| & | UNIVERSITY T i Office of Graduate and

& A I i Advanced Degrees
LA MANITOBA R Y F LY “i Tlealth Sciences Education in Medicine Max
Rady College
Bachelor of Science in Medicine Degree Program of Medicinef
: Rady Facul

End of Term Final Report Health Sefonves

' University of Manitoba
Student Name: Krystyna Peterson Date: 0g8/04/17

Project Title: Transcranial Magnetic Stimulation in the treatment of non-epileptic seizures:
A Case Series

Primary Supervisor Name: Dr. Mandana Modirrousta

Departmsnt Department of Psychiatry

Co-Supervisor Name:

Dr. Marcus Ng
Department:

Department of Internal Medicine, Neurology
Summary (250 words max single spaced):

BACKGROUND: Psychogenic non-epileptic seizures (PNES) is a poorly understood psychiatric condition for
which there are currently few effective treatments. Recent neuroimaging studies have implicated right
temporoparietal junction (TPJ) hypoactivity as an important contributor to the pathophysiology of PNES. Impaired
function in this area may decrease awareness of motor intention and self-agency, causing individuals to perceive
their movements as involuntary. In this case series we aimed to investigate the tolerability of high frequency
repetitive Transcranial Magnetic Stimulation (rTMS) over the right TPJ in patients with PNES, and its ability to
decrease the frequency of non-epileptic seizures.

METHOQDS: Eight patients with PNES completed this study. Thirty sessions of high frequency (10 Hz) rTMS were
applied over the right TPJ, with a total of 3000 pulses each session. Tolerability was recorded throughout
treatment. Weekly PNES counts were recorded at baseline, throughout treatment, and at post treatment intervals.
Psychometric self-rating scales were used as secondary outcome measures conducted at baseline and within
1-week post treatment.

RESULTS: Treatment with rTMS was well tolerated within our sample. A significant decrease in weekly seizure
frequency was observed over treatment time course and three month follow up (F= 3.15, p = 0.008). Significant
improvement was also appreciated on the Dissociative Experience Scale (p= 0.028) and Conversion Disorder
Subscale (p= 0.023) post-treatment.

CONCLUSION: High-frequency rTMS over the right TPJ represents a novel, feasible, and potentially efficacious
treatment for PNES, possibly correcting for right TPJ hypoactivity. Further randomized controlled trials

incornoratina fMRI hiomarkers are needed to confirm our results.
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Transcranial Magnetic Stimulation in the treatment of non-epileptic seizures:
A Case Series

Introduction

Psychogenic non-epileptic seizures (PNES) is a distressing neurobehavioral condition at the
interface of neurology and psychiatry.’ According to the Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-5), this disorder is classified as a subtype of Functional
Neurological Symptom Disorder (FNSD/FND), also known as Conversion Disorder (CD).2 PNES
are seizure-like activity, including abrupt recurrent changes in behavior, or consciousness with
no epileptiform abnormalities on EEG.3 It is estimated that 5% - 20% of patients admitted to
epilepsy units are diagnoses with PNES, and a further 20 - 30% of patients whose seizure
activity is initially considered to be intractable epilepsy are also eventually diagnosed with
PNES.? These numbers make PNES as common as Parkinson’s disease,’ as physically
restricting, and causing even greater impact on mental health and quality of life.* Prevalence
rates of psychiatric comorbidities among PNES patients have been noted throughout the
literature to be high.® Patients with PNES often present with multiple psychiatric conditions
including mood and anxiety disorders. Problems involving emotion dysregulation, dissociation,
psychological trauma, and reports of previous abuse are common.®

The study of PNES and other somatic symptoms were first described in 19" century medical
literature as “hysteria” by Charcot.® Freud later coined the term “conversion” to describe the
expression of repressed emotions through somatic symptoms.” Current conceptualizations of
PNES integrate both psychological, and neurophysiological mechanisms which elucidate
aberrant regional and functional connectivity patterns in the neurobiology of patients with
PNES." The exact pathophysiology of the disorder however, still remains poorly understood.

