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INTRODUCTION
Depression is the leading cause of worldwide 

disability (7.5% of all years lived with disability in 2015) and 
a key risk factor for suicide, with about 800,000 cases per 
year, according to the World Health Organization [1]. Females 
suffer from depression at a higher rate (5.1%) than males 
(3.6%). In terms of health loss, the effects of these illnesses are 
enormous. Most of the disease burden was concentrated in low- 
and middle-income countries [1]. Elderly patients with major 
depressive disorder (MDD) have a poorer prognosis, are less 
responsive to treatment, and show a more significant functional 

decline compared to younger patients, highlighting the need for 
effective treatment in this population group [1]. 

Ketamine (or RS-ketamine) is a racemic combination 
of R-ketamine (or arketamine) and S-ketamine (or esketamine) 
in equal parts. Ketamine was first produced in 1962 as a 
replacement for the anesthetic medication phencyclidine [2]. 
Ketamine and its enantiomers have recently been highlighted 
as one of the most effective therapeutic options in treatment-
resistant depression (TRD). In 2000, it was first discovered that 
an intravenous (IV) sub-anesthetic ketamine dose resulted in a 
rapid and sustained decrease of MDD symptoms that lasted for 
72 hours [3]. The United States Food and Drug Administration 
finally approved intranasal esketamine in conjunction with 
an oral antidepressant for TRD in 2019, more than 50 years 
after it was approved as an IV anesthetic [4]. Unlike typical 
antidepressants, ketamine has a quick (within 2 hours) and 
long-lasting (up to 7 days) antidepressant effect, as well as 
having considerable antisuicidal benefits [5]. 
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ABSTRACT
Ketamine has emerged as an effective option for treatment-resistant depression (TRD), with a quick and long-lasting 
antidepressant effect, as well as anti-suicidal benefits. This bibliometric analysis uses a quantitative approach to 
determine the trend in publication and research themes related to ketamine and depression research. The literature 
search was conducted using a specific search query from the Scopus database. The downloaded data were analyzed 
using Publish or Perish and VOSviewer tools to perform citation and keyword analyses, respectively. A total of 994 
articles were analyzed. Studies on ketamine and depression have shown an increasing trend annually since 2012. 
While the journal of affective disorders published more ketamine and depression-related articles, higher impact 
studies published in the biology of psychiatry garnered the most citations. Ketamine and depression-related terms 
topped the keyword co-occurrence analysis. All keywords were grouped into four clusters, cognitive effects of 
ketamine, mechanisms underlying antidepressant effects of ketamine, its safety and tolerability, and its anti-suicidal 
effects in TRD. The identified research themes from this review serve as a guide for researchers, practitioners, 
policymakers, and funding agencies to understand the research landscape and identify areas where more research is 
needed. 
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Data analysis
Publish or Perish by Harzing software was used to 

conduct citation analysis on data downloaded in RIS format [8] 
while the author’s keywords were mapped using VOSviewer 
(1.6.17) software on data downloaded in CSV format [9]. 

The VOSviewer is an established instrument for generating 
keyword co-occurrence maps [10]. This strategy is especially 
valuable for this study because it permits the identification 
of significant keywords and major clusters in ketamine and 
depression research. Thesaurus file was used to clean the data 
by combining multiple variants of phrases (e.g., (s)-ketamine, 
s-ketamine, esketamine, biomarker, and biomarkers) to improve 
VOSviewer analysis precision [9]. 

RESULTS

The trend in publication and citations
There were 994 documents retrieved, consisting of 

original articles (829, 83.4%) and review articles (165, 16.6%). 
Other documents such as letters, notes, editorials, brief surveys, 
books, book chapters, commentaries, and conference papers 
were excluded. Between 1971 and 2011, the document number 

As interest in ketamine increases and more research 
is conducted on the topic, a few bibliometric studies related 
to ketamine research were published recently [6,7]. These 
studies demonstrated the accumulative increase in ketamine 
research from year to year up until the year 2020, and that the 
antidepressant effect of ketamine has been a research hotspot for 
the last 20 years [6,7]. Thus, we present a bibliometric analysis 
of the literature on ketamine and depression, examining the 
development of themes and publication trends in this field. Our 
analysis sheds light on the current state of research on ketamine 
and depression that may inform future research efforts and 
clinical practice. 

MATERIALS AND METHODS

Search strategy
On March 21, 2023, the literature was searched and 

retrieved from the Scopus database. In the article’s title, the 
following search query was used: *ketamine” AND “depress*. 
We included original and review articles that study ketamine for 
depression (Fig. 1). All retrieved documents were downloaded 
in the CSV and RIS format for further analysis.

