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Abstract: Treatment-resistant depression (TRD) in adolescents remains a major clinical
challenge because of the limited efficacy of conventional antidepressants and the high risk of
suicidal behavior. Ketamine has emerged as a rapidly acting antidepressant with a unique
glutamatergic mechanism, promoting neuroplasticity and reducing neuroinflammation. Clinical
studies demonstrate significant symptom improvement, often within 24 hours, although the
effects are generally short-lived. Concerns remain regarding dissociative and cardiovascular
adverse effects, abuse potential, and the uncertain long-term impact on the developing brain.

Key words: ketamine; depression; adolescents; psychiatry; antidepressant

Background: Adolescent TRD is associated with severe functional impairment and poor

response to standard treatments, highlighting the need for faster-acting therapeutic options.

Aim: To review the efficacy, mechanisms of action, and safety of ketamine in adolescents with
TRD.

Materials and methods: A narrative review of the literature on ketamine pharmacology,

clinical efficacy, and safety in adolescent TRD was conducted.

Summary: Ketamine produces rapid antidepressant effects through modulation of
glutamatergic neurotransmission and enhancement of neuroplasticity. Current evidence

supports short-term efficacy, while long-term outcomes remain uncertain.

Conclusions: Ketamine is a promising option for selected adolescents with TRD requiring
rapid symptom relief, but its use should remain limited to specialized clinical settings until

further evidence confirms its long-term safety and efficacy.



Introduction

Ketamine, originally used as a dissociative anesthetic agent, particularly in the pediatric
population, has in recent years gained increasing recognition as a rapidly acting antidepressant.
In this paper, the term “ketamine” refers in particular to esketamine, the active S-enantiomer of
racemic ketamine [1]. Its unique pharmacological profile enables the onset of therapeutic
effects significantly faster than that of classical monoaminergic antidepressants. This property
is of particular importance in conditions requiring urgent intervention, which has led to growing
interest in the potential application of ketamine in acute psychiatric states in children and
adolescents [2]. This issue is embedded in the context of adolescent depression, which
represents a major public health concern, with a prevalence estimated at approximately 2-5%
among individuals aged 13 to 18 years. Moreover, data indicate that nearly 20% of adolescents
experience at least one episode of major depression before reaching adulthood [3]. A particular
clinical challenge is treatment-resistant depression (TRD), defined according to American
criteria as the lack of improvement following at least a two-month course of antidepressant
pharmacotherapy at a dose equivalent to 40 mg of fluoxetine daily or 8-16 sessions of
psychotherapy (cognitive-behavioral therapy - CBT or interpersonal therapy - IPT) [4]. Its
significance is further amplified by a markedly increased risk of suicidal behavior in this patient
population, underscoring the need for therapeutic strategies with a rapid onset of action [5].

The aim of this study is to analyze the efficacy and safety of ketamine use in adolescents, with
particular consideration of the specific nature of treatment-resistant depression (TRD) as a
condition requiring intensive and modern intervention capable of interrupting the destructive

course of the illness at a critical stage of a young person’s development.
Neurobiology of treatment-resistant depression

Treatment-resistant depression (TRD) currently represents a significant clinical problem among
adolescents, implying the need for modifications in therapeutic approaches. An increasing body
of evidence suggests that the neurobiological basis of this disorder differs substantially from
that of episodic depression, indicating that it is not merely a more severe form of the disorder
but rather a distinct depressive subtype [6]. The lack of response to standard pharmacological
treatment may result from the fact that traditional antidepressants target the monoaminergic
system, whereas in patients with TRD the pathophysiology is considerably more complex [7].
It involves significant impairments in signaling pathways responsible for the formation and

reorganization of synaptic connections as well as neuronal survival, a phenomenon referred to



as neuroplastic dysfunction. This is associated with molecular and structural barriers that
prevent adaptive reorganization of neural circuits in response to treatment, which is essential
for achieving a therapeutic effect. [6,7,8] Genetic and pharmacological factors also play an
important role in determining treatment resistance. The heritability of TRD has been estimated
at 8% based on known genetic variants; however, family-based data suggest a heritability of
the phenotype of up to 60%, which may indicate a complex genetic architecture of treatment
resistance. [9] Polymorphisms in neurotransmitter-related genes play a key role. One of the
best-documented markers is the polymorphism of the SLC6A4 gene (serotonin transporter),
where the presence of the short (s) allele is associated with a significantly poorer response to
SSRIs and reduced hippocampal volume. [8,10] Equally important is the Val66Met
polymorphism in the BDNF gene, in which the Met variant reduces the secretion of brain-
derived neurotrophic factor, thereby impairing neuroplasticity mechanisms and potentially

diminishing the effects of newer-generation antidepressant therapies [7,8].