The DSM-5 describes this group of Functional Neurological Disorders (FNDs) as symptoms of
altered voluntary movement, however patients presenting with PNES indicate no sense of
voluntary control. FND movements utilize voluntary motor pathways, yet patients with PNES
repeatedly describe experiencing their symptoms as involuntary, or lacking in self agency.® Self
agency is the experience that one intends to cause the action that one performs.® In a sense,
self agency is the epitome of free will, allowing oneself to experience the self as the author of
one’s own movements. Self agency is believed to arise from the comparison of feed forward
signals (the predicted outcome of a movement), and actual sensory feedback from the
movement itself.2 Numerous studies have identified the right Temporoparietal Junction (right
TPJ; Brodmann area 39) as being a seed region in the multisensory integration of this process.?-
15 In essence, the right TPJ is what allows for motor intention; discrimination of involuntary from
voluntary movement.®

Recent literature has demonstrated aberrant regional and functional connectivity involving right
TPJ hypoactivity in patients with PNES?1920 as well as in other FND.2'¢ Resting cortical positron
emission tomography (PET) studies, and functional connectivity analysis on resting state
functional magnetic resonance imaging (rsfMRI) have both identified abnormalities in the parietal
cortex in patients with PNES. Two recent fMRI studies by van der Kruijs et al.'”'® assessing
abnormal connectivity strength in four global networks show support for the role of the
Temporoparietal Junction (TPJ) in the pathophysiology of PNES. Higher functional connectivity
in eleven patients with PNES was found in a global networks involving emotion (the insula),
movement (precentral sulcus), and executive control (the inferior frontal gyrus and parietal
cortex).'” The authors were further able to correlate these connectivity differences to elevated
dissociation scores within their patient sample.'”
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Despite growing awareness of the neurobiological networks involved in PNES, there are
currently few effective treatments for the disorder.”-2 Given the findings of right TPJ
hypometabolism in patients with PNES, and the contribution of the TPJ to consciousness of self
and the environment, this region may very well serve as a major contributor to the
pathophysiology of the disorder.® A decrease in motor intentional awareness, and therefore self-
agency may result in an inability to take authorship over one’s movements, thus perceiving them
as involuntary. In light of recent work implicating the TPJ in the pathophysiology of PNES,
increasing cortical excitability in this region could provide a novel starting point for the treatment
of this disorder. High frequency (10 Hz) repetitive Transcranial Magnetic Stimulation (rTMS), a
non-invasive method of brain stimulation, is known to increase focal cortical activity. Applied
over the right TPJ, it may then serve to correct TPJ hypoactivity observed in patients with PNES.

A number of studies report previous success with the use of rTMS in the treatment of FND as
well as PNES. A recent systematic review of transcranial magnetic stimulation in the treatment
of FND by Pollak et al.?* has highlighted the results of a study conducted in 2011 by

Dafotakis M et al.?® This pilot study demonstrated symptom improvement in 7 out of 11 patients
with psychogenic tremor using inhibitory rTMS (0.2-0.25 Hz) over the motor cortex. Parain et
al.?8 also showed a decrease in non-epileptic seizure frequency in a sample of 42 PNES
patients. In this study however, low frequency (1 Hz) large-field rTMS was used over the midline
fronto-central area, covering a surface area 30 times larger than a figure eight coil. As a result of
the large cortical area effected by this protocol, the mechanism of seizure improvement could
not be localized.

In this case series we aimed to investigate the tolerability and feasibility of a 30-session high
frequency (10 Hz) rTMS protocol over the right TPJ and to explore its effect on the frequency of
non-epileptic seizures in PNES. We hypothesized that treatment with high frequency rTMS over
the right TPJ would decrease the frequency of non-epileptic seizures in patients with PNES.

Methods
A. Participants

A total of 9 patients with convulsive type PNES were recruited for the study. One patient was
subsequently excluded from the study as their seizure activity was determined to be non-
convulsive type PNES (M.M.). PNES subjects were recruited from the pool of referrals to the
Neuromodulation and Neuropsychiatry Unit, St Boniface Hospital, Winnipeg. PNES diagnosis
was based on the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5)
diagnostic criteria,? and confirmed through video recording and monitoring with EEG. In addition,
structured neuropsychiatric interview was performed to assess patient’s psychiatric
comorbidities. Eligible candidates were identified by the participating neuropsychiatrist (M.M.).
Inclusion criteria involved adults between the ages of 18 - 65 with confirmed convulsive type
PNES. PNES subjects with evidence of previous or comorbid epileptic seizures, or any other
major comorbid neurological disease were excluded from the study. Other exclusion criteria
included patients currently taking medication that is known to reduce seizure-threshold (e.g.
Bupropion), patients currently pregnant, with severe medical conditions, or comorbid psychotic
disorder, bipolar disorder, or active substance use disorder.

