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Abstract

Aims: Major depressive disorder (MDD) has devastating effects on patient's quality of life
(QOL). It seems that the use of ketamine in the treatment of MDD is an easy and less
Received: 10/11/2021
invasive technique compared with invasive methods, such as electroconvulsive therapy
Accepted: 12/28/2021
(ECT). As there were few studies in this regard, especially in Yazd province, the current
study aimed to evaluate the therapeutic effect of repeated injected ketamine on patients
with MDD and resistant to treatment.
Methods: This hospital-based open-label prospective study was conducted from September
2017 to May 2019 at Comprehensive Psychiatric Center, Taft,Yazd, Iran. In this pre-and
post- trial, 18 patients with a diagnosis of MDD were recruited. The patients were
diagnosed with MDD based on Diagnostic and Statistical Manual of Mental Disorders (5e)
text revision Adapted from American Psychiatric Association (DSM 5). The patients aged
between 18 to 70 years. Patients were eligible to participate in this study if they did not
have history of physical or mental comorbidity. After completing Hamilton Depression
Rating Scale (HDRS), the patients received 0.5 mg/kg ketamine infusion over 40 minutes
with vital signs monitoring. After 2.5 hours of infusion, the HDRS was re-completed. The
patients, who responded to treatment (≥50% reduction in HDRS score), received the
Corresponding author
treatment on days 3, 5, 7, 9, and 11 after the start of the study. Patients were re-evaluated
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after receiving the last dose of ketamine.
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Results: After the first ketamine infusion, 13 of 18 (72%) patients responded to treatment.
Sciences, Shahid
A significant decrease was seen between the mean depression score before (21.6 ± 8.5) and
Sadoughi University of
2.5 hours after the first injection (9.7 ± 4.8) in responded patient (p<0.001). In addition, a
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significant decrease was seen in all of 13 patients who continued ketamine until the 11th day
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Tel/Fax: +98-9121955521 (6.3 ± 4.0) (p<0.001).
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Conclusion: Findings suggested that ketamine injection was efficacious in reducing the
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severity of depression in patients with MDD. Due to the decrease in the average of HDRS
score and the absence of significant side effects, it seems that repeated ketamine infusion
therapy can be offered as a new therapy protocol for TRD.
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Introduction

(AMPA) receptor. AMPA receptor enhances

Treatment-resistant depression (TRD) is defined

brain-derived

as failure to respond adequately to at least two

production and tropomyosin receptor kinase B

types of antidepressant drugs given in an adequate

(TrkB) stimulation. As a result, TrkB activates

dose for sufficient time, and is a turbulence in the

both mammalian target of rapamycin complex 1

field of psychiatry (1- 3). Major depressive

(mTORC1)

disorder (MDD) is the third reason of death in

kinase/extracellular

people aged between 39 up to 78 years old. It also

(MAPK/ERK) signaling, resulting in depression

has destructive effects on patient quality of life

improvement (12).

and is associated with high health care costs (46).

combination of them are common modalities for
MDD managment (7). Neverthelse, most of the
time, low efficacy, adverse effects, and the
association of these treatments with patient
adherence problems lead to more negative
attitudes towards their prescription (8). Only 3363 % of patients with major depression respond to
the first-line antidepressants, while the rest of
them do not show clinical improvement in
depressive symptoms and become resistant to
treatment (9).
Ketamine

hydrochloride,

and

factor

(BDNF)

mitogen-activated

protein

signal-regulated

kinase

Developing new drugs with the capability of
producing

Pharmacotherapy, psychotherapy, ECT, or a

neurotrophic

rapid-onset

and

profound

antidepressant effects is essential for patients with
TRD. Evidence on the relationship between
neurotransmitter glutamate and the development
of depression makes researchers investigate
alternative

antidepressant

therapies.

