administered dissociative states scale (CADSS). Journal of
Traumatic Stress, 11(1), 125-136. doi: 10.1023/A:1024465317902

Caddy, C., Giaroli, G., White, T. P, Shergill, S. S., Tracy, D. K. (2014). Ketamine
as the prototype glutamatergic antidepressant: Pharmacodynamic actions, and
a systematic review and meta-analysis of efficacy. Therapeutic Advances in Psy-
chopharmacology, 4(2), 75-99.

Carlson, P, J., Diazgranados, N., Nugent, A. C., Ibrahim, L., Luckenbaugh, D.
A., Brutsche, N., % Drevets, W. C. (2013). Neural correlates of rapid anti-
depressant response to ketamine in treatment-resistant unipolar depression:

A preliminary positron emission tomography study. Biological Psychiatry, 73,



260 Ketamine, Depression, and Current Research

1213-1221.

Carhart-Harris, R. L., Bolstridge, M., Rucker. J., Day, C. M. ]., Erritzoe, D.,
Kaelen, M., % Nutt, D. J. (2016). Psilocybin with psychological support for
treatment-resistant depression: An open-label feasibility study. Lancer Psychia-
try. Published Online: May 17, 2016. doi:10.1016/52215-0366(16)30065-7

Chilukuri, H., Reddy, N. P, Pathapati, R. M., Manu, A. N, Jollu, S., & Shaik, A.
B. (2014). Acute antidepressant effects of intramuscular versus intravenous ket-
amine. Indian Journal Psychological Medicine, 36(1), 71-76. doi:10.4103/0253-
7176.127 258

Chu, P S., Ma, W., Wong, S. C., Chu, R. W., Cheng, C., Wong, S., .... Man,

C. (2008). The destruction of the lower urinary tract by ketamine abuse: A
new syndrome? B/U International, 102(11), 1616-1622. doi:10.1111/j.1464-
410X.2008.07920.x

Clark, P. (2014). Treatment-refractory depression: A case of successful treatment
with intranasal ketamine 10%. Annals of Clinical Psychiatry, 26(1), E10.

Clements, J., Nimmo, W., & Grant, 1. (1982). Bioavailability, pharmacokinetics,
and analgesic activity of ketamine in humans. Journal of Pharmaceutical Sciences,
71(5), pp. 539-542. doi:10.10 02/jps.2600710516

Cook, I. A., Espinoza, R., & Leuchter, A. E (2014). Neuromodulation for de-
pression: Invasive and noninvasive (deep brain stimulation, transcranial mag-
netic stimulation, trigeminal nerve stimulation). Neurosurgery Clinics of North
America, 25(1), 103-116. doi:10.1016/j.nec.2013.10.002

Cooper, M. D., Rosenblat, J. D., Cha, D. S, Lee, Y., Kakar, R., & Mcintyre, R. S.
(2016). Strategies to mitigate dissociative and psychotomimetic effects of ket-
amine in the treatment of major depressive episodes: A narrative review. World
Journal of Biological Psychiatry. Advance online publication.

Cornwell, B. R., Salvadore, G., Furey, M., Marquardt, C. A., Brutsche, N. E.,
Grillon, C., & Zarate, C. A. (2012). Synaptic potentiation is critical for rapid
antidepressant response to ketamine in treatment-resistant major depression.
Biological Psychiatry, 72(7), 555-561. doi:10.1016/j.biopsych.2012.03. 029

Correll, G. E., & Futter, G. E. (2006). Two case studies of patients with major
depressive disorder given low-dose (subanesthetic) ketamine infusions. Pain
Medicine, 7(1), 92-95. doi:10.1111/j.1526-4637.2006.00101.x

Coyle C. M., & Laws, K. R. (2015). The use of ketamine as an antidepressant:

A systematic review and meta-analysis. Human Psychopharmacology, 30(3),
152-163. doi:10.1002/hup.2475



Ryan et al. 261

Curran, H. V., & Monaghan, L. (2001). In and out of the K-hole: A com-
parison of the acute and residual effects of ketamine in frequent and in-
frequent ketamine users. Addiction, 96(5), 749-760. doi:10.1046/j.1360-
0443.2001.96574910.x

Cusin, C., Hilton, G. Q., Nierenberg, A. A., & Fava, M. (2012). Long-term
maintenance with intramuscular ketamine for treatment-resistant bipolar II
depression. American Journal of Psychiatry, 169(8), 868-869. doi:10.1176/appi.
ajp.2012.12020219

Cusin, C, Ionescu, D.E, Pavone, K. J., Akeju, O., Cassano, P, Taylor, N., % Fava,
M. (2016). Ketamine augmentation for outpatients with treatment-resistant
depression: Preliminary evidence for two-step intravenous dose escalation.
Australian and New Zealand Journal of Psychiatry. Advance online publication.
doi:10.1177/0004867416631828

da Frota Ribeiro, C. M., Sanacora, G., Hoffman, R., & Ostroff R. (2016). The use
of ketamine for the treatment of depression in the context of psychotic symp-
toms: To the editor. Biological Psychiatry, 79(9), e65—e66.

De Gioannis, A., & De Leo, D. (2014). Oral ketamine augmentation for chronic
suicidality in treatment-resistant depression. Australian and New Zealand Jour-
nal of Psychiatry, 48(7), 686-686. doi:10.1177/0004867414520754

Denk, M. C., Rewerts, C., Holsboer, E, Erhardt-Lehmann, A., & Turck, C. W.
(2011). Monitoring ketamine treatment response in a depressed patient via
peripheral mammalian target of rapamycin activation. American Journal of Psy-
chiatry, 168(7), 751-752. doi:10.1176/appi.ajp.2011.11010128

Diamond, P. R., Farmery, A. D., Atkinson, S., Haldar, J., Williams, N.,

Cowen, P. J., ... & McShane, R. (2014). Ketamine infusions for treat-
ment resistant depression: A series of 28 patients treated weekly or twice
weekly in an ECT clinic. Journal of Psychopharmacology, 28(6), 536-544.
doi:10.1177/0269881114527361

Diazgranados, N., Ibrahim, L., Brutsche, N. E., Newberg, A., Kronstein, P, Khal-
ife, S., ... Salvadore, G. (2010a). A randomized add-on trial of an N-methyl-
D-aspartate antagonist in treatment-resistant bipolar depression. Archives of
General Psychiatry, 67(8), 793-802. doi:10.1001/archgenpsychiatry.2010.90

Diazgranados, N., Ibrahim, L., Brutsche, N., Ameli, R., Henter, I. D., Lucken-
baugh, D. A,, ... Zarate, C. A. (2010b). Rapid resolution of suicidal ideation
after a single infusion of an NMDA antagonist in patients with treatment-resis-
tant major depressive disorder. 7he Journal of Clinical Psychiatry, 71(12), 1605.



