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Functional seizures, a primary subtype of functional neurological disorder (FND),
are a known cause of serious neurological disability with an increasing awareness of
their impact amongst the neuroscience community. Situated at the intersection of
neurology and psychiatry, FND is characterized by a range of alterations in motor,
sensory or cognitive performance, such as abnormal movements, limb weakness,
and dissociative, seizure-like episodes. Functional seizures are known, in part, to
have psychological underpinnings; however, the lack of effective and consistent
treatment options requires research and novel approaches to better understand
the etiology, diagnosis and what constitutes a successful intervention. Ketamine,
a selective blocker of the N-methyl-D-aspartate receptor, has a well-established
safety and efficacy profile. In recent years, ketamine-assisted therapy has shown
increasing potential for treating a broad range of psychiatric conditions, building
on its demonstrated rapid-acting antidepressant effects. Here we present a
51-year-old female with refractory daily functional seizures leading to significant
disability and a medical history significant for major depressive disorder (MDD)
and posttraumatic stress disorder (PTSD). After unsuccessful treatment attempts,
the patient underwent a novel protocol with ketamine-assisted therapy. After
3 weeks of ketamine-assisted therapy followed by 20 weeks of intermittent
ketamine treatment and ongoing integrative psychotherapy, the patient’s seizures
were significantly reduced in frequency and severity. She experienced significant
improvements in depressive symptoms and functional ability scores. To our
knowledge, this is the first reported case describing improvement in functional
seizures following ketamine-assisted therapy. While rigorous studies are needed,
this case report encourages further investigation of ketamine-assisted therapy for
functional seizures and other functional neurological symptoms.

functional seizures, functional neurological disorder, ketamine-assisted therapy, mental
health, quality of life
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Introduction

Functional neurological disorder (FND) is a known cause of
serious neurological and physical disability, resulting in increased
interest amongst the neuroscience community. FND is characterized
by a range of neurological symptoms and alterations in motor, sensory
or cognitive performance, such as abnormal movements, limb
weakness, and dissociative, seizure-like episodes known as functional
seizures (FS) or psychogenic nonepileptic seizures (PNES; Espay et al.,
2018; Drane et al., 2020). These experiences are distressing and have
a significant impact on quality of life. Outcomes are generally poor
and include a mortality rate 2.5 times higher than the general
population (Goldstein et al., 2020; Nightscales et al., 2020). Healthcare
costs associated with FND are substantial: United States Emergency
Department and inpatient costs are estimated at $1.2 billion dollars a
year (Stephen et al., 2021).

Functional seizures, a primary subtype of FND, are paroxysmal
events that resemble epileptic seizures but are not associated with
electroencephalographic (EEG) epileptiform correlates. Current
models propose that FS are a disorder of brain networks, with
psychological, biological and social predisposing, precipitating, and
perpetuating factors (LaFrance et al., 2014; Brown and Reuber, 2016;
Goldstein et al., 2020). Risk factors are multifactorial, often featuring
psychological stressors, trauma, and childhood adversity (Goleva
etal., 2020; Hallett et al., 2022). Prevalence estimates range from 2 to
33 cases per 100,000 (Kanemoto et al., 2017) and incidence has been
estimated at 4.9 per 100,000/year (Duncan et al., 2011). Women
account for approximately 75% of cases (Goldstein et al., 2020).

At present, there exists a variety of different care pathways with no
formalized consensus regarding management. This results in a lack of
effective and consistent treatment options for people living with
FS. Given the wide range of symptoms, high rates of mental health
comorbidities, and misdiagnosis or lack of understanding of the
diagnosis, people with FS are often overmedicated, which may
exacerbate symptoms (Bennett et al., 2021). Psychological intervention
(e.g., cognitive behavioral therapy (CBT), psychodynamic therapy,
mindfulness approaches) is the current treatment of choice and may
be associated with a reduction in seizures and improved function
(Carlson and Nicholson Perry, 2017; Hingray et al., 2018). A recent
multisite randomized controlled trial compared the addition of CBT
to standardized medical care among 368 adults with FS and found no
significant difference in seizure frequency at follow-up. However, the
addition of CBT was associated with improvements in secondary
outcomes such as psychosocial functioning and treatment satisfaction
(Goldstein et al., 2020). This highlights the complexity associated with
measuring outcome significance within treatment paradigms, further
emphasizing the need for research and novel approaches to better
understand what constitutes a successful intervention.

