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Maintaining the Initial Clinical Response After Ketamine in  
Bipolar and Unipolar Depression: An Important Next-Step Challenge
Dan V. Iosifescu, MD

In the treatment of bipolar disorder, the manic phase has received 
the most attention from the pharmaceutical industry. However, 

it is actually the bipolar depressed phase that has the largest impact 
on public health due to the proportion of time spent depressed and 
the associated disability.1,2 The bipolar depressive episodes are also 
the most lethal phase of the disorder, associated with the majority 
of lifetime suicide attempts, which occur in 25%–56% of patients, 
and deaths by suicide, which occur in 10%–19%.3 Individuals with 
bipolar disorder spend 3 times longer in the depressive phase than 
in the manic phase.4 Bipolar depression is highly disabling and 
causes marked occupational and social impairment. Complicating 

this issue, it is the phase of illness where the efficacy of established 
treatments is weakest. The efficacy of antidepressants in the 
treatment of bipolar depression remains unclear at best, and data 
from unipolar depression studies provide little guidance.5 The 3 
largest and most methodologically rigorous trials of antidepressants 
in bipolar depression (paroxetine,7 paroxetine or bupropion,5 
and agomelatine6) have been negative. Antidepressants confer 
a documented risk of induction of mania and a shortening 
of the interepisode window. Lithium has limited efficacy in 
bipolar depression.8 Some second-generation antipsychotics 
(eg, olanzapine/fluoxetine combination,9 quetiapine,10 and 
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lurasidone11), but not all, demonstrate efficacy in bipolar depression. 
However, antipsychotics also have substantial tolerability and safety 
issues, including the risk of sedation, metabolic syndrome, and 
tardive dyskinesia.12 Even electroconvulsive therapy, the fall-back 
option in severe or refractory depression, is less effective in bipolar 
than in unipolar depression.13 The unmet clinical need is greatest 
in bipolar depression.

Over the past decade, a number of drugs impacting multiple 
components of the glutamate system, including ionotropic receptors 
(N-methyl-d-aspartate [NMDA], α-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid [AMPA]), metabotropic receptors, glycine-
site receptors, and glutamate-release inhibitors have been tested in 
treatment-refractory mood disorders.14 Ketamine, an open-channel 
nonselective NMDA receptor antagonist anesthetic available since 
the 1960s, was associated with rapid (within 24 hours) and robust 
clinical improvements in treatment-resistant unipolar depression 
(TRD) after a single intravenous (IV) subanesthetic dose (0.5 mg/
kg).15,16 In bipolar depression, Zarate and collaborators17,18 have 
conducted 2 separate studies of IV ketamine comparing, in a 
crossover design, a single infusion of IV ketamine with IV saline. 
In both studies, IV ketamine was associated with rapid (within 
2 hours) and robust improvements in bipolar depression. The 
comparison of antidepressant effects of IV ketamine and saline 
was associated with large effect sizes of 0.67 (95% CI, 0.42–0.91) 
at day 1 and 0.80 (95% CI, 0.55–1.04) at day 2 after infusion in the 
first study,17 and with similarly large effect sizes at day 1 (0.70; 95% 
CI, 0.42–0.98) and day 2 (0.65; 95% CI, 0.37–0.93) in the second 
study.18 The enthusiasm generated by these studies15–18 in unipolar 
and bipolar depression was tempered by concerns about the small 
sample sizes, the validity of the saline-control, and the crossover 
design. However, a recent large randomized, controlled trial19 of 
IV ketamine versus midazolam in TRD also reported similar rapid 
antidepressant efficacy and separation from the active comparator 
midazolam.