262 Ketamine, Depression, and Current Research

doi:10.4088/JCP.09m05327blu

Domino, D. (2010). Taming the ketamine tiger. Anesthesiology, 113(3), 678-684.
d0i:10.1097/ALN.0b013e3181ed09a2.

Feder, A., Parides, M. K., Murrough, J. W., Perez, A. M., Morgan, ]. E., Saxena,
S., ... & Charney, D. S. (2014). Efficacy of intravenous ketamine for treatment
of chronic posttraumatic stress disorder: a randomized clinical trial. JAMA
Psychiatry, 71(6), 681-688. doi:10.1001/jamapsychiatry.2014.62

Gdlvez, V., O’Keefe, E., Cotiga, L., Leyden, J., Harper, S., Glue, P, ... & Loo, C.
K. (2014). Long-lasting effects of a single subcutaneous dose of ketamine for
treating melancholic depression: A case report. Biological Psychiatry, 76(3), el-
e2. doi:10.1016/j.biopsych.2013.12.010

Gasser, P, Holstein, D., Michel, Y., Doblin, R., Yazar-Klosinski, B., Passie, T.,

& Brenneisen, R. (2014). Safety and efficacy of lysergic acid diethylamide-
assisted psychotherapy for anxiety associated with life-threatening diseases.
The Journal of Nervous and Mental Disease, 202(7), 513. doi:10.1097/
NMD.0000000000000113

Gelenberg, A. J. (2010). A review of the current guidelines for depression treat-
ment. 7he Journal of Clinical Psychiatry, 71(7), e15. doi:10.4088/JCP.9078tx1c

Ghasemi, M., Kazemi, M. H., Yoosefi, A., Ghasemi, A., Paragomi, P, Amini, H.,
& Afzali, M. H. (2013). Rapid antidepressant effects of repeated doses of ket-
amine compared with electroconvulsive therapy in hospitalized patients with
major depressive disorder. Psychiatry Research, 215(2), 355-361. doi:10.1016/j.
psychres.2013.12.008.

Glue, P, Gulati, A., Le Nedelec, M., & Duftull, S. (2011). Dose- and expo-
sure-response to ketamine in depression. Biological Psychiatry, 70(4), 9-12.
doi:10.1016/j.biopsych.2010.11.031

Gowda, M. R., Srinivasa, P, Kumbar, P. S., Ramalingaiah, V. H., Muthyalappa,
C., & Durgoji, S. (2016). Rapid resolution of grief with IV infusion of ket-
amine: A unique phenomenological experience. Indian Journal of Psychological
Medicine, 38(1), 62—64.

Grégoire, M., Maclellan, D., & Finley, G. (2008). A pediatric case of ketamine-
associated cystitis (ILetter-to-the-Editor RE: Shahani R, Streutker C, Dickson
B, et al: Ketamine-associated ulcerative cystitis: a new clinical entity. Urol-
ogy 69: 810-812, 2007). Urology, 71(6), 1232-1233. doi:10.1016/j.urol-
0gy.2007.11.141.

Grob, C. S., Danforth, A. L., Chopra, G. S., Hagerty, M., McKay, C. R., Hal-



Ryan et al. 263

berstadt, A. L., & Greer, G. R. (2011). Pilot study of psilocybin treatment for
anxiety in patients with advanced-stage cancer. Archives of General Psychiatry,
68(1), 71-78. doi:10.1001/archgenpsychiatry.2010.116

Guy, W. (1976). ECDEU Assessment Manual for Psychopharmacology, Revised.
Bethesda, MD: US Department of Health, Education, and Welfare; 1976.

Hamilton, M. (1960). A rating scale for depression. Journal of Neurology, Neuro-
surgeryes Psychiatry, 23(1), 56. doi:10.1136/jnnp.23.1.56

Hashimoto, K. (2014). The R-Stereoisomer of ketamine as an alternative for ket-
amine for treatment-resistant major depression. Clinical Psychopharmacology and
Neuroscience, 12(1), 72-73. doi:10.9758/cpn.2014.12.1.72

Hassamal, S., Spivey, M., Pandurangi, A. K. (2015). Augmentation therapy with
serial intravenous ketamine over 18 months in a patient with treatment resis-
tant depression. Clinical Neuropharmacology, 38(5), 212-216.

Harihar, C., Dasari, P, & Srinivas, J. S. (2013). Intramuscular ketamine in acute
depression: A report on two cases. Indian
Journal of Psychiatry, 55(2), 186. doi:10.4103/0019-5545.111461

Heresco-Levy, U., Javitt, D. C., Gelfin, Y., Gorelik, E., Bar, M., Blanaru, M.,

& Kremer, 1. (2006). Controlled trial of d-cycloserine adjuvant therapy for
treatment-resistant major depressive disorder. Journal of Affective Disorders,
93(1), 239-243. doi:10.1016/j.jad.2006.03.004

Hu, Y. D, Xiang, Y. T., Fang, J. X, Zu, S., Sha, S., Shi, H. ... Wang, G. (2016).
Single IV ketamine augmentation of newly initiated escitalopram for major
depression: Results from a randomized, placebo-controlled 4-week study. Psy-
chological Medicine, 46(3), 623—635.