Ketamine, a glutamate receptor antagonist that selectively blocks
the N-methyl-D-aspartate (NMDA) receptor, has been used as an
anesthetic since 1964 and has a well-established safety and efficacy
profile (Li and Vlisides, 2016). Following mounting evidence for
ketamine as an antidepressant agent in the late 1990s and early 2000s,
rapid progress has been made in the application of ketamine and
ketamine-assisted therapy (KAT) for treating a broad range of
psychiatric conditions (Berman et al., 2000; Krystal et al., 2019). This
includes development of the S-enantiomer ketamine nasal spray,
esketamine, approved by the United States FDA in 2019 for
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treatment-resistant depression. A recent systematic review of ketamine
for treating mental health disorders highlights the robust, rapid, and
typically short-lived antidepressant effects, with further evidence
signaling applicability to conditions such as suicidality, anxiety,
posttraumatic stress disorder (PTSD), obsessive-compulsive disorder,
eating disorders, and substance use disorders (Walsh et al., 2022).
While less robust than the research on depression, a growing body of
evidence, including from randomized clinical trials, lends support to
utilizing ketamine in the treatment of PTSD, particularly given that
effective pharmacological treatments for PTSD are limited (Albott
etal., 2018; Feder et al., 2021). The route of administration (i.e., oral/
sublingual, intramuscular, intravenous, intranasal), constituent
molecules [(R)-, (S)- or racemic ketamine] and whether therapeutic
support is offered are key considerations. In general, KAT closely
adheres to current models of psychedelic-assisted therapy that place
emphasis on an integrated therapy model with inwardly directed,
context-specific focus using eyeshades and music delivered in a
comfortable setting, as well as preparatory and integrative
psychotherapy support surrounding the treatment sessions.

Here we describe the case of a woman with FS and a history of
multiple unsuccessful treatments. After 3 weeks of KAT and 20 weeks
of ketamine maintenance with integrative psychotherapy, she
experienced substantial improvements in her seizures and self-
reported symptoms of depression, trauma, and functional wellbeing.

Case presentation

We present a 51-year-old female with a medical history significant
for major depressive disorder (MDD), PTSD and fibromyalgia. She
does not have a history of epilepsy. She grew up in a home with
caregivers who were dependent on alcohol and experienced significant
neglect and abuse as a child. She tried dialectical behavioral therapy
(DBT) skills groups and antidepressants which were unsuccessful. She
is married and a mother to a six-year-old daughter who was adopted
after fostering and a five-year-old son born in 2017 via surrogate. In
the past 5years both of her parents and in-laws have passed away.

Beginning in 2018, the patient began experiencing seizure-like
episodes occasionally associated with feelings of dissociation
(Figure 1). By October 2022, these episodes increased to up to 3
times/day, each lasting approximately 30 min in duration. In the
7-month period prior to starting KAT, the patient’s seizures were
debilitating to the point at which she was unable to continue her
work as an aesthetician. The patient describes the episodes onsetting
with an aura of nausea then developing into receptive aphasia with
retention of audition and general awareness. Outward signs
consisted of behavioral arrest, drooling, tearing and an inability to
speak or move despite what appears like voluntary effort to
observers. Some episodes manifested as tonic contraction of her
toes, an inability to swallow, and repetitive extension-flexion
movements of her neck.

The patient was evaluated for epilepsy and had several ambulatory
EEGs which were all normal. An MRI was normal and was specifically
absent of any structural changes in the fronto-temporal regions,
mesial temporal area and temporal lobes bilaterally. In October 2021,
an EEG captured one of her seizures and there was no electrographic
correlate, suggesting a FS diagnosis. Our clinical team referred her to
a community-based FS program, but she could not meet the demands
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of the program and never enrolled. As such, the patient did not receive
FND- or FS-specific psychotherapy.

Prior to commencing KAT with our clinical team, the patient was
seen by several other therapists and providers who attempted
pharmacological approaches. Since 2019, the patient has been taking
valproic acid (275 mg orally, twice a day) for mood stabilization, and
diazepam (6 mg orally per day) for seizure control and sleep. She was
also prescribed lorazepam as needed (0.5 mg sublingual) for seizure
control; however, benzodiazepines are not a recognized treatment for
FS. Her lorazepam use became extensive, increasing to 1.5mg with
every sensation of seizure onset, ranging, on average, from 1 to 3 times
daily. Subsequently, she developed a benzodiazepine dependance and
had a suicide attempt with an overdose of benzodiazepines in late 2019
(Figure 1).

In October 2022, the patient was self-referred with support/
referral from her primary care physician to begin KAT as an alternative
option at the Neurology Centre of Toronto (NCT) by Numinus
Wellness. The clinical care team at NCT included a neurologist/
epileptologist with FND and FS experience in adults and children; an
intensive care unit nurse; a psychologist with clinical experience in
trauma and somatization disorders; and a neurology physician
assistant with clinical experience in epilepsy and FND. The Ontario
Health Insurance Plan (OHIP) covered all publicly insured aspects of
the treatment program (e.g., MD visits); however, the patient paid for
uninsured components (e.g., psychotherapy and nursing care).