The

antidepressant effect of ketamine was first
proposed by Berman et al., just over a decade ago.
Since then, the effects of ketamine on MDD,
TRD, bipolar depression, and shock therapy have
been investigated (13, 14). The side effects of
ketamine are low, and it si well tolerated by the
patients (15).

a

noncompetitive

antagonist for the N-methyl d-aspartate glutamate
(NMDA) receptors, is used as an anesthesia
medicine and for the treatment of chronic pain
(10, 11). Given that the mechanism of ketamine in
the improvement of depression has not been
clarified fully yet, it is not mediated by known
mood-modulating pathways. It is thought that

However, the results of studies in this regard are
uncertain

and

questionable.

Therefore,

considering the possibility of using ketamine
therapeutic effect before implementing final
invasive interventions such as ECT through
simple and less invasive methods. The current
study was performed to evaluate the effect of
intravenous ketamine infusions on patients MDD.

ketamine blocks the NMDA receptor on GABA
interneurons and activates the alpha-amino-3hydroxy-5-methyl-4-isoxazolepropionic
DOI: https://doi.org/10.18502/aptj.v1i2.8674
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This hospital-based open-label prospective study

-Negative history of physical and psychiatric

was conducted from September 2017 to May 2019

comorbidities.

at Comprehensive Psychiatric Center, Taft, Yazd,

-Lack of willingness to participate.

Iran. Written informed consent was obtained from
all he patients

participated

in

the study.

-A

significant

and

Sociodemographic and clinical data of the patients

complication.

were obtained. In addition, Hamilton Depression

-Substance abuse.

persistent

drug-induced

psychiatric

comorbidity

Rating Scale (HDRS) was usd to assess the
patients’ depression severity. HDRS is a multiple-

-Pregnancy or lactation.

item questionnaire, which is used to provide an

-History

indication of MDD and a guide to evaluate MDD

disorders.

of

other

recovery (16-18). This study aimed to determine
the effectiveness of intravase (IV) ketamine in the

Study procedure

management of MDD patients who were resistant

After completing the written informed consent

to treatment and referred to Comprehensive

form by the patient or his/her caregiver, the study

Psychiatric Center in Yazd province.

was initiated. HDRS was filled by a psychiatry

Study design

resident using all available data from the patient
report as well as information provided by a

This study was a pre-and post- intervention

caregiver, pharmacy, and medical records. HDRS

research.

was completed for each patient before and 2.5

Patient selection

hours after ketamine prescription. The patients
received

intravenous

ketamine (0.5

mg/kg)

From September 2017 to May 2019, all MDD

administered over 40 minutes. If the patients

patients who were resistant to treatment and

experienced systolic blood pressure (SBP) >161

referred to Comprehensive Psychiatric Center of

or <89 mmHg, diastolic BP (DBP) > 110 or <40

Taft were included. In total, 18 patients with a

mmHg, heart rate <40 or >130 beats/min,

diagnosis of MDD based on Diagnostic and

respiratory rate <10 or >30 per minute, O2Sat

Statistical Manual of Mental Disorders (DSM-5)

<90%, loss of consciousness, or irrational

were selected.

behavior, hallucination, or agitation, ketamine

Inclusion criteria

infusion was discontinued (19).

-Diagnosis of MDD

During the intravenous infusion of ketamine,
patients’ vital signs were monitored. HDRS was

-Willingness to participant in the study
-Aged between 18to 70 years

evaluated at baseline and 2.5 hour following the
infusion. In case of responding to treatment,
≥50% reduction in HDRS score, the patients

Exclusion criteria
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underwent re-infusion for further 5 sessions on the

3rd, 5th, 7th, 9th, and 11th

day.

After

administering the last dose of ketamine, HDRS

science (SPSS) version 23, and two-tailed P-

was completed for all the patients.

values < 0.05 were considered statistically
significant.