Ibrahim, L., Diazgranados, N., Franco-Chaves, J., Brutsche, N., Henter, I. D.,
Kronstein, P, ... Zarate, C. A., (2012). Course of improvement in depressive
symptoms to a single intravenous infusion of ketamine vs add-on riluzole: Re-
sults from a 4-week, double-blind, placebo-controlled study. Neuropsychophar-
macology, 37(6), 1526-1533. doi:10.1038011.338

Ibrahim, L., Diazgranados, N., Luckenbaugh, D. A., Machado-Vieira, R., Bau-
mann, J., Mallinger, A. G., & Zarate, C. A. (2011). Rapid decrease in depres-
sive symptoms with an N-methyl-D-aspartate antagonist in ECT-resistant
major depression. Progress in Neuro-Psychopharmacology & Biological Psychiatry,
35(4), 1155-1159. doi:10.1016/j.pnpbp.2011.03.019

Iglewicz, A., Morrison, K., Nelesen, R. A., Zhan, T., Iglewicz, B., Fairman, N., ...
& Irwin, S. A. (2014). Ketamine for the treatment of depression in patients re-



264 Ketamine, Depression, and Current Research

ceiving hospice care: A retrospective medical record review of thirty-one cases.
Psychosomatics, Advance online publication. doi: 10.1016/j.psym.2014.05.005.

Ionescu, D. E, Luckenbaugh, D. A., Niciu, M. ]J., Richards, E. M., Slonena, E. E.,
Vande, V. ]., ... & Zarate, C. A. (2014). Effect of baseline anxious depression
on initial and sustained antidepressant response to ketamine. 7he Journal of
Clinical Psychiatry, 75(9), €932-¢938. d0i:10.4088/JCP.14m09049

Ionescu, D. E, Luckenbaugh, D. A., Niciu, M. ]J., Richards, E. M., & Zarate, C.
A. (2014). A single infusion of ketamine improves depression scores in patients
with anxious bipolar depression. Bipolar Disorders, Advance online publication.
doi:10.1111/bdi.12277

Irwin, S. A., & Iglewicz, A. (2010). Oral ketamine for the rapid treatment of
depression and anxiety in patients receiving hospice care. Journal of Palliative
Medicine, 13(7), 903-908. doi:10.1089/jpm.2010.9808

Irwin, S. A, Iglewicz, A., Nelesen, R. A., Lo, J. Y., Carr, C. H., Romero, S. D,

& Lloyd, L. S. (2013). Daily oral ketamine for the treatment of depression
and anxiety in patients receiving hospice care: A 28-day open-label proof-of-
concept trial. Journal of Palliative Medicine, 16(8), 958-965. doi:10.1089/
jpm.2012.0617

Isbister, G. K., Calver. L. A., Downes, M. A., & Page, C. B. (2016). Ketamine as
rescue treatment for difficult-to-sedate severe acute behavioral disturbance in
the emergency department. Annals of Emergency Medicine, 67(5), 581-587.
Advance online publication. doi:10.1016/j.annemergmed.2015.11.028

JHP Pharmaceuticals, LLC. (2009). Kezalar® ketamine hydrochloride injection
[package insert]. Rochester, MI: JHP Pharmaceuticals, LLC.

Johnson, M. W., Richards, W. A., & Griffiths, R. R. (2008). Human hallucinogen
research: guidelines for safety. Journal of Psychopharmacology, 22(6), 603-620.
doi:10.1177/0269881108093587

Kantrowitz, J. T., Halberstam, B., & Gangwisch, J. (2015). Single-dose ketamine
followed by daily D-Cycloserine in treatment-resistant bipolar depression. Jour-
nal of Clinical Psychiatry, 76(6), 737-738.

Katalinic, N., Lai, R., Somogyi, A., Mitchell, P. B., Glue, P, & Loo, C. K. (2013).
Ketamine as a new treatment for depression: A review of its efficacy and ad-
verse effects. Australia and New Zealand Journal of Psychiatry, 47(8), 710-727.
doi:10.1177/0004867413486842

Keitner, G., & Mansfield, A. (2012). Management of treatment-resistant depres-
sion. Psychiatric Clinics of North America, 35(1), 249-265. doi:10.1016/].



Ryan et al. 265

psc.2011.11.004

Kohrs, R., & Durieux, M. E. (1998). Ketamine: Teaching an old drug new tricks.
Anesthesia & Analgesia, 87(5), 1186-1193.

Kollmar, R., Markovic, K., Thuerauf, N., Schmitt, H., & Kornhuber, J. (2008).
Ketamine followed by memantine for the treatment of major depression. 7he
Australian and New Zealand Journal of Psychiatry, 42(2), 170-175-4. doi:
10.1080/00048670701787628

Krystal, J. H., Sanacora, G., & Duman, R. S. (2013). Rapid-acting glutamater-
gic antidepressants: The path to ketamine and beyond. Biological Psychiatry,
73(12), 1133-1141. doi:10.1016/j.biopsych.2013.03. 026

Lai, R., Katalinic, N., Glue, P, Somogyi, A. A., Mitchell, P. B., Leyden, J., ... &
Loo, C. K. (2014). Pilot dose-response trial of IV ketamine in treatment-resis-
tant depression. World Journal of Biological Psychiatry, 15(7), 579-584. doi:10.31
09/15622975.2014.922697

Lapidus, K. A., Levitch, C. E, Perez, A. M., Brallier, J. W., Parides, M. K., So-
leimani, L., ... & Murrough, J. W. (2014). A randomized controlled trial of
intranasal ketamine in major depressive disorder. Biological Psychiatry, 76(12),
970-976. doi:10.1016/j.biopsych.2014.03.026

Lara, D. R,, Bisol, L. W., & Munari, L. R. (2013). Antidepressant, mood stabiliz-
ing and procognitive effects of very low dose sublingual ketamine in refractory
unipolar and bipolar depression. 7he International Journal of Neuropsychophar-
macology, 16(09), 2111-2117. doi:10.1017/81461145713000485