Frontiers in Neuroscience

The KAT protocol at NCT for individuals with underlying
neurological disorders has a standard, yet flexible framework. The
framework includes group-led, virtual education sessions; medical,
neurological, and psychological screening; preparatory psychotherapy
sessions; weekly KAT sessions accompanied by the treating therapist
[dose ranges from 50-300 mg sublingual (SL) and 15-60 mg intranasal
(IN)]; post-treatment day integration sessions and evaluations; and
closing medical and psychological assessments with ongoing
integration therapy and individualized determination for maintenance
ketamine therapy. Patient-specific treatment plans are determined in
a weekly, multidisciplinary meeting of all team members who discuss
and review the clinical findings and interpretations of the care team,
much like Tumor Board Rounds or Epilepsy Surgery Rounds in
hospital-based settings.

In line with the standard NCT protocol for KAT, the patient
underwent three 90-min preparatory sessions, three ketamine
sessions with increasing doses (130-260 mg total of combined SL
and IN routes; IN dose administered as a supplemental dose 20 min
after SL administration, in accordance with patient comfort;
Figure 2). Each ketamine session was followed by a 75-min
integration session the following day. After the three initial KAT
sessions, the patient received ongoing ketamine maintenance along
with 60-min integration psychotherapy 1-10 days following dosing
day. At the time of writing this report, the patient completed 10
ketamine maintenance sessions with increasing intervals between
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the sessions and variable total doses of 130-180 mg as combined
SL and IN routes administered in parallel. Two more monthly
maintenance sessions are planned and then ketamine will
be discontinued while psychotherapy will be maintained.

Following three KAT sessions, the patient experienced an
immediate, significant reduction in the frequency of her seizures
and went 9 consecutive days seizure-free. At the time of writing
this report, the patient experienced two minor seizures in the last
3 weeks as compared to 7-21 per week prior to KAT (Figure 3).
The seizures have also become less disabling, and she reports
having the ability to “stop” some seizures from developing.
Tapering of diazepam was an initial treatment goal and, at her
request, began by the third treatment session. She is currently
taking 1 mg each morning and 1.5 mg each night—a 58% dose
reduction. She no longer uses lorazepam as needed (PRN) for
seizure control which is a significant change from previous use
of 1.5-4.5 mg daily prior to starting KAT.

Overall, FS reduced in both frequency and severity following
KAT, and she experienced significant improvements in day-to-day
function, quality of life and depression as captured by the Work and
Social Adjustment Score (WSAS; 85% reduction) and Quick Inventory
of Depressive Symptomatology (QIDS; 50% reduction). Prior to KAT,
WSAS and QIDS scores were clinically significant and dropped to
levels of insignificance following the latest maintenance session
(Figure 3). The Patient Health Questionnaire (PHQ-9), Generalized
Anxiety Disorder-7 (GAD-7), and PTSD Checklist DSM 5 (PCL-5)
were administered after KAT and prior to maintenance sessions.
Resultant scores have remained stable and below clinically relevant
thresholds (Supplementary Table 2).

The patient had a typical FS at the end of her last treatment
session. It lasted approximately 45 min and she returned to baseline
with fatigue and no other concerns. She did not experience any other
significant somatic nor psychological side effects associated with KAT
and ketamine treatments. She described ketamine as “an existential
experience” where she was “propelled into the galaxy” which made her
feel like she gave herself permission to trust herself and her own
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feelings. Importantly, it allowed her to process and access past trauma
without having a seizure. Exploring her seizures in therapy revealed
that they were often triggered by reminders of past traumatic
experiences or intense emotions. Therefore, processing and integrating
trauma became an important target of therapy. She had not been able
to achieve this successfully with other medical interventions nor in
past therapy sessions as attempts to process trauma would trigger
dissociative seizures. Notably, the patient experienced a FS during a
preparatory psychotherapy session when asked to disclose her
developmental history.

Discussion

To our knowledge, this is the first case report describing the use
of ketamine to treat FS. Following the KAT protocol as described, the
patient experienced a substantial reduction of seizures, lower scores
on co-morbid mental health assessments, an improved ability to
disclose and process past trauma, and return to instrumental activities
of daily living with a marked improvement in quality of life. Notably,
the patient had multiple previous unsuccessful medical and
therapy treatments.