In some patients, treatment failure may be related to pharmacogenetics of drug metabolism. Of
particular importance are variants of cytochrome P450 enzymes, which lead to altered drug
kinetics and, consequently, failure to achieve therapeutic concentrations. In differential
diagnosis, the presence of pseudoresistance should be considered, resulting from inappropriate
medication use or suboptimal dosing [11,12].

In recent years, the neuroinflammatory hypothesis has played an increasingly important role in
explaining the mechanisms of treatment resistance, highlighting the systemic nature of TRD. It
proposes that TRD is not only a disorder of neurotransmitter imbalance, but also a state of
chronic, low-grade systemic inflammation that impairs neuronal function and limits the
effectiveness of standard pharmacological treatments [13]. Patients with TRD exhibit
persistently elevated levels of pro-inflammatory cytokines, such as interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a), which activate the kynurenine pathway, considered a key

mediator linking monoaminergic systems and inflammation [14,15].
Mechanism of action of ketamine

Ketamine is an anesthetic agent belonging to the chemical class of arylcyclohexylamines,
whose primary mechanism of action is the blockade of N-methyl-D-aspartate (NMDA)
receptors [16]. Due to its rapid onset of action, it is considered particularly useful in acute
psychiatric conditions requiring urgent intervention [17]. Its pharmacological profile differs

substantially from that of conventional antidepressants targeting the monoaminergic system



[17,18]. Its mechanism of action is multifactorial and includes modulation of glutamatergic

transmission, effects on neuroplasticity, and regulation of the immune response [19,20,27].

NMDA receptors, as part of the excitatory glutamatergic system involved in synaptic plasticity,
learning, memory, and mood regulation, constitute the primary target of ketamine’s action.
Through preferential blockade of these receptors located on GABAergic interneurons, a
reduction in their inhibitory activity occurs [18]. Consequently, there is decreased release of the
inhibitory neurotransmitter GABA, leading to disinhibition of pyramidal neurons and a
subsequent rapid increase in synaptic glutamate release, a phenomenon referred to as the
“glutamate surge” [17]. This transient event initiates downstream processes that ultimately
result in long-lasting changes in brain plasticity, contributing to the therapeutic effect. The
increased glutamate concentration in the synaptic cleft leads to activation of AMPA receptors,
which in turn triggers a signaling cascade involving the mTOR pathway, responsible for
regulating synaptic protein synthesis and synaptogenesis [17]. In animal models, it has been
shown that local administration of mTOR inhibitors such as rapamycin abolishes the
neuroplastic and antidepressant effects of ketamine, suggesting a key role of mTOR pathway
activation; however, clinical data do not unequivocally confirm this effect, indicating a more
complex involvement of mTOR in ketamine’s mechanism of action [21]. It should be noted that
these changes are not uniform across all brain regions, but are primarily observed in the
prefrontal cortex, hippocampus, and anterior cingulate cortex - areas involved in cognitive
function and emotional regulation [22]. In these structures, alterations in neurotrophic factors
are also observed, particularly in the expression of brain-derived neurotrophic factor (BDNF),
which plays a central role in neuroplasticity processes [23,24]. Released glutamate binding to
postsynaptic AMPA receptors leads to the activation of voltage-dependent calcium channels,
and the resulting increase in intracellular calcium acts as a signal that enhances BDNF release
from postsynaptic terminals [25]. In the next step, BDNF binds to its receptor, tropomyosin
receptor kinase B (TrkB), on the same postsynaptic neuron, further stimulating mTOR
activation via a positive feedback loop [22,17]. Additionally, BDNF, through TrkB activation,
inhibits glycogen synthase kinase-3p (GSK-3p), a kinase involved in regulating the insertion of
glutamatergic receptors into neuronal membranes, synaptogenesis, and restoration of dendritic
spine density in regions affected by atrophy, such as the prefrontal cortex and hippocampus
[17,25].



Ketamine’s effects are not limited to modulation of the GABAergic and glutamatergic systems.
They also involve other neurotransmitter systems, including dopaminergic, serotonergic,
adrenergic, and cholinergic pathways, which play an important role in the pathophysiology of
depression [16]. Moreover, ketamine’s antidepressant effects may depend on the
pharmacological activity of its metabolites, such as hydroxynorketamine, which may exert

antidepressant effects independent of direct NMDA receptor antagonism [26,27].

An additional component of ketamine’s antidepressant action may involve its anti-
inflammatory properties. This is of particular relevance in TRD, in which increased
inflammatory activity and elevated cytokine levels are implicated in disease pathogenesis. By
modulating the immune response, ketamine may lead to a reduction in inflammatory mediators
[27]. The drug is able to inhibit the synthesis and release of TNF-a, IL-1f, and IL-6 in
macrophages, microglia, and astrocytes, which represents a key component of its direct anti-
inflammatory effect [27]. Furthermore, ketamine also modulates the activity of glial cells,
which constitute a major source of inflammatory mediators in the brain [28].