It is clear, however, that the early adoption of ketamine in 
clinical settings greatly exceeds its empirical support. While 
most data indicate that a robust antidepressant response occurs 
early after a single ketamine administration in a large proportion 
of patients, it is unclear what would be the optimal strategy to 
maintain this initial clinical improvement. Relapse of depressive 
symptoms after a single IV dose of ketamine often occurs within 
1 week,19 although this time period is highly variable between 
subjects. An obvious strategy would be to administer repeated 
doses of ketamine. However, very limited data, mostly case reports 
and open studies with small sample size, are available to support the 
use of 3–6 repeated doses of ketamine to maintain antidepressant 
response.20–23 Even if we disregard these studies’ limitations,20–23 
the reported response rates after repeated ketamine infusions 
showed significant variability (29%–80%), with the lowest (29%) 
reported in the study23 that included bipolar depressed subjects. 
Among responders, the mean time to relapse after the 6 consecutive 
ketamine infusions was a disappointing 18 days,20 only marginally 
superior to the results of single-infusion studies.15–19 We do not 
know whether administering an even larger number of repeated 
ketamine infusions would be safe and more efficacious.

An alternative option to maintain the initial ketamine response 
would be to use other medications, ideally those sharing a 
synergistic effect with ketamine on glutamatergic receptors or other 
downstream mechanisms. While several approaches have been 
suggested,24 the results so far have been either negative24 or the 
studies are still ongoing. Mathew and coworkers24 found that oral 
riluzole, a glutamate modulator, did not extend the initial effect of 
a single ketamine infusion, compared to placebo. Another approach 
is based on a postulated mechanistic synergy for the combination 
of lithium and ketamine and aims to prolong the initial clinical 
effect of IV ketamine with oral lithium therapy. The inhibition 
of the glycogen synthase kinase 3 (GSK3) intracellular signaling 
pathway has been identified as essential for the antidepressant and 

neuroplasticity effects of both ketamine25 and lithium.26 This 
hypothesized mechanistic synergy between lithium and ketamine 
suggests that continued treatment with lithium may be associated 
with persistence of the initial antidepressant effect of ketamine. 
However, an on-going randomized, controlled trial at Mount Sinai 
testing this hypothesis has yet to report results (ClinicalTrials.gov 
NCT01880593).

In this context, the study by Kantrowitz and colleagues27 
appearing in the current issue of this journal, represents an 
important addition to the emerging literature on maintaining 
clinical response after an initial ketamine treatment. d-Cycloserine, 
a US Food and Drug Administration–approved antituberculosis 
drug, is a partial agonist of the NMDA receptor, and at high 
doses it is essentially an NMDA antagonist, similar to ketamine; 
d-cycloserine affects the glycine-binding sites that are important 
for opening the NMDA channels. d-Cycloserine has several 
advantages: it can be administered orally and it has established 
safety and tolerability in long-term use.28 In the 7 bipolar depressed 
subjects treated by Kantrowitz and colleagues,27 d-cycloserine 
appears to prevent the relapse of depressive symptomatology after 
the initial IV ketamine dose. In previous studies with IV ketamine, 
depressive relapse occurred after 1–3 weeks, although with high 
individual variability. Four of the 7 bipolar depressed subjects 
treated by Kantrowitz and colleagues27 were still in remission after 
8 weeks of additional treatment with d-cycloserine. The clinical 
improvement at week 8 was correlated with the magnitude of 
improvement at 24 hours after ketamine,27 which suggests the 2 
treatments may be indeed synergistic and that d-cycloserine may 
prolong the initial clinical response after ketamine.

Our enthusiasm needs to be tempered by the very small 
study sample and the open design of the current study,27 which 
limit our ability to draw any definitive conclusions. However 
this result is important, and, if replicated in a large randomized 
controlled study, will represent a major advance in our field. As 
we outlined earlier, treatment-resistant depression and especially 
bipolar depression represent challenging clinical problems with 
frustratingly imperfect solutions at this point in time. While a 
single dose of IV ketamine appears to have a rapid and robust 
clinical effect, even in treatment-resistant depressed subjects, its 
efficacy is generally limited to a few weeks or less. The combination 
of an initial ketamine infusion followed by d-cycloserine may offer 
a method to prolong the rapid and robust clinical response after 
a single dose of IV ketamine with an oral medication with proven 
safety and tolerability in long-term use.
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