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Efficacy of ketamine therapy in the treatment of depression

Suprio Mandal, Vinod Kumar Sinha, Nishant Goyal
Department of Psychiatry, Central Institute of Psychiatry, Ranchi, Jharkhand, India

I ABSTRACT

Background: Severe depressive disorder is among most debilitating condition. Conventional pharmacotherapy usually
takes several weeks (usually 4-12 weeks) to improve symptoms. Ketamine is an N—methyl-D aspartate receptor
antagonist having rapid action on depressive symptoms.

Objectives: The effect of subanesthetic dose of ketamine was assessed on depressive and anxiety symptoms. Illness
severity and improvement were assessed after treatment with ketamine.

Materials and Methods: Twenty-five drug-free/naive patients of the male sex, with severe depression having no previous
history of psychotic disorder, head injury, organic disorder, cardiological problem, or substance abuse were admitted for
the study. Assessments were made at baseline and injection ketamine hydrochloride was given at a subanesthetic dose of
0.5 mg/kg intravenous bolus after preparation. Assessments were repeated 1 h after the first dose. Six doses were given
over 2 weeks and assessments were repeated. Final assessments were made after 1 month of the last dose.

Results: There was a significant improvement in depression, anxiety, and the severity of illness after 2 weeks and
1 month of the last dose of ketamine. Significant improvement at 1% h of the first dose was seen in depression and anxiety
and not for illness severity. There were transient adverse effects observed in some patients which subsided within 1 h.
Conclusion: Ketamine has a robust and rapid effect on depression, which was seen immediately after the administration
of ketamine and sustained at the end of 1 month.
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INTRODUCTION

Major depressive illness is a debilitating condition which is
matter of concern worldwide affecting millions of people
causing a considerable burden on health and socioeconomic
status.!" As per the World Health Organization, depression
is third among global disease burden.” This will put
tremendous pressure on societal cost due to disability.
Pharmacotherapy = modulating  monoamine  systems
generally takes 4-12 weeks to start improvement. Recent
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studies are accepting the role of glutamate in depression,
in particular, N-methyl-D aspartate (NMDA) receptors
along with serotonin receptors. They are postulated to be
involved in depression." Glutamate is the main excitatory
neurotransmitter which has a role in neurodevelopment,
neurocognitive (memory learning), and neurotrophic (nerve
growth differentiation, maintenance) function.?!

Most clinical studies accept the role of drugs modulating
through NMDA receptors. Ketamine is noncompetitive
voltage-dependent NMDA-receptor channel blocker whose
antidepressant action is evident at low doses, and with
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increasing doses, it mimics psychotomimetic action and
eventually leads to anesthesia in higher doses."

Single dose of ketamine has rapid action on depressive
symptoms, and this action persists even for a week,
which suggests its possible role in neuroplasticity. Many
studies showed remission of depressive symptoms
1-week postinfusion.® A recent meta-analysis showed
antidepressant efficacy from day 1 in patients of unipolar
and bipolar depression.! The neuropsychiatric effect of
subanesthetic dose of ketamine helps in the management of
suicidal ideation and reduces self-harm or suicide in addition
to the reduction in depressive symptoms.”’ Open-label
studies have shown that one-time intravenous (i.v) ketamine
led to rapid improvement of treatment-resistant depression
and the quickest significant antidepressant response
was noted within 2 h and slowest within 4 h.® Another
study done in India on 27 patients of treatment-resistant
depression (TRD) with single i.v dose of ketamine infusion
showed short-lasting improvement in suicidal ideation
and depression.”’! No significant adverse physical effects
are reported in with low-dose ketamine and S-ketamine in
antidepressant trials till date."”

Ketamine is a new and effective option in future with rapid
onset of action, but studies are limited with multiple doses
of ketamine which have assessed depressive and anxiety
symptoms comprehensively. There are limited studies which
have used i.v ketamine in bolus dose as most of the studies
used it as slow i.v infusion. Hence, index study aimed to
assess the efficacy of bolus i.v ketamine in patients with
severe depression.

