
AIP Clinical Pearl: Ketamine for Depression 
Review of 
Depression 

• Pathophysiology of depression is multifactorial in which there is dysregulation of monoamines in the body. 
Originally depression was theorized to occur from an imbalance of serotonin in the body, but this theory has 
evolved to include imbalances of norepinephrine, and dopamine.  

• First line therapies for the treatment of depression include selective serotonin receptor antagonist (SSRIs) or 
serotonin-norepinephrine reuptake inhibitors (SNRIs). Adjunct treatments and ECT are options for patients are 
have refractory depression.  

• However, the challenge to adequately treating depression lies in the slow onset of effects, and increased 
remission rates. All the while, more options are being investigated for patients that still are refractory to their 
treatments. 

Review of 
Ketamine 

• Ketamine was developed back in the 60’s and became popular as a battlefield anesthetic. 
• In the 1908’s; however, ketamine gained interest as a recreational drug. 
• Today, ketamine is still used for anesthesia, as well as pain. 

• Role in depression 
• Increase in glutamate=greater excitatory effects 
• BDNF Functionality 

• Mechanism of Action: Main action is NMDA antagonism. In which, the excitatory neurotransmitter, glutamate, 
is increased. 

Onset Duration Metabolism Elimination 
30 seconds 10-15 minutes N-dealkylation to Norketamine Renal, T1/2=1-2 hours 

Adverse effects: Emergence phenomena, sympathomimetic effect 
Absolute contraindications: Patients with schizophrenia due to an increase in positive symptoms, children 
younger than 3 months old 
Relative contraindications: Hypertensive patients, pulmonary compromise 
Formulations: IV only 

 

The first RCT • Berman published the first randomized-controlled trial that assessed the use of ketamine in depressed patients1 
• Patients received either saline or ketamine infusions (dose of 0.5mg/kg infused over 40 minutes) 
• Authors found that in this small group (n=8) there was a significant decrease in depressive symptoms after 

administration. 
• As noted, ketamine has a short half-life of 1-2 hours but noted in this study the antidepressant effects 

appeared to last for 3 days on average. 
Meta-Analysis Title Newport, D. Jeffrey, et al. "Ketamine and other NMDA antagonists: early clinical trials and 

possible mechanisms in depression." American Journal of Psychiatry 172.10 (2015): 950-966. 
 Primary 

Outcomes 
• Treatment response rate (decrease in 50% on the depression rating scale) 
• Rate of remission of symptoms 
• Change in depression severity (utilizing the Montogomery-Asberg Depression rating scale 

(MADRS) or the Hamilton Depression Rating scale (HAM-D) 
 Studies 

Included 
• Only double-blind placebo controlled trials were included in this meta-analysis (12 studies 

were included) 
• Patients had either major depressive disorder or bipolar disorder 

• Ketamine was never studied in treatment-naïve patients 
• Most studies enrolled patients that did not have any other comorbidities except anxiety. 

 Treatment • The majority of studies administered a dose of ketamine-0.5mg/kg over 40-60 minutes 
• The amount of doses received was variable between the studies (i.e., 1-6 doses) 

 Statistics • Odds ratios for treatment response 
• Hedges adjustment for small samples 

 Results • Antidepressant effects (6 studies)2 
• A single infusion of ketamine, produced significant reductions in depression scores 

within 1 hours of administration.2 
• Significant antidepressant reductions were also noted at 24 hours post-infusion. 
• Another study depicted how patients responded to ketamine over a course of 72-hours3. 

Patients reported a decrease in depression scores within the 3-4 hours but then in most 
cases these effects wore off. 



 
• However, in 6 of the RCTs, they reported antidepressant effects were still present at 7 

days post-ketamine infusion. However, this was not statistically significant.2 
• Adverse effects included transient blood pressure increases. In two of the studies, mean 

systolic pressures increased by 7 mmHg. These effects returned to baseline after 4 hours 
post-infusion.2 

 Conclusions • IV infusion of subanesthetic doses produces a rapid antidepressant effect 
• Low doses can also potentiate psychomimetic side effects 
• Significant therapeutic effects do not last long 

 Limitations • Patients were all randomized to saline vs. ketamine for treatment could mean unblinding of 
participants 

• Small study populations 
Other Avenues • Decreased suicidality4 

• Augmentation of ECT5 
Conclusions • Initial studies have demonstrated a potential treatment option for refractory depression. 

• Why not other NMDA antagonists (e.g., memantidine, lanicemine)? 
• Failed to match the effects of ketamine in RCTs2 

• Not recommended, quite yet… 
• There are a limited numbers of patients studied 
• The long term effects of ketamine infusions are unknown  

Place in 
therapy 

• Last-line treatment 
• More studies are needed to determine long term effects 
• The potential for medication abuse 

Pharmacy 
operations 

Restrictions 
• Currently at JHH, ketamine is restricted for the use of procedural sedation and for pain management. 
• Last month, the P&T committee approved a policy for ketamine infusion in the outpatient setting for pain 

Administration 
• Nurses may only administer ketamine under specific written protocols 

Protocol for ketamine for depression 
• None currently 
• No specified monitoring parameters 
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a dose 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-
ment in 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.

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.

It is important 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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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).
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