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Abstract:

Purpose/Background: This study was devised to compare the antide-
pressant and antisuicidal effects of oral and intramuscular (IM) ketamine
versus electroconvulsive therapy (ECT).

Methods/Procedures: In our pilot study, 45 patients with major depres-
sive disorder (based on Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition, criteria) in the age range of 18 to 70 years who were
determined suitable candidates for ECT got randomly divided into 3 equal
groups. Each group received one of these treatment modalities: 0.5 mg/kg
of IM ketamine; 1 mg/kg of oral ketamine; and ECT in 6 to 9 sessions dur-
ing 3 weeks. Depression and suicidal ideation scores were recorded using
the Hamilton Depression Rating Scale and the Beck Scale for Suicidal Ide-
ation, respectively, at baseline, 24 hours, 1 week, 2 weeks, and 3 weeks
within the intervention. The measurements were repeated 1 week and 1
month after the end of the intervention as well. Vital signs and adverse ef-
fects were noted. Finally, satisfaction levels of patients for each method
were recorded and compared between groups.

Findings/Results: The Hamilton Depression Rating Scale and the Beck
Scale for Suicidal Ideation scores significantly improved in all groups compared
with baseline with no significant differences between the 3 groups. The adverse
effects for ketamine-consuming groups such as dissociative symptoms were brief
and transient, whereas memory loss for the ECT group remained up to 1 month
in some patients. Ketamine-receiving groups preferred it more than ECT.
Implications/Conclusions: Oral and IM ketamine probably have equal
antidepressant in addition to more antisuicidal effects compared with ECT
but had less cognitive adverse effects and higher preference by patients.
Thereby, ketamine can be an alternative method in the treatment of patients
with severe and/or suicidal MDD.

Key Words: ketamine, electroconvulsive therapy, antidepressant effects,
major depressive disorder, suicidal ideation
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ajor depressive disorder (MDD) is a common psychiatric

disorder with 17% prevalence and a significant healthcare
cost.' The common therapeutic strategies include pharmacother-
apy (which acts through serotonin, dopamine, and norepinephrine
systems) and electroconvulsive therapy (ECT).> One of the most
significant disadvantages of antidepressants is their delayed re-
sponse, which can last up to 2 to 4 weeks. This is especially con-
cerning in patients with symptoms of agitation or suicidal ideation.?

Although ECT has the benefit of rapid antidepressant effects,
it is considered an invasive treatment. Electroconvulsive therapy's
main complications include cognitive impairment, delirium, muscu-
loskeletal pain/injury, and anesthesia-related complications.* Hence,
selecting an effective treatment for MDD patients with symptoms of
suicidal ideation or refractory to treatment remains challenging.

Ketamine is a N-methyl-D-aspartate receptor antagonist. In
doses of 2 to 10 mg/kg (depending on administering route), it be-
haves as an anesthetic agent.

In recent years, ketamine has been used both as an analgesic
and antidepressant agent.®® Research has shown that it has tran-
sient psychiatric and hemodynamic effects.®!°

Ketamine is a glutamate modulator used as a novel antide-
pressant. Glutamate is an excitatory neurotransmitter that attenu-
ates symptoms such as depressed mood and suicidal ideation
specifically by acting on prefrontal cortex.'!™13

The first clinical trial performed in 2000 revealed significant
rapid antidepressant effect with infusion of 0.5 mg/kg of ketamine
for 40 minutes in 8 MDD patients.'* Another trial of intravenous
(IV) ketamine found that its antidepressant effects lasted for at
least 2 weeks.!>!® Thus, use of IV ketamine was introduced as a
treatment for depression.!”

