REVIEW
Ketamine for Depression: Where Do We Go from Here?

Marije aan het Rot, Carlos A. Zarate Jr., Dennis S. Charney, and Sanjay J. Mathew

Since publication of the first randomized controlled trial describing rapid antidepressant effects of ketamine, several reports have confirmed
the potential utility of this dissociative anesthetic medication for treatment of major depressive episodes, including those associated with
bipolar disorder and resistant to other medications and electroconvulsive therapy. These reports have generated several questions with
respect to who might respond to ketamine, how, and for how long. To start answering these questions. We used PubMed.gov and
ClinicalTrials.gov to perform a systematic review of all available published data on the antidepressant effects of ketamine and of all recently
completed, ongoing, and planned studies. To date, 163 patients, primarily with treatment-resistant depression, have participated in case
studies, open-label investigations, or controlled trials. All controlled trials have used a within-subject, crossover design with an inactive
placebo as the control. Ketamine administration has usually involved an anaesthesiologist infusing a single, subanesthetic, intravenous
dose, and required hospitalization for at least 24 hours postinfusion. Response rates in the open-label investigations and controlled trials
have ranged from 25% to 85% at 24 hours postinfusion and from 14% to 70% at 72 hours postinfusion. Although adverse effects have
generally been mild, some patients have experienced brief changes in blood pressure, heart rate, or respiratory rate. Risk—benefit analyses
support further research of ketamine for individuals with severe mood disorders. However, given the paucity of randomized controlled trials,
lack of an active placebo, limited data on long-term outcomes, and potential risks, ketamine administration is not recommended outside of

the hospital setting.
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medication, was first reported to have therapeutic effects in

major depressive disorder (MDD) (1). The randomized con-
trolled trial (RCT) provided evidence that a single, intravenous
(IV), subanesthetic dose of ketamine may relieve depressive
symptoms within hours. This added to preclinical work suggest-
ing ketamine’s antidepressant properties and was particularly
exciting because it generated an avenue for developing novel
treatments for MDD patients who had not previously responded
to pharmacotherapy. At the administered dose, ketamine pri-
marily acts as an antagonist of the N-methyl-D-aspartate (NMDA)
receptor and thus targets the excitatory amino acid neurotrans-
mitter, glutamate. In contrast, most approved antidepressant
medications primarily target the brain monoamine systems (2).
Only a minority of patients responds to a first trial with one of
these medications, and some patients do not show any signifi-
cant antidepressant response even after multiple trials. This lat-
ter group is said to have treatment-resistant depression (TRD)
(3). The second ketamine RCT was conducted specifically in TRD
patients, including some individuals who had not responded to
electroconvulsive therapy (ECT) (4). Again, IV ketamine had
rapid, but transient, antidepressant effects.

These data have generated several questions. First, how might
the antidepressant response to ketamine be maintained? In both
RCTs, ketamine's effects peaked at 24 hours postinfusion and

I t has been more than a decade since ketamine, an anesthetic
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lasted, in a minority of patients, for several weeks at most. Second,
are modes of ketamine administration other than IV equally effica-
cious? Although the onset of antidepressant action may be more
rapid, RCTs on IV administration of conventional antidepressants
do not supportincreased efficacy over oral administration (5). Third,
might it be possible to predict who will respond to ketamine? The
antidepressant effects of conventional medications can be pre-
dicted from certain patient variables (6). Fourth, might ketamine
prove useful in actively suicidal patients? In both initial RCTs, these
patients were excluded from participation, but ketamine still re-
duced suicidal ideation. A final question to be addressed pertains to
the use of ketamine for ECT anesthesia (7). Might ECT efficacy im-
prove when ketamine is used rather than another anesthetic med-
ication?

To address these questions, we reviewed all currently available
patient data on the antidepressant effects of ketamine. We first
present the results of our systematic review. We then discuss these
results in the context of the questions posed in the previous para-
graph. Importantly, we do not evaluate in detail the mostly preclin-
ical literature on brain glutamate function and depression. Reviews
on this topic are available elsewhere (8-11).

Methods and Materials

In January 2012, we searched PubMed.gov using the terms “ket-
amine” AND (“major depressive disorder” OR “bipolar disorder” OR
“affective disorder”). We included studies in which patients met
clinical criteria for a mood disorder, received ketamine to study its
antidepressant effects, and were assessed clinically for at least 230
min (~4 hours) postketamine. If articles cited additional studies
with these criteria, then these were also included. Table 1 provides
an overview of included studies.

We also searched ClinicalTrials.gov for studies that were recently
completed but still unpublished, currently recruiting participants,
or not yet enrolling. Table 2 again provides an overview.