Concurrently, ketamine has been shown to modulate the kynurenine pathway, the excessive
activation of which has been observed in TRD. It may reduce the activity of indoleamine 2,3-
dioxygenase (IDO), thereby limiting the production of neurotoxic metabolites such as
quinolinic acid (QUIN) - an NMDA receptor agonist that, under inflammatory conditions,

enhances excitotoxicity and neurodegenerative processes [28].

Additionally, ketamine increases the concentration of kynurenic acid (KYNA), an endogenous
NMDA receptor antagonist with neuroprotective properties. It is noteworthy that an early
increase in the KYNA/KYN ratio following drug administration is currently being considered
as a potential biomarker of treatment efficacy [27,28].

An important aspect is also ketamine’s effect on the transcription factor NF-xB, which acts as
a link between the resolution of inflammation and neuroplasticity, modulating CREB/BDNF
signaling required for the restoration of damaged synaptic connections [27].

In summary, the anti-inflammatory effects of ketamine may constitute one component of its
therapeutic mechanism in TRD. They may potentially contribute to disrupting the relationship
between chronic inflammation, glutamatergic dysregulation, and impaired neuroplasticity,

which may mutually exacerbate depressive symptoms [28].



Comparison with other treatment modalities for treatment-resistant depression

The treatment of TRD in adolescents requires a multi-stage and individualized approach based
on current treatment algorithms [11]. In clinical practice, various therapeutic strategies are
employed, including pharmacotherapy, psychotherapy, and neuromodulatory interventions
[29]. The cornerstone of treatment is pharmacotherapy with selective serotonin reuptake
inhibitors (SSRIs), most commonly fluoxetine or escitalopram, which are combined with
cognitive-behavioral therapy (CBT) [30]. The importance of combined treatment has been
demonstrated in the TORDIA study, in which adolescents who did not respond to first-line
therapy achieved better outcomes with a medication switch combined with CBT than with
medication switching alone [31].

Unfortunately, despite the use of the aforementioned strategies, a substantial proportion of
patients fail to achieve remission. Before initiating more complex treatment procedures, it is
necessary to exclude pseudoresistance, which may result from incorrect diagnosis, inadequate
dosing, insufficient treatment duration, or poor medication adherence [11]. In such cases,
therapeutic drug monitoring (TDM) is a useful tool, as it allows assessment of whether the
patient metabolizes the drug appropriately and whether plasma drug concentrations fall within

the therapeutic range [30].

After confirmed treatment-resistant depression (TRD), treatment optimization strategies are
implemented, including dose escalation of antidepressant medications (e.g., increasing
fluoxetine to 40-60 mg), switching to another SSRI or to venlafaxine. In addition, augmentation
strategies are used, involving the addition of another agent, such as lithium - particularly in
cases of high suicide risk - or antipsychotic medications, although in the pediatric population
their efficacy and safety are less clearly established. [9,30] Among further therapeutic options,
increasing interest has been directed toward transcranial magnetic stimulation (TMS), a non-
invasive adjunctive method aimed at accelerating remission in patients who do not fully respond
to pharmacological treatment [32]. However, it should be emphasized that despite growing
evidence, data on TMS are based on studies with limited methodological robustness due to
small sample sizes, heterogeneity, and short-term follow-up [32]. In the most severe forms of
depression and TRD, one of the most effective treatment modalities is electroconvulsive
therapy (ECT). It is associated with high remission rates of up to 50-70% and durable treatment
effects, and is often described by clinicians as a life-saving intervention, particularly in

situations where rapid control of high suicide risk is essential [33,34].



Limitations of ECT are mainly related to its availability, the need for anesthetic procedures,
potential transient adverse effects, and social factors such as stigma. In the United States, this
therapy is referred to as a “last resort treatment” and may be used in children over 13 years of

age; however, its use in the pediatric population raises significant ethical concerns [33,35].

Against this background, ketamine represents one of the newer treatment options for TRD in
adolescents, differing substantially from classical therapeutic approaches. Most importantly, it
demonstrates a very rapid antidepressant effect, with clinical improvement occurring within as
little as 24 hours after administration, which constitutes a clear advantage over SSRIs, which
typically require 4-6 weeks to achieve full therapeutic efficacy [32,33,36]. However, it should
be emphasized that its effects are predominantly short-term, with response rates of
approximately 50-71%, indicating only moderate long-term efficacy [36]. Thus, in contrast to
more traditional approaches such as SSRI pharmacotherapy, ketamine produces a rapid onset
of action, but its effects are not always sustained, which limits its use as a standalone treatment

strategy.