METERIALS AND METHODS

Participants

This was a hospital-based open-label prospective study,
conducted from May 2016 to January 2018 at Central
Institute of Psychiatry, Ranchi. Twenty-five males, aged from
18 to 60 years, were taken. Twenty patients completed the
study. Patients fulfilling the International Classification of
Diseases 10-Diagnostic Criteria for Research diagnostic
criteria for “severe depressive episode” with pretreatment
Hamilton Rating Scale for Depression (HAM-D) score >16
were included in the study. They were drug-free for at least
4 weeks (5 weeks for fluoxetine).I"'! Consent was obtained and
those who had any history of any major comorbid psychiatric
disorder, organic disorders, or substance use disorders
except (nicotine or caffeine) were excluded from the study.
Patients with electrocardiogram abnormality or abnormality
on fundoscopy were also excluded from the study. The study
was approved by the Institutional Ethical Committee.

Sociodemographic and clinical data sheet for recording
relevant data, Hamilton Depression Rating Scale (HDRS) for
assessing the severity of depression,'” Hamilton Anxiety
Rating Scale (HAM-A) for anxiety,™ and clinical global
impression (CGI) scale for the severity of illness!" were used.

Injection ketamine hydrochloride was available in vials of
5 ml each. A volume of 1 ml contained I.P equivalent to
50 mg and benzethonium chloride USP 0.01% w/v. Studies
on antidepressant properties of ketamine have been
conducted at lower doses, ranging from 0.1 to 1 mg/kg.!"”!
Here, we used i.v injection in bolus doses at 0.5 mg/kg
body weight as other studies have used this medication in
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this bolus doses safely in postoperative pain management
after tonsillectomy operation.'® To prevent secretions,
glycopyrrolate 0.4-1 mg i.v was kept on SOS basis and
for the management of emergence reactions injection
promethazine HCL (Phenargan) - 25 mg i.v was kept ready.!'”!
Other resuscitatory measures were made readily available.

Procedure

Patients fit for ketamine injection were kept fasting for at
least 6 h. Injection ketamine hydrochloride was calculated
at a subanesthetic dose of 0.5 mg per kg of the patient’s
total body weight. The total amount of the drug was diluted
in the ratio 1:10 with distilled water. The final volume was
delivered as slow i.v bolus (within 2 min). Within 1 h of
completion of the first dose of ketamine, HAM-D, HAM-A,
and CGI were applied. Similarly, i.v ketamine was given on
day 3, day 6, day 9, day 12, and last on day 14, respectively.
Total of six sessions of i.v ketamine were given over 2 weeks.
Twenty-four hours after, the last session scales were applied
again. During these 2 weeks, patients were not being
treated with other drugs till the last session of i.v ketamine
and application of scales. At the end of the last dose of
ketamine, conventional treatment like antidepressants
such as selective serotonin reuptake inhibitors was started.
Assessment was made after 1 month of last dose irrespective
of the antidepressants they were taking.

Statistics

Data were analyzed using the IBM SPSS Statistics for
Windows, version XX (IBM Corp., Armonk, NY, USA). Paired
t-test was applied to see changes in various scales compared

Table 1: Frequency distribution of sociodemographic
variables of patients (n=20)

Variables Frequency (%)
Religion

Hindu 18 (90)

Others 2 (10)
Education (years)

Illiterate 1(5)

Below secondary 15(75)

Secondary education and above 4(20)
Occupation

Unemployed 11 (55)

Employed 9 (45)
Marital status

Married 14 (70)

Unmarried 6 (30)
Type of family

Nuclear 9 (45)

Joint 11 (55)
Family income (Rs.)

<5000 8 (40)

>5000-<10,000 6 (30)

>10,000 6(30)
Habitat

Rural 14 (70)

Semiurban 3(15)

Urban 3 (15)

to baseline at 1 h and 2 weeks after last dose of ketamine
and after 1 month of the last dose. Repeated measures
ANOVA was done to assess the effect of ketamine over time.