Figure 1. Search strategy.
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consisted of a single digit except for the year 2010. From 2012 
to 2019, the number of documents reached two digits, and from 
2019 onward, it reached three digits. The number of citations 
peaked in the years 2000, 2013, and 2018 (Fig. 2).

Top 10 most productive journals on ketamine and  
depression research

The distribution of the top 10 journals publishing 
studies related to ketamine and depression research is shown 
in Figure 3. In terms of the number of articles published, the 
journal of affective disorder ranked first, followed by frontier 
in psychiatry, journal of clinical psychiatry, and international 
journal of neuropsychopharmacology. In terms of the number of 

citations, however, biology of psychiatry ranked first, followed 
by journal of affective disorder, neuropsychopharmacology, 
international journal of neuropsychopharmacology, and journal 
of clinical psychiatry.

Visualization analysis of dynamic changes in  
co-occurrence of author’s keywords

Visualization co-occurrence keyword analysis is an 
effective instrument that provides insight into the most prevalent 
topics in publications in a particular research field and how their 
frequency changes over time [11]. The size of nodes in Figure 4 
indicates their occurrence frequency, while the lines connecting 
the nodes indicate their co-occurrence in the same publication. 

Figure 2. Trends in the number of publications and citations from 1971 to 2023.

Figure 3. Distribution of topmost productive journals on ketamine and depression research.
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The greater the co-occurrence of two keywords, the shorter the 
distance between two nodes. According to the results, there 
are 77 out of the 1255 author’s keywords satisfy the minimum 
threshold of five occurrences (Fig. 4a). These keywords can be 
divided into four main clusters. The red cluster is the largest 
(24 keywords) and their keywords represent the cognitive 
effects of ketamine. The keywords in the second largest cluster 
(green, 22 keywords) represent mechanisms underlying the 
antidepressant effects of ketamine. The keywords in the third 
(blue, 20 keywords) and fourth (yellow, 11 keywords) clusters 
represent safety and tolerability, and suicide associated with 
TRD, respectively. 

As presented in Figure 4b overlay visualization, we 
classify the specified network connections from 2017 to 2021 
using overlay visualization. The purple nodes represent older 
keywords while the yellow nodes represent recent keywords. 
Before 2017, the keywords anesthesia and memory occurred 
more frequently together in ketamine and depression-related 
research. During 2017–2018, keywords such as bipolar, ect, 
animal models, propofol, and psychopharmacology appeared 
more frequently. Finally, from 2019 to 2021, the terms 
esketamine, meta-analysis, anxiety, cytokine, r-ketamine, 
cognition/neurocognition, pain, postpartum depression, and 
treatment response received more attention from researchers. 
The observed shifts in the co-occurrence of the author’s 
keywords over the years likely reflect the evolving trends and 
research priorities within the field of ketamine and depression.

DISCUSSION
Our results indicate a clear trend of growth in the 

number of publications on the topic of ketamine and depression 
over time. From 1971 to 2011, the number of publications 
remained low but began to increase in 2012 and has continued to 
increase ever since. The increase in the number of publications 
on ketamine and depression research reflects the growing 
interest in this topic among researchers and clinicians. The 
significant increase in the number of documents published from 
2012 onward may be due in part to the growing recognition of 

ketamine as a potential TRD and other mood disorders, which 
has led to increased funding for research in this area [7,12]. 
Another possible explanation is partly due to the approval of 
esketamine for the management of TRD in adults in 2018 and 
the treatment of MDD with acute suicidal ideation or behavior in 
adults in 2020 [13]. We anticipate a sustained upward trajectory 
in the research and publication of ketamine in the context of 
depression. This trend is expected to persist in the coming years 
as researchers aim to gain a more comprehensive understanding 
of its molecular mechanisms related to antidepressant and anti-
suicidal effects [14]. In addition, there is a growing interest in 
exploring the impact of long-term and repeated ketamine use 
on cognitive functions [15]. Notably, preclinical and clinical 
data suggest that arketamine exerts a more potent and longer 
lasting antidepressant effect, with fewer side effects [16]. This 
emerging aspect adds a significant dimension to the evolving 
landscape of ketamine research in depression.