Results

Patient and Treatment Details

Although most publications to date report on (adult) MDD pa-
tients, some case studies (12,13) and two recent RCTs (14,15) fo-
cused on depressed patients with bipolar disorder (BD). Patients
with current comorbidity other than anxiety disorders have gener-
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Table 1. Overview of Published Studies of the Antidepressant Effects of Ketamine in Mood Disorder Patients to Date

Patients Ketamine Treatment
N Diagnosis Comorbidity TRD Delivery Dose Formulation
Case Studies (total N = 14 patients
received ketamine)
Correll and Futter (21) 2 MDD No Yes \% .27-3 mg/kg/h Racemic
5 days
Goforth and Holsinger (35) 1 MDD Not reported Yes M 1.5 mg/kg Racemic
Liebrenzetal. (16, 17) 1 MDD Current substance Yes \Y .5 mg/kg Racemic
dependence 50 min
Kollmar et al. (58) 1 MDD Not reported Yes \% .5mg/kg Racemic
40 min
Stefanczyk-Sapieha et al. (59) 1 MDD Metastatic Unclear \% .5 mg/kg Racemic
prostate cancer 60 min
Paul et al. (19) 2 MDD No Yes \Y .5 mg/kg Racemic
50 min
.25 mg/kg S-enantiomer
Bjerre and Fontenay (12) 1 BD Not reported Not reported \% .5mg/kg S-enantiomer
60 min
Messer et al. (60) 2 MDD No Yes \% .5 mg/kg Racemic
40 min
Denk et al. (20) 1 MDD Not reported Yes \% .25 mg/kg S-enantiomer
40 min
Glueetal. (13) 2 BD Not reported Yes M .5-1 mg/kg Racemic
Open-Label Investigations (total
N = 83 patients received
ketamine, most not
repeatedly)
Machado-Vieira et al. (23) 23 MDD Not reported =2 failed ATHF trials \% .5 mg/kg Racemic
40 min
Phelps et al. (22) 26° MDD Not reported =2 failed ATHF trials \% .5 mg/kg Racemic
40 min
DiazGranados et al. (24) 33 MDD Not reported =2 failed ATHF trials \% .5 mg/kg Racemic
40 min
Ibrahim et al. (25) 40° MDD Not reported =2 failed ATHF trials \% .5 mg/kg Racemic
40 min
Ibrahim et al. (26) 42 MDD Current anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (52%) 40 min
Salvadore et al. (28) 11° MDD Current anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (73%) 40 min
Salvadore et al. (27) 15° MDD Current anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (60%) 40 min
Salvadore et al. (29) 14® MDD Not reported =2 failed ATHF trials \% .5 mg/kg Racemic
40 min
Mathew et al. (32) 26 MDD Current anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (77%) 40 min
aan het Rot et al. (33) 9¢ MDD Current anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (70%) 40 min
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Table 1. (continued)
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Ketamine Treatment

Antidepressant Response

Medication No. of Adverse Effects
Placebo Status Doses Measures 4h 24 h 72h During Administration
— Not reported  1-3 (2.5-5  BDI Not assessed  Unclear Yes “Heady”
months)  HDRS
— On 1 (during MADRS Not assessed  Unclear Yes Not reported
ECT)
— On 2 (6 weeks) BDI Not assessed  Yes Yes None
HDRS (infusion 1 only) (infusion 1 only)
— Not reported 2 (2 weeks)  BDI Not assessed  Yes Unclear Not reported
HDRS
— On 2 (10days) BDI No No No Visual hallucination
HDRS
— On 2 (1 week, BDI Not assessed  Yes Yes Dizzy
planned) HDRS (n=1) (n=1) Unintentional crying
No No Fatigue
“Muzzy”
— Not reported 1 Unclear No No No ?
Saline Unclear 2-6 (2-6 BDI Not assessed  Yes Yes “Intoxicated”
(n=1) days, HDRS
planned)
— Not reported 1 BDI Unclear Unclear No Dissociation
MADRS
— Not reported 3 MADRS Not reported  Yes Not reported Dissociation
(1.0 mg/kg only) Lightheaded
Sedation
— Off 1 BDI Yes Randomization to riluzole or placebo at Not reported
HDRS (48%) 4-6 h postketamine
MADRS
— Off 1 BDI Yes Not reported
HDRS (43%)
MADRS
— Off 1 BDI Yes Perceptual disturbance
HDRS (27%)
MADRS
— Off 1 MADRS Yes Dissociation
(27%)
— Off 1 BDI Yes Perceptual disturbances,
HDRS (40%) drowsiness, confusion,
MADRS cardiovascular changes
— Off 1 MADRS Yes Not assessed Not reported
(45%)
— Off 1 MADRS Yes Not reported
(40%)
— Off 1 MADRS Yes Not reported
(15%)
— Off 1 QIDS Yes Yes Yes Dizzy
MADRS (62%) (66%) (54%) Numb
Sleepy
— Off 6 (2-3days, QIDS Yes Not assessed Yes Feeling strange
planned) MADRS (100%) (70%) Dissociation