Larkin, G. L., & Beautrais, A. L. (2011). A preliminary naturalistic study of low-
dose ketamine for depression and suicide ideation in the emergency depart-
ment. 7he International Journal of Neuropsychopharmacology, 14(08), 1127-
1131. doi:10.1017/S1461145711000629

Lenze, E. ]., Farber, N. B., Kharasch, E., Schweiger, J., Yingling, M., Olney, J.,
and Newcomer, J. W. (2016). Ninety-six hour ketamine infusion with co-
administered clonidine for treatment-resistant depression: A pilot randomised
controlled trial. World Journal of Biological Psychiatry, 17(3), 230-238. doi:10.3
109/15622975.2016.1142607

Li, C. T, Chen, M. H., Lin, W. C., Hong, C. ]., Yang, B. H., Liu, R. S, ... Su, T.
P (2016). The effects of low-dose ketamine on the prefrontal cortex and amyg-
dala in treatment-resistant depression: A randomized controlled study. Human
Brain Mapping, 37(3), 1080-1090. doi:10.1002/hbm.23085

Liebrenz, M., Borgeat, A., Leisinger, R., & Stohler, R. (2007). Intravenous ket-



266 Ketamine, Depression, and Current Research

amine therapy in a patient with a treatment-resistant major depression. Swiss
Medical Weekly, 137(15/16), 234.

Liebrenz, M., Stohler, R., & Borgeat, A. (2009). Repeated intravenous ketamine
therapy in a patient with treatment-resistant major depression. World Journal of
Biological Psychiatry, 10(4:2), 640-643. doi:10.1080/15622970701420481

Loo, C. K., Gdlvez, V., O’Keefe, E, Mitchell, P. B., Hadzi-Pavlovic, D., Leyden, J.,
... Glub, P. (2016). Placebo-controlled pilot trial testing dose titration and in-
travenous, intramuscular and subcutaneous routes for ketamine in depression.
Acta Psychiatrica Scandinavica, 134(1), 48-56. doi:10.1111/acps.12572

Luckenbaugh, D. A,, Ibrahim L., Brutsche, N., Franco-Chaves, J., Mathews, D.,
Marquardt, C. A., ... Zarate, C. A . (2012). Family history of alcohol depen-
dence and antidepressant response to an /N-methyl-D-aspartate antagonist in
bipolar depression. Bipolar Disorders, 14(8), 880-887. doi:10.1111/bdi.12003

Luckenbaugh, D. A., Niciu, M. J., Ionescu, D. E, Nolan, N. M., Richards, E. M.,
Brutsche, N. E., ... & Zarate, C. A. (2014). Do the dissociative side effects of ket-
amine mediate its antidepressant effects? Journal of Affective Disorders, 159, 56-61.
doi:10.1016/j.jad.2014.02.017

Machado-Vieira, R., Salvadore, G., Diazgranados, N., & Zarate, C. A. (2009).
Ketamine and the next generation of antidepressants with a rapid onset of
action. Pharmacology & Therapeutics, 123(2), 143-150. doi:10.1016/j.phar-
mthera.2009.02.010

Machado-Vieira, R., Yuan, P, Brutsche, N., Diazgranados, N., Luckenbaugh, D.,
Manji, H. K., & Zarate, C. A. (2009). Brain-derived neurotrophic factor and
initial antidepressant response to an N-methyl-D-aspartate antagonist. 7he Jour-
nal of Clinical Psychiatry, 70(12), 1662. doi:10.4088/JCP.08m04659

Mathew, S. J., Manji, H. K., & Charney, D. S. (2008). Novel drugs and therapeutic
targets for severe mood disorders. Neuropsychopharmacology, 33(9), 2080-2092.
doi:10.1038/sj.npp. 1301652

Mathew, S. J., Murrough, J. W., aan het Rot, M., Collins, K. A., Reich, D. L., &
Charney, D. S. (2010). Riluzole for relapse prevention following intravenous ket-
amine in treatment-resistant depression: A pilot randomized, placebo-controlled
continuation trial. 7he International Journal of Neuropsychopharmacology, 13(01),
71-82. doi:10.1017/S1461145709000169

Matthews, D., Henter, 1., & Zarate, C. (2012). Targeting the glutamatergic system
to treat major depressive disorder: Rationale and progress to date. Drugs, 72(10),
1313-1333. doi:10.2165/11633130-000000000-00000



Ryan et al. 267

McCloud, T.L., Caddy, C., Jochim, J., Rendell, J. M., Diamond, P R., Shuttle-
worth, C., ... Cipriani, A. (2015). Ketamine and other glutamate receptor
modulators for depression in bipolar disorder in adults. Cochrane Database Syst
Rev. 29 September 2015: CD011611.

McNulty, J. P, & Hahn, K.(2012). Compounded oral ketamine for severe depres-
sion, anxiety, and pain in a hospice patient with end-stage chronic obstructive
pulmonary disease, cardiopulmonary failure, and severe renal insufhiciency: A
case report. International Journal
of Pharmaceutical Compounding, 16(5), 364-368.

Messer, M., Haller, 1., Larson, P, Pattison-Crisostomo, J., & Gessert, C. (2010).
The use of a series of ketamine infusions in two patients with treatment-resistant
depression. 7he Journal of Neuropsychiatry and Clinical Neurosciences, 22(4), 442-
444. doi:10.1176/jnp.2010.22.4.442

Middela, S., & Pearce, 1. (2011). Ketamine-induced vesicopathy: A literature review.
International Journal of Clinical Practice, 65(1), 27-30.

Mithoefer, M. C., Wagner, M. T., Mithoefer, A. T., Jerome, L., Martin, S. E, Yazar-
Klosinski, B., ... & Doblin, R. (2013). Durability of improvement in posttrau-
matic stress disorder symptoms and absence of harmful effects or drug depen-
dency after 3, 4-methylenedioxymethamphetamine-assisted psychotherapy: A
prospective long-term follow-up study. Journal of Psychopharmacology, 27(1),
28-39. doi:10.1177/0269881112456611

Mithoefer, M. C., Grob, C. S., & Brewerton, T. D. (2016). Novel psychophar-
macological therapies for psychiatric disorders: Psilocybin and MDMA. Lancer
Psychiatry, 3(5), 481-488.

