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ABSTRACT

Introduction. Ketamine is a fast-acting anesthetic with 
hypnotic properties. Moreover, could potentially improve 
affective symptoms in patients with refractory depressive 
disorder. Objective. explore the scientific literature available 
until December 10, 2021, about the efficacy and safety 
of ketamine in patients with treatment-refractory major 
depressive disorder. Material and methods. Scoping review 
that included PubMed and Scopus. Records of clinical trials 
and publications with empirical data in English and Spanish 
were included. 

Results. 31 documents and 12 clinical trial records were 
included: randomized clinical trials (n = 19), non-randomized 
clinical trials (n = 11) and retrospective cohort studies (n = 1). 
The sum of participants in clinical trial registries was 1,318. 
Some 58.3% (7/12) of the records of clinical trials are not 
yet recruiting the study population, 25% (3/12) are phase 2 
studies and only one study is currently in phase four. 

Conclusions. The evidence supports the use of ketamine 
for the treatment of refractory depression. Adverse effects 
are generally mild and self-limited, although more complex 
adverse effects require monitoring by experienced personnel. 
Experimental studies are needed to compare the efficacy and 
safety of ketamine versus electroconvulsive therapy as the 
first-line treatment for this entity. 

Keywords. Depressive disorder; Treatment resistant depression; Ketamine; 

Electroconvulsive therapy.
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KETAMINA PARA LA DEPRESIÓN REFRACTARIA:  
UNA REVISIÓN EXPLORATORIA

RESUMEN

Introducción. La ketamina es un anestésico de efecto 
rápido con propiedades hipnóticas. Además, podría mejorar 
potencialmente los síntomas afectivos en pacientes con tras-
torno depresivo refractario. 

Objetivo. Explorar la literatura científica disponible hasta 
el 10 de diciembre de 2021 sobre la eficacia y seguridad de 
la ketamina en pacientes con trastorno depresivo mayor re-
fractario al tratamiento. 

Material y métodos. Revisión exploratoria que incluyó 
PubMed y Scopus. Se incluyeron registros de ensayos clínicos 
y publicaciones con datos empíricos en inglés y español. 

Resultados. Se incluyeron 31 documentos y 12 registros 
de ensayos clínicos: estudios clínicos aleatorizados (n = 19), 
estudios clínicos no aleatorizados (n = 11) y estudios de co-
hortes retrospectivos (n = 1). La suma de participantes en 
registros de ensayos clínicos fue de 1,318. Un 58,3 % (7/12) 
de los registros de ensayos clínicos aún no están reclutando 
la población de estudio, el 25 % (3/12) son estudios de fase 2 
y solo un estudio se encuentra actualmente en la fase cuatro. 

Conclusiones. La evidencia apoya el uso de ketamina 
para el tratamiento de la depresión refractaria. Los efectos 
adversos son generalmente leves y autolimitados, aunque 
los efectos adversos más complejos requieren vigilancia por 
parte de personal experimentado. Son necesarios estudios 
experimentales que comparen la eficacia y seguridad de la 
ketamina frente a la terapia electroconvulsiva como trata-
miento de primera línea de esta entidad.

Palabras clave. Trastorno depresivo; Tratamiento refractario; Ketamina; 

Terapia electroconvulsiva.
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INTRODUCTION

Depressive disorders have a high prevalence worldwide 
and negatively impact functionality and quality of life1. 
Major depressive disorder (MDD) is characterized by 
changes in affective, cognitive and neurovegetative 
functions that last at least two weeks 2. The etiology of 
MDD is multifactorial and involves genetic, epigenetic 
and environmental factors 2. The pathophysiology is 
associated with biochemical and functional variations 
in specific areas of the brain such as the dorsolateral 
prefrontal cortex and the hippocampus3. Researchers have 
reported a prevalence of MDD between 16 % to 28.2% in 
the general population 1,4.

Treatment of MDD can be pharmacological or non-
pharmacological, and typically include changes in 
lifestyle and psychotherapy 5. Despite the fact that 
there is currently a wide antidepressant pharmacological 
arsenal available, control of MDD is not always possible. 
More than 50% of patients do not respond adequately to 
treatment regimens and around 30% present refractory or 
treatment-resistant depression (TRD) 6. Although multiple 
definitions have been proposed, the current consensus 
is an insufficient response to two antidepressant drug 
regimens administered at the appropriate dose, duration 
and adherence. In addition, bipolar disorder or other non-
psychiatric medical illnesses must be ruled out 7,8.