Blood pressure and heart
rate changes

Headache

Fatigue
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Table 1. (continued)
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Patients Ketamine Treatment
N Diagnosis Comorbidity TRD Delivery Dose Formulation
Controlled Trials (total N = 66
patients received ketamine)
Berman et al. (1) 8 MDDorBD  Currentanxiety Not reported I\ .5mg/kg Racemic
disorder (13%) 40 min
Zarate et al. (4) 17 MDD Lifetime anxiety =2 failed ATHF trials \% .5mg/kg Racemic
disorder (65%) 40 min
DiazGranados et al. (14) 17 BD Lifetime anxiety =1 failed ATHF trial + IV .5 mg/kg Racemic

disorder (35%)

Valentine etal. (31) 10 MDD Current anxiety
disorder (20%)
Zarate et al. (15) 14 BD Lifetime anxiety

disorder (73%)

prospective lithium/ 40 min
valproate trial)

Not reported \% .5 mg/kg Racemic
40 min
=1 failed ATHF trial + IV .5 mg/kg Racemic

prospective lithium/ 40 min
valproate trial)

ally been excluded. One exception is a case of an MDD patient with
polysubstance dependence (16,17). Although most studies have
determined the degree of treatment-resistance using the Antide-
pressant History Treatment Form (3) or Thase-Rush criteria (18), the
minimum required level of TRD has varied. In case reports, the TRD
criteria have generally not been specified, but ketamine was never
administered in treatment-naive patients.

Ketamineis usually given as a racemic mixture. In some cases,
only the S-enantiomer was given (12,19,20). Most studies have
used a dose of .5 mg/kg, administered via IV infusion over 40 to
60 min. Two cases received ketamine at .27 to .3 mg/kg/hour for
5 days (21). Two other cases received ketamine at .5 to 1 mg/kg
via intramuscular (IM) administration (13). The number of ket-
amine administrations has varied from 1 to 3 (ad hoc) or 6
(conform study design).

Antidepressant Responses to Ketamine

Table 1 lists ketamine’s antidepressant effects 24 hours postin-
fusion (acute response) and 72 hours postinfusion (sustained re-
sponse) for each study. We defined a response as 50% or greater
reduction on at least one of the depression measures. These data
were unavailable for only two studies, one in which patients were
randomized to riluzole or placebo 4 to 6 hours after ketamine (22—
26) and one that focused exclusively on neural correlates of ket-
amine’s antidepressant effects approximately 4 hours postinfusion
(27-29). Figure 1 summarizes the antidepressant response rates to
ketamine at 3to 4 hours, 24 hours, and 72 hours postinfusion for the
two open-label investigations and five controlled trials in which
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these data were obtained (this was not done in two additional
open-label investigations, discussed later). At 72 hours postinfu-
sion, antidepressant response rates have varied from 14% to 70%.
Following the recommendations of Sackett et al. (30), the number
needed to treat (NNT) with respect to achieving a significant anti-
depressant response at this time point was calculated for all con-
trolled trials, as were the corresponding 95% confidence intervals
(Cls). For the study by Berman et al. (1), the NNT was three (95%
confidence interval [Cl]: 1 to infinity). For the studies by Zarate et al.
(4) and Valentine et al. (31), the NNT was 5 (95% Cl: 2 to infinity). For
the study by DiazGranados et al. (14), the NNT was 4 (95% Cl: 2-51).
For the study by Zarate et al. (15), the NNT was 7 (95% Cl: 3 to
infinity). See Table S1 in Supplement 1 for details.

There have been three controlled trials in addition to the
initial two RCTs (1,4). In one trial, all patients first received saline
and then were crossed over to ketamine a week later (31). The
lack of treatment blinding does not seem to have inflated ket-
amine’s antidepressant effects because the percentage of sus-
tained responders in this study was not higher than in the initial
RCTs (1,4). The two most recent trials focused on depressed BD
patients receiving lithium or valproate (14,15). It should be
noted that BD patients receiving valproate were less likely to
respond to ketamine and to complete the study. This may have
confounded the results. Furthermore, the BD patients in these
two studies had failed more antidepressant trials than the MDD
patients in the previous studies, as well as a prospective trial of a
mood stabilizer, and therefore were possibly more resistant to
ketamine. Rates of anxiety disorders and ECT unresponsiveness
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Table 1. (continued)
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Ketamine Treatment

