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To assess the clinical utility of ketamine as an anesthetic agent for electroconvulsive therapy (ECT), based
upon recent ﬁndings that ketamine may have antidepressant properties. Depressed ECT patients were
randomly assigned to receive anesthesia with either ketamine or methohexital. Outcome measures
included assessments of depressive severity, cognition, post-anesthesia side effects, and hemodynamics.
Twenty one patients were treated with ketamine and 17 with methohexital. There were no signiﬁcant
differences in depression or cognitive outcomes between the two drugs. Additionally, there were no
measures of post-anesthesia tolerability or hemodynamics which favored ketamine. Ketamine anesthesia
does not accelerate the antidepressant effect of ECT or diminish the cognitive side effects, at least as
measured in this study. Furthermore, there is no apparent beneﬁt of ketamine for speed or quality of
post-ECT recovery, and it is associated with higher systolic blood pressures after the treatments.
Ketamine is associated with longer motor seizure duration than methohexital.
& 2013 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
The n-methyl-d-aspartate (NMDA) receptor blocking agent
ketamine has been studied as an antidepressant agent, with
several placebo-controlled trials indicating that even a single small
dose, typically 0.5 mg/kg, can effect rapid beneﬁt (Berman et al.,
2000; Zarate et al., 2006; Diazgranados et al., 2010). Based on
these ﬁndings, there has been interest in the use of ketamine
to enhance the antidepressant efﬁcacy of ECT. There are three
comparative trials using ketamine to augment other anesthetics. In
one (Loo et al., 2012), ketamine augmentation of thiopental
anesthesia, compared to placebo augmentation of thiopental,
appeared to be associated with enhanced reductions in depression
ratings after the ﬁrst week of treatment but not at 2 weeks or at
the end of treatment. Abdallah et al. (2012) also compared
ketamine augmention of thiopental to thiopental alone and found
that ketamine was not associated with any acceleration of the
antidepressant effect of ECT. Jarventausta et al. (2013) found that
ketamine augmentation of propofol anesthesia did not enhance or
accelerate the antidepressant efﬁcacy of ECT with propofol alone.
In two trials in which ketamine was used as the sole anesthetic,
Wang et al. (2012) only treated patients with ECT on one occasion,

which differs markedly from routine clinical practice, and Okamoto
et al. (2010) did not assign patients to anesthetic group randomly,
which detracts from the scientiﬁc quality of the data. However, both
of those trials did ﬁnd evidence, like Loo et al. ( 2012), that
ketamine was associated with an early enhancement of the antidepressant effect of ECT that was not sustained by the end of the
treatment course. There is a need for further research to elaborate
the role of ketamine as the sole anesthetic compared to another
anesthetic during a course of ECT to assess depression outcomes.
Additionally, there has been some suggestion from basic science
literature that ketamine may protect against the cognitive side
effects of ECT (Rasmussen et al., 1996; MacPherson and Loo, 2010).
Herein, we report the results of a randomized controlled trial
comparing anesthesia during ECT with ketamine versus methohexital utilizing outcome assessments of depression and cognition. We
also assessed other variables to test the tolerability and safety of
ketamine anesthesia for ECT, including post-treatment side effects
and hemodynamics.

2. Methods
2.1. Study scheme
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The study was approved by the Institutional Review Board of the Mayo Clinic.
All participants signed informed consent. Patients were randomly assigned to
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receive methohexital or ketamine as anesthetic during the ﬁrst six treatments of
their course of ECT. The personnel in the ECT suite were not blind to anesthetic
agent. However, the patient was not told which drug they were receiving. The postanesthesia recovery nurses who performed the recovery room outcome measures
were also not told which anesthetic drug was used and did not have access to
that information. Finally, the primary referring psychiatrist as well as all other
personnel on the inpatient units were blind to anesthetic drug assignment.
Inclusion criteria consisted of presence of a non-psychotic major depressive
episode, whether unipolar or bipolar. Only patients providing their own consent for
ECT were approached for the study. Excluded were patients diagnosed with any
psychotic or major neurological disorder.
The randomization scheme was kept by the ECT nurse who notiﬁed the
anesthesiologist attending the ﬁrst treatment session which study drug that patient
was to receive. Starting doses of 1.0 mg/kg were targeted for both methohexital and
ketamine and were modiﬁed accordingly on a case by case basis. All patients were
pre-medicated at each ECT session with glycopyrrolate as an anti-sialogogue and
were paralyzed after anesthesia with succinylcholine. Continuous postive pressure
ventilation with 100% oxygen was undertaken at the time of apnea until resumption of spontaneous respiration post-ictally. Monitoring consisted of continuous
ECG and pulse oximetry along with regular blood pressure measurements.
Electrode placement was determined by the patients0 primary referring psychiatrists. Electrical dose titration was used to determine seizure thresholds at the ﬁrst
session. Subsequent dosing consisted of 1.5 times threshold for bitemporal and
6 times threshold for unilateral placement. Pulse width was 1.0 ms for bitemporal
and 0.25 ms (i.e., “ultrabrief”) for unilateral. The ECT apparatus was a Thymatron
DGX (Lake Bluff, IL, USA).
2.2. Outcome measures
There were four domains of outcome assessment: depression, cognition,
recovery side effects, and hemodynamics. To assess depression severity, we utilized
two self-report depression scales: the PHQ-9 (Kroenke et al., 2001), which is a nineitem questionnaire, and the Hospital Anxiety and Depression Scale (HADS; Snaith
and Zigmond, 1994), which is a 14 item questionnaire. Cognition was assessed with
the Mini Mental State Exam (MMSE; Folstein et al., 1975). These three measures
were administered at baseline and after treatments two, four, and six on the
mornings of the next scheduled treatments. For patients whose treatment series
was completed prior to a scheduled next administration of these rating scales,
every effort was made to administer them 2 days after the last treatment. Number
of treatments in the course was determined by the primary psychiatrists and not by
scores on the HADS or PHQ-9.
Post-treatment side effects were assessed at the time of discharge from recovery
with ﬁve self-report items: nausea – headache – myalgia – visual disturbance –
confusion. These were rated by the patients on a four point scale (0¼absent, 1¼ mild,
2¼moderate, 3¼ severe). Also, degree of recovery room agitation was rated by the
(blinded-to-anesthetic drug) recovery nurse on a similar four point scale. Time spent
in the ECT suite as well as in the recovery area were abstracted from the anesthesia
records. Post-treatment orientation was assessed with a 10 item questionnaire
administered 20 min after the end of the seizure. The 10 items were age, birth year,
season of year, year, month, day of month, day of week, name of hospital, city, and
state. The score was the number of questions answered correctly. Blood pressure and
pulse were recorded at time of discharge from the ECT suite as well as from the
recovery area.
2.3. Statistical analysis
To derive sample size, we used the Okamoto et al. (2010) data measuring
depression response to ECT, yielding an effective sample-size of N¼ 17 per group to
provide statistical power of 80% to detect a difference between groups of 1.2 standard
deviations using a two-sided, alpha¼ 0.0125 (Bonferroni corrected) test.
Outcomes and measures across all visits are summarized using means and
standard deviations by drug. Statistical comparisons of repeated outcomes and
measures by drug were made using longitudinal mixed models. Comparisons of the
model-based estimates were conﬁgured to test the differences by drug over the
course of all treatments. Longitudinal models incorporated all observations for all
study patients, regardless of number of treatments. Statistical analyses were
conducted using SAS version 9.2 (SAS Institute, Cary, NC).