Domany et al'® discovered that infusion of 0.2 mg/kg of ke-
tamine for 5 minutes alleviated suicidal ideation at 90, 120, and
180 minutes after infusion according to the Beck Scale for Sui-
cidal Ideation (BSSI). However, no significant reduction in BSSI
scores was found on days 1, 2, 3, 7, and 14 after ketamine adminis-
tration. Further studies were deemed necessary to study the effects of
recurrent ketamine doses.'® A systematic review concluded that a
single infusion of ketamine has a short-term (up to 72 hours) favor-
able outcome on suicidal thoughts. In addition, more studies were
required to discover methods to prolong the favorable outcomes.'®

Phillips et al** concluded that repeated ketamine infusions
led to cumulative and sustained antidepressant effects. However,
further studies should be done to determine the optimal route of
administration.”

Other routes of ketamine administration, such as the intra-
muscular (IM), seem also to be effective as an antidepressant.
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Harihar et al*! used 0.5 mg/kg of IM ketamine for 2 severely de-
pressed patients. They administered it 2 times with a 3-day inter-
val. They claimed that IM ketamine could rapidly attenuate
depression and suicidal ideation, and responses were comparable
with IV ketamine.?!

More studies are needed to investigate the effects of IM route
administration.** 4

Furthermore, oral ketamine has shown antidepressant effects.”®
A single dose of oral ketamine resulted in safe and rapid relief of de-
pression and anxiety symptoms in refractory cases of depression.?

In a larger trial, oral ketamine hydrochloride (0.5 mg/kg) was
administered daily for 14 patients with symptoms of depression or
depression mixed with anxiety. The trial was continued up to
28 days. It was found that oral ketamine had both antidepressant
and anxiolytic effects with similar response to IV ketamine.>’

Ketamine Hydrochloride vial can be consumed orally by
adding flavors and sweeteners to eliminate its bitter taste.?5

Bioavailability of oral ketamine is estimated to be approxi-
mately 20% to 25%, whereas its bioavailability is nearly 100%
in IM injection. Thus, it is necessary to apply higher doses in oral
form compared with IM. We decided to choose 0.5 mg/kg of IM
ketamine versus 1 mg/kg of oral form for our study.

Although the adverse effects are few and limited to infusion time,
therapists should be aware of ketamine's potential for addiction.'”*°

A Cochrane review, published in 2015 regarding ketamine
and other glutamate receptor modulators for depression in adults,
found no evidence of sustained antidepressant effects of oral and
IM ketamine after 1 week. However, ketamine was the only gluta-
mate modulator, which effectively relieved depression symptoms
compared with placebo. This study suggests the need for further
probing to assess long-term effects of ketamine and compare dif-
ferent routes of ketamine administration.>'

A systematic review on oral ketamine for depression pub-
lished in 2019 claimed that oral ketamine had considerable antide-
pressant effects and was tolerated well with most patients.
However, this method was not as rapid as IV ketamine. It suggests
that additional randomized clinical trials are required to warrant its
antisuicidal effects and efficacy in refractory depression.*?

Ghasemi et al*® designed a trial to compare antidepressant ef-
fects of ECT compared with repeated doses of 0.5 mg/kg of TV ke-
tamine. Their study demonstrated that ketamine was as effective
as ECT in MDD patients but had more rapid antidepressant effects
as ECT??

Most studies focused on IV and oral administration of keta-
mine. Data for effectiveness of other routes such as IM are limited
especially regarding its antisuicidal effects. It is still unclear
whether different administration routes of ketamine have different
outcomes or how they are compared with ECT. This study was
performed with the aim of comparing antidepressant and antisuicidal
effects of oral ketamine, comparing IM ketamine with ECT and
studying patients' satisfaction and adverse effects in each method.

MATERIALS AND METHODS

This study was approved by the ethics committee of the Isfahan
University of Medical Sciences and then registered in the Iranian
Registry of Clinical Trials (IRCT) as a primary registry in the
WHO Registry Network (IRCT Code: IRCT20090801002266N8).
All participants completed a written informed consent after a thorough
description of the study and before any study-specific procedure.