Antidepressant Response

Medication No. of Adverse Effects
Placebo Status Doses Measures 4h 24 h 72h During Administration
Saline Off 1 BDI Yes Yes Yes Positive symptoms
(randomized HDRS (13%)7 (25%)° (50%)7
order)
Saline Off 1 BDI Yes Yes Yes Blood pressure changes
(randomized HDRS (56%) (71%) (35%) Confusion
order) Dizziness
Saline On 1 BDI Yes Yes Yes Dissociation
(randomized HDRS (61%) (41%) (24%) Feeling strange
order) MADRS Blood pressure and
heart rate changes
Saline (fixed Off 1 BDI No Yes Yes Dissociation
order) HDRS (0%)4 (40%)¢ (30%) Blood pressure changes
Saline On 1 BDI Yes Yes Yes Woozy/drowsy
(randomized HDRS (64%) (43%) (14%) Cognitive impairment
order MADRS Anxiety
Nausea
Dizziness
Blurred vision
Headaches

N represents the number of patients who actually received ketamine. Across studies, antidepressant responses were defined as a >50% reduction in

scores on at least one depression measure (at 4 h, 24 h, and 72 h postketamine).

ATHF, Antidepressant Treatment History Form; BD, bipolar disorder; BDI, Beck Depression Inventory; HDRS, Hamilton Depression Rating Scale; IM,
intramuscular; 1V, intravenous; MADRS, Montgomery-Asberg Depression Rating Scale; MDD, major depressive disorder; QIDS, Quick Inventory of Depressive

Symptoms; TRD, treatment-resistant depression.
“These are partially overlapping groups of patients.
*These are partially overlapping groups of patients.

“The group of 9 patients was recruited from the single-dose responders in the original group of 26 patients.

9Previously unpublished data obtained from study investigators.

were also higher. Nonetheless, ketamine’s effects in BD should
be evaluated in light of the limited treatment options for bipolar
depression.

Additional open-label investigations have been performed in
relatively large numbers of patients. However, one study did not
measure ketamine’s effects beyond approximately 4 hours postin-
fusion (29). Another study added riluzole or placebo at this time
point (26); although riluzole maintenance treatment was no better
than placebo, 27% of patients had not relapsed 4 weeks postket-
amine. In a third study, TRD patients considered ketamine respond-
ers at 72 hours postinfusion were then randomized to riluzole or
placebo (32). Some of these patients, after having relapsed, subse-
quently participated in a fourth study, in which 24-hour responders
to a first ketamine dose received five additional doses over 10 days
(33). This decreased their relapse rate (Figure 1); one patient re-
mained depression-free for several months (34).

Although it is difficult to draw any conclusions from the case
studies listed in Table 1, some observations are worth mentioning.
First, although sustained antidepressant responses have been ob-
served in most cases in which racemic ketamine was given, these
have not been observed with S-ketamine alone (12,19,20). Second,
IM administration was effective at 1.0 mg/kg in one study and, in
combination with ECT, at 1.5 mg/kg in another study (13,35). Third,
in agreement with observations from open-label investigations and
controlled trials (Table 1), adverse events during ketamine admin-
istration were generally mild and did not persist beyond the infu-
sion.

Ongoing Studies

Table 2 lists two open-label investigations and seven RCTs cur-
rently posted on ClinicalTrials.gov that have been completed but
notyet published results or that are (almost) recruiting participants.
Notably, TRD status is not always required, S-ketamine (or R-ket-
amine) is not being investigated, and two studies involve intranasal
(IN) ketamine administration. In some studies, the IV dose is lower
than that used previously, which may increase insight in the dose at
which ketamine has optimal antidepressant effects and minimal
psychotomimetic effects. Most studies still administer a single dose.
One exception is a placebo-controlled between-groups repeated-
dose IV ketamine study in a mixed group of MDD and BD patients.
Rather than using saline as the control, one study uses a subanes-
thetic dose of midazolam, a commonly used benzodiazepine anes-
thetic mediation.

Table 2 also lists four RCTs in which ketamine is combined with
ECT. In two studies, ketamine is added to the regular anesthetic
medication used during ECT. In two other studies, ketamine is di-
rectly compared with a standard anesthetic medication and there-
fore administered at an equipotent anesthetic dose.

Discussion

Ketamine's rapid antidepressant effects are currently sup-
ported by data from 163 patients (Table 1). Most studies have
enrolled patients considered resistant to approved antidepres-
sant medications. This is important because TRD has been asso-
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Table 2. Overview of Planned and Ongoing Ketamine for Depression Studies Listed on ClinicalTrials.gov

Patients Ketamine Treatment Outcome Measures
Psychiatric Delivery No. of Antidepressant
Diagnosis TRD method Dose Formulation Placebo Administrations Effects Other
Open Label Investigations

Yale University/New “Depression”  Not required v .2 mg/kg Racemic — 1 MADRS Suicide ideation
Haven Hospital 1-2 min

University Hospital MDD =2 unsuccessful IV .5mg/kg Racemic — 1 MADRS Adverse events
Geneva medication Brain function

trials
Controlled Trials

Baylor College of MDD =3 failed ATHF I\ .5 mg/kg Racemic Midazolam 1 MADRS Adverse events®
Medicine/Mount Sinal trials 40 min (parallel arm) QIDS¢ Brain function?
School of Medicine Neuropsychological

function?