Statistical Analysis
The quantitative and qualitative variables were

Results

reported as mean ± standard deviation (SD) and

A total of 18 patients were enrolled, among whom

number (frequency), respectively. Kolmogorov-

were 9 men (50%). The patients’ mean (SD) age

Smirnov test was run to assay the normality of the

was 40.6 (11.4) years old. The mean (SD) HDRS

data. The distributed quantitative variables were

score at the baseline was 22.1 (7.3). HDRS score

compared

the

of 13 patients (72%) reduced at least 50%,

independent sample t-test. Moreover, paired T-test

suggesting that they responded to the first dose of

was used to compare changes of HDRS score over

ketamine so ketamine treatment was continued for

2.5 hours and at the last infusion. Chi-square and

them. Six men and seven women responded to the

Fisher's exact tests were used to compare

first dose. No significant difference was observed

qualitative variables. All the statistical analysis

between gender and response to treatment

was conducted by Statistical package for social

(p>0.05) (Table 1).

between

groups

by

using

Table1. Details on patients’ HRSD score at baseline, after 2.5 hour, and day 11th

Patient (No.)

Sex

Age (year)

HRSD score at the base

HRSD score after the
first infusion

HRSD score after the last
infusion

1
2
3
4
5
6
7
8
9

M
F
M
M
F
M
M
M
F

45
50
24
37
40
44
40
57
26

27
18
26
46
21
27
10
18
17

24
9
18
23
10
14
4
5
7

6
17
6
12
2
4
5

10

F

42

15

7

3

11
12
13
14
15
16
17
18

M
F
M
F
M
F
F
F

32
26
50
50
45
28
30
65

20
23
19
24
20
22
22
24

10
9
7
12
16
17
19
10

6
8
5
5
4

Meen (SD)

40.6

22.1 (7.3)
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(11.4)
No: Number; M: Male; F: Female; HDRS: the Hamilton depression rating scale; SD: standard deviation

A significant decrease was seen between the mean

decrease was seen in all of 13 patients who

depression score before (21.6 ± 8.5) and 2.5 hours

continued ketamine until the 11th day (6.3 ± 4.0)

after the first injection (9.7 ± 4.8) in responded

(p<0.001). Details on the mean differences of

patients (p<0.001). In addition, a significant

HDRS score are shown in Table 2.

Table 2. Comparison of HDRS score means
Variable

Between-time Difference
(95% CI)

P-value

After 2.5 hours

9.89

<0.001

After the last infusion

15.78

<0.001

Comparing

Before

HDRS score, Mean

Discussion

depression following ketamine infusion was also

This study was carried out to determine the effect

reported by Messer et al., using Beck Depression

of repeated ketamine infusion on MDD patients

Inventory (BDI ) (23).

who were resistant to treatment. Previous findings
suggested that ketamine injection was efficacious
in reducing the severity of depression in patients
with MDD. Due to the decrease in the average
HDRS score and the absence of significant side
effects,

a

combination

of

ketamine

and

conventional maintenance treatments can be
offered as a new therapeutic protocol for TRD.
Szymkowicz et al., revealed that three patients
with major depression responded to ketamine
treatment and

experienced no significant side

effects following ketamine administration (20). In
addition, a significant antidepressant effect of
ketamine (24 hours after the first dose) was
reported by Murrough et al (21). In another study,
six patients with MDD received ketamine. Fifty
percent

of them

experienced

a significant

improvement of depressive symptoms in the short
and long term following ketamine infusion (22).

No cognitive decline was seen in the current study
as well as Paslakis et al. study (24). In a case
study, depressive symptoms were assessed by
HDRS and BDI and a significant clinical
improvement

in

depressive

symptoms

was

detected on the second day post ketamine
administration. The improvement was reported 25
minutes

after

ketamine

infusion;

however,

persistent antidepressant effects of ketamine were
seen throughout the subsequent 7 days. In
particular, a profound improvement of depressive
symptoms was reported on the second day after
the first infusion of ketamine, while the second
infusion was less effective (25). In another case
study, one patient did not respond to both
intravenous

and

subanesthetic

intravenous

ketamine infusions, while the other patient
complained about rapid antidepressant side effects
on the first and third days. However, the side