Monteggia, L. M., Gideons, E., & Kavalali, E. T. (2013). The role of eukaryotic
elongation factor 2 kinase in apid antidepressant action of ketamine. Biological
Psychiatry, 73(12), 1199-1203. doi:10.1016/j.biopsych.2012.09.006

Montgomery, S. A., & Asberg, M. (1979). A new depression scale designed to
be sensitive to change. 7he British Journal of Psychiatry, 134(4), 382-389.
doi:10.1192/bjp.134.4.382

Morgan, C. J., Monaghan, L., & Curran, H. V. (2004). Beyond the K-hole: A
3-year longitudinal investigation of the cognitive and subjective effects of
ketamine in recreational users who have substantially reduced their use of the
drug. Addiction, 99(11), 1450-1461. doi:10.1111/j.1360-0443.2004.00879.x

Morris, H., & Wallach, J. (2014). From PCP to MXE: A comprehensive review
of the non-medical use of dissociative drugs. Drug Testing and Analysis, 6(7-8),



268 Ketamine, Depression, and Current Research

614-632.

Murrough, J. W, losifescu, D. V., Chang, L. C., Al Jurdi, R. K., Green, C. M.,
Perez, A. M., ... Mathew, S. J. (2013a). Antidepressant efficacy of ketamine
in treatment-resistant major depression: A two-site randomized controlled
trial. American Journal of Psychiatry, 170(10), 1134-1142. doi:10.1176/appi.
ajp.2013.13030392

Murrough, J. W., Perez, A. M., Mathew, S. J., & Charney, D. S. (2011). A case
of sustained remission following an acute course of ketamine in treatment-
resistant depression. 7he Journal of Clinical Psychiatry, 72(3), 414-415.
doi:10.4088/JCP.10106447blu

Murrough, J. W., Perez, A. M., Pillemer, S., Stern, J., Parides, M. K., aan het Rot,
M., ... losifescu, D. V. (2013b). Rapid and longer-term antidepressant effects of
repeated ketamine infusions in treatment-resistant major depression. Biological
Psychiatry, 74(4), 250-256. doi:10.1016/j.biopsych.2012.06.022

Murrough, J. W, Burdick, K. E., Levitch, C. E, Perez, A. M., Brallier, J. W.,
Chang, L. C., ... losifescu, D. V. (2015). Neurocognitive effects of ketamine
and association with antidepressant response in individuals with treatment-
resistant depression: A randomized controlled trial. Neuropsychopharmacology,
40(5), 1084-1090. doi:10.1038/npp.2014.298

Nagele, P, Duma, A., Kopec, M., Gebara, M. A., Parsoei, A., Walker, M., ... &
Conway, C. R. (2014). Nitrous oxide for treatment-resistant major depression:
A proof-of-concept trial. Biological Psychiatry, Advance online publication.
doi:10.1016/j.biopsych.2014.11.016

Naughton, M., Clarke, G., Olivia, E. O., Cryan, J. E, & Dinan, T. G. (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. doi:10.1016/j.jad.2013.11.014

Nguyen, L, Marshalek, P. J., Weaver, C. B., Cramer, K. J., Pollard, S. E., & Mat-
sumoto, R. R. (2015). Off-label use of transmucosal ketamine as a rapid-acting
antidepressant: a retrospective chart review. Neuropsychiatric Disease and Treat-
ment, 11, 2667-2673.

Niciu, M. J., Luckenbaugh, D. A,, Ionescu, D. E, Richards, E. M., Voort, J. L. V.,
Ballard, E. D., ... & Zarate, C. A. (2014). Ketamine’s Antidepressant efficacy is
extended for at least four weeks in subjects with a family history of an alcohol
use disorder. International Journal of Neuropsychopharmacology, 18(1), 1-7.

Niciu, M. J., Luckenbaugh, D. A, Ionescu, D. E, Mathews, D. C., Richards, E.



Ryan et al. 269

M., & Zarate Jr, C. A. (2013). Subanesthetic dose ketamine does not induce
an affective switch in three independent samples of treatment-resistant ma-
jor depression. Biological Psychiatry, 74(10), e23-¢24. doi:10.1016/j.
biopsych.2013.01.038

Olin, B., Jayewardene, A. K., Bunker, M., & Moreno, E (2012). Mortality and
suicide risk in treatment-resistant depression: An observational study of the
long-term impact of intervention. PLOS ONE, 7(10), ¢48002. doi:10.1371/
journal.pone.0048002

Ostroff, R., Gonzales, M., & Sanacora, G. (2005). Antidepressant effect of
ketamine during ECT. American Journal of Psychiatry, 162(7), 1385-1386.
doi:10.1176/appi.ajp.162.7.1385

Overall, J. E., & Gorham, D. R. (1962). The brief psychiatric rating scale. Psycho-
logical Reporzs, 10(3), 799-812. doi:10.2466/pr0.1962.10.3.799

Papolos, D. E, Teicher, M. H., Faedda, G. L., Murphy, P, & Mattis, S. (2013).
Clinical experience using intranasal ketamine in the treatment of pediatric
bipolar disorder/fear of harm phenotype. Journal of Affective Disorders, 147(1),
431-436. doi:10.1016/j.jad.2012.08.040

Paslakis, G., Gilles, M., Meyer-Lindenberg, A., & Deuschle, M. (2010). Oral
administration of the NMDA receptor antagonist S-ketamine as add-on
therapy of depression: A case series. Pharmacopsychiatry, 43(01), 33-35.
doi:10.1055/5-0029-1237375