Mount Sinai School of MDD =1 failed ATHF IN =50 mg Racemic Saline 1 MADRS Adverse events
Medicine trial (randomized

order)

AstraZenica/University of MDD Not required \% Unknown Racemic Saline (parallel 1 MADRS Brain function
Manchester/University arm) Behavioral tasks
of Oxford Pharmacokinetics

Washington University MDD “at Pl discretion” IV .27 mg/kg + .00225 Racemic Saline 2 (with HDRS Adverse events
School of Medicine/ mg/kg/min (randomized gabapentin or
University of Miami order) placebo PO

before
infusion)

National Institutes of MDD or BD =1 failed ATHF \% Unknown Racemic Saline 1 Unknown Brain function
Mental Health trial (randomized
(substudy 4) order)

University of New South MDD or BD Not required I\ .1-4mg/kg Racemic Saline (parallel Up to 8 (weekly)  Unknown Psychiatric
Wales/Northside Clinic arm) symptoms
Wesley Hospitals Dissociative

symptoms
Cognitive
impairment

Juvenile Bipolar Research  BD Yes IN 10-20 mg Racemic Flat tonic water 4 Unknown Aggression
Foundation (parallel arm) Manic symptoms

OCD symptoms
Ketamine During ECT

Massachusetts General MDD Yes \% .5 mg/kg Racemic Saline (parallel 3 (with ECT) HDRS Brain function
Hospital (ECT eligible) arm) Cognitive

impairment

s

LYS—L£STL 7107 AILVIHOASd TOId

‘v 10 104 194 uee
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Table 2. (continued)

Outcome Measures

Ketamine Treatment

Patients

Antidepressant

No. of
Administrations

Delivery
method

Psychiatric

Other

Effects

Formulation Placebo

Dose

TRD

Diagnosis

Cognitive

Depression

.25-.5 mg/kg Racemic Saline (parallel

\%

Yes

MDD or BD

University of New

(with ECT) rating scales impairment

arm)

(ECT eligible)

South

Wales/Northside
Clinic Wesley
Hospitals

Mayo Clinic

Racemic Methohexital Several “Hospital Unknown

Unknown

Unknown

Yes

“Depression”

Anxiety and
Depression

Scale”
HDRS

(with ECT)

(parallel arm)

(ECT eligible)

Cognitive

At least 4
(with ECT)

Propofol

Racemic

Unknown

Yes

“Depression”

University of

impairment

MADRS

(parallel arm)

(ECT eligible)

Aberdeen/Royal

Carnhill Hospital

For all studies listed here, study status on ClinicalTrials.gov is “Completed,” “Enrolling by Invitation,” “Recruiting,” or “Not Yet Recruiting,” and results have not yet been published.

ATHF, Antidepressant Treatment History Form; BD, bipolar disorder; ECT, electroconvulsive therapy; HDRS, Hamilton Depression Rating Scale; IN, intranasal; IV, intravenous; MADRS, Montgomery-
Asberg Depression Rating Scale; MDD, major depressive disorder; OCD, obsessive-compulsive disorder; PO, per oral; QIDS, Quick Inventory of Depressive Symptoms; TRD, treatment-resistant depression.

“Information available from study investigators.
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ciated with high patient burden and suffering, disproportionate
clinician involvement, and escalating mental health and general
medical costs (36,37). Because the goal of administering ket-
amine to TRD patients is to generate a novel treatment option,
the direction to take is to address the questions generated by the
studies conducted thus far.

For the controlled trials conducted so far, NNTs at 72 hours
postinfusion ranged from 3 to 5 in MDD (1,4,31) and from 4 to 7 in
BD (14,15). In comparison, in (non-TRD) primary care patients, NNTs
for conventional antidepressants to induce a clinical response after
6 to 8 weeks of treatment range from 7 to 16 (38). Although this
appears to suggest superior antidepressant efficacy of ketamine,
because of the small numbers of patients included in the five ket-
amine trials, the NNTSs are not significant. Moreover, a comparison
across very different patient groups and treatment regimens may
be inappropriate. The clinical significance of the antidepressant
response to ketamine in these trials awaits further study in more
naturalistic settings.