A significant change in the symptoms of
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effects did not last up to the sixth day. Both

responded to treatment, which confirmed the

patients experienced psychiatric side effects

findings reported by Murrough et al. Therefore,

during administration (26). In line with these

the efficacy of ketamine in depression attenuation

studies, our study confirmed the efficacy of

scores in our study could be due to the proposed

ketamine in reducing depression using a larger

mechanism.

sample. In the present study, 5 of 18 patients did

The ketamine dosage in two studies was 0.5

not respond to ketamine as an antidepressant

mg/kg. However, the duration of patients’ follow-

agent. Nevertheless, the significant effect of

up after the infusion was different. In a clinical

ketamine on the reduction of depression was

controlled trial study, the follow-up lasted up to

observed and confirmed in the remaining 13

two months after the last infusion (33). One of the

patients. In another study, a montgomery asberg

differences between our study and others was the

depression rating scale (MADRS) was used and a

percentage of reduction in depression scores. In

significant improvement was achieved post

most studies, the

ketamine therapy in patients with TRD (27).

whereas, in this study, the percentage of reduction

Based on the findings of the aforementioned

in

studies and the present study, it seems that

administration

ketamine has a rapid and persistent antidepressant

difference can be due to this fact that other studies

effect on patients with TRD. Similar to the current

used a single infusion of ketamine but we used

study, all other studies in this field confirmed the

repeated infusions of ketamine. However, we

rapid and persistent antidepressant effects of

discovered that the rate of depression score

ketamine on TRD (6, 15, 21-23, 26, 28-31).

reduction was less than 50% in our study, which

Therefore, it can be concluded that ketamine can

was consistent with similar studies. In an 8-week

be a new and promising pharmacological option

trial, memantine was not effective in treating

for the treatment of major depression and TRD in

MDD at doses of 5-20 mg/day (34). The oral

comparison with current antidepressants delaying

administration of this drug was less efficient than

therapeutic effects and requiring several weeks to

a single dose of ketamine. The therapeutic

exert

effects. Rapid improvement in

outcomes of our study after the first infusion were

depression symptoms, in most patients after the

better than those of that study. Therefore, it seems

first infusion, was the most benefit of ketamine

that the use of antagonists with a high affinity for

treatment

NMDA receptors to produce an antidepressant

their

compared

with

previous

anti-

depression

scores were less than 50;

scores
was

following

greater

than

ketamine
50.

This

depressants (32). We observed a significant

effect is needed.

decrease in the mean depression scores only 2.5

A placebo-controlled double-blinded trial was

hours following the first infusion of ketamine.

performed to evaluate the effect of ketamine on

In a double-blind randomized placebo-controlled

seven patients with TRD. Seventy-two hours

trial, 64% of patients responded to ketamine

follow-up revealed a significant decrease in the

treatment (10). Similarly, 23.27% of our patients

patients’ depression scores (4), which was

DOI: https://doi.org/10.18502/aptj.v1i2.8674
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consistent with our findings. Zarate et al., also

Consequently,

investigated the efficacy of ketamine infusion in

response to ketamine treatment. Theoretically and

reducing TRD. They found that 29% of patients

according to practical results, it seems that

did not respond to this treatment. However, they

ketamine could play an important role in treating

observed a significant decrease in the depression

TRD.

scores after ten minutes following ketamine
administration in other patients. This statistically

our study revealed a better

Conclusion

significant decrease in depression scores was also

Considering the rapid and profound efficacy of

apparent one-week post-infusion (6). In our study,

ketamine in reducing the mean of depression

38.4% of patients did not respond to ketamine

scores

treatment, which was higher than the percentage

complications, a combination therapy consisting

reported by Zarate et al.

of ketamine and other conventional therapies can

In a review study, the effects of ketamine and
other

glutamate

evaluated.