Paul, R., Schaaff, N., Padberg, E, Moller, H., & Frodl, T. (2009). Comparison
of racemic ketamine and S-ketamine in treatment-resistant major depression:
Report of two cases. World Journal of Biological Psychiatry, 10(3), 241-244.
doi:10.1080/15622970701714370

Permoda-Osip, A., Kisielewski, J., Bartkowska-Sniatkowska, A., & Rybakowski, J.
K. (2015). Single ketamine infusion and neurocognitive performance in bipo-
lar depression. Pharmacopsychiatry, 48(2), 78-79. doi:10.1055/s-0034-1394399

Phelps, L. E., Brutsche, N., Moral, J. R., Luckenbaugh, D. A., Manji, H. K., &
Zarate, C. A. (2009). Family history of alcohol dependence and initial antide-
pressant response to an N-methyl-D-aspartate antagonist. Biological Psychiatry,
65(2), 181-184. doi:10.1016/j.biopsych.2008.09.029

Pioro, E. P, Brooks, B. R., Cummings, J., Schiffer, R., Thisted, R. A., Wynn, D.,
... Kaye, R. (2010). Dextromethorphan plus ultra low-dose quinidine reduces
pseudobulbar affect. Annals of Neurology, 68(5), 693—702.

Price, R. B., losifescu, D. V., Murrough, J. W., Chang, L. C., Al Jurdi, R. K,



270 Ketamine, Depression, and Current Research

Igbal, S. Z., ... & Mathew, S. J. (2014). Effects of ketamine on explicit and
implicit suicidal cognition: A randomized controlled trial in treatment-resistant
depression. Depression and Anxiety, 31(4), 335-343. doi:10.1002/da.22253

Price, R. B., Nock, M. K., Charney, D. S., & Mathew, S. J. (2009). Effects of
intravenous ketamine on explicit and implicit measures of suicidality in treat-
ment-resistant depression. Biological Psychiatry, 66(5), 522-526. doi:10.1016/j.
biopsych.2009.04.029

Prommer, E. E. (2012) Ketamine for pain: An update of uses in palliative care.
Journal of Palliative Medicine, 15(4), 474-483. doi:10.1089/jpm.2011.0244

Raeder, J. C., & Stenseth, L. B. (2000). Ketamine: A new look at an old drug. Current
Opinion in Anesthesiology, 13(4), 463-468. doi:10.1097/00001503-200008000-
00011

Rasmussen, K. G., Lineberry, T. W., Galardy, C. W., Kung, S., Lapid, M.
L., Palmer, B. A., ... Frye, M. A. (2013). Serial infusions of low-dose ket-
amine for major depression. Journal of Psychopharmacology, 27(5), 444-450.
doi:10.1177/0269881113478283

Reich, D. L., & Silvay, G. (1989). Ketamine: An update on the first twenty-five
years of clinical experience. Canadian Journal of Anaesthesia, 36(2), 186-197.
doi:10.1007/BF03011442

Rodriguez, C. L., Kegeles, L. S., Levinson, A., Feng, T., Marcus, S. M., Vermes,
D., ... & Simpson, H. B. (2013). Randomized controlled crossover trial of
ketamine in obsessive-compulsive disorder: Proof-of-concept. Newuropsychophar-
macology, 38(12), 2475-2483. d0i:10.1038/npp.2013.150

Rush, A. J., Trivedi, M. H., Wisniewski, S. R., Nierenberg, A. A., Stewart, J.
W., Warden, D., ... Fava, M. (2006). Acute and longer-term outcomes in
depressed outpatients requiring one or several treatment steps: A STAR*D
report. American Journal of Psychiatry, 163(11), 1905-1917. doi:10.1176/
2jp.2006.163.11.1905

Ryan, W. C., Marta, C. J., & Koek, R. J. (2014). Ketamine and depression: A
review. International Journal of Transpersonal Studies, 33(2), 40-74.

Rybakowski, J. K., Permoda-Osip, A., Skibinska, M., Adamski, R., & Bartkowska-
Sniatkowska, A. (2013). Single ketamine infusion in bipolar depression resis-
tant to antidepressants: Are neurotrophins involved? Human Psychopharmacol-
ogy: Clinical and Experimental, 28(1), 87-90. doi:10.1002/hup.2271

Sackeim, H. A. (2001). The definition and meaning of treatment-resistant depres-
sion. Journal of Clinical Psychiatry, 62(Suppl. 16), 10-17.



Ryan et al. 271

Salvadore, G., Cornwell, B. R., Colon-Rosario, V., Coppola, R., Grillon, C.,
Zarate, C. A., & Manji, H. K. (2009). Increased anterior cingulate cortical ac-
tivity in response to fearful faces: A neurophysiological biomarker that predicts
rapid antidepressant response to ketamine. Biological Psychiatry, 65(4), 289-
295. doi:10.1016/j.biopsych.2008.08.014

Salvadore, G., Cornwell, B. R., Sambataro, E, Latov, D., Colon-Rosario, V.,
Carver, E, ... Zarate, C. A. (2010). Anterior cingulate desynchronization and
functional connectivity with the amygdala during a working memory task
predict rapid antidepressant response to ketamine. Neuropsychopharmacology,
35(7), 1415-1422. doi:10.1038/npp.2010.24

Salvadore, G., Van Der Veen, J. W., Zhang, Y., Marenco, S., Machado-Vieira, R.,
Baumann, J., ... Zarate, C. A. (2012). An investigation of amino-acid neu-
rotransmitters as potential predictors of clinical improvement to ketamine in
depression. International Journal of Neuro-Psychopharmacology, 15(8), 1063.
doi:10.1017/S1461145711001593

Sampath, H., Sharma, 1., & Dutta, S. (2016). Treatment of suicidal depression
with ketamine in rapid cycling bipolar disorder. Asia-Pacific Psychiatry, 8(1),
98-101.

Schak, K. M., Vande Voort, ]. L., Johnson, E. K, Kung, S., Leung, J. G., Ras-
mussen, K. G., ... Frye, M. A. (2016). Potential risks of poorly monitored
ketamine use in depression treatment. American Journal of Psychiatry, 173(3),
215-218.