3. Results
3.1. Enrollment and demographics
There were 38 patients (24 female, 14 male) who signed consent
to enroll in the study and who received at least one ECT treatment
with the assigned study drug. Seventeen of these were randomized
to methohexital (8 female, 9 male) and 21 to ketamine (16 female,
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5 male). Mean age (7standard deviation) in years of all patients
who received at least one study treatment was 48.6 (77.2) for
methohexital and 47.0 (713.2) for ketamine.
Three patients dropped out of the study, one due to perceived
worsened tinnitus with ketamine, one due to fear of side effects
with ketamine, and one due to dropping out of ECT. Additionally,
in three patients a non-study-assigned anesthetic was used during
at least one of the treatments due to a miscommunication with
the anesthesiologist, so only data pertaining to individual treatments in which the assigned study anesthetic was used were
analyzed for those patients. Also, if such a patient had at least one
depression rating scale and MMSE after the ﬁrst two treatment
sessions in which the assigned study anesthetic drug was used,
then those outcome data were analyzed. In the methohexital
group, 9 patients received bitemporal electrode placement, 7 unilateral, and 1 mixed. In the ketamine group, 10 received bitemporal, 10 unilateral, and 1 mixed.
3.2. Outcome measures
Results of the statistical analyses are presented in Table 1.
There was no signiﬁcant difference in scores on either depression
rating scale or in MMSE or post-treatment orientation scores.
There was no signal indicating a therapeutic advantage with
ketamine at any of the time points.
Post-ictal subjectively reported confusion was greater with
ketamine than with methohexital. All other recovery side effects
were not signiﬁcantly different between the two anesthetics.
However, there were some notable trends that just missed
signiﬁcance at the p o0.05 level: recovery orientation scores were
slightly lower, and nausea and visual disturbance scores slightly
higher, with ketamine. There was no signiﬁcant difference in time
in the ECT suite or time in recovery between ketamine and
methohexital. Systolic blood pressures were higher at both time
points for ketamine. There was no signiﬁcant difference in pulse
rates or diastolic pressure.
Other measures were assessed. Motor seizure duration was
signiﬁcantly longer with ketamine. We also recorded total number
of concomitant psychotropic medications patients received during
their courses of ECT as well as usage of intra-procedural medications
such as labetalol, esmolol, ondansetron, and ketorolac and found no
difference between the two anesthetics. No post-ictal sedatives, such
as midazolam or diazepam, were used. There was also no difference
in electrical dosing used to induce the seizures. Finally, the doses of
ketamine and methohexital were virtually identical at about 1.04–
1.05 mg/kg.

4. Discussion
We found no evidence that ketamine hastens the antidepressant activity of ECT, similar to two other studies (Jarventausta
et al., 2013; Abdallah et al., 2012). This is in contrast to three
studies, one utilizing ketamine to augment thiopental anesthesia
(Loo et al., 2012) and two utilizing ketamine alone for anesthesia
(Okamoto et al., 2010; Wang et al., 2012), which show initial
greater reductions in depression severity with ketamine (i.e.,
during the ﬁrst few days to a week or so), but no ultimate beneﬁt
over time. A retrospective chart review study (Kranaster et al.,
2011) purportedly found a beneﬁt of using s-ketamine for ECT
anesthesia in terms of lesser treatments given than with the
comparator anesthetic, but the study was not randomized and
involved very small sample sizes. It is possible, taking into account
the extant literature, that ketamine use at ECT may hasten
antidepressant activity early on, but the effect size seems small,
the beneﬁt is temporary, and the clinician must balance this