receptor

regulators

were

A significant short-term effect of

ketamine was revealed in comparison with other
similar

compounds. However,

a significant

difference was not reported in the long-term
follow-up (35). In line with the aforementioned
study, we showed that ketamine significantly
reduced

depression scores 2.5

hours after

infusion. In their study, Shirawi et al., examined
the efficacy of oral ketamine in reducing
treatment-resistant depression in 22 patients. They
discovered that 18% of patients had a 50%
reduction in BDI score , 14% experienced a minor
reduction

in

depression

symptoms,

and

the

absence

of

significant

be applied as a new therapeutic protocol to reduce
the symptoms of TRD.
List of abbreviations
MDD: major depression disorder/ QOL: quality of
life/ ECT: Electroconvulsive therapy/ DSM IV:
diagnostic and Statistical Manual of Mental
Disorders

4th

edition/

HDRS:

Hamilton

Depression Rating Scale/ mg/kg: milligram per
kilogram/

NMDA:

N-methyl

d-aspartate

glutamate/ SPSS: Statistical package for social
science/

BDI:

Beck

Depression

Inventory/

MADRS: Montgomery Asberg Depression Rating
Scale/ BDS: Beck Depression score/ PFC:
Prefrontal cortex.

23%

experienced more severe symptoms of depression,

Ethical Code

and 45% did not respond to ketamine treatment

This

(36). In our study, intravenous administration of

(IR.SSU.MEDICINE.REC.1396.31) by the Ethics

ketamine was used and better therapeutical

Committee of Yazd University of Medical

outcomes

Sciences.

were achieved. Diamond

et

al.,

study

received

the

Ethics

ID

evaluated the effect of ketamine infusion on the
treatment of 28 patients with TRD, and showed
that only 11% of the patients responded to

Conflict of interests: The authors declare that
there is no conflict of interest.

treatment within six hours after the infusion (37).
Page 97

DOI: https://doi.org/10.18502/aptj.v1i2.8674

Adv Pharmacol Ther J. 2021;1(2)

Funding:

The

manuscript

Fallah Tafti et al

was

financially

supported by a grant from the Research and
Technology Department of Shahid Sadoughi
University of Medical Sciences, Yazd, Iran.
Acknowledgments: This article was derived from
the thesis “Ketamine as a new treatment protocol
for treatment-resistant major depressive disorder”
supervised and submitted by Professor Reza
Bidaki, the Faculty of Medicine of Shahid
Sadoughi University of Medical Sciences, Yazd,
Iran, in partial fulfillment of the requirements for
the Degree of general practitioner (GP) of Atena
FallahTafti.

References
1. McGirr A, Berlim M, Bond D, Fleck M, Yatham L,
Lam R. A systematic review and meta-analysis of
randomized, double-blind, placebo-controlled trials of
ketamine in the rapid treatment of major depressive
episodes. Psychological medicine. 2015;45(4):693.
2. Wan L-B, Levitch CF, Perez AM, Brallier JW,
Iosifescu DV, Chang LC, et al. Ketamine safety and
tolerability in clinical trials for treatment-resistant
depression. The Journal of clinical psychiatry.
2014;76(3):247-52.
3. Archer S, Chrenek C, Swainson J. Maintenance
ketamine therapy for treatment-resistant depression.
Journal
of
clinical
psychopharmacology.
2018;38(4):380-4.
4. Berman RM, Cappiello A, Anand A, Oren DA,
Heninger GR, Charney DS, et al. Antidepressant
effects of ketamine in depressed patients. Biological
psychiatry. 2000;47(4):351-4.
5. Kupfer DJ, Frank E, Phillips ML. Major depressive
disorder: new clinical, neurobiological, and treatment
perspectives. The Lancet. 2012;379(9820):1045-55.
6. Zarate CA, Singh JB, Carlson PJ, Brutsche NE,
Ameli R, Luckenbaugh DA, et al. A randomized trial
of an N-methyl-D-aspartate antagonist in treatmentresistant major depression. Archives of general
psychiatry. 2006;63(8):856-64.
7. Davidson JR. Major depressive disorder treatment
guidelines in America and Europe. The Journal of
clinical psychiatry. 2010;71(suppl E1):4.8. Kolovos S, van Tulder MW, Cuijpers P, Prigent A,
Chevreul K, Riper H, et al. The effect of treatment as
usual on major depressive disorder: a meta-analysis.
Journal of Affective Disorders. 2017;210:72-81.
DOI: https://doi.org/10.18502/aptj.v1i2.8674