All subjects were consecutively evaluated and treated with a 30-session high-frequency (10 Hz)
rTMS protocol. All subjects provided informed consent for this research protocol and all
procedures contributing to this work were approved by the University of Manitoba Biomedical
Research Ethics Board, and the St. Boniface Hospital Research Review Committee.
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B. rTMS Protocol

Motor threshold was determined for each subject prior to the first session of stimulation with
rTMS. Motor threshold was defined as the minimum stimulator output that elicits a contraction of
the abductor pollicis brevis muscle on 5 out of 10 consecutive pulses. For the active stimulation
condition, rTMS was applied to the target location at 110% motor threshold.

Each subject received 30 sessions of high frequency (10 Hz) rTMS over the right TPJ with a
total of 3000 pulses each session. Each session took approximately 45 minutes. Two sessions
were performed per day with a 15-minute break in-between sessions. The entire length of
treatment was three weeks (15 weekdays, with two sessions/day). One exception to this protocol
was made for subject 2 who had travelled from out of town for treatment and had requested
shorter treatment duration. The entire length of treatment for this subject was two weeks (10
weekdays, with three sessions/day). A 15-minute break was given in between sessions for this
subject as well. For all participants, each session was comprised of consecutive trains of five-
second 10 Hz pulses followed by 30 seconds of no stimulation. Stimulation was applied to the
right TPJ using a 70 mm figure eight coil attached to a MagStim Rapid-2 rTMS machine
(MagStim Ltd., UK). The target location; right TPJ; Brodmann area 39 was identified using a
Brainsight Neuronavigator system. The coil was placed perpendicular to the right TPJ using a
stereotactic registration technique. Landmarks calibrated for subjects were recorded to position
and scaled to the MNI brain atlas in Brainsight Neuronavigator system (Rogue Research, QC)
using a weighted average MRI.

C. Baseline Assessments

Within a week prior to the first session of rTMS, a psychiatric profile including patient’s mood,
anxiety, dissociative states, psychological trauma, impulsivity, and functional disability was taken
on all 8 patients using FND questionnaires designed on Research Electronic Data Capture
(REDCap).?” The Educational Background Assessment (EBA), Montreal Cognitive Assessment
(MoCA),2 Wide Range Achievement Test-3 (WRAT-3),2° and the Life Events Checklist for
DSM-5 (LEC-5)% were included as adjunct to scales on FND Questionnaires.

Psychometric instruments used for baseline assessment assessed the following domains:
Mood/Anxiety: Beck Depression Inventory-Il (BDI-II),3" Spielberger State-Trait Anxiety
Inventory (SSTAI),3? Dissociation: Dissociative Experience Scale (DES),* PTSD/Trauma:
Childhood Trauma Questionnaire (CTQ),** Connor-Davidson Resilience Scale (CDRS),*® Life
Events Checklist for DSM-5 (LEC-5),%° Pain Catastrophizing: Pain Catastrophizing Scale
(PCS),% Somatization and Related Topics: Conversion Disorder Subscale from the Screening
for Somatoform Symptoms-7 scale (SOMS-CD),3” Toronto Alexithymia Scale 20 (TAS),38
Impulsivity: Barratt Impulsivity Scale (Version 11) (BIS),% Health: RAND SF-36v1 Health
Survey (SF-HS),%° Education and Cognition: Educational Background Assessment (EBA),
Montreal Cognitive Assessment (MoCA),?® and the Wide Range Achievement Test-3 (WRAT-
3),2° and Handedness: Edinburgh Handedness Inventory (EHI).4' Scores on the SSTAI were
further broken down into their component sections; the Spielberger State Anxiety Inventory
(SSAI) and Spielberger Trait Anxiety Inventory (STAI).3?