Forty-five patients in the 20- to 70-y age range participated in
this study. Patients were diagnosed with MDD and also had one of
the symptoms of suicidal ideation, treatment resistance, severe
symptoms, and agitation. They were referred by their psychiatrist
for ECT. All patients were reevaluated for accurate diagnosis

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

using the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition, criteria and were assigned to study if they had inclu-
sion criteria. The patients were randomly allocated to 3 arms (15
patients in each arm) via block randomization method by a nurse
who had no further role in the study.

Patients with a history of severe hepatic, cardiac, renal, or
urologic diseases and those with a previous psychotic, manic, or
hypomanic episode, substance abuse, and depression due to med-
ical condition were excluded from this study.

The medications that patients were receiving before enrol-
ment in the study were not changed except in cases where concur-
rent use of them with ketamine and ECT was prohibited.

Participants who were inserted in the ECT arm received 6 to 9
sessions of ECT during 3 weeks the same as their routine ECT
treatment program in our hospital. Patients were fasting for at least
8 hours before procedure. Succinylcholine was administered un-
der the supervision of an anesthesiologist and his expert team.
The ECT electrical stimulus was firstly set at 20 J using DGX ma-
chine and then was titrated based on the duration of induced sei-
zure. The ECT electrodes were placed bifrontotemporal. The
duration of induced tonic-colonic seizure was considered to be
at least 20 seconds to provide a suitable response. Constant hemo-
dynamic monitoring was done throughout the procedure. Vital
signs including pulse rate (PR), respiratory rate (RR), systolic
blood pressure (SBP), diastolic blood pressure (DBP), and periph-
eral capillary oxygen saturation (SpO,) were recorded continu-
ously and repeated 30 minutes after operation.

The participants in the IM ketamine arm took 0.5 mg/kg of
IM racemic ketamine (R-ketamine) repeated for 6 to 9 injections
in gluteus medius site (gluteal injection) during 3 weeks (with a
2- to 3-day interval) under supervision of a psychiatric resident
in the psychiatric emergency department. We used vials of
500 mg in 10 mL of ketamine hydrochloride for IM injections.
The PR, RR, SBP, DBP, and Spo, were recorded for this group
in the same manner.

The third group of participants received 1 mg/kg of oral R-
ketamine (by adding flavors and sweeteners to eliminate its bitter
taste) every 2 to 3 day up to 6 to 9 sessions during 3 weeks. They
also received it under the supervision of a psychiatric resident and
in the psychiatric emergency department. The PR, RR, SBP, DBP,
and SpO, were recorded in the same fashion. The complications
and potential adverse effects of each patient were also documented
during the study.

The Hamilton Depression Rating Scale 17 (HDRS-17) and the
BSSI were used to determine depression and suicidal ideation
scores, respectivelyf‘ﬁ(’ before and 24 hours after the first interven-
tion, then every week up to 3 weeks (intervention time), and even-
tually 1 and 4 weeks after the end of the intervention (follow-up
time). After 4 weeks from the last therapeutic session, a Likert ques-
tionnaire was asked to determine the acceptance levels of treatment
in each group, which consisted 4 items including the following:

1. Patient's agreement to engaging in the treatment (from
1 = completely disagree to 5 = fully agree)

2. Patient's preference over other medications used before (from
1 = no preference to 5 = prefer current intervention to other
medications)

3. Patient's motivation to continue this treatment (from 1 = not
at all motivated to 5 = fully motivated)

4. Patient's overall satisfaction of the current method (from
1 = unsatisfied to 5 = fully satisfied).

The collected data were analyzed using SPSS 20 and re-

ported as n (%) or means + SD using repeated measures of analy-
sis of variance (ANOVA), the 1-way ANOVA for quantitative
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TABLE 1. Comparison of the Demographic Characteristic, Comorbidities, and Current Medications of Participants

ECT Oral Ketamine IM Ketamine

Variable Groups n=12 n=12 n=15 P
Sex, male, n (%) 5(33.3%) 6 (40%) 8 (53.3%) 0.529