Differences between ketamine and classical treatment methods for TRD concern not only the
onset and duration of action, but also distinct neurobiological mechanisms. Ketamine’s direct
effect on the glutamatergic system, and consequently rapid activation of AMPA receptors
together with stimulation of BDNF- and mTOR-related pathways, enables rapid synaptogenesis
and remodeling of neuronal networks, in contrast to the secondary and slower neuroplastic
changes achieved through modulation of the monoaminergic system by classical
antidepressants such as SSRIs [37]. More direct and rapid neurobiological changes further
distinguish ketamine from methods such as TMS, whose effects on cortical excitability and
functional network connectivity, although non-invasive, require repeated sessions to achieve a
therapeutic response [38,39]. Ketamine is also characterized by a more selective pattern of
action, inducing changes primarily within neural circuits involved in mood regulation, which
represents an important difference compared with the more global neuronal activation observed
during ECT [22,40]. Additionally, in depression with an inflammatory component, ketamine
may more prominently modulate the immune response, which is associated with its effects on
the kynurenine pathway and its potential to reduce pro-inflammatory cytokine levels and
attenuate kynurenine pathway activation; however, for other treatment modalities this effect is

less well documented [41].

In one of the first systematic reviews and meta-analyses conducted by Faries et al., the efficacy

of three treatment modalities for TRD in children and adolescents was comprehensively



compared, and the following conclusions were drawn. It was demonstrated that each
intervention (ECT, rTMS, and ketamine) led to a statistically significant reduction in depressive
symptoms compared with baseline. In addition, the meta-analysis showed that rTMS produced
the greatest reduction in depression scale scores (SMD = 2.79). Accordingly, the authors
suggested that rTMS should be considered as a first-line therapy for TRD in young individuals

due to its more favorable safety profile [42].

Table 1. Efficacy and characteristics of interventional treatments for depression in
children and adolescents (SMD) [9,42]

Intervention Symptom reduction | Evidence status and | Advantages and
method (SDM*) clinical conclusions challenges
Repetitive 2,79 Shows the greatest | Advantages: Non-
transcranial magnetic symptom reduction | invasive, no
stimulation (rTMS) in meta-analyses. | anesthesia required.
Considered a
potential  first-line
treatment method for | Challenges:  One
TRD in children. RCT did not show a
statistically
significant difference
compared to the
"sham" group,
suggesting the need
for further research.
ECT 1,99 Effective in symptom | Advantages: High
(Electroconvulsive reduction (p <0.001). | efficacy in severe
therapy) Traditionally used in | depression and
severe cases, | suicidality.
although there is a
lack of RCT studies
for children. Challenges:
Requirement of
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general  anesthesia,
risk of side effects
(cognitive functions),

stigmatization.

Ketamine 1,58 Rapid antidepressant | Advantages:  Very
effect. In an RCT, | rapid onset of action
76% of adolescents | (as early as 24h).

responded to
ketamine treatment

Challenges:  Need

d to 35% i
compared to 35% in for studies on long-

the control group. term  safety and

repeated dosing.

*SMD - Standardized Mean Difference; higher values indicate a greater reduction in

depressive symptoms.

Although the results are promising, the authors emphasize the need for further head-to-head

studies (direct comparisons within a single clinical trial) to confirm these findings [42].
Safety and Risk: Discussion

Safety and risk associated with ketamine use in adolescents with TRD remain subjects of
intensive investigation [29]. Adolescence represents a dynamic period of brain development,
rendering the brain particularly vulnerable to external influences; therefore, the assessment of
both short- and long-term adverse effects of ketamine treatment is of critical importance [43].
Although existing evidence suggests that ketamine may be relatively well tolerated under
controlled clinical conditions, data regarding its safety remain limited, and its risk profile in the
pediatric population has not yet been clearly established. Most available evidence is derived
from small-scale, short-term studies, and there is a lack of longitudinal research enabling the

evaluation of long-term treatment outcomes and potential delayed adverse effects. [18, 29, 44]

One of the most frequently reported adverse effects of ketamine administration in the pediatric
population is dissociation, including depersonalization and derealization [45]. These symptoms
typically return to baseline within 1-2 hours after completion of the infusion, and no significant

correlation has been observed between the severity of depressive symptoms and the
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antidepressant efficacy of the drug [46]. This phenomenon is also relatively often accompanied
by transient autonomic symptoms, including increased blood pressure and heart rate, as well as
nausea, dizziness, and vomiting, highlighting the need for continuous monitoring of patients’
vital signs by medical staff during drug administration [46, 47]. With regard to long-term
ketamine use, its safety profile remains poorly understood. The majority of available data come
mainly from small short-term clinical studies and extrapolation of findings from adult studies,
whereas data on structural risk are derived from animal models [48, 49, 50]. In the context of
long-term adverse effects, attention is primarily focused on the protection of the developing
brain, particularly the adolescent prefrontal cortex, as well as the risk of addiction and the
neurobiological consequences of drug action [43]. In clinical settings, the risk of addiction
appears to be low due to the use of significantly lower doses than in recreational use [50].
Nevertheless, ketamine acts on the reward system and therefore has abuse potential, and its
therapeutic use should be approached with caution [51]. Particular caution should be exercised
in patients with current or past substance use disorders, as well as in individuals undergoing
withdrawal from psychoactive substances [52]. The frequent co-occurrence of substance use
disorders and adolescent depression is also important [53]. Patients requiring careful selection
also include those with psychotic disorders, bipolar disorder, other severe neuropsychiatric
disorders, movement disorders, cardiovascular diseases, and conditions associated with a risk
of respiratory depression. In these groups, the potential benefits of treatment should always be

weighed against the possible risk of adverse effects [52].