The DES is a 28-item measure of dissociation experiences that occur in daily life; scores on
each item range from 0 - 100%, 0% being ‘never’ to 100% ‘always’. The total score for the entire
scale is an average of all items. The CTQ is a 25-item measure of abuse and neglect in
childhood/adolescent; cumulative results as well as subsections of emotional abuse (EA),
emotional neglect (EN), physical abuse (PA), physical neglect (PN) and sexual abuse (SA) were
calculated separately. The CDRS is a 25-item measure of resilience. Each item is rated on a 5-
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point scale (0 — 4) from ‘not true at all’ to ‘true nearly all the time’. Higher scores on this scale
reflect greater resilience. The LEC-5 is a measure of lifetime adverse events in 17 categories.
The PCS is a 13-item measure of pain catastrophizing. Each item is rated on a 0 to 4 point scale
from ‘not at all’ to ‘all the time’. Higher scores on this scale represent greater pain
catastrophizing. The SOMS-CD is a 21-item measure of functional neurological motor and
sensory symptoms. Each item begins with ‘in the past 7-days’ and is scored on a 5-point scale
ranging from ‘not at all’ to ‘very severe’. The TAS is a 20-item measure of alexithymia; difficulty
identifying and describing emotion. Each item is on a 5-point scale from ‘strongly disagree’ to
strongly agree’. Sores from 52 to 60 equal possible alexithymia, and a score of greater than or
equal to 61 equal alexithymia. The BIS is a 30-item measure of impulsiveness. Each item is on a
4-point scale, from ‘rarely/never’ to ‘almost always/always’. A higher score on the BIS indicates
greater impulsivity. The SF-HS is a 36-item measure of health. A higher scaled score, out of
100, reflects greater health and decreased functional disability.

D. Measures
PNES Count

Weekly PNES count was the primary outcome measure in this study. Participants recorded non-
epileptic seizure activity daily for one-week intervals. Weekly PNES counts were taken at 8
points in time; baseline (starting 1 week prior to rTMS treatment), week 1, week 2, and week 3 of
treatment, as well as 1 week, 1 month, 2 months, and 3 months post treatment. An exception
was made for subject 2 who received an accelerated treatment over a 2-week period. In order to
keep results as consistent as possible, an additional weekly PNES count was taken for this
subject; 4 weeks from baseline (corresponding to 1 week post-treatment for remaining
participants). For this subject weekly PNES counts were taken at baseline (starting 1 week prior
to rTMS treatment), week 1, and week 2 of treatment, as well as 1 week post-treatment (week 3
of treatment for remaining participants), 2 weeks post-treatment (1 week post-treatment for
remaining participants), 1 month, 2 months, and 3 months post treatment. Collecting weekly
PNES counts at these times for this subject allowed us to maintain consistent data points at all
times for all subjects.

Psychometric Testing

Psychometric self-rating scales were used as secondary outcome measures. Specific
psychometric tests conducted at baseline were repeated within 1 week post treatment. These
tests included: Mood/Anxiety: BDI-Il, SSAI, STAI, Dissociation: DES, Somatization and
Related Topics: SOMS-CD, TAS, and Health: SF-HS.

E. Data Analysis
PNES Count

Statistical analyses were conducted using SYSTAT version 13.0 (Systat Software Inc., SH,
California). A repeated measures ANOVA was used to determine the effect of the treatment
condition (rTMS) on the frequency of weekly PNES episodes. We looked at the change in
weekly PNES counts across 8 points in time; baseline, week 1, week 2 and week 3 of treatment,
as well as week 1,1 month, 2 months, and 3 months post-treatment. Seizure count was used as
the within-group factor, and linear regression analysis was performed with the level of
significance set to 0.05.
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Psychometric Testing

Separate two-tailed paired t-tests were used to compare baseline scores to post-treatment
scores on the BDI-II, SSAI, STAI, DES, SOMS-CD, SF-HS, and TAS scales in order to
determine variables of significance for stepwise regression in future studies. Welch'’s t-test (two-
sample t tests, assuming unequal variances) was performed to compare baseline and post-
treatment sample data on the DES scale (mean and standard deviation) to normative values
from a Winnipeg cohort in a study by Ross et al.#? All t-test statistical analyses were conducted
on Microsoft Excel for Mac 2011 version 14.0.0 (RSA Data Security, Inc.) The level of
significance for all tests was set to 0.05, two-tailed.