Maintenance of Antidepressant Responses to Ketamine

Few studies have systematically followed patients beyond 72
hours postketamine. It is unclear why many patients showing a
response at 24 hours postketamine relapse less than 48 hours
later (Figure 1). The clinical variables predicting quick relapse,
like those predicting response (discussed later), should be a
focus of future studies. It is also unclear why some patients
maintain their response for several weeks. Studies that have
attempted to maintain ketamine’s effects after a single dose
have done so in one of two ways. Riluzole was previously sug-
gested to have potential antidepressant properties (39-41). It
was administered orally only to sustained ketamine responders
in one study (32), and to all participating MDD patients 4 to 6
hours after receiving an IV ketamine infusion in another study
(26). Unfortunately, in both studies, riluzole failed to provide any
benefit over placebo in maintaining response to a single ket-
amine dose.

In another study, patients acutely responding to an initial IV
ketamine dose (all of whom had previously participated in the
single-dose open-label investigation detailed in Mathew et al. [32])
received five additional doses over a period of 10 days (33). All
first-dose responders maintained their response throughout the
trial. When they were subsequently followed naturalistically, all
remained depression-free longer than in the single-dose study.
Overall the procedures were deemed safe and well tolerated. An
RCT taking a similar approach is currently underway (Table 2).

Despite the reasonable risk-benefit ratio, however, there are
disadvantages to continuing patients on thrice-weekly or even
weekly IV ketamine infusions. A long-term treatment that does not
require hospital visits is preferable. One option might be to start
patients receiving a single ketamine dose on an approved mono-
aminergic antidepressant or mood stabilizing medication. Even
though patients may have previously not responded to this medi-
cation, it might still help maintain an acute response to ketamine.
This type of approach, although practical, remains speculative at
this point and future studies are clearly needed.

Exploring Other Delivery Modes of Ketamine

Another option is to consider alternative ketamine administra-
tion routes. Oral administration is the easiest to implement, which
may be especially relevant to maintenance treatment. It is not cur-
rently being pursued as a treatment option, unlike IN ketamine
(Table 2), which may have similar advantages and has previously
been shown to benefit analgesic-refractory chronic pain patients at
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100%

90% —=—MDD, open-label, 6 doses, N=9 (33)

80%
° —e—MDD, open-label, 1 dose, N=26 (32)

70%

60% //‘\\ MDD, controlled, 1 dose, N=8 (1)
<
N
50% AN
A N MDD, controlled, 1 dose, N=17 (4)
40%
30% 73 N —+—MDD, controlled, 1 dose, N=10 (31)

20%

10%
L/
0% 7
Oh 3-4h 24h 72h
Time since start (last) IV ketamine infusion

Percentage of patients classified as responders

—+ BD, controlled, 1 dose, N=17 (14)

BD, controlled, 1 dose, N=14 (15)

Figure 1. Antidepressant responses to ketamine at 3 to 4 hours, 24 hours,
and 72 hours postinfusion across all open-label investigations and con-
trolled trials to date (N = 101). The 2010 study by aan het Rot et al. (33)
involved six ketamine infusions; the data visualized here represent antide-
pressant responses after the last infusion. Studies in which more patients
classified as sustained (>72 hours) responders are listed higher in the figure
legend. BD, bipolar disorder (dashed lines); IV, intravenous; MDD, major
depressive disorder (continuous lines).

adose comparable to that used in most IV ketamine studies (42). IM
administration has also been suggested recently (13).

Oral, IN, and IM administration have potential disadvantages
as well. Especially with oral but also with IM administration (43),
ketamine’s bioavailability will be relatively low and also more
variable across patients. The same may be true about IN admin-
istration. Therefore, although these alternative modes of admin-
istration may help maintain an acute response to IV ketamine,
they may not work as well when used during the initial dosing.
The rapid pharmacologic action associated with IV administra-
tion may at least partially explain why studies conducted so far
have shown a fast onset of antidepressant action. Previous re-
search on monoaminergic antidepressants also suggests that
the onset of antidepressant action may be more rapid with IV
than with oral administration (5). Unlike with IV administration,
with other modes of administration ketamine might only be
efficacious in TRD after several doses. Conducting a study con-
sisting of a single IV ketamine dose followed by additional doses
given otherwise is one possible new study design.