Regardless of its addictive potential, a significant concern remains the impact of ketamine on
the central nervous system, particularly in the context of the intensive neurodevelopmental
processes occurring during adolescence. Potential excitotoxic neuronal damage induced by
ketamine has been demonstrated in animal models [54]. Preclinical studies suggest that
exposure to this drug may lead to disturbances in synaptogenesis and structural alterations in
neurons, resulting in long-term impairment of the morphology and function of inhibitory
neurons [43]. At the same time, it should be emphasized that the available data are not
conclusive; both neurotoxic and potentially neuroprotective effects of ketamine have been
reported, the latter associated with enhanced synaptic plasticity, highlighting the need for
further research [55]. In this context, the effects of ketamine on cognitive functions are also
important. While chronic misuse of the drug is associated with their impairment, primarily

resulting in memory deficits, short-term clinical studies in adolescents with depression have
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shown improvements in processing speed of memory, with no negative impact on working

memory or verbal learning [43, 56, 57].

Studies in animal models suggest that ketamine administration during adolescence may lead to
persistent impairment in the development of excitatory synapses on GABAergic interneurons,
resulting in functional deficits in adulthood. For this reason, the current recommendation is to
use short treatment courses (approximately 1-2 months), together with ongoing monitoring of

patient development [43].

In summary, ketamine may represent a promising therapeutic option in selected patients with
treatment-resistant depression, particularly in situations requiring rapid clinical improvement.
At the same time, it cannot currently be considered a treatment associated with a low risk of
adverse effects. Its use in adolescents should be limited to monitored clinical settings,
exclusively in specialized centers, under strict medical supervision, and with consideration of

the limited evidence regarding the long-term safety of ketamine use in children and adolescents.
Conclusions

Ketamine represents a potential therapeutic option in the treatment of treatment-resistant
depression (TRD) in adolescents; however, its place in clinical practice remains under
investigation and has not been definitively established. Current evidence indicates that its
mechanism of action, involving modulation of the glutamatergic system and effects on
neuroplasticity processes, is associated with a rapid onset of antidepressant effects, which may
be particularly relevant in situations involving a high risk of suicidality. Clinical trial data
primarily confirm the short-term efficacy of ketamine, whereas evidence regarding long-term
effects, particularly in the adolescent population, remains limited. At present, there is
insufficient evidence to conclusively demonstrate its superiority over standard TRD treatment
strategies, which include pharmacotherapy, psychotherapy, and neuromodulation techniques.
Furthermore, ketamine use is associated with important limitations, such as transient
psychotomimetic effects, potential for misuse and dependence, effects on the autonomic
nervous system, and uncertainty regarding long-term safety, including potential impacts on the
developing brain. Its use is additionally constrained by systemic factors, such as availability

and high treatment costs.

For these reasons, ketamine should currently be regarded as an intervention with a promising
but still insufficiently established role in the treatment of TRD in adolescents, warranting

further prospective clinical studies to optimize its safety and efficacy.

13



Disclosure

Authors do not report any disclosures.

Authors' contributions

Conceptualization: Julia Pajgk, Anna Kamosinska

Methodology: Olga Stawatyniec, Wiktoria Sobieraj;

Software: n/a; check: Antoni Majda;

Formal analysis: Julia Pajak, Anna Kamosinska, Wiktoria Luniewska, Marta Modrzyk;
Investigation: Antoni Majda;

Resources: Olga Stawatyniec, Wiktoria Sobieraj;

Data curation: Marta Modrzyk;

Writing - rough preparation: Anna Kamosinska

Writing - review and editing: Julia Pajak, Wiktoria Luniewska;
Visualization: Olga Stawatyniec, Wiktoria Sobieraj;

Supervision: Antoni Majda, Wiktoria Luniewska;

Project administration: Julia Pajak;

Receiving funding: n/a.

All authors have read and agreed with the published version of the manuscript.
Funding statement

This research received no external funding.

Institutional Review Board Statement

Not applicable.

14



Informed Consent Statement

Not applicable.

Data availability statement

Not applicable.

Acknowledgments

The authors declare that there are no acknowledgments for this study.

Conflict of Interest Statement

The authors declare no conflict of interest.

Declaration of the use of generative Al and Al-assisted technologies in the writing process.