. This emerging aspect adds a significant dimension to 
the evolving landscape of ketamine research in depression. The 
increasing trend is reflected in the number of citations, which 
also increased significantly over time, with peaks in 2000, 2013, 
and 2018. The peak in the number of citations in 2000 may be 
due to the publication of seminal studies on the use of ketamine 
for depression [3], while the peaks in 2013 and 2018 may reflect 
the publication of randomized clinical trials [17,18] or a model 
to explain rapid onset of ketamine’s antidepressant [19], which 
tend to be highly cited in the literature. It is also possible that 
the peaks in citations may be due to the increased visibility of 
ketamine as a potential treatment for depression, leading to 
greater interest and scrutiny of the research in this field.

There is a discrepancy in the ranking of journals 
when considering the number of articles published versus the 
number of citations received for studies related to ketamine and 
depression research. While the journal of affective disorders was 
the most productive in terms of the number of published articles, 
biology of psychiatry received the most citations, suggesting 
that the latter journal publishes higher impact research. For 
instance, biology of psychiatry published ground-breaking and 

Figure 4. Co-occurrence of author keywords showing (a) network visualization and (b) overlay visualization.
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synaptogenic signaling pathways such as BDNF, mTOR, and 
eukaryotic elongation factor 2, which restore synaptic strength 
and connectivity in the hippocampus and prefrontal cortex 
[31,34–37]. 

Ketamine’s antidepressive effects have been linked 
to the modulation of glutamate transmission in the brain via 
metabotropic glutamate receptor, and opioidergic signaling 
pathways. Ketamine induces long-term synaptic depression 
by replacing calcium-permeable AMPARs with calcium-
impermeable AMPARs in synapses. These alterations 
at glutamatergic synapses in the ventral tegmental area 
dopaminergic neurons restore the balance of dopamine 
signaling in the brain which may be responsible for ketamine’s 
antidepressant effect [38,39]. µ-opioid receptor and NMDAR 
colocalize and communicate with one another to act as 
complementary regulators in the brain [40–42]. It has been 
hypothesized that ketamine can restore opioid receptor activity 
and its signaling, aiding in the alleviation of depression. 

Ketamine has been reported to have anti-inflammatory 
effects, including decreasing the production of pro-inflammatory 
cytokines such as interleukin-1 (IL-1), interleukin-6, and tumor 
necrosis factor-alpha, which have all been repeatedly found 
to be associated with depressive illness [43–46]. These three 
cytokines are known to increase the activity of the enzyme 
indoleamine 2,3-dioxygenase, which transforms tryptophan 
into kynurenine [47]. IL-1 also increases the production of 
the enzyme 3-monooxygenase, which further breaks down 
kynurenine into its neurotoxic metabolites [48]. Along with their 
impact on tryptophan metabolism, pro-inflammatory cytokines 
also affect monoamine metabolism, the hypothalamic-pituitary-
adrenal axis, and glutamate signaling, which results in glutamate 
excitotoxicity and decreased BDNF [49–51].

Dysfunction within neural networks and disruptions 
in the functional connectivity between brain regions have 
been implicated in the manifestation of MDD symptoms 
[52]. . The DMN is a group of high-order brain regions, 
so-called for its decreased activation during tasks of high 
attentional demand, relative to the high baseline activation 
of the DMN at rest [53]. . It is associated with processes 
such as introspective thoughts, mind-wandering, and self-
referential thinking [54].. In the context of depression, 
aberrant connectivity patterns of the DMN with other  
large-scale neural networks have been identified [55]. 
Ketamine has been shown to restore the dysfunctional 
connectivity of the DMN with key regions such as the 
dorsal nexus, pregenual anterior cingulate cortex, and 
medial prefrontal cortex, with the posterior cingulate cortex 
acting as its representative hub [56]. These regions play a 
pivotal role in alleviating depression symptoms, presenting 
a potential target for interventions in affective disorders 
[57–59].

Safety and tolerability of ketamine 
Ketamine is generally safe and well-tolerated. The 

majority of adverse drug reactions are mild and tend to mostly 
disappear within 30 minutes to 2 hours of administration 
[60,61]. Ketamine’s most typical adverse effects include nausea 
and vomiting, but occasionally result in more severe side effects 

randomized controlled trials related to ketamine and depression 
received very high citations from other researchers in the 
field [3,17,20–23]. On the other hand, the journal of affective 
disorders publishes a greater volume of clinical research related 
to ketamine and depression [24,25]. Overall, these findings 
have important implications for researchers and practitioners 
interested in ketamine and depression research. It is important 
to consider both the quantity and quality of publications when 
evaluating the research literature on this topic and to be aware 
of the potential limitations of different journals in terms of the 
types of studies they publish. 

We used co-occurrence keywords analysis to identify 
themes based on the highest co-occurrence. The results imply 
that the cognitive effects of ketamine, mechanisms underlying 
ketamine’s antidepressant effects, safety, and tolerability of 
ketamine, and suicide associated with TRD were the current 
research themes. The subsequent discussion will focus on the 
recent issues related to these topics.