Predictors of Response

Before administering ketamine to any depressed patient, it
would be useful to have insight into the likelihood that the inter-
vention will indeed be beneficial. On the one hand, ketamine’s
antidepressant effects have been predicted by certain brain func-
tions, such as neural activity in response to seeing fearful faces or
during a working memory task (27-29). However, while these
group-level findings are interesting in the context of existing
biological models of depression, they might be difficult to imple-
mentin clinical practice at the level of individual patients. On the
other hand, it has been reported that having a family history of
alcoholism may increase the probability of having a significant
antidepressant response at approximately 4 hours postketamine
from 18% to 67% (22), and having previously received ECT (with-
out success) may result in a smaller reduction in depression
scores at this time point (25). Of course it is difficult to draw any
firm conclusions from these two studies. Nevertheless, it is
hoped that they encourage the investigation of other clinical
variables and their predictive value over longer periods.
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Potential Efficacy of Ketamine in Acutely Suicidal Patients

There are clinical conditions in which a rapid onset of therapeu-
tic action can be extremely critical. One common situation arises
when a patient is acutely suicidal. Although such patients were
excluded from both initial ketamine RCTs, ketamine rapidly re-
duced suicide ideation scores on the depression rating scale used
(1,4). This has since been replicated in two open-label investiga-
tions of MDD patients and in one RCT of BD patients (15,24,44). In
the latter study, suicidality was reduced for 3 days postinfusion.
Moreover, suicidality may not only decrease at an explicit or con-
scious cognitive level but also at an implicit or subconscious level,
as measured by an Implicit Association Test (44). Overall, the results
to date suggest that IV ketamine might prove useful in emergency
room settings, where acutely suicidal depressed patients often
present (45). This is currently being investigated in at least one
study (Table 2).

ECT and Ketamine Anesthesia

One of the most promising aspects of ketamine is that even
patients resistant to ECT might benefit from it (4,25). The reverse,
whether patients who do not respond to subanesthetic IV ketamine
doses might still benefit from ECT, is not known. However, ketamine
is occasionally given for ECT anesthesia. More commonly used
agents include methohexital, propofol, and thiopental.

One case report detailed an MDD patient who received ket-
amine anesthesia during ECT and who showed a sustained antide-
pressant response after a single seizure (35). This was unusual be-
cause ECT customarily requires at least six treatments and because
the patient had not shown such a rapid response after previous ECT.
Two uncontrolled studies have since shown that depression scores
may decrease faster during ECT in patients given ketamine than in
patients given propofol or thiopental (46,47). Furthermore, at least
two RCTs of ketamine versus another anesthetic agent during ECT
are underway (Table 2). Ketamine can decrease seizure threshold
and increase seizure duration (7). Perhaps this may help explain
why it might increase the efficacy of ECT.

Rather than replace a routine anesthetic agent with ketamine
during ECT, two ongoing RCTs will add (a subanesthetic IV dose of)
ketamine. Once all four ketamine/ECT RCTs are completed, it will be
interesting to see which of the two approaches has a better risk—
benefit profile. Furthermore, these studies are important because
they include neuropsychological measures. Ketamine acutely im-
pairs multiple cognitive functions (48), and cognitive deficits have
been observed in high-dose (but not low-dose) recreational ket-
amine users (49). This has raised questions about the viability of
ketamine as a treatment option for TRD.

Itisimportant to study ketamine’s neuropsychological effects in
more detail, but doing so in MDD patients is difficult because ket-
amine’s antidepressant effects will likely contribute to a reduction
of the cognitive impairments seen in MDD, thereby obscuring any
adverse neuropsychological effects. This difficulty may be circum-
vented by studying IV ketamine as an adjunctive therapy to ECT.
Preliminary results from one study listed in Table 2 suggest that
although subanesthetic IV doses of ketamine may indeed enhance
the antidepressant effects of ECT, they do not appear to alter neu-
ropsychological outcomes (50).

Ketamine’s Effects on Neurobiology

Ketamine’s antidepressant effects have mostly been explained
in terms of its effects on the glutamate system. There is a large body
of preclinical literature on brain glutamate function and depression
(8-10). One study has looked at ketamine's effects on brain levels of
glutamate in depressed patients, using proton magnetic resonance
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spectroscopy (31). Unexpectedly, neither the acute nor the sus-
tained antidepressant effects of ketamine were associated with
significant changes in brain glutamate levels measured at 3 hours
and 2 days postketamine. Perhaps events downstream from post-
synaptic glutamate receptors had already taken place at these
times.

In this context, a recent review on preclinical ketamine stud-
ies is relevant (51). It is currently thought that ketamine inhibi-
tion of NMDA receptors (paradoxically) leads to glutamate re-
lease and subsequent activation of other glutamate receptors,
the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptors. Included in the cascade of postsynaptic events at the
AMPA receptor level are activation of brain-derived neu-
rotrophic factor (BDNF) and mammalian target of rapamycin
(mTOR). MDD has been associated with low BDNF levels as well
as with low mTOR expression (52,53). Ketamine has been found
to increase mTOR phosphorylation but not BDNF levels (20,23).
Synaptogenesis in response to mTOR activation is hypothesized
to contribute to ketamine’s acute and sustained antidepressant
effects (54). However, several inconsistencies remain. In healthy
volunteers, ketamine does not appear to affect brain glutamate
levels even during IV infusion (55). In mice, ketamine does not
appear to activate mTOR signaling (56). Clearly more work is
needed to delineate the biological mechanism underlying ket-
amine’s antidepressant effects.