Results
A. Participants

All 8 PNES patients completed the study. Baseline demographic and clinical information is
shown in Table 1. The mean age of participants was 45.3 years (S.D. of 9.10 years). The
majority of participants, 75% (n = 6) were female, and 25% (n = 2) were male (one participant
having recently transitioned from female to male). As determined using the EHI,

87.5% of participants (n = 7) were right handed, and one participant was ambidextrous. The
EBA was used to characterize participants’ educational background. A majority of participants (n
= 5) were High School Graduates, while only one subject had received a post secondary
associate degree (Occupational/Technical/or Vocational). Most subjects were not working
(87.5%, n =7), with 75% of subjects (n = 6) on some form of government assistance for their
disability. Comorbid psychiatric diagnosis was made in 75% of participants (n = 6), and 87.5% (n
= 7) of participants received some form of psychotropic medication taken on a regular basis.

Specific information on the history of PNES episodes was collected for all 8 participants (Table
2). The mean onset of PNES episodes was 25.5 years of age (S.D. of 17.2), 62.5% (n = 5)
reporting an age of onset in adulthood (after 18 years old). The duration of PNES diagnosis was
highly variable in this sample with a range of 1 - 41 years, and a mean duration of 17.8 years
(S.D. of 15.8). The mean frequency and duration of PNES episodes was 4.54 seizures per week
(S.D. of 5.58), and 1.94 minutes (S.D. of 1.55) in duration. The majority of PNES patients in this
sample (87.5%, n = 7) reported stress as a trigger for their PNES episodes. Of the participants,
75.0% (n = 6) reported other FND symptoms in addition to PNES. 5 subjects (62.5%) reported
both sensory and cognitive symptoms, 4 reported pain symptoms (50.0%), 3 participants
reported additional positive motor symptoms other than PNES (37.5%), and 1 subject reported
both altered awareness and negative motor symptoms (12.5%). The majority of patients had
been hospitalized as a result of their non-epileptic seizures, and had presented multiple times to
the emergency room, with a mean of 1.63 (S.D. of 1.19) hospitalizations and 10.7 (S.D. of 13.2)
emergency room visits.

B. Tolerability of rTMS

No significant adverse events were observed as a result of rTMS treatment, and no side-effects
were distressing enough for participants to stop treatment. Reported possible side-effects
included headache or migraine (n = 6, 75.0%), vivid/altered dreams (n = 3, 37.5%), fatigue

(n =3, 37.5%), nausea (n = 1, 12.5%), and one participant reported hallucinations (n = 1,
12.5%).
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C. Weekly PNES Count Results

Individual data on weekly seizure counts is seen in Table 3. A notable difference in weekly
seizure frequency was seen in the majority of patients by week two of treatment with rTMS
(mean 2.25 weekly events, S.D. 2.60) (Table 4). By week one post-treatment, mean weekly
PNES counts dropped to 1.75 events per week (S.D. 2.43). Unfortunately, for 3 patients (37.5%)
seizure frequency appeared to increase again slightly towards the 3 months follow up, with a
mean of 2.13 PNES events weekly (S.D 3.56) at 3 months post-treatment. One subject who was
not experiencing seizures at baseline, but who chose to participate in the study due to their long
history of non-epileptic seizures, had an increase in seizure activity during treatment (subject 7).
The frequency of subject 7’s seizures subsequently declined following treatment and this subject
was seizure free at 3-month follow up. Despite the slight increase in seizure activity for some
subjects following completion of treatment, all subjects, with the exception of subject 7,
maintained a reduction in seizure frequency, and 62.5% (n = 5) of participants were seizure free
at 3-month follow up. A graph depicting weekly non-epileptic seizure count over time is shown in
Figure 1.

A repeated measures ANOVA of seizure counts over treatment time course revealed a
significant main effect of weekly PNES count (F749= 3.15, p = 0.008) (Table 4). Post-hoc paired
comparisons for repeated measures showed a significant decrease in seizure frequency from
baseline to week 2 of treatment, baseline to 1 month follow up, and baseline to 3 months follow
up (p = 0.044, p = 0.014, and p = 0.024 for respective pairwise comparisons). A trend-level
reduction in seizure activity was appreciated from baseline to week 3 of treatment, baseline to 1
week post-treatment, and baseline to 2 months follow up (p = 0.083, p = 0.073, and p = 0.088
respectively), as well as from week 1 of treatment to week 3 of treatment, week 1 of treatment to
1 week post-treatment, and week 1 of treatment to 1 month post-treatment (p = 0.078, p =
0.093, and p = 0.089 respectively).