In preparing this work, the author(s) used Gemini for the purpose of refining the academic
English language of the manuscript, ensuring clarity, consistency, and adherence to scientific
writing standards. Al was used for additional linguistic refinement of the research manuscript,
including improvements in grammar, style, and clarity of the presentation of results. It is
important to emphasize that all Al tools were used strictly as assistive instruments under human
supervision. After using this tool, the author(s) reviewed and edited the content as needed and

accept full responsibility for the substantive content of the publication.

15



References

1.

10.

11.
12.

Acevedo-Diaz EE, Cavanaugh GW, Greenstein D, Kraus C, Kadriu B, Zarate CA, Park
LT. J Affect Disord. 2020;263:568-575. doi:10.1016/j.jad.2019.11.028.

Dwyer JB, Landeros-Weisenberger A, Johnson JA, Londono Tobon A, Flores JM, Nasir
M, Couloures K, Sanacora G, Bloch MH. Am J Psychiatry. 2021;178(4):352—-362.
d0i:10.1176/appi.ajp.2020.20010018.

Zhou X, Michael KD, Liu Y, et al. BMC Psychiatry. 2014;14:340. doi:10.1186/s12888-
014-0340-6.

Ayvaci ER, Croarkin PE. Psychiatr Clin North Am. 2023;46(2):359-370.
d0i:10.1016/j.psc.2023.02.007.

Strawn JR, Aaronson ST, ElImaadawi AZ, Schrodt GR, Holbert RC, Verdoliva S, Heart
K, Demitrack MA, Croarkin PE. J Child Adolesc Psychopharmacol. 2020;30(4):261-
266. doi:10.1089/cap.2020.0008.

Sirés A, Dominguez-Barragan J, Lorenzon N, Meskini O, Buson L, Silva RC,
Bortolomasi M, Perusi G, Menesello V, Gennarelli M, Carpiniello B, Ferensztaj-
Rochowiak E, Rybakowski F, Sanz F, Pisanu C, Squassina A, Manchia M, Dierssen M,
PROMPT Study Group, Baune BT, et al. Brain Behav Immun. 2025;130:106103.
d0i:10.1016/j.bbi.2025.106103.

Suli¢ P, Razi¢ Pavici¢ A, Dapi¢ Ivanci¢ B, Bozina T, Bozina N, Zivkovi¢ M. Genes.
2025;16:1443. doi:10.3390/genes16121443.

Plaza O, Galecki P, Blizniewska-Kowalska K, Galecka M, Bronska A, Ptaza J, Szurek
A, Szulc A. Int J Mol Sci. 2025;26(22):11016. d0i:10.3390/ijms262211016.

Fabbri C. Mol Psychiatry. 2025;30(5):2210-2218. doi:10.1038/s41380-025-02899-0.
Bertollo AG, Mocelin R, Ignacio ZM. Pharmaceuticals. 2025;18(9):1360.
d0i:10.3390/ph18091360.

Paganin W. Front Psychiatry. 2026;16:1733678. doi:10.3389/fpsyt.2025.1733678.
Mcintyre RS, Alsuwaidan M, Baune BT, Berk M, Demyttenaere K, Goldberg JF,
Gorwood P, Ho R, Kasper S, Kennedy SH, Ly-Uson J, Mansur RB, McAllister-
Williams RH, Murrough JW, Nemeroff CB, Nierenberg AA, Rosenblat JD, Sanacora
G, Schatzberg AF, Shelton RC, et al. World Psychiatry. 2023;22(3):394-412.
doi:10.1002/wps.21120.

16



13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

Islam MR, Sohan M, Daria S, Masud AA, Ahmed MU, Roy A, Shahriar M. Int J
Immunopathol Pharmacol. 2023;37:3946320231198828.
d0i:10.1177/03946320231198828.

Miller AH, Raison CL. Nat Rev Immunol. 2016;16(1):22-34. doi:10.1038/nri.2015.5.
OuW, ChenY,JuY,MaM,QinY,BiY, Liao M, Liu B, LiuJ, Zhang Y, Li L. J Affect
Disord. 2023;339:624-632. doi:10.1016/j.jad.2023.07.078.

Kohtala S. Pharmacol Rep. 2021;73(2):323-345. doi:10.1007/s43440-021-00232-4.
Antos Z, Zukow X, Bursztynowicz L, Jakubdw P. Int J Mol Sci. 2024;25(24):13658.
d0i:10.3390/ijms252413658.

Acevedo J, Siegel JA. Behav Brain Res. 2022;435:114049.
doi:10.1016/j.bbr.2022.114049.

Zawilska JB, Zwierzynska E. Ketamina — prekursor nowej generacji lekow
przeciwdepresyjnych. Polskie Towarzystwo Farmaceutyczne. 2024 Apr 17.

Gebik B, Blizniewska-Kowalska K, Galecki P. Psychiatr Pol. 2025:1-19.
doi:10.12740/PP/OnlineFirst/202128.