Ketamine (2-0-chlorophenyl-2-methylamino-cyclo-
hexamine) is a drug that acts as a competitive antagon-
ist of phencyclidine through the excitatory receptor of 
Glutamate N-methyl D’Aspartate (NMDA). It is reported 
as a hypnotic, analgesic, antidepressant and anti-inflam-
matory agent 9. The exploration of the antidepressant 
properties of ketamine dates back to the 1970s. Khor-
ramzadeh and Lotfy 10 administered intravenous ketamine 
0.2 to 1.0 mg / kg (VI) to 100 hospitalized patients with 
depressive disorder. The researchers reported a favorable 
impact by reducing depressive symptoms. Zárate et al. 11 
Reported that 17 subjects diagnosed with TRD improved 
their depressive symptoms after the administration of 0.5 
mg / kg of VI ketamine compared to subjects who re-
ceived placebo within the first two hours after treatment. 
Veraart et al. 12 conducted a systematic review to explore 
whether ketamine has an efficacy and safety profile sim-
ilar to electroconvulsive therapy (ECT). The authors re-
ported that ketamine treatment could address depressive 
symptoms in a short period of time and with less cogni-
tive impairment. The six studies included in this review, 
however, had a small sample size, used different thera-
peutic regimens, and the time of follow-up to the partici-
pants made it impossible to study the long-term effects. 

The objective of this scoping review was to explore the 
scientific literature available up to 10 December 2021 on 
the efficacy and safety of ketamine in patients with TRD.

MATERIAL AND METHODS

A scoping review of the literature was carried out following 
the steps proposed by Arksey and O’Malley 14, and improved 
by Levac 15: (i) creation of the research question; (ii) 
identification of relevant studies; (iii) selection of studies; 
(iv) data extraction; (v) synthesis and reporting of the
results. The review sought to answer the question: What is
the current state of the scientific literature on the efficacy
and safety of ketamine in the management of patients with
TRD?

PubMed and Scopus were included using search terms 
and Boolean operators (Supplementary file 1). The inclusion 
criteria were: (a) language of the publication is Spanish or 
English, (b) publications with empirical data (clinical trials 
or observational studies) with no time limit, (c) documents 
exploring the efficacy or safety of ketamine, (d) studies 
include patients with TRD. The documents that did not meet 
the inclusion criteria were excluded; for example, studies 
done only in patients with other types of depression, such 
as bipolar depression. Additionally, the clinical trial records 
from 18 databases of the WHO16 International Clinical Trials 
Registry Platform (Supplemental file 1) were reviewed and 
included. Inclusion of clinical trial records allow to describe 
the characteristics of ongoing studies on efficacy and safety 
of ketamine in TRD.

The free access web application Rayyan was used 
to select the included studies 17. Two authors (M.E-R and 
A.H.-P.) independently reviewed the titles and abstracts of
the publications found, reaching a consensus on potentially
relevant documents. Subsequently, the review of the
complete document was carried out for their final selection
(based on the eligibility criteria). Two tables were created in
Microsoft Word for data extraction. Variables such as authors, 
type of study, objective, date of publication, journal, country
of the authors, occurrence and main findings were extracted. 
A summary of the characteristics of the documents found in
the databases was created. Finally, a narrative synthesis of
the results was carried out. The article followed the PRISMA
extension for reporting scoping reviews (PRISMA-ScR)18,
which available in supplemental file 2.

RESULTS

31 documents (supplementary file 3) and 12 records of 
clinical trials (n = 43) were included (Fig. 1, Tables 1 and 2).
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SYNTHESIS OF THE PUBLICATIONS INCLUDED IN 
THE REVIEW

We found randomized clinical trials (n = 19), non-
randomized clinical trials (n = 11), and retrospective cohort 
studies (n = 1). All documents were written in English, except 
one in Spanish. The total number of patients recruited in the 
studies included in the review was 1,946. Some 13 studies 
included the adolescent population between 12 and 18 
years of age. The country of origin of the authors was mostly 
the United States (n = 15), followed by China (n = 5), Taiwan 
(n = 3), Canada (n = 3), Australia (n = 2), Israel (n = 1), Japan 
(n = 1) and Switzerland (n = 1). The main findings of each of 
these documents are described in Table 1.

In 2019, Liu et al 19 investigated the neurocognitive 
effects of intravenous ketamine infusion (0.5 mg / kg over 
40 minutes) for 12 days in 30 subjects with anxious TRD 
and 20 participants with non-anxious TRD. The researchers 
used the Montgomery Asberg Depression rating scale 
(MADRS) and Hamilton Anxiety Rating Scale (HAM-A) to 

Tabla 1 Characteristics of articles exploring the efficacy and safety of ketamine

Figura 1 PRISMA diagram of the documents identified 
in the databases. 

Authors Type of 
document

Características de 
la población

Objective Fecha de
publicación

Journal País de los 
autores

Outcome

Mu-Hong 
Chen et al

Randomi-
zed clinical 

trial

48 males patients 
between the ages of 

20 and 65

Evaluate the effects of 
ketamine on frontostriatal 

connectivity in patients 
with MDD

2020 International 
Journal  of 
Neuropsy-

chopharma-
cology

Taiwan Ketamine at a dose of 0.2 
mg / kg IV is effective for a 
reduction of symptoms of 
depression associated with 
frontostriatal disconnect in 

patients with MDD

Orly Lipsitza 
et al

Clinical 
trial 

134 males patients 
and females  over 
18 years of age

Evaluate early sympto-
matic improvement after 

ketamine administration in 
patients with MDD

2020 Neuropsy-
chopharma-

cology
& Biological 
Psychiatry

Canada Ketamine at a dose of 0.5 mg 
/ kg IV is rapid and effective 
after the administration of 4 