Conclusion: Where Do We Go from Here?

In a recent review of IV ketamine for TRD (57), the authors con-
clude that further studies are necessary because of 1) the limited
numbers of patients studied, 2) interstudy variations in ketamine
treatment methods, 3) the short duration of outcome assessments,
and 4) ketamine’s unknown long-term adverse effects. We agree,
but by systematically reviewing all published, ongoing, and
planned ketamine studies in MDD and BD to date (Tables 1 and 2)
and by explicitly discussing several important clinical questions
that are only starting to be answered, we aimed to guide research-
ers interested in the therapeutic potential of ketamine in their de-
sign of future studies.

Specifically, we recommend studying several maintenance
treatment options. With repeated ketamine dosing, IN or IM admin-
istration might be more feasible than IV administration (33). Oral
administration of ketamine, another glutamate medication such as
riluzole, or even a traditional antidepressant medication could be
considered for maintenance treatment once patients have re-
sponded to an initial IV ketamine dose.

Furthermore, we recommend studying larger groups of patients
so predictors of response can be scrutinized. The data on familial
alcoholism and ECT resistance (22,25) are encouraging, but the
sample sizes were small, and both studies were limited to the im-
pact of these clinical variables on depression reductions approxi-
mately 4 hours postketamine rather than after days or weeks. The
impact of other clinical variables such as anxiety, trauma, and per-
sonality disorder comorbidity also deserves attention.

In terms of who might benefit from ketamine, the data ob-
tained in suicidal patients (24,44) and in patients receiving ECT
(46,47) are especially encouraging. Acutely suicidal patients may
receive ketamine in emergency room settings. ECT has long
been considered the last-resort treatment option for patients
with TRD, at least partially because of concerns about cognitive
side effects. For these patients in particular, ketamine seems to
provide an attractive alternative. Moreover, even if ketamine
does not prove useful as a stand-alone antidepressant medica-
tion, it appears to speed up the antidepressant effects of ECT
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(46,47). Importantly, ketamine might do so without the deleteri-
ous cognitive effects frequently observed with ECT (50). Ket-
amine/ECT studies may be more suitable for disentangling ket-
amine’s direct effects on cognitive functions from its indirect
effects on these functions (through depression reduction) than
ketamine RCTs such as those listed in Figure 1. We encourage the
inclusion of neuropsychological measures in all ketamine for
depression studies but point out that the unbiased measure-
ment of ketamine’s cognitive effects is difficult.

We conclude with two additional comments. First, we recom-
mend considering an active placebo when designing new RCTs. IV
saline is inactive and therefore easily distinguishable from IV ket-
amine. One ongoing RCT instead uses IV midazolam, an anesthetic
medication with acute subjective properties similar to those of IV
ketamine yet presumably without ketamine’s antidepressant ef-
fects (Table 2). The use of an active placebo will facilitate adequate
blinding of both patients and clinical raters.

Second, we point out to clinicians enthused by ketamine’s po-
tential as a rapid antidepressant agent for TRD that all studies at the
National Institute of Mental Health and the Mount Sinai School of
Medicine (26,32,33) took place in close collaboration with anesthe-
siologists, and with patients hospitalized for at least 24 hours post-
ketamine. This was done to ensure adequate monitoring of vital
functions and prudent risk management. Patients with unstable
medical illnesses were excluded. Because some patients experi-
enced brief hyper- or hypotensive episodes, tachycardia or brady-
cardia, and bradypnea (33), we do not recommend clinicians ad-
ministering ketamine outside a hospital setting, or even inside a
hospital setting when clinicians do not have appropriate training in
managing the medical complications that might arise with ket-
amine. In the United States (but perhaps not elsewhere), there is no
regulatory mandate for clinicians to obtain permission from a local
medical ethics board for administering ketamine for depression.
However, there need to be clear hospital guidelines for the use of
anesthetic medication for nonanesthetic use, and patients should
provide written informed consent for the use of ketamine “off-
label.”

With this caveat, ketamine has generally been well tolerated.
When administered by trained clinicians in appropriate settings, it
thus seems a reasonable treatment option for most TRD patients,
with the possible exception of individuals with a history of addic-
tion or psychosis (49). It remains to be seen if ketamine’s rapid
antidepressant effects can be maintained over longer periods,
but researchers have begun to address this. Moreover, even if IV
ketamine does not become a viable therapy for the treatment of
TRD, the initial RCTs (1,4) and all studies that followed have
helped pave the way for the development of new drugs for TRD
patients. Given their personal distress and burden on society,
this alone is noteworthy.
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