9. Price RB, Iosifescu DV, Murrough JW, Chang LC,
Al Jurdi RK, Iqbal SZ, et al. Effects of ketamine on
explicit and implicit suicidal cognition: A randomized
controlled trial in treatment‐resistant depression.
Depression and anxiety. 2014;31(4):335-43.
10. Singh JB, Fedgchin M, Daly EJ, De Boer P,
Cooper K, Lim P, et al. A double-blind, randomized,
placebo-controlled,
dose-frequency
study
of
intravenous ketamine in patients with treatmentresistant depression. American Journal of Psychiatry.
2016;173(8):816-26.
11. Zhong X, He H, Zhang C, Wang Z, Jiang M, Li Q,
et al. Mood and neuropsychological effects of different
doses of ketamine in electroconvulsive therapy for
treatment-resistant depression. Journal of affective
disorders. 2016;201:124-30.
12. Salahudeen MS, Wright CM, Peterson GM.
Esketamine: new hope for the treatment of treatmentresistant depression? A narrative review. Therapeutic
Advances
in
Drug
Safety.
2020;11:2042098620937899.
13. Ostroff R, Gonzales M, Sanacora G.
Antidepressant effect of ketamine during ECT. 2005.
14. Nugent AC, Diazgranados N, Carlson PJ, Ibrahim
L, Luckenbaugh DA, Brutsche N, et al. Neural
correlates of rapid antidepressant response to ketamine
in bipolar disorder. Bipolar disorders. 2014;16(2):11928.
15. Aan Het Rot M, Collins KA, Murrough JW, Perez
AM, Reich DL, Charney DS, et al. Safety and efficacy
of repeated-dose intravenous ketamine for treatmentresistant
depression.
Biological
psychiatry.
2010;67(2):139-45.
16. Hooijer C, Zitman FG, Griez E, Van Tilburg W,
Willemse A, Dinkgreve MA. The Hamilton Depression
Rating Scale (HDRS): changes in scores as a function
of training and version used. Journal of affective
disorders. 1991;22(1-2):21-9.
17. Araya R, Rojas G, Fritsch R, Gaete J, Rojas M,
Simon G, et al. Treating depression in primary care in
low-income women in Santiago, Chile: a randomised
controlled trial. The Lancet. 2003;361(9362):995-1000.
18. Hamilton M. The Hamilton Depression Scale—
accelerator or break on antidepressant drug discovery.
Psychiatry. 1960;23:56-62.
19. Aldrete J. The post-operative recovery score
revisited. J Clin Anesth. 1995;7(1):89-91.
20. Szymkowicz SM, Finnegan N, Dale RM. A 12month naturalistic observation of three patients
receiving repeat intravenous ketamine infusions for
their treatment-resistant depression. Journal of
affective disorders. 2013;147(1-3):416-20.
21. Murrough JW, Perez AM, Mathew SJ, Charney
DS. A case of sustained remission following an acute
course of ketamine in treatment-resistant depression.
The Journal of clinical psychiatry. 2011;72(3):414-5.
22. Segmiller F, Rüther T, Linhardt A, Padberg F,
Berger M, Pogarell O, et al. Repeated S‐ketamine
infusions in therapy resistant depression: a case series.
Page 96

Adv Pharmacol Ther J. 2021;1(2)