doses for symptomatic impro-
vement in patients with

 MDD

Megha M. Va-
savada et al

Randomi-
zed clinical 

trial

44 males patients 
and females with 
average age of 38 

years

Evaluate the action of 
ketamine on cortico-limbic 
connections in the treat-
ment of MDD in patients 
with a predominance of 

affective symptoms

2020 Biological 
Psychiatry: 

CNNI 

United 
States  

Ketamine at sub anesthetic 
doses allows neuroplasticity 
in all limbic regions allowing 

improvement in affective 
symptoms of MDD

Liu Weijiana 
et al Clinical 

trial 

60 males patients 
and females be-
tween 18 to 65 

years

Evaluate the efficacy and 
safety of ketamine in the 

control of MDD in patients 
with and without anxiety

2019 Journal  
Affective 
Disorder

China Ketamine at a dose of 0.5 mg 
/ kg IV is effective and safe in 

the control of various de-
pressive symptoms in patients 

with anxiety

Mu-Hong 
Chen et al

Randomi-
zed clinical 

trial

48  males patients 
and females be-
tween 20 to 65 

years

Evaluate the efficacy of 
ketamine in the control 
of MDD in patients with 

suicidal ideation

2019 Journal  
Affective 
Disorder

Taiwan Ketamine at a dose of 0.2-0.5 
mg / kg IV is effective in the 
control of various depressive 
symptoms in patients with 

suicidal ideation
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Tabla 1 
cont.

Characteristics of articles exploring the efficacy and safety of ketamine

Authors Type of 
document

Características de 
la población

Objective Fecha de
publicación

Journal País de los 
autores

Outcome

Chuan Jin 
Zhou et al 

Randomi-
zed clinical 

trial

600  males pa-
tients and females 
between 18 to 65 

years

Evaluate the efficacy of 
ketamine in regulating 

functional connectivity in 
patients with MDD

2019 Brain and 
behavior

China Ketamine at a dose of 0.5 mg 
/ kg IV  is effective with just 

one dose to reduce symptoms 
and suicidal ideations in 

patients with MDD

Jessica L. Reed 
et al

Randomi-
zed clinical 

trial

33 males patients 
and females with 
average age of 35 

years

Evaluate the effects of 
ketamine on emotional 

thinking in magnetic reso-
nance imaging of patients 

with MDD

2019 Biological
Psychiatry

United 
States  

Ketamine at a dose of 0.5 
mg / kg IV is effective for the 
normalization of emotional 
processing in patients with 

MDD

Ashish K. 
Sahiba et al

Randomi-
zed clinical 

trial

30  males patients 
and females be-
tween 20 to 64 

years

Evaluate neurophysiological 
changes through MRI

that generates the use of 
Ketamine in patients with 

MDD

2019 European 
Neuropsy-

chopharma-
cology 

United 
States  

Ketamine at sub-anesthetic 
doses can generate changes 
in the perfusion of regions 

such as: hippocampus, cingu-
late and insular, which allows 
a significant decrease in the 

symptoms of MDD

Wang C et al

Clinical 
trial 

97 males patients 
and females be-
tween 18 to 65 

years

Evaluate the efficacy of 
repeated doses of ketamine 
in the management of MDD 

and its subtypes

2019 Acta Psychia-
tr Scand

China Ketamine at a dose of 0.5 
mg / kg IV is a promising and 
effective treatment for anxie-
ty-type depression in patients 

with MDD

Virginie Ster-
penich et al Clinical 

trial 

10 males patients 
and females be-
tween 38 to 58 

years

Evaluate the impact of Ke-
tamine at the neuronal level 
and emotional processing of 

patients with MDD

2019 Preoperative 
medicine

Switzerland Ketamine at a dose of 0.5 mg 
/ kg IV, with a single bolus, 
demonstrated changes at 

the mesolimbic level with an 
improvement at the thought 
and emotional level in pa-

tients with MDD

Ruin Moaddel 
et al 

Randomi-
zed clinical 

trial

54  males patients 
and females be-
tween 18 to 65 

years

Identify the different 
pathways by which Keta-
mine can be useful for the 

treatment of MDD

2018 Springer 
nature

United 
States  

Ketamine at a dose of 0.5mg 
/ kg IV showed an impro-

vement> 50% in the MDRS 
scale (Montgomery Asberg 
Depression rating scale) in 

MDD

Rejish K Tho-
mas et al

Retrospec-
tive cohort 

50 males patients 
and females  over 
50 years of age

Evaluate the rate of re-
mission and maintenance 
of depressive symptoms in 
patients with MDD under 
treatment with ketamine 