Large-scale brain networks and
connectivity

Several models have been put forward to explain the
pathophysiology of FS, yet much remains unknown (Baslet, 2011;
Brown and Reuber, 2016; Kanemoto et al., 2017; Szaflarski and
LaFrance, 2018; Goleva et al., 2020; Hallett et al., 2022). Functional
neuroimaging data have shown that FS are associated with
abnormalities in large-scale brain network connectivity patterns, and
ketamine has been shown to rapidly change network dynamics
(Szaflarski and LaFrance, 2018; Demchenko et al., 2022). Therefore,
we hypothesized that KAT could be a potential intervention for our
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FIGURE 3
(A) Functional seizure frequency reported in number of seizures per week over the course of treatment and maintenance sessions as reported in
participant seizure diary. Red indicates strong seizure severity, blue indicates mild seizure severity, and yellow indicates a mix of both types of seizure
severity. No data on seizure frequency week 2 and 3 are due to missed data collection. (B) The Quick Inventory of Depressive Symptomatology (QIDS)
and (C) Work and Social Adjustment Score (WSAS) measure over time. The QIDS and WSAS were administered at every treatment, maintenance, and
interval update visit. Dark green indicates a ketamine-assisted therapy session, light green indicates ketamine maintenance session, and gray indicates
an interval update session. No data on WSAS week 23 is due to missed measure administration. Breaks in timeline indicate weeks without any visits.

patient. Her resultant positive outcomes together with the recent case
report published by Vendrell-Serres et al. utilizing ketamine without
psychotherapy to successfully treat functional paralysis

(Vendrell-Serres et al., 2021) suggests that further research into
ketamine’s effects on neuronal network connectivity in the context of
FS and other functional neurological presentations should be explored.

Frontiers in Neuroscience 05 frontiersin.org


https://doi.org/10.3389/fnins.2023.1197409
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org

Argento et al.

Brain networks known to be involved in FS
and ketamine

The discrete characterization of abnormalities within neuronal
networks for FS is undefined. In an uncontrolled case series of seven
patients with FS, targeted repetitive transcranial magnetic stimulation
(rTMS) directed at the right temporoparietal junction (TPJ)—a brain
region within the default mode network (DMN)—resulted in
improved seizure control (Peterson et al, 2018). Connectivity
alterations in this brain region have been associated with an abnormal
sense of agency and have been implicated mechanistically to explain
functional somatic symptoms including FS (Hallett et al., 2022).
However, research comparing rTMS to non-cortical stimulation
control in patients with FND vyields insignificant differences,
suggesting that although the TP] may be involved, TMS may not
be the sufficient neuromodulator that affects cortical functioning
(Garcin et al,, 2017). The disentangling of mechanistic FND relief
through cognitive-behavioral effects versus neuromodulation
remains uncertain.

Determining which brain regions within large-scale networks are
altered by ketamine is an area of active research. Networks that
demonstrate both abnormal connectivity patterns in FS and undergo
dynamic change in response to ketamine include the sensorimotor
cortex and the DMN (Baslet, 2011; van der Kruijs et al., 2012;
Szaflarski and LaFrance, 2018), making the right TPJ an overlapping
potential candidate brain region of interest that should be further
explored as a structural biomarker and/or an area to target treatment.

At the molecular level, ketamine exerts its primary action via
NMDA receptor antagonism at GABAergic interneurons (Krystal
etal., 2019; Kohtala, 2021). The downstream effects are well described
elsewhere (Stahl, 2021), and result in rapid synaptogenesis thought to
explain the observed antidepressant effects of ketamine (Abdallah
et al,, 2017). It is possible that ketamine’s mechanism of action may
provide the synaptic efficiency required to unlearn reinforced
feedback loops in brain regions thought to potentiate FS (Hallett et al.,
2022; Holmes et al., 2022). FS carry a high degree of comorbidity with
MDD (Goleva et al., 2020) and MDD was an associated feature in our
patient’s presentation. As such, an understanding of how these two
systems interact may provide a model to help clarify ketamine’s
positive effects.

The potential benefit of KAT in the
treatment of FS

Despite more than 20 years of ketamine data demonstrating a fast-
acting antidepressant effect, lack of a sustained response is consistently
reported (Kohtala, 2021). The psychedelic-assisted therapy model has
demonstrated both short and long-term improvements in MDD and
PTSD in clinical trials utilizing psilocybin and MDMA—which, like
ketamine, also promote alteration of brain network connectivity
(Carhart-Harris et al., 2021; Davis et al., 2021; Mitchell et al., 2021;
Gukasyan et al., 2022; Singleton et al., 2023).

Ketamine-assisted therapy provides integrative therapy based on
the psychedelic-assisted therapy model described in these clinical
trials and others (Reiff et al., 2020). This approach may optimize
patient outcomes by more effectively treating comorbid psychological
conditions and providing an opportunity to produce long-term
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change beyond what has been reported in the literature regarding
ketamine-only infusions for depression and other mental health
conditions (Albott et al., 2018; Dore et al., 2019; Walsh et al., 2022).

Most presentations in FS are associated with comorbid
psychological conditions that may also be present as preceding risk
factors in developmental histories of patients (Baslet, 2011; Brown and
Reuber, 2016; Goleva et al., 2020). The addition of psychotherapy in
the KAT model with a focus on treating these conditions may be one
of the key factors for a successful treatment paradigm for FS. Indeed,
the patient’s FS may have improved secondary to KAT treating her
depression and/or PTSD.