Abdallah CG, Averill LA, Gueorguieva R, Goktas S, Purohit P, Ranganathan M, Sherif
M, Ahn KH, D’Souza DC, Formica R, Southwick SM, Duman RS, Sanacora G, Krystal
JH. Neuropsychopharmacology. 2020;45(6):990-997. doi:10.1038/s41386-020-0644-
9.

Kang MJY, Hawken E, Vazquez GH. Front Psychiatry. 2022;13:860882.
doi:10.3389/fpsyt.2022.860882.

Wilczynska K, Simonienko K, Konarzewska B, Szajda SD, Waszkiewicz N. Psychiatr
Pol. 2018;52(5):797-805. doi:10.12740/PP/89553.

Phillips C. Neural Plast. 2017;2017:7260130. doi:10.1155/2017/7260130.

Gabryel BG, Basiaga B, Bednarz K, Zadecka K. Psychiatr. 2022;19(4):278-285.
d0i:10.5603/PSYCH.2022.0007.

Lumsden EW, Troppoli TA, Myers SJ, Zanos P, Aracava Y, Kehr J, Lovett J, Kim S,
Wang FH, Schmidt S, Jenne CE, Yuan P, Morris PJ, Thomas CJ, Zarate CA Jr, Moaddel
R, Traynelis SF, Pereira EFR, Thompson SM, Albuquerque EX, et al. Proc Natl Acad
Sci U S A. 2019;116(11):5160-5169. doi:10.1073/pnas.1816071116.
Jozwiak-Bebenista ME, Sokotowska P, Kowalczyk E, Wiktorowska-Owczarek A. Farm
Pol. 2023;79(5). doi:10.32383/farmpol/183264.

Agrawal S, Reyazuddin M, Singh S, Srivastava V, Andrade C. Asian J Psychiatry.
2025;108:104507. doi:10.1016/j.ajp.2025.104507.

17



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

Pardossi S, Fagiolini A, Scheggi S, Cuomo A. Children. 2024;11:801.
doi:10.3390/children11070801.

Rakus A, Stopien A, Rybakowski F, Grzeskowiak E, Bienert A. Psychiatr Pol.
2026;60(1):21-36. d0i:10.12740/PP/200518.

Brent DA, Emslie G, Clarke G, Wagner KD, Asarnow JR, Keller M, Vitiello B, Ritz L,
lyengar S, Abebe K, Birmaher B, Ryan N, Kennard B, Hughes C, DeBar L, McCracken
J, Strober M, Suddath R, Spirito A, Leonard H, et al. JAMA. 2008;299(8):901-913.
d0i:10.1001/jama.299.8.901.

Srivastava AV, Nemeroff CB, O’Sullivan SJ. Mol Psychiatry. 2026.
d0i:10.1038/s41380-026-03455-0.

Veraart JKE, Smith-Apeldoorn SY, Spaans HP, Kamphuis J, Schoevers RA. J Affect
Disord. 2021;281:82-89. doi:10.1016/j.jad.2020.11.123.

Lima NN, Nascimento VB, Peixoto JA, Moreira MM, Neto ML, Almeida JC,
Vasconcelos CA, Teixeira SA, Janior JG, Junior FT, Guimardes DD, Brasil AQ,
Cartaxo JS, Akerman M, Reis AO. Ann Gen Psychiatry. 2013;12:17. doi:10.1186/1744-
859X-12-17.

American Academy of Child and Adolescent Psychiatry. Policy statement on
electroconvulsive therapy. 2026.

Mathew SJ, Wilkinson ST, Altinay M, Asghar-Ali A, Chang LC, Collins KA, Dale RM,
Hu B, Krishnan K, Kellner CH, Malone DA, Murrough JW, Ostroff RB, Sanacora G,
Shao M, Anand A. Contemp Clin Trials. 2019;77:19-26.
d0i:10.1016/j.cct.2018.12.0009.

Duman RS, Aghajanian GK. Science. 2012;338(6103):68-72.
doi:10.1126/science.1222939.

Zanos P, Gould TD. Mol Psychiatry. 2018;23(4):801-811. doi:10.1038/mp.2017.255.
Chervyakov AV, Chernyavsky AY, Sinitsyn DO, Piradov MA. Front Hum Neurosci.
2015;9:303. d0i:10.3389/fnhum.2015.00303.

Oltedal L, Bartsch H, Sgrhaug OJ, Kessler U, Abbott C, Dols A, Stek ML, Ersland L,
Emsell L, van Eijndhoven P, Argyelan M, Tendolkar I, Nordanskog P, Hamilton P,
Jorgensen MB, Sommer IE, Heringa SM, Draganski B, Redlich R, Dannlowski U, et al.
Neuroimage Clin. 2017;14:422—432. doi:10.1016/j.nicl.2017.02.0009.