2018 Journal  
Psychophar-

macology

Canada Ketamine at a dose of 0.5 mg 
/ kg IV generates a response 

rate of 44% and remission of 
16% in a patient with MDD

Maurizio Fava 
et al

Clinical 
trial 

99 males patients 
and females be-
tween 18 to 70 

years

Evaluate the efficacy of 
ketamine infusion manage-
ment in patients with MDD

2018 Springer 
nature

United 
States  

Ketamine at doses of 0.5 mg 
/ kg and 1.0 mg / kg IV is an 

effective and rapid treatment 
for the management of 

patients with MDD

 Yoav Domany 
et al

Randomi-
zed clinical 

trial

22 males patients 
and females be-
tween 18 to 75 

years

Evaluate the efficacy and 
safety of ketamine in the 

management of MDD

2018 The British 
Journal  of 
Psychiatry

Israel Ketamine at a dose of 1 mg 
/ kg OA is fast, effective and 
safe in the management of 
MDD; mild and transient 

adverse effects were reported 

Chen Mu-
Hong et al

Randomi-
zed clinical 

trial

71 males patients 
and females with 
average age of 48 

years

Determine the effects of 
ketamine on pro-inflam-
matory cytokines and the 

control of depressive symp-
toms in patients with MDD

2018 Psychiatry 
Research

China Ketamine at a dose of 0.5 mg 
/ kg IV reduced TNF-α levels 

associated with the control of 
depressive symptoms
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Tabla 1 
cont.

Characteristics of articles exploring the efficacy and safety of ketamine

Authors Type of 
document

Características de 
la población

Objective Fecha de
publicación

Journal País de los 
autores

Outcome

Kathryn R 
et al

Randomi-
zed clinical 

trial

13 males patients 
and females be-
tween 12 to 18 

years

Evaluate the efficacy and 
safety of ketamine in the 

management of MDD in an 
adolescent population

2018 Journal  Child 
Adolesc. 

Psychophar-
macol

United 
States  

Ketamine at a dose of 0.5 
mg / kg IV is effective and 

safe in the control of various 
depressive symptoms in the 
population between 12 and 

18 years of age

Jennifer L. 
Phillips et al

Randomi-
zed clinical 

trial

41 males patients 
and females be-
tween 18 to 65 

years

Evaluate the efficacy, dura-
tion and safety of ketamine 

in the control of MDD

2018  American 
Journal 

Psychiatry

Canada Ketamine at a dose of 0.5 mg 
/ kg IV is fast, effective and 

safe in the control of various 
depressive symptoms; mild 

and transient adverse effects 
were reported 

Duncan Geor-
ge et al

Randomi-
zed clinical 

trial

16 males patients 
and females  over 
60 years of age

Evaluate the efficacy and 
safety of subcutaneous ke-
tamine in the management 

of MDD in the geriatric 
population

2017 The Ameri-
can Journal 

Geriatric 
Psychiatry

Australia Ketamine at a dose greater 
than 0.2 mg / kg VS is effec-
tive and safe in the control of 
various depressive symptoms 
in a population over 60 years 

of age

B Kadriu et al Clinical 
trial 

44 males patients 
and females be-
tween 18 to 65 

years

Determine the effects of 
ketamine on bone marker 
abnormalities in patients 

with MDD

2017 Molecular 
psychiatry

United 
States  

Ketamine at a dose of 0.5 
mg / kg IV in addition to its 
antidepressant effects, has 
anti-inflammatory effects 

on bone markers in patients 
with MDD

Tung-Ping Su 
et al

Clinical 
trial 

71 males patients 
and females be-
tween 30 to 70 

years 

Determine the dose-effect 
relationship of Ketamine in 

patients with MDD

2017 Neuropsy-
chopharma-

cology

Taiwan Ketamine at a dose of 0.5 mg 
/ kg IV is effective compared 
to the dose of 0.2 mg / kg IV 
in patients with MDD, predo-

minantly with anxiety

Cheng-Ta 
et al

Randomi-
zed clinical 

trial

48 males patients 
and females be-
tween 21 to 65 

years

Evaluate the effects of 
ketamine on the prefrontal 
cortex and amygdala in the 

management of MDD

2016 Human Brain 
Mapping

China Ketamine at doses of 0.2 and 
0.5 mg / kg IV generates a 
rapid and effective antide-

pressant effect at the level of 
the prefrontal cortex

Jaskaran B. 
Singh et al

Randomi-
zed clinical 

trial

67 males patients 
and females be-
tween 18 to 64 

years

Evaluate the efficacy and 
safety of ketamine in the 

management of MDD

2016  American 
Journal 

Psychiatry

United 
States  

Ketamine at a dose of 0.5 mg 
/ kg VI is fast, effective and 

safe in the control of various 
depressive symptoms; mild 

and transient adverse effects 
were reported 

Cristina Cusin 
et al

Randomi-
zed clinical 

trial

14 males patients 
and females be-
tween 18 to 65 

years

Evaluate the efficacy and 
duration of the effects of 
ketamine in the control 

of depressive symptoms in 
patients with MDD

2016 Australian & 
New Zealand 

Journal  
Psychiatry

United 
States  

Ketamine at doses of 0.75 mg 
/ kg and 0.5 mg / kg proved to 
be effective for the manage-
ment of depressive symptoms 

in patients with MDD

JW Murrough 
et al

Clinical 
trial 

20 males patients 
and females  over 
21 years of age

Evaluate the negative and 
positive changes in the 
emotional perception of 
MDD patients managed 

with ketamine

2015 Translational 
Psychiatry

United 
States  

Ketamine at a dose of 0.5 mg 
/ kg IV demonstrated positive 

effects on the emotional 
perception of patients with 

MDD

Chadi G Ab-
dallah   et al

Clinical 
trial 

13 males patients 
and females be-
tween 44 to 48 

years

Evaluate the efficacy of 
ketamine in patients with 
MDD in the hippocampal 

region 

2015 Journal of 
Psychophar-

macology

United 
States  

Ketamine at a dose of 0.5 mg 
/ kg IV allowed a reduction in 
symptoms using the Mont-
gomery-Åsberg Depression 