Age, mean £ SD 41.6 £ 1544 39.13+9.84 41.6 +£8.43 0.8
Current medications SSRIs 9 (60%) 9 (64%) 9 (60%) 0.964
SNRI 1 (6.7%) 2 (14.3%) 6 (40%) 0.061
Antipsychotics 8 (53.3%) 7 (50%) 8 (53.3%) 0.979
Comorbidity Personality disorders 3 (20%) 3(23.1%) 2 (13.3%) 0.792
OCD 1 (6.7%) 2 (15.4%) 1 (6.7%) 0.665
Anxiety disorders 4 (26.7%) 5 (38.5%) 5(33.3%) 0.799

OCD, obsessive compulsive disorder; SNRI, serotonin norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitor.

data, and the Tukey test for post hoc analysis (the Shapiro-Wilk test
showed that the data have normal distribution). Kruskal-Wallis test
was used to compare agreement, preference, motivation, and satis-
faction scores because they did not follow the normal distribution.

RESULTS

Considering the aim of this study, 45 MDD patients including
22 male and 23 female patients diagnosed with MDD were divided
into 3 groups. The patients' age range was between 20 and 70 years.
The method of case selection, allocation, and follow-up is depicted
in a Consolidated Standard Of Reporting Trial flow diagram (Sup-
plemental Figure 1, http:/links.Iww.com/JCP/A691).

There were no significant differences between the 3 groups
regarding age and sex.

Table 1 shows demographic features, comorbidities, and re-
cent medications in groups.

Depression scores were significantly decreased for all 3 in-
tervention groups (P < 0.001 for the HDRS). Although the inter-
vention P value between groups (which was shown by ANOVA)

was not significant, interaction P value was significant (Table 2
and Supplemental Figure 1, http://links.lww.com/JCP/A691).

Suicide scores were significantly reduced for all 3 interven-
tion groups (P < 0.001 for the BSSI). Although both the interven-
tion and interaction P values were not significant, the differences
between groups at second day (24 hours after the first interven-
tion) and second week during intervention were significant
(Table 2 and Supplemental Figure 2, http://links.Iww.com/JCP/
A692). Post hoc tests demonstrated that these differences were
related to differences between the ECT group versus both oral
and IM ketamine groups.

Using of spearman correlation test showed that the scores of
depression and suicide were correlated (» = 0.348, P = 0.03).

Supplemental Table 1, http://links.Iww.com/JCP/A694
shows the agreement, motivation, preference, and overall satisfac-
tion scores between the 3 groups that were assessed 1 month after
the final intervention. Although all the scores were lower in ECT
groups, the differences were not significant.

There were no significant changes in hemodynamic parame-
ters including PR, SBP, DBP, RR, and Sp0, compared with base-
line in all groups (not shown).

TABLE 2. The BSSI Scores and the HDRS at the Baseline, Intervention, and Follow-up Times

ECT Group, Oral Ketamine, IM Ketamine, P (Between
Mean + SD Mean + SD Mean + SD Groups)
Scores Time n=12 n=12 n=15
BSSI score Baseline 10.75 £ 5.61 8+4.19 8.1+5.61 0.380
Intervention time First day 5.66 £3.98 2.7+1.35 3+3.25 0.045
First week 433 +£3.65 2.16 £1.33 2£26 0.065
2nd week 391+347 1.66 +1.37 1.53+£2.09 0.033
Third week 375+4.6 125+1.13 1.33+£2.16 0.069
Follow up time 1 wk 1.75 +2.63 1.83+£1.7 1.86 £ 2.64 0.992
1 mo 425+4.45 375+£29 3.13+2.55 0.688
P (with in groups) <0.001 <0.001 <0.001
HDRS score Baseline 21.83 £4.63 21 +£2.73 21+29 0.789
Intervention time First day 16 £3.71 13.7+2 14+24 0.106
First week 146 £33 14.1+£2.36 13.26 £2.9 0.449
Second week 14 +£3.07 13.25+£2.26 11.66 +4.35 0.208
Third week 13.25+3.8 12.16 £2.72 10 +4.85 0.109
Follow-up time 1 wk 9.5+535 12.83 £3.18 10.86 £ 5.11 0.230
1 mo 13.83 +£3.58 15.75+£3.19 16.2 +£3.12 0.170
P (with in groups) <0.001 <0.001 <0.001
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Electroconvulsive therapy and ketamine both were tolerated
well. Adverse effects such as dissociative symptoms and nystagmus
occurred for most patients in both ketamine groups and lasted be-
tween 0.5 and 4 hours.