D. Baseline Psychometric Assessment Results

Baseline assessment results under the domains of PTSD/Trauma, Pain Catastrophizing,
Impulsivity, and Education and Cognition are shown in Table 5. Under the PTSD/Trauma
domain mean sample scores on the CTQ were greater than normative values listed by Scher et
al.,*3 while our sample mean on the CDRS was lower than that of a study by Connor et al.®®
These differences indicate a greater childhood trauma burden and decreased resilience in our
sample. Sample means for subscales on the CTQ including emotional abuse (mean of 14 .4,
S.D. of 6.99), emotional neglect (mean 12.4 and S.D. of 5.95), physical abuse (mean 14 and
S.D. of 7.67), physical neglect (mean of 10.4, S.D. of 5.37), and sexual abuse (mean of 10.5,
S.D. of 8.05) were also higher than normative values.** No normative data was available to
compare to sample scores on part 3 of the LEC-5 ‘happened to me’ 5-point scale.

The sample score for the PCS (mean of 32.6 and S.D. of 37.0) corresponded to greater than the
75" percentile of the distribution of PCS scores in clinical samples of patients suffering with
chronic pain, indicating higher levels of pain catastrophizing in our sample.3® Clinically relevant
catastrophizing is indicated on the PCS by a score of 30 or greater. Mean impulsivity as
measured by the BIS was calculated for the sample (mean of 71.3 and S.D. of 8.26) and was
also greater than a community sample of 700 participants ages 15 to 89 years of age,*
indicating higher levels of impulsivity within our sample as well.
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E. Secondary Outcome Psychometric Results

Secondary outcome measures for Mood/Anxiety, Dissociation, Somatization and Related
Topics, and Health are shown in Table 6. Mean baseline scores under the Mood/Anxiety
domain, including BDI-II, SSAI, and STAI were greater than normative means listed by Schulte-
van et al.*> and Knight et al.,*8 indicating higher levels of depression, and anxiety in our sample.
Although all of the mean scores under the Mood/Anxiety domain decreased post-treatment
(indicating improvement) (the sample mean BDI-II score at baseline corresponded to moderate
clinical depression on the BDI-II scale, while the mean BDI-II score post-treatment did not meet
threshold for clinical depression),3! there was no significant change between baseline and post-
treatment means on any of the psychometric tests in this domain.

Our sample mean for dissociation, as measured by the DES, was significantly greater than that
of a study by Ross et al.*? (p= 0.020), who used a Winnipeg cohort to establish normative values
for the DES. These results indicate significantly higher dissociation in our sample. Of particular
interest in our study was the statistically significant decrease in mean DES scores observed
between baseline and post-treatment (p= 0.028), showing a decrease in dissociative symptoms
following treatment.

A significant decrease was also seen between mean baseline and post-treatment SOMS-CD
scores under the domain of Somatization and Related Topics (p= 0.023), indicating a decrease
in conversion symptoms following treatment. Unfortunately, no normative data was available for
comparison to sample means on the SOMS-CD subscale. Baseline and post-treatment means
for TAS were higher than TAS normative values cited by Parker et al.,*” revealing higher levels
of alexithymia in our sample. There was no significant difference found between baseline and
post-treatment means on the TAS for our sample, and this scale only showed a very slight
decrease post-treatment.

Under the domain of Health, the SF-HS baseline and post-treatment sample means were found
to be quite low (indicating poor sample self reported health), both baseline and post-treatment
sample means being less than half of the maximum scaled score on the SF-HS. Although no
significant difference was observed between pre and post-treatment means, the SF-HS was the
only scale to show an increase in mean values from baseline to post-treatment, indicating an
increase in sample self reported health and a decrease in functional disability.

Discussion
TPJ Hypometabolism and Mechanistic Considerations

Consistent with our a priori hypothesis, treatment with rTMS over the right TPJ resulted in a
significant decrease in the weekly frequency of non-epileptic seizures in patients with PNES.
The results of our case series support previous literature findings by Arthuis et al. and Ding et al.
implicating right TPJ hypoactivity, and aberrant TPJ functional alterations as contributing factors
to the pathophysiology of PNES.319:20