RESULTS

Out of 25 patients, two patients dropped after receiving
two doses of ketamine as they voluntarily opted out of
the study. Two patients were discharged on nonmedical
reasons and one patient was dropped following switch to
hypomanic episode.

Sociodemographic characteristics

Table 1 shows that the majority of the patients were
Hindu (90%), with secondary education (75%). Most of them
were unemployed (55%) and married (70%). They belonged
to the joint family (55%) and the majority had family income
below Rs. 5000 (40%). Most of them belonged to rural
background (70%).

Clinical characteristics of the sample population
Table 2 shows that the mean age of the sample
population was 33.55 * 8.80 years. Mean age of onset

Table 2: Descriptive statistics of the clinical
characteristic of patients (7=20)

Variables Mean£SD
Age of patient (years) 33.55+8.80
Age of onset of illness (years) 29.90+8.73
Duration of illness (months) 6.95+4.31
Diagnosis Frequency
Moderate depressive episode without somatic syndrome 2 (10)
Moderate depressive episode with somatic syndrome 7 (35)
Severe depressive episode without psychotic symptoms 0
Recurrent depressive disorder current episode moderate 0
without somatic syndrome
Recurrent depressive disorder current episode moderate 7(35)
with somatic syndrome
Recurrent depressive disorder current episode severe 4 (20)
without psychotic symptoms
Past history of medical illness, frequency (%)
Present 1(5)
Absent 19 (95)
Family history of medical illness, frequency (%)
Present 3(15)
Absent 17 (85)
Family history of mental illness, frequency (%)
Present 5(25)
Absent 15(75)
Family history of mental illness if present, frequency (%)
Mood disorders 2 (40)
Psychotic disorders 0
Substance use disorders 1(20)
Others 2 (40)
Past treatment history, frequency (%)
Drug naive 10 (50)
Antidepressants 3(15)
Mood stabilizers 0
Antipsychotics 2 (10)
Combinations 5(25)

SD - Standard deviation
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Table 3a: Effect of ketamine treatment over time: Changes in the Hamilton Rating Scale for depression scores (n=20)

Mean+SD t df Significant (two-tailed)
Pair 1
Hamilton rating scale for depression baseline 23.40+5.38 3.38 19 0.003**
Hamilton rating scale for depression at the 1* h of the first dose 21.20+6.34
Pair 2
Hamilton rating scale for depression baseline 23.40+5.38 14.32 19 0.000%**
Hamilton rating scale for depression at the end of 2 weeks 10.25+6.40
Pair 3
Hamilton rating scale for depression baseline 23.40+5.38 9.79 19 0.000%**
Hamilton rating scale for depression at follow up after 1 month 10.45+8.47

*P<0.05; **P<0.01; ***P<0.001. SD — Standard deviation

Table 3b: Effect of ketamine treatment over time: Changes in the Hamilton Anxiety Rating Scale scores (n=20)

Mean£SD t df Significant (two-tailed)
Pair 4
Hamilton anxiety rating scale baseline 20.00+8.27 2.40 19 0.027*
Hamilton anxiety rating scale at the 1* h of the first dose 18.30+6.73
Pair 5
Hamilton anxiety rating scale baseline 20.00+8.27 9.21 19 0.000%***
Hamilton anxiety rating scale at the end of 2 weeks 8.90+5.72
Pair 6
Hamilton anxiety rating scale baseline 20.00+8.27 7.59 19 0.000%**
Hamilton anxiety rating scale at follow up after 1 month 8.70+7.09

*P<0.05; **P<0.01; ***P<0.001. SD — Standard deviation

Table 3c: Effect of ketamine treatment over time: Clinical global impression - the severity of the illness scale
scores (n=20)

Mean+SD t df Significant (two-tailed)
Pair 7
Clinical global impression - severity of illness baseline 4.20+0.41 1.00 19 0.330
Clinical global impression - severity of illness at the 1* h of the first dose 4.15+0.49
Pair 8
Clinical global impression - severity of illness baseline 4.20+0.41 13.08 19 0.000%%*%*
Clinical global impression - severity of illness at the end of 2 weeks 2.40+0.88
Pair 9
Clinical global impression - severity of illness baseline 4.20+0.41 7.10 19 0.000%**
Clinical global impression - severity of illness at follow up after 1 month 2.55+1.28