The
Journal
of
Clinical
Pharmacology.
2013;53(9):996-8.
23. Messer M, Haller IV, Larson P, PattisonCrisostomo J, Gessert CE. The use of a series of
ketamine infusions in two patients with treatmentresistant depression. The Journal of neuropsychiatry
and clinical neurosciences. 2010;22(4):442-4.
24. Paslakis G, Gilles M, Meyer-Lindenberg A,
Deuschle M. Oral administration of the NMDA
receptor antagonist S-ketamine as add-on therapy of
depression: a case series. Pharmacopsychiatry.
2010;43(1):33.
25. Liebrenz M, Stohler R, Borgeat A. Repeated
intravenous ketamine therapy in a patient with
treatment-resistant major depression. The World
Journal of Biological Psychiatry. 2009;10(4-2):640-3.
26. Paul R, Schaaff N, Padberg F, Möller H-J, Frodl T.
Comparison of racemic ketamine and S-ketamine in
treatment-resistant major depression: report of two
cases. The world journal of biological psychiatry.
2009;10(3):241-4.
27. Niciu MJ, Ionescu DALDF, Guevara S, MachadoVieira R, Richards EM, Brutsche NE, et al. Clinical
predictors of ketamine response in treatment-resistant
major depression. The Journal of clinical psychiatry.
2014;75(5):417-23.
28. Cornwell BR, Salvadore G, Furey M, Marquardt
CA, Brutsche NE, Grillon C, et al. Synaptic
potentiation is critical for rapid antidepressant response
to ketamine in treatment-resistant major depression.
Biological psychiatry. 2012;72(7):555-61.
29. Mathew SJ, Murrough JW, aan het Rot M, Collins
KA, Reich DL, Charney DS. Riluzole for relapse
prevention following intravenous ketamine in
treatment-resistant depression: a pilot randomized,
placebo-controlled continuation trial. International
Journal of Neuropsychopharmacology. 2010;13(1):7182.
30. Murrough JW, Iosifescu DV, Chang LC, Al Jurdi
RK, Green CE, Perez AM, et al. Antidepressant
efficacy of ketamine in treatment-resistant major
depression: a two-site randomized controlled trial.
American Journal of Psychiatry. 2013;170(10):113442.
31. Phelps LE, Brutsche N, Moral JR, Luckenbaugh
DA, Manji HK, Zarate Jr CA. Family history of
alcohol dependence and initial antidepressant response
to an N-methyl-D-aspartate antagonist. Biological
psychiatry. 2009;65(2):181-4.
32. Dowben JS, Grant JS, Keltner NL. Biological
Perspectives: Ketamine as an Alternative Treatment for
Treatment‐Resistant Depression. Perspectives in
psychiatric care. 2013;49(1):2-4.
33. Kheirkhah F, Tayyebi G, Rabiee SM,
Moghadamnia A-A, Bijani A. Efficacy of different
doses of ketamine as a bolus in major depressive
disorder. Caspian journal of internal medicine.
2018;9(3):220.
34. Zarate Jr CA, Singh JB, Quiroz JA, De Jesus G,
Denicoff KK, Luckenbaugh DA, et al. A double-blind,
Page 97

Ketamine and resistant depression.

placebo-controlled study of memantine in the treatment
of major depression. American Journal of Psychiatry.
2006;163(1):153-5.
35. McCloud TL, Caddy C, Jochim J, Rendell JM,
Diamond PR, Shuttleworth C, et al. Ketamine and
other glutamate receptor modulators for depression in
bipolar disorder in adults. Cochrane Database of
Systematic Reviews. 2015(9.(
36. Al Shirawi MI, Kennedy SH, Ho KT, Byrne R,
Downar J. Oral ketamine in treatment-resistant
depression: a clinical effectiveness case series. Journal
of clinical psychopharmacology. 2017;37(4):464.
37. Diamond PR, Farmery AD, Atkinson S, Haldar J,
Williams N, Cowen PJ, et al. Ketamine infusions for
treatment resistant depression: a series of 28 patients
treated weekly or twice weekly in an ECT clinic.
Journal of Psychopharmacology. 2014;28(6):536-44.

DOI: https://doi.org/10.18502/aptj.v1i2.8674