In 2015, Arthuis et al. assessed interictal (resting state) cerebral metabolism on sixteen PNES
patients originally thought to have intractable epilepsy. Positron Emission tomography (PET)
scans using 2-deoxy-2-fluoro-D-glucose (18FDG-PET) showed hypometabolism within the right
inferior parietal and central region, and within the anterior cingulate cortex (ACC). The authors of
this study further noted the possible significance of these regions contributing to two pathological
mechanisms of the disorder; that of emotion dysregulation (ACC hypometabolism) and a
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compromise of processes responsible for consciousness of the self and environment (right
parietal hypometabolism). It is interesting that stroke damage to the inferior parietal cortex (IPC)
has also previously been associated with such phenomena as alien hand syndrome,*8 in which
movements are experienced by individuals as being outside of volitional control.'®

Imaging literature on FND has further implicated abnormalities of the right TPJ in the
pathophysiology of positive motor FNDs. Results from an fMRI study published by Voon et al.8 in
2011 showed significant right TPJ hypometabolism and lower functional connectivity between
the right TPJ, sensorimotor cortices, cerebella vermis and limbic regions (ventral anterior
cingulate and right ventral striatum) in 8 patients with conversion tremor compared to voluntary
mimicked tremor.

When the findings of our study are considered in conjunction with Libet’s clock paradigm, an
even greater understanding of the pathophysiology of PNES is illuminated. In 1983, Libet
delineated the difference between motor intention and the movement itself using a scalp
recorded potential (EEG), electromyogram (EMG), and revolving clock to record subjects’
movement and brain activity.*® He had healthy subjects recall the 'clock-position' at the time of
the initial awareness of their intention to move. In his experiment, Libet showed that the intention
to move (W judgment) preceded the actual movement (M judgment) by approximately 200 ms.
In fact, Libet et al. showed (as indicated with a scalp-recorded slow negative potential shift), that
intentional awareness itself was actually preceded by an unconscious initiation of the will (or
volition to move called the Bereitschaftspotential, or the readiness potential, RP). A major
contributing source of the RP has been now localized to the supplementary motor area (SMA).?2
He hypothesized that the 200 ms delay in intention (W judgment) relative to M judgment allowed
for an inhibitory or veto process. The Inferior Parietal Cortex (IPC), as well as the supplementary
motor cortex (SMC) have since been identified as primary regions controlling the W judgment, or
motor intention (IPC being further upstream in the process than SMC).'¢

A recent fMRI study published by Baek et al. in February of this year, 2017, examined motor
intention in 26 patients with FND and 25 healthy controls (HC) using Libet’s clock paradigm.'®
FND patients exhibited significant right inferior parietal lobule (IPL; Brodmann area 40) (IPL is
encompassed by the TPJ; Brodmann area (BA) 39)'® hypometabolism and reduced connectivity
between the right Inferior Parietal Cortex (IPC) and frontal control regions (dorsolateral prefrontal
cortex (dIPFC), and ACC). FND patients also showed a significantly reduced W-M interval
compared with HC. The W-M interval was positively correlated with fMRI blood oxygen level
dependent (BOLD) activity in the bilateral IPL, primary motor/premotor areas, dIPFC and
precuneus, revealing abnormalities in motor intentional awareness underlying functional
movements.

Baek et al.'® further distinguish the role of right IPL (BA 40) from that of the right TPJ (BA 39),
both of which are implicated in impairments of intention using Libet’s clock.%°

IPL has been suggested as the focus of intention in voluntary movements, while the whole of
TPJ may be more of a comparator system, integrating movement prediction and outcome which
gives rise to the feeling of self agency.'® As a result, two alternative mechanisms, or a
combination thereof are conceivable for the correction of right TPJ pathophysiology through
stimulation with rTMS. It is possible that in PNES patients, a delay in the W-M interval
(preventing sufficient time for an inhibitory process to occur in conjunction with the
supplementary motor cortex, (SMC, implicated in motor inhibition)),5" may primarily reflect right
IPL hypoactivity.'® The decrease in non-epileptic seizure frequency with rTMS stimulation over
the right TPJ, may then be viewed as a remedial mechanism which increases right IPL activity,
therefore increasing the W-M interval and allowing patients sufficient time for a veto process.
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Indeed, the opposite effect has been illustrated in a study by Sirigu et al.52 who showed a
decreased W-M interval in individuals with IPC stroke lesions when compared to cerebella
patients and healthy volunteers.®