Our patient’s pre-treatment QIDS scores represented severe
depression. These precipitously dropped in the first few weeks—
representative of the rapid, early-onset effect—then returned to
pre-treatment baseline levels from week 8 to 13 mirroring the lack of
a sustained response that has been described in the literature for
ketamine-only infusions. As the protocol continued, however, scores
began to fall again up until the writing of this report with a sustained
outcome representative of scores in the mild depression range and
associated similar decreases in other markers of mental health
(Figure 3; Supplementary Tables 1, 2). Additionally, seizure frequency
appeared to fluctuate with QIDS and WSAS scores as shown in
Figure 3.

It is possible that the initial antidepressant effect may have been
rescued by the psychotherapeutic component of the KAT model as
integrative psychotherapy remained consistent over several weeks
despite ketamine dosing decreasing in frequency and amount. In this
model, the subjective experiences explored through therapy may
have sustained ketamine’s early, pharmacologically mediated
improvements as psychotherapy promotes openness to exploring
difficult emotions or experiences and can enhance the patient’s
ability to meaningfully engage. Given literature describing the
relevant impact of emotion in triggering FS, our patient’s ability to
process her previous trauma and gain critical insight supports the
current evidence (Baslet, 2011; Brown and Reuber, 2016; Goleva
etal., 2020). Additionally, awareness of the etiology of FS, including
past trauma, can lead to relief of symptoms alone (Hallett et al.,
2022). Therefore, while ketamin€’s primary action is as an NMDA
receptor antagonist, it may help to reorganize impaired structural
network connectivity while priming flexibility within these networks
for concurrent psychotherapy to facilitate sustained change as the
direct pharmacological effect of ketamine wears off and altered brain
networks stabilize (van der Kruijs et al., 2012; Szaflarski and
LaFrance, 2018).

What significant research and clinical
questions are generated by our report?

The striking results observed with our patient generate many
important and specific research questions regarding a potential
mechanism that, to date, has remained largely unexplored. Some of
these questions include: is ketamine’s positive effect on FS mediated
through brain network reorganization and, if so, which large-scale
brain networks are involved? Do these networks represent clinical
neural correlates for FS and/or the effective regions responsible for
symptom manifestation? Should treatment be directed at the networks
comprising the neural correlates and/or the effective regions? Does the
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addition of psychotherapy in the KAT model enhance outcomes and
longer-term improvements of FS and, if so, how and why?

Conclusion

Findings suggest that KAT may be helpful in treating FS in
patients with comorbid depression and PTSD, yet further research is
needed. Given ketamine’s established safety profile, KAT offers a
potentially beneficial alternative therapy for FS, especially in refractory
conditions with long-standing symptoms and impairment of daily
function. In general, a more comprehensive understanding of
ketamine€’s effect on large-scale brain networks, how these networks
are affected in FS and the role of psychotherapy is necessary to
advance and strengthen the understanding of KAT’s applicability for
FS and, perhaps, FND more broadly.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included in
this article. Written informed consent was obtained from the
participant prior to the publication of this case report.

Author contributions

EA, EO, and EL contributed to the conception of the case report.
EA, EO, AJ, and EL wrote sections of the manuscript. EA, EO, AJ, AK,
KM, CN, PT, and EL contributed to the manuscript and approved the

References

Abdallah, C. G., Averill, L. A., Collins, K. A., Geha, P, Schwartz, J., Averill, C., et al.
(2017). Ketamine treatment and global brain connectivity in major depression.
Neuropsychopharmacology 42, 1210-1219. doi: 10.1038/npp.2016.186

Albott, C. S., Lim, K. O., Forbes, M. K., Erbes, C., Tye, S. J., Grabowski, J. G., et al.
(2018). Efficacy, safety, and durability of repeated ketamine infusions for comorbid
posttraumatic stress disorder and treatment-resistant depression. J. Clin. Psychiatry
79:17m11634. doi: 10.4088/JCP.17m11634

Baslet, G. (2011). Psychogenic non-epileptic seizures: a model of their pathogenic
mechanism. Seizure 20, 1-13. doi: 10.1016/j.seizure.2010.10.032

Bennett, K., Diamond, C., Hoeritzauer, 1., Gardiner, P, McWhirter, L., Carson, A.,
et al. (2021). A practical review of functional neurological disorder (FND) for the
general physician. Clin. Med. (Lond.) 21, 28-36. doi: 10.7861/clinmed.2020-0987

Berman, R. M., Cappiello, A., Anand, A., Oren, D. A, Heninger, G. R., Charney, D. S.,
et al. (2000). Antidepressant effects of ketamine in depressed patients. Biol. Psychiatry
47, 351-354. doi: 10.1016/s0006-3223(99)00230-9

Frontiers in Neuroscience

10.3389/fnins.2023.1197409

final version. All authors contributed to the article and approved the
submitted version.