Segmiller, F.,, Ruther, T, Linhardt, A., Padberg, E, Berger, M., Pogarell, ... Schule,
C. (2013). Repeated S-ketamine infusions in therapy resistant depression: A
case series. The Journal of Clinical Pharmacology, 53(9), 996-998. doi:10.1002/
jeph.122

Shahani, R., Streutker, C., Dickson, B., & Stewart, R. ]. (2007). Ketamine-
associated ulcerative cystitis: A new clinical entity. Urology, 69(5), 810-812.
doi:10.1016/j.urology.2007.01.038

Shiroma, P. R., Albott, C. S., Johns, B., Thuras, P, Wels, J., & Lim, K. O. (2014).
Neurocognitive performance and serial intravenous subanesthetic ketamine in
treatment-resistant depression. International Journal of Neuropsychopharmacol-
ogy, 17(11), 1805-1813.

Shiroma, P. R., Johns, B., Kuskowski, M., Wels, J., Thuras, ., Albott, C., & Lim,
K. O. (2014). Augmentation of response and remission to serial intravenous
subanesthetic ketamine in treatment resistant depression. Journal of Affective



272 Ketamine, Depression, and Current Research

Disorders, 155, 123-129. doi:10.1016/j.jad.2013.10.036

Singh, J. B., Fedgchin, M., Daly, E. ]., De Boer, P, Cooper, K., Lim, P, ... Van
Nueten, L. A. (2016). Double-blind, randomized, placebo-controlled, dose-
frequency study of intravenous ketamine in patients with treatment-resistant
depression. American Journal of Psychiatry, 173(8), 816—826. doi:10.1176/appi.
2jp.2016.16010037

Skolnick, P, Layer, R., Popik, P, Nowak, G., Paul, L., & Trullas, R. (1996). Adap-
tation of N-methyl-D-aspartate (NMDA) receptors following antidepressant
treatment: Implications for the pharmacotherapy of depression. Pharmacopsy-
chiatry, 29(1), 23-26. doi:10.1055/s-2007-979537

Sos, P, Klirova, M., Novak, T., Kohutova, B., Horacek, J., & Palenicek, T. (2013).
Relationship of ketamine’s antidepressant and psychotomimetic effects in uni-
polar depression. Neuroendocrinology Letters, 34(4), 101-107.

Srivastava, S., Gangwar, R. S., & Kumar, A. (2015). Safety and efficacy of ket-
amine infusion in late onset depression, and conversion to treatment response.
Indian Journal of Psychiatry, 57(3), 328-329.

Stefanczyk-Sapieha, L., Oneschuk, D., & Demas, M. (2008). Intravenous ketamine
“burst” for refractory depression in a patient with advanced cancer. Journal of
Palliative Medicine, 11(9), 1268-1271. doi:10.1089/jpm.2008.9828

Storr, T., & Quibell, R. (2009). Can ketamine prescribed for pain cause dam-
age to the urinary tract? Journal of Palliative Medicine, 23(7), 670-672.
doi:10.1177/0269216309106828

Szymkowicz, S. M., Finnegan, N., & Dale, R. M. (2013). A 12-month naturalistic
observation of three patients receiving repeat intravenous ketamine infusions for
their treatment-resistant depression. Journal of Affective Disorders, 147(1), 416-
420. doi:10.1016/j.jad.2012.10.015

Szymkowicz, S. M., Finnegan, N., & Dale, R. M. (2014). Failed response to re-
peat intravenous ketamine infusions in geriatric patients with major depressive
disorder. Journal of Clinical Psychopharmacology, 34(2), 285-286. doi:10.1097/
JCP.0000000000000090

Tam, Y. H., Ng, C. E, Pang, K. K,, Yee, C. H., Chu, W. C, Leung, V. Y., ... Lai, P
B. (2014 ). One-stop clinic for ketamine-associated uropathy: Report on service
delivery model, patients’ characteristics and non-invasive investigations at base-
line by a cross-sectional study in a prospective cohort of 318 teenagers and young
adults. BJU International, 114(5), 754-760.

Thakurta, R. G., Das, R., Bhattacharya, A. K., Saha, D., Sen, S., Singh, O. P,



Ryan et al. 273

& Bisui, B. (2012). Rapid response with ketamine on suicidal cognition in
resistant depression. Indian Journal of Psychological Medicine, 34(2), 170.
doi:10.4103/0253-7176.101793

Thakurta, R. G., Ray, P, Kanji, D., Das, R., Bisui, B., & Singh, O. P. (2012). Rapid
antidepressant response with ketamine: Is it the solution to resistant depres-
sion? Indian Journal of Psychological Medicine, 34(1), 56. doi:10.4103/0253-
7176.96161

Valentine, G. W., Mason, G. E, Gomez, R., Fasula, M., Watzl, J., Pittman, B, ...
Sanacora, G. (2011). The antidepressant effect of ketamine is not associated
with changes in occipital amino acid neurotransmitter content as measured by
[IH]-MRS. Psychiatry Research: Neuroimaging, 191(2), 122-127. doi:10.1016/j.
pscychresns.2010.10.009

Vasavada, M. M., Leaver, A. M., Espinoza, R. T., Joshi, S. H., Njau, S. N., Woods,
R. P, & Narr, K. L. (2016). Structural connectivity and response to ketamine
therapy in major depression: A preliminary study. Journal of Affective Disorders,
190, 836-841. doi: 10.1016/j.jad.2015.11.018

Vollenweider, E, Leenders, K., Oye, 1., Hell, D., & Angst, ]J. (1997a). Differential
psychopathology and patterns of cerebral glucose utilisation produced by (S)-
and (R)-ketamine in healthy volunteers using positron emission tomography
(PET). European Neuropsychopharmacology, 7(1), 25-38. doi:10.1016/S0924-
977X(96)00042-9

Vollenweider, E, Leenders, K., Scharfetter, C., Antonini, A., Maguire, P, Missimer,
J., & Angst, ]. (1997b). Metabolic hyperfrontality and psychopathology in the
ketamine model of psychosis using positron emission tomography (PET) and
[18F] fluorodeoxyglucose (FDQG). European Neuropsychopharmacology, 7(1),
9-24. doi:10.1016/50924-977X(96)00039-9

Wani, A., Trevino, K., Marnell, P, & Husain, M. M. (2013). Advances in brain stimu-
lation for depression. Annals of Clinical Psychiatry: Official Journal of the American
Academy of Clinical Psychiatrists, 25(3), 217-224.