The main complications associated with ECT were cognitive
and memory impairments, which could last up to 1 month (58.3%
of patients). Other adverse effects included headache, nausea, and
musculoskeletal pain in the same order. Supplemental Table 2,
http://links.lww.com/JCP/A695 shows the prevalence of each side
reported in groups.

DISCUSSION

The results show that antidepressant effect of repeated doses
of 0.5 mg/kg of IM ketamine and 1 mg/kg of oral ketamine were
equivalent to ECT during intervention, but this effect did not sus-
tain on follow-ups and duration of antidepressant effect were more
favorable for ECT group (Supplemental Figure 1, http://links.lww.
com/JCP/A691).

The antisuicidal effects of repeated doses of 0.5 mg/kg of IM
ketamine and 1 mg/kg of oral ketamine were the same as ECT,
and their effects continued equally even up to 1 month after the
last intervention.

The most reduction in the HDRS and BSSI scores occurred
at 24 hours after the first intervention in all 3 groups and did not
return to baseline after 1 month (Supplemental Figure 1, http://
links.lww.com/JCP/A691 and Supplemental Figure 2, http://
links.lww.com/JCP/A692 These data suggest that despite the
short half-life of ketamine, repeated administration of this drug
can lead to sustained antidepressant and antisuicidal effects com-
parable with ECT.

Significant lower suicide scores in both oral and IM keta-
mine groups compared with the ECT group at 2 time points dur-
ing the intervention may indicate that the antisuicidal effects of
ketamine may be superior to ECT.

Ketamine, which is an N-methyl-D-aspartate receptor an-
tagonist, proved its antidepressant qualities in subanesthetic doses
since 1990.%7

The effects of ketamine seem to be mediated by the gluta-
mate pathway, which results in synaptogenesis and the reversal
of the negative effects of chronic stress and depression, especially
in the prefrontal cortex.'?

In several studies, intravenous ketamine (0.5 mg/kg) was
used and significant antidepressant and antisuicidal ideation effects
were reported. !¢ These rapid antidepressant and antisuicidal ef-
fects of ketamine are in contrast to the monoamine-based antide-
pressant that takes at least 2 to 3 weeks to manifest their full
antidepressant effect.®

Other studies suggest that repeated doses of ketamine could
be a strategy for MDD patients and could lead to prolonged ther-
apeutic outcomes. In 1 study, 8 infusions of 0.5 mg/kg of ketamine
resulted in an 85% reduction in depressive symptoms and a mean
relapse time of 19 days after the final ketamine infusion.” Other
investigations showed more than 3 months of relapse time in some
patients after 6 sessions of 0.5 mg/kg of ketamine administrations.*®

A study on patients with treatment-resistant depression and
chronic suicidal ideation illustrated that there were no significant
differences between patients who received 6 ketamine infusions
(0.5 mg/kg for 45 minutes) and saline placebo for 3 weeks. For
a 3-month follow up, no reduction in depression severity or sui-
cidal ideation was observed. Small sample size, uncontrolled out-
patient medication regimens, and restriction to outpatients, which
may cause lower levels of suicidal ideation than would be found in
emergency or inpatients settings, are considered as limitations of

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

this study. They suggest that this dose is not sufficient in severely
and chronically ill patients.*

Another placebo-controlled trial revealed that 1 mg/kg of
oral ketamine thrice weekly for 21 days could result in rapid and
persistent resolve of depressive symptoms in outpatients with
treatment resistant depression along with trivial adverse effects.*’

A pilot study claimed that IV, IM, and subcutaneous admin-
istration of ketamine had comparable antidepressant effects at a
range doses of less than 0.5 or equal to 0.5 mg/kg.*?