Funding

EA is supported by a Canadian Institutes of Health Research
(CIHR) postdoctoral award. Funds for open access fees are provided
by Numinus Wellness Inc.

Acknowledgments

We express appreciation to the patient for sharing her experience
and we would like to acknowledge Kevin Le and Nadia Idris for their
clinical and administrative support.

Conflict of interest

EA was a part-time consultant to Numinus Wellness Inc. and AJ,
AK, KM, PT, CN, and EL were employed by the company Numinus
Wellness Inc.

The remaining author declares that the research was conducted in
the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnins.2023.1197409/
full#supplementary-material

Brown, R. ], and Reuber, M. (2016). Towards an integrative theory of psychogenic
non-epileptic seizures (PNES). Clin. Psychol. Rev. 47, 55-70. doi: 10.1016/j.
cpr.2016.06.003

Carhart-Harris, R., Giribaldi, B., Watts, R., Baker-Jones, M., Murphy-Beiner, A.,

Murphy, R,, et al. (2021). Trial of psilocybin versus escitalopram for depression. N. Engl.
J. Med. 384, 1402-1411. doi: 10.1056/NEJMo0a2032994

Carlson, P, and Nicholson Perry, K. (2017). Psychological interventions for
psychogenic non-epileptic seizures: a meta-analysis. Seizure 45, 142-150. doi: 10.1016/j.
seizure.2016.12.007

Davis, A. K., Barrett, E S., May, D. G., Cosimano, M. P, Sepeda, N. D,, Johnson, M. W,
et al. (2021). Effects of psilocybin-assisted therapy on major depressive disorder a
randomized clinical trial. JAMA Psychiat. 78, 481-489. doi: 10.1001/jamapsychiatry.2020.3285

Demchenko, I, Tassone, V. K., Kennedy, S. H., Dunlop, K., and Bhat, V. (2022).

Intrinsic connectivity networks of glutamate-mediated antidepressant response: a
neuroimaging review. Front. Psych. 13:864902. doi: 10.3389/fpsyt.2022.864902

frontiersin.org


https://doi.org/10.3389/fnins.2023.1197409
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnins.2023.1197409/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnins.2023.1197409/full#supplementary-material
https://doi.org/10.1038/npp.2016.186
https://doi.org/10.4088/JCP.17m11634
https://doi.org/10.1016/j.seizure.2010.10.032
https://doi.org/10.7861/clinmed.2020-0987
https://doi.org/10.1016/s0006-3223(99)00230-9
https://doi.org/10.1016/j.cpr.2016.06.003
https://doi.org/10.1016/j.cpr.2016.06.003
https://doi.org/10.1056/NEJMoa2032994
https://doi.org/10.1016/j.seizure.2016.12.007
https://doi.org/10.1016/j.seizure.2016.12.007
https://doi.org/10.1001/jamapsychiatry.2020.3285
https://doi.org/10.3389/fpsyt.2022.864902

Argento et al.

Dore, J., Turnipseed, B., Dwyer, S., Turnipseed, A., Andries, J., Ascani, G., et al.
(2019). Ketamine assisted psychotherapy (KAP): patient demographics, clinical
data and outcomes in three large practices administering ketamine with
psychotherapy. J. Psychoactive Drugs 51, 189-198. doi: 10.1080/02791072.
2019.1587556

Drane, D. L., Fani, N., Hallett, M., Khalsa, S. S., Perez, D. L., and Roberts, N. A. (2020).
A framework for understanding the pathophysiology of functional neurological
disorder. CNS Spectr. 26, 555-561. doi: 10.1017/s1092852920001789

Duncan, R., Razvi, S., and Mulhern, S. (2011). Newly presenting psychogenic
nonepileptic seizures: incidence, population characteristics, and early outcome from a
prospective audit of a first seizure clinic. Epilepsy Behav. 20, 308-311. doi: 10.1016/j.
yebeh.2010.10.022

Espay, A. J., Aybek, S., Carson, A., Edwards, M. J., Goldstein, L. H., Hallett, M., et al.
(2018). Current concepts in diagnosis and treatment of functional neurological
disorders. JAMA Neurol. 75, 1132-1141. doi: 10.1001/jamaneurol.2018.1264

Feder, A., Costi, S., Rutter, S. B., Collins, A. B., Govindarajulu, U,, Jha, M. K,, et al.
(2021). A randomized controlled trial of repeated ketamine administration for chronic
posttraumatic stress disorder. Am. J. Psychiatry 178, 193-202. doi: 10.1176/appi.
2jp.2020.20050596