Rating Scale  in MDD
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evaluate the study participants. The patients included in 
the study met the diagnostic criteria for MDD based on 
the Diagnostic and Statistical Manual of Mental Disorders, 
5th edition (DSM-5), as well as a score greater than 17 
on the Hamilton Depression Rating Scale (HDRS-17). 
All participants and they had experienced unsuccessful 
treatments with at least two classes of antidepressants 
in optimal therapeutic regimens. Both groups of patients 
presented improvements in MADRS scores on days 13 and 
26 of follow-up (p <0.001). In the anxious group, there 
was a decrease in the HAMA scale scores on days 13 and 
26 (p <0.001). Subjects with anxious TRD had significant 
increases in cognitive processing speed on day 13 and 26 
(p <0.001) and memory improved in the non-anxious group 
on day 13 (p = 0.025). The authors reported neurocognitive 
improvement and decreased superior anxiety symptoms in 
subjects with anxious TRD after the ketamine cycle.

George et al 20, evaluated the efficacy and safety of 
subcutaneous ketamine in 16 subjects older than 60 years 
with TRD. The participants were evaluated weekly using 
the MADRS scale. Ascending doses of 0.1 mg / kg to 0.5 
mg / kg were administered in sessions one week apart plus 
0.01 mg / kg midazolam single dose randomly within the 
first 3 treatment sessions. Doses up to 0.5 mg / kg did not 
cause major adverse effects leading to discontinuation of 
treatment. Some 69% (11/16) of the subjects had an acute 
response and remission for at least 7 days after treatment. 
The doses that demonstrated improvements in the MADRS 
score were 0.2 mg / kg (p <0.001), 0.3 mg / kg (p <0.001) 
and 0.4 mg / kg (p <0.001). The reported adverse effects 
included alterations in body perception, time and colors or 
sounds, but resolved 40 minutes after administration. The 
authors concluded that ketamine in individually titrated 
subcutaneous doses is effective in geriatric population with 
TRD.

Another clinical trial conducted by Cullen et al 21, 
evaluated the efficacy and safety of intravenous ketamine (0.5 
mg / kg) for 2 weeks in 13 subjects between 12 and 18 years 
of age with TRD. The authors reported an average decrease 
of 42.5% (p = 0.004) on the CDRS-R (Children’s Depression 
Rating Scale-Revised). The clinical improvement was greater 
in those patients without a history of other mental disorders. 
These patients had an average improvement of 60.2% (SD 
26.1%) compared with 21.9%, (SD 24.2%) in subjects with 
a history of other mental disorders (p = 0.002). The adverse 
effects reported during the study were transient changes in 
blood pressure, dysphoria, and nausea. All were self-limited 
and only one subject required medical management with 
ondansetron. The authors concluded that ketamine may 
be effective in adolescents with TRD. However, the need to 
assess long-term safety was highlighted.

In 2013, Murrough et al 22 randomized 73 subjects 
diagnosed with TRD, who received a single intravenous 
infusion of ketamine (0.5 mg / kg) or midazolam (0.045 mg / 
kg) over 40 minutes. The patients were discharged 24 hours 
after the infusion and received follow-up at 48 hours, 72 
hours, and 7 days after the infusion at home. All subjects 
were evaluated using the MADRS scale. The score was lower 
in the ketamine group than in the midazolam group by 
7.95 points for the MADRS scale (95% CI: 3.20-12.71) and 
a greater probability of response to treatment in the former 
24 hours for the ketamine group (HR: 2.18, 95% CI: 1.21-
4.14, p≤0.006). In the intervention group, the most common 
adverse effects were dizziness, blurred vision, headache, 
nausea, xerostomia, and restlessness. Severe and persistent 
depressive symptoms with a single dose of ketamine were 
quickly and safely controlled.

Okamoto et al 23, compared the antidepressant effect of 
intravenous ketamine (0.86 mg / kg) and propofol (0.94 mg / 
kg) as anesthetic during eight ECT sessions in 52 subjects with 
TRD. To evaluate the improvement of depressive symptoms, 
the HDRS-17 scale was used as the main outcome. In both 
groups, a decrease in the HDRS-17 score was observed as the 
number of ECT sessions performed increased. The subjects 
who received ketamine presented a marked improvement in 
depressive symptoms compared to the group that received 
propofol from the second (p <0.001) and fourth session 
(p <0.001). The most commonly reported adverse effects 
in the ketamine group were hypertension during the ECT 
session (55% vs 20%) (p = 0.049) and feelings of fear with 
hallucinations upon waking from anesthesia (27% vs 0%, p 
= 0.014). The authors reported better control of depressive 
symptoms in subjects who underwent to ECT under ketamine 
anesthesia during the first four sessions.