Beckett CW, Niklison-Chirou MV. Cell Death Discov. 2022;8:367.
d0i:10.1038/s41420-022-01147-6.

18



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Faries E, Mabe LA, Franzen RL, Murtaza S, Nathani K, Ahmed B, Prokop L,
Mohammed K, Ahmed AT. J Affect Disord. 2024;367:519-529.
d0i:10.1016/j.jad.2024.08.212.

Zhang JW, Zhou HQ, Zhu Z, Ding YY, He Y, Wei XL, Xiao CF, Li YF, Lin WP, Yin
DM. Biochem Biophys Res Commun. 2024;725:150272.
d0i:10.1016/j.bbrc.2024.150272.

Magalhdes IPA, Lopes DN, Amato I, Ribeiro MVVV, Luz R, Lacerda ALT, Asevedo E,
Martins CB, Caetano SC. Int Rev Psychiatry. 2025;37(6-7):731-740.
d0i:10.1080/09540261.2025.2581238.

Dwyer JB. Rapid-acting treatments for pediatric depression and suicidality: where are
we now? Brain and Behavior Foundation. 2022 Mar 8.

Bruton AM, Wesemann DG, Machingo TA, Majak G, Johnstone JM, Marshall RD. Eur
Child Adolesc Psychiatry. 2025;34(1):141-157. doi:10.1007/s00787-024-02458-y.
Buck ML. Ketamine infusions for pediatric sedation and analgesia. Pediatr
Pharmacother. 2016;22(6).

Kalopita K, Armakolas A, Philippou A, Zarros A, Angelogianni P. J Anaesthesiol Clin
Pharmacol. 2021;37(1):37-42. doi:10.4103/joacp.JOACP_415 109.

Sathappan A, Y udkoff B. Front Psychiatry. 2024;15:1433348.
d0i:10.3389/fpsyt.2024.1433348.

Strous JFM, Weeland CJ, van der Draai FA, Daams JG, Denys D, Lok A, Schoevers
RA, Figee M. Front Neuroanat. 2022;16:795231. doi:10.3389/fnana.2022.795231.
U.S. Drug Enforcement Administration. Drug scheduling. Awvailable from:
https://www.dea.gov/drug-information/drug-scheduling. Accessed 2026 May 5.
Gatecki, P., Blizniewska-Kowalska, K., Cubata, W. J., Depukat, A., Mosiotek, A.,
Rybakowski, J., Samochowiec, J., Sobolewski, B., Szulc, A., & Dudek, D. (2024).

Polish standard of treatment with racemic ketamine for patients with depressive

disorders developed by a Working Group appointed by the National Consultant in the
field of psychiatry. Psychiatria Polska, 58(3), 377-401.
https://doi.org/10.12740/PP/189494

Zawilski, Z. M. (2024). Czynniki ryzyka i czesto§¢ wystepowania symptomow

zaburzen depresyjnych u dzieci ze szkot podstawowych w Lezajsku (rozprawa
doktorska, Uniwersytet Rzeszowski).
https://bip.ur.edu.pl/storage/file/core_files/2025/11/18/cd1d730abef3eb0aa5f8f56ch5d
e3af4/ZMZawilski%20-%20rozprawa%20doktorska%20PDF.pdf

19


https://www.dea.gov/drug-information/drug-scheduling
https://www.dea.gov/drug-information/drug-scheduling
https://www.dea.gov/drug-information/drug-scheduling
https://doi.org/10.12740/PP/189494
https://bip.ur.edu.pl/storage/file/core_files/2025/11/18/cd1d730abef3eb0aa5f8f56cb5de3af4/ZMZawilski%20-%20rozprawa%20doktorska%20PDF.pdf
https://bip.ur.edu.pl/storage/file/core_files/2025/11/18/cd1d730abef3eb0aa5f8f56cb5de3af4/ZMZawilski%20-%20rozprawa%20doktorska%20PDF.pdf

54.

55.

56.

S7.

Acevedo-Diaz EE, Cavanaugh GW, Greenstein D, Kraus C, Kadriu B, Zarate CA, Park
LT. J Affect Disord. 2020;263:568-575. d0i:10.1016/j.jad.2019.11.028.

Choudhury D, Autry AE, Tolias KF, Krishnan V. Front Neurosci. 2021;15:672526.
d0i:10.3389/fnins.2021.672526.

Li Q, Shi L, Lu G, YuHL, Yeung FK, Wong NK, Sun L, Liu K, Yew D, Pan F, Wang
DF, Sham PC. Front Neurosci. 2017;11:285. doi:10.3389/fnins.2017.00285.

Meshkat S, Rosenblat JD, Ho RC, Rhee TG, Cao B, Ceban F, Danayan K, Chisamore
N, Vincenzo JDD, Mcintyre RS. Psychiatry Res. 2022;317:114911.
doi:10.1016/j.psychres.2022.114911.

20