Garcin, B., Mesrati, E, Hubsch, C., Mauras, T, Iliescu, 1., Naccache, L., et al. (2017).
Impact of transcranial magnetic stimulation on functional movement disorders: cortical
modulation or a behavioral effect? Front. Neurol. 8:338. doi: 10.3389/fneur.2017.00338

Goldstein, L. H., Robinson, E. J., Mellers, J. D. C., Stone, J., Carson, A., Reuber, M.,
et al. (2020). Cognitive behavioural therapy for adults with dissociative seizures
(CODES): a pragmatic, multicentre, randomised controlled trial. Lancet Psychiatry 7,
491-505. doi: 10.1016/s2215-0366(20)30128-0

Goleva, S. B., Lake, A. M., Torstenson, E. S., Haas, K. F, and Davis, L. K. (2020).
Epidemiology of functional seizures among adults treated at a university hospital. JAMA
Netw. Open 3:¢2027920. doi: 10.1001/jamanetworkopen.2020.27920

Gukasyan, N., Davis, A. K., Barrett, E S., Cosimano, M. P, Sepeda, N. D.,
Johnson, M. W,, et al. (2022). Efficacy and safety of psilocybin-assisted treatment for
major depressive disorder: prospective 12-month follow-up. J. Psychopharmacol. 36,
151-158. doi: 10.1177/02698811211073759

Hallett, M., Aybek, S., Dworetzky, B. A., McWhirter, L., Staab, J. P, and Stone, J.
(2022). Functional neurological disorder: new subtypes and shared mechanisms. Lancet
Neurol. 21, 537-550. doi: 10.1016/s1474-4422(21)00422-1

Hingray, C., el-Hage, W., Duncan, R., Gigineishvili, D., Kanemoto, K., LaFrance, W. C.
Jr., et al. (2018). Access to diagnostic and therapeutic facilities for psychogenic
nonepileptic seizures: an international survey by the ILAE PNES task force. Epilepsia 59,
203-214. doi: 10.1111/epi.13952

Holmes, S. E., Finnema, S. J., Naganawa, M., DellaGioia, N., Holden, D., Fowles, K.,
et al. (2022). Imaging the effect of ketamine on synaptic density (SV2A) in the living
brain. Mol. Psychiatry 27, 2273-2281. doi: 10.1038/s41380-022-01465-2

Kanemoto, K., LaFrance, W. C., Duncan, R., Gigineishvili, D., Park, S. P,, Tadokoro, Y.,
et al. (2017). PNES around the world: where we are now and how we can close the
diagnosis and treatment gaps-an ILAE PNES task force report. Epilepsia Open 2,
307-316. doi: 10.1002/epi4.12060

Frontiers in Neuroscience

08

10.3389/fnins.2023.1197409

Kohtala, S. (2021). Ketamine-50 years in use: from anesthesia to rapid antidepressant
effects and neurobiological mechanisms. Pharmacol. Rep. 73, 323-345. doi: 10.1007/
543440-021-00232-4

Krystal, J. H., Abdallah, C. G., Sanacora, G., Charney, D. S., and Duman, R. S. (2019).
Ketamine: a paradigm shift for depression research and treatment. Neuron 101, 774-778.
doi: 10.1016/j.neuron.2019.02.005

LaFrance, W. C.]Jr,, Baird, G. L., Barry, J. ], Blum, A. S., Frank Webb, A., Keitner, G. I, etal.
(2014). Multicenter pilot treatment trial for psychogenic nonepileptic seizures: a randomized
clinical trial. JAMA Psychiat. 71, 997-1005. doi: 10.1001/jamapsychiatry.2014.817

Li, L., and Vlisides, P. E. (2016). Ketamine: 50 years of modulating the mind. Front.
Hum. Neurosci. 10:612. doi: 10.3389/fnhum.2016.00612

Mitchell, J. M., Bogenschutz, M., Lilienstein, A., Harrison, C., Kleiman, S.,
Parker-Guilbert, K., et al. (2021). MDMA-assisted therapy for severe PTSD: a
randomized, double-blind, placebo-controlled phase 3 study. Nat. Med. 27, 1025-1033.
doi: 10.1038/s41591-021-01336-3

Nightscales, R., McCartney, L., Auvrez, C., Tao, G., Barnard, S., Malpas, C. B,, et al.
(2020). Mortality in patients with psychogenic nonepileptic seizures. Neurology 95,
e643-e652. doi: 10.1212/wnl.0000000000009855

Peterson, K. T., Kosior, R., Meek, B. P, Ng, M., Perez, D. L., and Modirrousta, M.
(2018). Right Temporoparietal junction transcranial magnetic stimulation in the
treatment of psychogenic nonepileptic seizures: a case series. Psychosomatics 59,
601-606. doi: 10.1016/j.psym.2018.03.001