RECORDS OF CLINICAL TRIALS EXPLORING THE EFFICACY 
AND SAFETY OF KETAMINE

We found 12 clinical trials registered in the U.S. National 
Library of Medicine (n = 3), Chinese Clinical Trial Registry 
(n = 6), Clinical Trials Registry - India (n = 2) and German 
Clinical Trials Register (n = 1). The sum of the participants 
in the trials was 1,318 individuals and 58.3% (7/12) of the 
studies were not yet recruiting the study population. Some 
16.6% (2/12) were studies in phase 1, 25% (3/12) in phase 2, 
8.3% (1/12) in phase three, 8.3% (1 / 12) in phase four and 
five studies did not specify which phase it is in. 58.3 (7/12) 
of the studies will evaluate esketamine and the remaining 
41.6% (5/12) will evaluate ketamine. The characteristics of 
these clinical trials are described in Table 2.
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ID Trial design Coun-
try

Sample 
size 

Intervention Control † Primary out-
come

Start date / 
registration

Expected 
end date

NCT03973268 Parallel randomized contro-
lled clinical  trial a

Phase 1

United 
States

70 Ketamine* Placebo Improvement in 
the initial score 
of the MADRS 

scale

January 2020 February 
2022

 NCT04101474 Parallel randomized contro-
lled clinical  trial b

Phase 1

United 
States

30 Ketamine 0,5 
mg/kg IV

Placebo Improvement in 
the initial score 
of the MADRS 

scale

December 
2019

No infor-
mation

NCT04352621 Randomized clinical  trial b

Phase 4

United 
States

20 Ketamine 0,5 
mg/kg VIn

Placebo Improvement 
in depressive 

symptoms

May 2020 May 2022

ChiCTR2000041068  Single arm clinical trial b

Phase 2 

China 200 Routine anti-
depressive + 
esketamine*

Placebo Improvement in 
the initial score 
of the MADRS 

scale

December 
2020

No infor-
mation

ChiCTR2000040082 Single arm clinical trial b China 50 Esketami-
ne*+ECT

Placebo Improvement in 
the initial score 
of the MADRS 

scale

November 
2020

No infor-
mation

ChiCTR2000038424 Multicentric randomized 
controlled clinical  trial a

China 240 Arm 1: Routine 
antidepressive 
+ esketamine 
0.25mg/kg VI

Arm 2: ECT + 
esketamine 
0.5mg/kg VI

Placebo Improvement in 
the initial score 
of the MADRS 
and Hamilton 

scale

October 2020 No infor-
mation

ChiCTR2000037607 Parallel randomized clinical  
trial a

China 240 esketamine 0,5 
mg/kg IV

Midazolam 
0,02 mg/kg

Improvement 
in depressive 

symptoms

December 
2020

No infor-
mation

ChiCTR2000036075 Parallel randomized clinical  
trial b

China 200 Routine anti-
depressive + 
esketamine*

Placebo Improvement in 
initial score of 
the Hamilton 

scale

October 2020 No infor-
mation

ChiCTR2000032704 Multicentric randomized 
controlled clinical  trial a

China 60 Arm 1: eske-
tamine 0.2mg/

kg IV

Arm 2: eketa-
mine 0.4mg/

kg IV

Placebo Improvement in 
the initial score 
of the MADRS 
and Hamilton 

scale

May 2020 No infor-
mation

CTRI/2020/01/022914 Parallel randomized contro-
lled clinical  trial b

Phase 2

India 60 Ketamine 0,5 
mg/kg IV

ECT Improvement in 
initial score of 
the Hamilton 

scale

January 2020 No infor-
mation

CTRI/2020/08/027340 Parallel randomized contro-
lled clinical  trial b

Phase 3

India 60 Ketamine* ECT Improvement in 
the initial score 

of the QIDS-
SR-16 scale

August 2020 No infor-
mation

EudraCT:2018-001963-22 Parallel randomized contro-
lled clinical  trial a

Phase 2

Poland 88 Esketamine* VIn Placebo Improvement in 
the initial score 
of the MADRS 

scale

June 2018 No infor-
mation

Notes: a, Initiated; b, No Initiated; † Details of conventional management are not described in the records;*, No information dosis; IV, intravenous; VIn, 
intranasal administration; ECT, electroconvulsive therapy;  MADRS, Montgomery Asberg Depression rating scale;QIDS-SR-16 , Quick Inventory of Depres-
sive Symptomatology-Self.

Table 2 Characteristics of clinical trials exploring the effectiveness and safety of ketamine
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Some 41.6% (5/12) of the clinical trials will use doses 
of 0.5 mg / kg intravenously and six studies did not specify 
the doses used in their intervention. The intravenous route 
of administration will be used in 41.6% (5/12) of the trials, 
followed by the intranasal route in 16.6% (2/12). Regarding 
the control group, 75% (9/12) will use placebo, 16.6% (2/12) 
ECT and 8.3% (1/12) midazolam. 