*P<0.05; **P<0.01; ***P<0.001. SD — Standard deviation

Table 3d: Effect of ketamine treatment over time: Clinical global impression - improvement scale scores (n=20)

Mean£SD t df Significant (two-tailed)
Pair 10
Clinical global impression - improvement at the 1** h of the first dose 3.35+0.75 11.96 19 0.000%**
Clinical global impression - improvement at the end of 2 weeks 1.75+0.79
Pair 11
Clinical global impression - improvement at the 1% h of the first dose 3.35+0.75 6.097 19 0.000%**
Clinical global impression - improvement at follow-up after 1 month 1.85+1.14

*P<0.05; **P<0.01; ***P<0.001. SD — Standard deviation

of illness was 29.90 = 8.73 years. Mean of the duration Effect of ketamine on psychopathology

of illness was 6.95 = 4.31 months. Most of the patients
had diagnosis of a moderate depressive episode with
the somatic syndrome (35%) or recurrent depressive
disorder current episode moderate with the somatic
syndrome (35%). Most of them did not have any history
of medical illness or any family history of medical illness
or mental illness. Majority of the patients were drug
naive (50%).

There was significant reduction in mean scores after 1% h
of the 15 dose (P < 0.01). There was significant reduction
in mean scores at the end of 2 weeks (P < 0.001) and after
1 month during follow-up (P < 0.001). This implied that
there was a significant improvement in depressive symptoms
immediately after the first dose, and this improvement was
maintained at 2 weeks (end of treatment) and continued for
1 month [Table 3a].
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There was a significant reduction in HAM-A after 1 h of
1t dose (P < 0.01). There was a significant reduction of
mean scores at the end of 2 weeks (P < 0.001) and after
1-month follow-up (P < 0.001). Thus, there was a significant
improvement in anxiety symptoms immediately after the first
dose, and this improvement was maintained at 2 weeks (end
of treatment) and continued for 1 month [Table 3b].

There was no significant change in mean scores of
CGl-severity after 1° h of 1** dose. There was a significant
reduction of mean scores at the end of 2 weeks (P < 0.001)
and after 1 month (P < 0.001). This showed that there
was a significant reduction in illness severity at the end of
2 weeks, which even continued for 1 month [Table 3c]|.

There was a significant reduction in CGl-improvement
scores at the end of 2 weeks (P < 0.001) and after
1 month (P < 0.001). This showed that there was a significant
improvement at the end of treatment which continued for
1 month on treatment with ketamine [Table 3d].

The above findings were corroborated when repeated
measures ANOVA was carried out to see the effect of
Ketamine over time. Effect-Size estimation revealed
moderate to good effect size on all rating scales, for example,
for HDRS, it was (0.825), HARS was (0.760), CGI-severity of
illness was (0.794), and CGl-improvement was (0.731).

DISCUSSION

There are studies using ketamine at 0.5 mg/kg but by slow
infusion over 40 min using the infusion pump.'® One
study used ketamine in the form of slow i.v bolus injection
but single dose of 0.2 mg/kg."” Most of the studies
showed rapid antidepressant action within 24 h and few
studies assessed its effects immediately, closest one is an
assessment done at 2 h,?® but here we assessed in the 1°h
after the first dose.

Our findings suggest that there was a significant
improvement in terms of depression, anxiety, and disease
severity after 1 h as compared with baseline. Rapid
decrease in HAM-D scores suggests overall improvement in
depressive symptoms supporting rapid antidepressant effect
of ketamine as similar results were found in a randomized
placebo-controlled trial by Zarate et al. in 19 patients of
TRD although, in our study, there was better effect size.?"
In another study, rapid antidepressant effect was also seen
within 24-h postdose (18.9 = 6.6, P < 0.001) on 67 patients
of major depressive disorder (MDD).”2 Although, both
the studies used ketamine delivery by infusion pump
over 40 min. In another randomized controlled trial by on
27 patients of MDD following a single i.v dose there was
significant decrease in symptom severity compared to
placebo with peak effect within 24 h with poorer effect
size (Cohen s d) of 0.62 than index study.”!