Reiff, C. M., Richman, E. E., Nemeroff, C. B., Carpenter, L. L., Widge, A. S.,
Rodriguez, C. L, et al. (2020). Psychedelics and psychedelic-assisted psychotherapy. Am.
J. Psychiatr. 177, 391-410. doi: 10.1176/appi.ajp.2019.19010035

Singleton, S. P., Wang, J. B., Mithoefer, M., Hanlon, C., George, M. S., Mithoefer, A.,
et al. (2023). Altered brain activity and functional connectivity after MDMA-assisted
therapy for post-traumatic stress disorder. Front. Psych. 13:947622. doi: 10.3389/
fpsyt.2022.947622

Stahl, S. M. (2021). Stahl's essential psychopharmacology: Neuroscientific basis and
practical applications. 5th Edn. Cambridge, United Kingdom: Cambridge University Press.

Stephen, C. D., Fung, V., Lungu, C. L, and Espay, A. J. (2021). Assessment of
emergency department and inpatient use and costs in adult and pediatric functional
neurological disorders. JAMA Neurol. 78, 88-101. doi: 10.1001/jamaneurol.2020.3753

Szaflarski, J. P, and LaFrance, W. C. Jr. (2018). Psychogenic nonepileptic seizures
(PNES) as a network disorder—evidence from neuroimaging of functional (psychogenic)
neurological disorders. Epilepsy Curr. 18, 211-216. doi: 10.5698/1535-7597.18.4.211

van der Kruijs, S. J., Bodde, N. M., Vaessen, M. J., Lazeron, R. H., Vonck, K., Boon, P, et al.
(2012). Functional connectivity of dissociation in patients with psychogenic non-epileptic
seizures. J. Neurol. Neurosurg. Psychiatry 83, 239-247. doi: 10.1136/jnnp-2011-300776

Vendrell-Serres, J., Soto-Angona, o, Rodriguez-Urrutia, A., Arteaga-Henriquez, G.,
and Ramos-Quiroga, J. A. (2021). Improvement of functional neurological disorder after
administration of esketamine nasal spray: a case report. Ther. Adv. Psychopharmacol.
11:20451253211022187. doi: 10.1177/20451253211022187

Walsh, Z., Mollaahmetoglu, O. M., Rootman, J., Golsof, S., Keeler, J., Marsh, B., et al.
(2022). Ketamine for the treatment of mental health and substance use disorders:
comprehensive systematic review. BJPsych. Open 8:€19. doi: 10.1192/bjo.2021.1061

frontiersin.org


https://doi.org/10.3389/fnins.2023.1197409
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1080/02791072.2019.1587556
https://doi.org/10.1080/02791072.2019.1587556
https://doi.org/10.1017/s1092852920001789
https://doi.org/10.1016/j.yebeh.2010.10.022
https://doi.org/10.1016/j.yebeh.2010.10.022
https://doi.org/10.1001/jamaneurol.2018.1264
https://doi.org/10.1176/appi.ajp.2020.20050596
https://doi.org/10.1176/appi.ajp.2020.20050596
https://doi.org/10.3389/fneur.2017.00338
https://doi.org/10.1016/s2215-0366(20)30128-0
https://doi.org/10.1001/jamanetworkopen.2020.27920
https://doi.org/10.1177/02698811211073759
https://doi.org/10.1016/s1474-4422(21)00422-1
https://doi.org/10.1111/epi.13952
https://doi.org/10.1038/s41380-022-01465-2
https://doi.org/10.1002/epi4.12060
https://doi.org/10.1007/s43440-021-00232-4
https://doi.org/10.1007/s43440-021-00232-4
https://doi.org/10.1016/j.neuron.2019.02.005
https://doi.org/10.1001/jamapsychiatry.2014.817
https://doi.org/10.3389/fnhum.2016.00612
https://doi.org/10.1038/s41591-021-01336-3
https://doi.org/10.1212/wnl.0000000000009855
https://doi.org/10.1016/j.psym.2018.03.001
https://doi.org/10.1176/appi.ajp.2019.19010035
https://doi.org/10.3389/fpsyt.2022.947622
https://doi.org/10.3389/fpsyt.2022.947622
https://doi.org/10.1001/jamaneurol.2020.3753
https://doi.org/10.5698/1535-7597.18.4.211
https://doi.org/10.1136/jnnp-2011-300776
https://doi.org/10.1177/20451253211022187
https://doi.org/10.1192/bjo.2021.1061

	Case report: Improvement in refractory functional seizures, depression, and quality of life with ketamine-assisted therapy
	Introduction
	Case presentation
	Discussion
	Large-scale brain networks and connectivity
	Brain networks known to be involved in FS and ketamine
	The potential benefit of KAT in the treatment of FS
	What significant research and clinical questions are generated by our report?

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