Wan, L. B., Levitch, C. E, Perez, A. M., Brallier, J. W, losifescu, D. V., Chang, L.
C., ... Murrough, J. W. (2015). Ketamine safety and tolerability in clinical trials
for treatment-resistant depression. Journal of Clinical Psychiatry, 76(3), 247-252.

Wein, A. J. (2013). Re: The prevalence and natural history of urinary symptoms
among recreational ketamine users. 7he Journal of Urology, 190(5), 1816-1818.
doi:10.1016/j.juro.2013.07.091

Winstock, A. R., Mitcheson, L., Gillatt, D. A., & Cottrell, A. M. (2012). The



274 Ketamine, Depression, and Current Research

prevalence and natural history of urinary symptoms among recreational ket-
amine users. BJU International, 110, 1762—1766.

Wu, P, Wang, Q., Huang, Z., Wang, J., Wu, Q., & Lin, T. (2016). Clinical staging
of ketamine-associated urinary dysfunction: A strategy for assessment and treat-
ment. World Journal of Urology, 34, 1329-1336. doi:10.1007/s00345-016-1759-
9

Yang, C., Shirayama Y., Zhang J. C., Ren, Q., Yao, W., Ma, M. ... Hashimoto,

K. (2015). R-ketamine: A rapid-onset and sustained antidepressant without
psychotomimetic side effects. Translational Psychiatry, 5, ¢632. doi:10.1038/
tp.2015.136

Yang, C., Zhou, Z., Gao, Z., Shi, J., & Yang, J. (2013). Acute increases in plasma
mammalian target of rapamycin, glycogen synthase kinase-3beta, and eukary-
otic elongation factor 2 phosphorylation after ketamine treatment in three
depressed patients. Biological Psychiatry, 73(12), 35-36. doi:10.1016/j.bio-
psych.2012.07.022

Yang, C., Zhou, Z., & Yang, ]J. (2011). Be prudent of ketamine in treating resistant
depression in patients with cancer. Journal of Palliative Medicine, 14(5), 537.
doi:10.1089/jpm.2010.0525

Young, R., Biggs, J., Ziegler, V., & Meyer, D. (1978). A rating scale for mania: Reli-
ability, validity and sensitivity. 7he British Journal of Psychiatry, 133(5), 429-435.
doi:10.1192/bjp.133.5.429

Yek, J., Sundaram, P, Aydin, H., Kuo, T., Ng, L. G. (2015). The clinical presenta-
tion and diagnosis of ketamine-associated urinary tract dysfunction in Singapore.
Singapore Medical Journal, 56(12), 660—664.

Zanicotti, C. G, Perez, D., & Glue, P. (2012). Mood and pain responses to repeat
dose intramuscular ketamine in a depressed patient with advanced cancer. Jour-
nal of Palliative Medicine, 15(4), 400-403. doi:10.1089/jpm.2011.0314

Zanicotti, C. G., Perez, D., & Glue, P. (2013). Case report: Long-term mood
response to repeat dose intramuscular ketamine in a depressed patient with
advanced cancer. Journal of Palliative Medicine, 16(7), 719-720. doi:10.1089/
ipm.2013.0057

Zarate, C. A., Brutsche, N. E., Ibrahim, L., Franco-Chaves, ]., Diazgranados, N.,
Cravchik, A., ... Luckenbaugh, D. A. (2012). Replication of ketamine’s antide-
pressant efficacy in bipolar depression: A randomized controlled add-on trial.
Biological Psychiatry, 71(11), 939-946. doi;10.1016/j.biopsych.2011.12.010

Zarate, C. A., Mathews, D., Ibrahim, L., Chaves, J. E, Marquardt, C., Ukoh, I.,



Ryan et al. 275

... & Luckenbaugh, D. A. (2013). A randomized trial of a low-trapping non-
selective N-methyl-D-aspartate channel blocker in major depression. Biological
Psychiatry, 74(4), 257-264. doi:10.1016/j.biopsych.2012.10.019

Zarate, C. A., Singh, J. B., Carlson, P. J., Brutsche, N. E., Ameli, R., Lucken-
baugh, D. A,, ... Manji, H. K. (2006). A randomized trial of an /N-methyl-D-
aspartate antagonist in treatment-resistant major depression. Archives of General
Psychiatry, 63(8), 856-864. doi:10.1001/archpsyc.63.8.856

Zarate, C., Duman, R. S., Liu, G., Sartori, S., Quiroz, J., & Murck, H. (2013).
New paradigms for treatment-resistant depression. Annals of The New York
Academy of Sciences, 1292(1), 21-31. doi:10.1111/nyas.12223

Zhang, ]., Li, S., & Hashimoto, K. (2014). R (-)-ketamine shows greater potency
and longer lasting antidepressant effects than S (+)-ketamine. Pharmacology
Biochemistry & Behavior, 116,137-141. doi:10.1016/j.pbb.2013.11.033

Zigman, D., & Blier, 2. (2013). Urgent ketamine infusion rapidly eliminated
suicidal ideation for a patient with major depressive disorder: A case re-
port. Journal of Clinical Psychopharmacology, 33(2), 270-272. doi:10.1097/
JCP0b013e3182856865

Zigmond, A. S., & Snaith, R. P. (1983). The hospital anxiety and de-
pression scale. Acta Psychiatrica Scandinavica, 67(6), 361-370.
doi:10.1111/j.1600-0447.1983.tb09716.x