To the best of our knowledge, studies on repeated dosing
are limited. This study also included long term repeated
doses of ketamine as evident that there was significant
reduction in depression, anxiety and illness severity scores
after 2 weeks with six repeated doses of ketamine. Similar
findings were also found in an open-label study on patients
of MDD, showed that patients who responded to single dose
of i.v ketamine which was maintained after total six doses
over 12 days though the sample size was limited.” In another
recent randomized control trial on 67 treatment-resistant
depression patients using twice/thrice weekly infusions of
ketamine over 15 days showed significant improvement in
depressive symptoms over 15 days.”?! Both the above studies
used injection ketamine as an i.v infusion over 40 min, in
contrast, to slow i.v bolus ketamine in our study.

Limited studies have investigated the role of ketamine in
anxiety symptoms. Our study found significant decrease
anxiety with the first dose at 1 h which maintained after
repeated dosing at the end of 2 weeks. An open-label
study on 14 patients with symptoms of depression with
anxiety were given daily oral tablet ketamine hydrochloride
(0.5 mg/kg) for 28 days which showed that eight patients
who completed trial showed significant response on anxiety
symptoms which was seen on day 3. [n a similar study
on 12 patients of generalized anxiety disorder and social
phobia, those were not depressed improvement in anxiety
occurred within 1 h, which persisted till 1 week.”" This
study instead found improvement on repeated slow i.v
bolus ketamine on anxiety symptoms present in depressive
disorders.

To the best of our knowledge, we could not find any studies
which have assessed CGl-severity of illness and any study
which has comprehensively assessed depressive symptoms,
anxiety symptoms, and illness severity simultaneously.

We also found that with these dosing pattern, only 9 out of
19 patients’ experienced mild transient adverse reactions
which resolved within 1 h of injection of ketamine which
suggests that ketamine is well tolerated at 0.5 mg/kg given
i.v bolus in patients of depression as reported in one such
study.”?®!

Neurobiologically, our findings support for NMDA receptor
antagonism. It has also paved way towards understanding
of other possible mechanisms of rapid and sustained effects
of ketamine in depression. In a meta-analysis in MDDs using
1H-magnetic resonance spectroscopy, it was found that
there is down regulation of glutamate and glutamine in the
anterior cingulate cortex (standardized mean difference for
glutamate).l?’!

Searching for functional correlates of the mechanism
proposed Abdallah et al. (2017) on 18 patients with MDD
who were given a single dose of ketamine infusion, did
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functional magnetic resonance imaging and showed
improvement in “Global functional connectivity” after 24 h
of infusion.*" This change in brain functional connectivity
may explain the sustained effects of ketamine and could be
a marker for synaptic connectivity seen in animal studies
and can be well replicated in a similar model used in our
study supplementing with functional connectivity markers.

CONCLUSION

It can be postulated that administration of slow i.v ketamine
in patients with severe depression results in significant
improvement in depression and anxiety symptoms
immediately 1 h after single dose and this effect is sustained
with repeated six doses over 2 weeks and there is an overall
decrease in illness severity after 2 weeks. This provides
substantiative evidence for ketamine’s rapid and sustained
effective role in depressive disorders and its tolerability at
a subanesthetic dose of 0.5 mg/kg body weight by i.v bolus
injection. This study has several limitations. Open-label
design limits the interpretation of efficacy. Specifically,
it is not known to what extent the observed decrease in
depression and anxiety severity would have occurred even
under placebo conditions. Other includes limited sample
size and absence of female sex, and hence, the finding cannot
be generalized. Notwithstanding the important limitations,
we believe that the current report contributes significantly
to the small but growing literature on the clinical impact of
ketamine in patients with severe depression.
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