Cognitive effects of esketamine
Findings on the cognitive effects of ketamine are 

controversial because long-term use of ketamine at high doses 
and high frequencies may cause cognitive impairment even 
though low and single doses of ketamine infusion have been 
shown to favor cognitive performance in the short term [26]. 

Lee et al. [27] in a review suggested that IV acute 
low-dose ketamine improved visual memory, simple working 
memory, and complex working memory in individuals with 
TRD, proposing that the precognitive effects of ketamine work 
via its targeting intracellular proteins such as brain-derived 
neurotrophic factor (BDNF) and mammalian target of rapamycin 
1 (mTORC1). The investigators also suggested that the acute 
cognition effects of ketamine may mediate the acute decrease of 
depressive symptoms and suicidal ideation. Similarly, in a recent 
review by Gill et al. [28], they suggested that IV ketamine may 
improve visual and working memory [29], anxious depression, 
and anhedonia [30]. However, due to the limited number of 
clinical studies that have examined the effects of IV ketamine 
on cognition in a clinically representative sample of patients 
with depression, future studies should examine the effects of IV 
ketamine on the identified cognitive areas and use the research 
domain criteria to evaluate cognition transdiagnostically. 

Mechanism underlying ketamine’s antidepressant
The exact mechanism underlying the rapid 

antidepressant effects of ketamine is still not fully understood 
[14]. However, several mechanisms have been proposed which 
include N-methyl-D-aspartate (NMDA) receptor antagonism, 
increased BDNF expression, anti-inflammatory effects, and 
modulation of the default mode network (DMN).

Ketamine is an antagonist of the NMDA receptor, a 
glutamate receptor that plays a crucial role in synaptogenesis 
and neuroplasticity [31] by partially reversing glutamatergic 
and gamma-aminobutyric acid-ergic dysfunction in depression 
[32]. Ketamine has been shown to have a unique ability to 
increase the AMPA-NMDA receptor throughput by directly 
blocking NMDA receptors and indirectly enhancing AMPAR 
density and/or function [33]. This, in turn, activates downstream 
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such as delirium, and accelerated blood pressure [62]. The 
major concerns with the use of ketamine are the psychomimetic 
effects such as hallucinations and dissociation [63], abuse, and 
dependence potential, especially with repeated or prolonged 
use [64,65]. 

In general, esketamine has a better antidepressant 
effect and safety profile than racemic ketamine, but there 
is currently insufficient data to support this. More research 
on both the short- and long-term effectiveness and safety of 
various ketamine formulations is needed to better understand 
its safety and tolerability, and to establish best clinical practices 
for its use [61].

Suicide associated with TRD
About 90% of people who commit suicide have 

a mental illness, with MDD accounting for a substantial 
portion of those [66]. Suicidality, however, affects people 
with TRD more severely than those with MDD who respond 
to treatment [67].

Ketamine has garnered increasing attention as a rapid-
acting treatment for depression and suicidal ideation over the 
past decade [25]. In a few meta-analyses, ketamine had been 
shown to possess antidepressant and antisuicidal effects [68–
70]. A moderate reduction in suicidal ideation has been shown 
to occur 4 hours after ketamine infusion and the effect lasts 
for 24 hours [70], or 72 hours [69]. The different protocols 
and comparator treatments in each trial make the comparisons 
across trials not feasible. Further studies are needed to confirm 
the potential therapeutic option for ketamine’s anti-suicidal 
effect, especially for TRD.

Limitations
This study has a few limitations. First, even though 

this research concentrates on the Scopus-indexed journal 
sources, some journals that are not listed in this database might 
be excluded. Second, editorials, book and book chapters, 
conference papers, short communication, and letters to editors 
were not included in the listed literature to keep its formality and 
comprehensiveness, which may have resulted in the exclusion 
of some representative works. Third, only high-frequency 
author keywords were chosen, some important keywords with 
low frequency may be ignored. 

CONCLUSION
Our bibliometric analysis shows that ketamine and 

depression research trends and themes are rapidly growing and 
likely to continue. The journal of affective disorders publishes 
more articles related to ketamine and depression research, 
while a few higher impact research were published in biology 
of psychiatry, giving it the highest citations. The research 
themes include the cognitive effects of ketamine, mechanisms 
underlying ketamine’s antidepressant effects, its safety and 
tolerability, and its anti-suicidal effect in TRD. We expect future 
research in ketamine and depression to focus on these areas.
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