A trial on a treatment-resistant patient with MDD and
end-stage ovarian cancer showed an IM injection of 6 doses of
1 mg/kg of ketamine, resulting in a significant rapid antidepres-
sant effect, which persisted 6 to 7 days after injection.?? In addi-
tion, 0.5 mg/kg of oral ketamine was administered daily for 14
patients with MDD for 28 days and the antidepressant effect was
obvious.?” Although other studies have been performed, data on
oral and IM routes are still limited.>'

Our study showed that 1 mg/kg of oral and 0.5 mg/kg of IM
ketamine may create rapid and sustained antidepressant effects (at
least for 1 month) and reduce suicidal ideation equal ECT when
administered in repeated doses (69 sessions during 3 weeks).

Comparison of the adverse effects between ketamine groups
and the ECT group was noticeable.

The ECT is an invasive therapeutic method that requires an-
esthesia induction and requires constant supervision of an anes-
thesiologist and an intensive care team. The most observed
adverse effects in patients receiving ECT were headache, nausea,
musculoskeletal pain, and lastly memory deficiency, which could
remain up to 1 month after operation in 58.3% of ECT patients. In
another hand, the most significant complications in patients re-
ceiving IM or oral ketamine included dissociative symptoms and
nystagmus. None of these signs and symptoms lasted more than
4 hours after each intervention, and they were easy to observe or
manage by a psychiatric resident and a nurse.

Considering comparable clinical effects of IM and oral keta-
mine versus ECT, and ketamine relative ease of administration
compared with ECT, 1 mg/kg of oral and 0.5 mg/kg of IM keta-
mine may be a valuable antidepressants and antisuicidal treatment
with lower risk and better tolerable adverse effects.

Finally, the consent to involve in the study, the motivation to
maintain the therapeutic sessions, and the overall satisfaction of
each 3 methods were similar with no significant difference, but
the preference of ECT was lower among our 3 studied groups
(Supplemental Figure 3, http:/links.lww.com/JCP/A693).

Despite the benefits of ketamine use for rapid alleviation of
depression symptoms and suicidal ideation, there are some limita-
tions with this medication: Ketamine may not be unfavorable for
bipolar, substance dependence, psychotic, or physically ill pa-
tients, whereas ECT would be safe for them; ketamine use would
be limited to pure MDD patients without psychotic features or pa-
tients with a history of addiction or chronic systemic issues until
further evidence is obtained. The potential risk of ketamine abuse
remains as a problem for the current form of this drug, it is known
as a “street drug” with potency of abuse, and it is a concern of psy-
chiatrists prescribing ketamine.

Of course, the more trials with different dosage and number
of participants or more follow-up sessions may be beneficial to es-
tablish the antidepressant and antisuicidal effects of ketamine in
relation to ECT.

LIMITATIONS

Low sample size and sampling from a referral center may re-
strict the generalizability of the findings. It would be more
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accurate if patients were selected based on having chronic or acute
suicidal ideation.

In this study, we applied 1 mg/kg of oral ketamine with 20%
to 25% systemic availability versus 0.5 mg/kg of IM ketamine
with nearly complete systemic circulation, while we did not mea-
sure systemic ketamine concentration, so we cannot claim that
exactly equivalent doses of ketamine in oral and IM route of
administration had been compared in this study.

Because of ethical limitation for administration of placebo to
severely depressed or suicidal patients, we did not choose a pla-
cebo group to compare treatment methods with, and this is a major
limitation of our study.

Another limitation of this study was the impossibility of
blinding to the type of intervention.

CONCLUSIONS

Oral and IM ketamine both probably have equal antidepres-
sant and antisuicidal effects compared with ECT, while it has less
cognitive adverse effects and higher preference by patients.
Thereby, ketamine can be an acceptable alternative method in
the treatment of patients with severe and suicidal MDD.
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