A single-arm clinical trial will evaluate the efficacy 
and safety of 0.5 mg / kg ketamine intranasally using an 
atomization device with a maximum dose of 40 mg for 6 
weeks of treatment in 20 subjects diagnosed with TRD. 
The results of the treatment will be carried out through a 
self-assessment focused on the improvement of depressive 
symptoms (NCT04352621). Likewise, the multicenter phase 
2 randomized controlled clinical trial (EudraCT: 2018-
001963-22) will evaluate the efficacy and safety of inhaled 
esketamine versus placebo in subjects with TRD. The primary 
outcome will be the MADRS scale score on day 14th after 
starting the treatment.

A multicenter randomized controlled clinical trial 
registered in the Chinese Clinical Trial Registry will evaluate 
the efficacy and safety of anesthesia with esketamine 
at a dose of 0.25 mg / kg of ketamine intravenously over 
40 minutes versus etomidate or propofol in 240 subjects 
receiving treatment with TEC by DRT. The follow-up of the 
therapeutic evolution will be carried out using the HDRS-17 
scale (ChiCTR2000038424).

DISCUSSION 

This scoping review mapped the current medical 
literature regarding the efficacy and safety of ketamine 
for DRT. The included studies reported an improvement in 
depressive symptoms among patients with a diagnosis of 
DRT who received ketamine compared to placebo and / or 
midazolam 19,20,22. The most frequently administered dose 
in the intervention groups was 0.5 mg / kg intravenously 
19,21,22,24,25. Some studies reported the efficacy of alternative 
routes, such as the subcutaneous rout, especially in 
the geriatric population. Likewise, the anesthetic and 
antidepressant effects were highlighted in subjects who 
received complementary ECT 23. Self-limited adverse effects 
were most reported, although more complex reactions such 
as hallucinations, restlessness, alterations in body perception, 
time and colors or sounds were also observed26,27.

Ketamine has different routes of administration and 
the most studied for TRD is the intravenous route, the oral, 
subcutaneous, sublingual and intranasal routes have also 
been evaluated 28. The oral route has low bioavailability (only 
8%) 29, improving up to 24% - 30% with liquid sublingual 
formulations 30. The bioavailability of subcutaneous 

ketamine is almost complete, and the intravenous plasma 
concentration can double the values of the other routes 31. 
However, oral ketamine has an unpleasant taste, intranasal 
ketamine produces pain or a sensation of nasal discomfort, 
and subcutaneous ketamine produces local irritant, effects 
after administration, which can lead to a decrease in drug 
adherence 28,32. 

Neuroinflammation and oxidative stress play an important 
role in the neuroprogression of MDD and the response to 
the treatment. Ketamine has an anti-inflammatory and 
immunomodulatory effect by reducing plasma levels of 
interleukin-6 (IL-6), suppressing phosphorylation and 
inactivating the transcription factor κB 33. Immunomodulation 
of tumor necrosis factor alpha, IL-6 and nitric oxide synthase 
is similarly proposed, which generates an increase in bone 
density 34. The drug has an ability to reduce the levels of 
pro-inflammatory adipokines and resistin 35. Some authors 
reported that mood disorders were associated with a systemic 
proinflammatory state and decreased neuroplasticity, 
although more studies are needed to explore the role of 
ketamine in the modulation of inflammatory disorders in 
patients with TRD.

Ketamine has a wider anesthetic safety window and a 
shorter half-life when compared to other anesthetic drugs 
36. It is important to bear in mind, nevertheless, that the
dissociative disorders and cardiovascular compromise that
could occur after the administration of this drug require
strict monitoring by experienced clinicians. Studies still need
to be carried out to clarify the pathophysiological processes
that explain the dissociative experiences associated with
drug administration 37.

The influence of ketamine on the cardiovascular system 
is the result of the activation of the sympathetic system, as 
well as the inhibition of the vagus nerve and the reuptake 
of norepinephrine in the peripheral nerves and myocardium, 
generating tachycardia, variation in systemic and pulmonary 
arterial pressure, increase of cardiac output and myocardial 
oxygen consumption 7,38. This means that the use of the 
drug in patients with cardiovascular comorbidities and 
advanced age should be avoided or done under strict 
medical surveillance 38. In the geriatric population, for 
example, evidence suggests that ECT treatment is preferable 
to ketamine due to the safety profile in this age group. 
However, emerging evidence suggests that ketamine at 
lower doses (0.2 mg / kg) can be considered a secondary 
treatment option in this age group 20,39.

Esketamine hydrochloride is the most potent 
S-enantiomer of ketamine known to date. The Food and
Drug Administration (FDA) recently approved the use of
intranasal esketamine for the treatment of TRD 40,41. However,
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it is important to bear in mind that sedative and dissociative 
adverse effects are more marked than those described by the 
use of ketamine 40,41. Although esketamine could currently be 
considered as a therapeutic option over ketamine in patients 
with TRD, there is insufficient evidence regarding the optimal 
dose, duration, and frequency for the expected therapeutic 
effects. Furthermore, esketamine is mostly inaccessibility in 
low- and middle-income countries.

ECT has been reported as the standard treatment and 
therapy for patients with TRD 5-8. Despite this, the technique 
is underused compared to the number of patients suffering 
from this condition. Due to its restricted access, low 
availability and incorrect perceptions about its use, only 
0.26% of patients with depressive disorder received ECT 
in 2014 in the United States, 42. Although ECT treatments 
are the first line of management for TRD, their most feared 
adverse effect is memory loss. Similarly, long-term exposure 
to high doses of ketamine could be associated with cognitive 
impairment, studies are needed to demonstrate its non-
inferiority in terms of efficacy for the treatment of TDR 42.

LIMITATIONS

Only 2 databases were included, so there may be 
important studies not included in our review. Additionally, 
the limited sample size of the included studies limits the 
results. Finally, we did not conduct a quality assessment 
of the included studies. The PRISMA extension for scoping 
reviews, however, does not routinely recommend quality 
appraisal in scoping reviews 17 .

CONCLUSION

The evidence found supports the use of ketamine for the 
treatment of refractory depression. Its anti-inflammatory 
and immunomodulatory properties allow a restoration 
of signaling in the neurocognitive pathways and the 
neuroplasticity, which positively impacts the control of 
affective symptoms. There are variations regarding the route 
of administration, bioavailability and age group. The most 
common adverse reactions included dissociative symptoms 
and cardiovascular disorders, which were self-limited. 
Some of these adverse effects were complex, requiring 
close monitoring of patients and clinical management by 
experienced personnel.
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ADDITIONAL MATERIAL

 Supplementary 
file 1.

1.Search strategy (last update on February 10, 2021)

Pubmed

(“Depression”[Mesh] OR “Depressive Disorder”[Mesh] OR “Depressive Disorder, Treatment-Resistant”[Mesh] OR “Depressive Disorder, 
Major”[Mesh]) AND (“Ketamine/therapeutic use”[Mesh] OR “Ketamine”[Mesh]) AND (“Depression”[Title] AND ¨Ketamine¨[Title])

Scopus

( TITLE-ABS-KEY ( major  AND depressive  AND disorder )  AND  TITLE-ABS-KEY ( ketamine )  AND  ALL ( ketamine )  AND  ALL 
( depressive  AND disorder )  AND  ALL ( major  AND depressive  AND disorder )  AND  TITLE-ABS-KEY ( treatment-resistant ) ) 

2. Number of clinical trials included in each database (last update on February 10, 2021)

Name Website Include 

U.S. National Library of Medicine clinicaltrials.gov 3

Australian New Zealand Clinical Trials Registry (ANZCTR) anzctr.org.au 0

Brazilian Clinical Trials Registry (ReBec) ensaiosclinicos.gov.br 0

Chinese Clinical Trial Registry (ChiCTR) chictr.org.cn  6

Clinical Research Information Service (CRiS), Republic of Korea. cris.nih.go.kr 0

Clinical Trials Registry - India (CTRI) ctri.nic.in/Clinicaltrials/advsearch.php 2

Cuban Public Registry of Clinical Trials(RPCEC) registroclinico.sld.cu/en/home 0

EU Clinical Trials Register (EU-CTR) clinicaltrialsregister.eu 0

German Clinical Trials Register (DRKS) drks.de/drks_web/ 1

Iranian Registry of Clinical Trials (IRCT) https://www.irct.ir/ 0

International Standard Randomised Controlled Trial Number 
(ISRCTN )

isrctn.com/ 0

Japan Primary Registries Network (JPRN) rctportal.niph.go.jp/ 0

Lebanese Clinical Trials Registry (LBCTR) http://lbctr.emro.who.int/ 0

Thai Clinical Trials Registry (TCTR) http://www.clinicaltrials.in.th/ 0

The Netherlands National Trial Register (NTR) trialregister.nl/ 0

Pan African Clinical Trial Registry (PACTR) pactr.samrc.ac.za/ 0

Peruvian Clinical Trial Registry (REPEC) ensayosclinicos-repec.ins.gob.pe/ 0

Sri Lanka Clinical Trials Registry (SLCTR) https://slctr.lk 0
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Section/topic # PRISMA-ScR Checklist item 
Reported on 
page # 

TITLE 

Title 1 Identify the report as a scoping review. 1

ABSTRACT 

Structured summary 2 Provide a structured summary including, as applicable: back-
ground; objectives; data sources; study eligibility criteria, partici-
pants, and interventions; study synthesis methods; results; limita-
tions; conclusions and implications of key findings. 

2

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is 
already known. Explain why the review question(s)/objective(s) lend 
themselves to a scoping review approach.

4-5

Objectives 4 Provide an explicit statement of the question(s) and objective(s) 
being addressed with reference to their key elements (e.g., pop-
ulation or participants, concepts and context), or other relevant 
key elements used to conceptualize the review question(s) and/or 
objective(s)).

6

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed 
(e.g., Web address), and, if available, provide registration informa-
tion including registration number. 

6

Eligibility criteria 6 Specify the characteristics of the sources of evidence (e.g., years 
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