Another possibility involves more completely the increase in capacity for self agency. As
previously discussed, self agency is the experience that one intends to cause the action that one
performs. This is believed to arise from the comparison of feed forward signals, and actual
sensory feedback from the movement itself.2 Right TPJ; Brodmann area 39, has been identified
in numerous studies as being a seed region in the multisensory integration of this process.?-'°
Hypoactivity in this area (including the IPL) may then result in decreased integration of
movement prediction and sensory feedback, giving rise to a decreased feeling of self agency.
Stimulation with rTMS may simply decrease seizure frequency by correcting for right TPJ
hypoactivity and therefore increasing multisensory integration in this area, allowing for
discrimination of involuntary from voluntary movement, thus providing a greater ability for self
agency. Clearly there is enormous overlap between both mechanisms, and it is impossible to
split hairs without further imaging data, and study in the field.

Along with the above studies which show support for the mechanisms that we propose, we
acknowledge that these hypotheses do not answer the questions of how and why non-epileptic
seizures are initiated, but only serve as an insight into why PNES is experienced as involuntary,
and how it is possible that rTMS may decrease the frequency of non-epileptic seizures.'® Further
study using rTMS targeted to the right TPJ, along with functional MRI correlates, and a larger
sample size are needed for better characterization of the mechanisms behind the
pathophysiology of PNES, and its correction through treatment with rTMS. A study with a control
group is further necessary in order to distinguish these effects from placebo, as suggestibility
and hypnotizability have also been noted as prominent characteristics within this population.'”-%3

Changes in Dissociation and Conversion Symptoms Pre verses Post-treatment

Of further interest in this study were our sample’s significantly elevated dissociation scores, as
well as the significant decrease between baseline and post-treatment mean scores on the DES
and SOMS-CD. Dissociation has been previously implicated in the pathophysiology of PNES in
imaging studies by van der Kruijs et al. assessing abnormal connectivity strength in four global
networks.'”-18 Certainly, an increase in rates of trauma, post-traumatic stress disorder (PSTD),
and dissociation have been reported in patients with PNES throughout the literature,’-5%3-58 and it
would not be suprising if dissociative networks were in some way responsible for triggering an
already lower threshold Bereitschaftspotential (RP). Schurger et al. analyzed data from a Libetus
interruptus task (a variant of Libet’s task) using EEG recordings and a stochastic-decision model
to reproduce the shape and time course of RP.%° They suggested that movements are produced
when the accumulation of ongoing spontaneous fluctuations in neural activity cross a certain
threshold. Baek et al. further speculate that patients with positive motor FNDs may have a
decreased movement threshold and/or increased neuronal subthreshold fluctuations.® Indeed,
van der Kruijs et al. show evidence in their imaging results of increased activity/functional
connectivity in networks involved in dissociation and movement (the precentral sulcus), the
precentral sulcus encompassing a major origin of the Bereitschaftspotential; the SMA. Taken
together, the results of this study support dissociation as a contributing mechanism in the
pathophysiology of PNES.

The change in mean SOMS-CD scores from baseline to post-treatment are also of relevance in

this study as this scale was introduced as a secondary outcome measure to capture aspects of
other FND symptoms as well as PNES. A decrease on this scale post-treatment lends support
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for increased right TPJ activity as a mechanism for the correction of this disorder, since right TPJ
hypoactivity has been considered pathogenic across a large spectrum of FND.8'6 Due to the
significant decrease in both dissociative and conversion symptoms post-treatment, we suggest
these variables be selected for stepwise regression in future studies.

Comorbidities in PNES

Although one cannot fully appreciate the extent of distress and psychopathological comorbidity
present in this sample from the demographic information provided in Table 1, the results of this
study support previously literature findings of high rates of comorbid psychopathology in patients
with PNES. High mean scores on the BDI-Il, SSAI, STAI, DES, CTQ, TAS, SOMS-CD, and BIS
indicate increased depression, anxiety, dissociation, childhood trauma, alexithymia, multiple
conversion symptoms, and increased impulsivity among this sample. While lower scores on the
CDRS, and SF-HS suggest decreased resilience, and decreased health with greater functional
impairment.

It was not surprising that mean results from the CTQ were higher than normative values since,
as mentioned in the previous discussion of dissociation; reports of trauma, PSTD, and
dissociation have been consistently noted among this population.’.533-%8 Roelofs et al. have
noted that childhood maltreatment is a risk factor for FND, and that the magnitiude of adverse
life events predicts severity of illness.® A recent imaging study by Perez et al. has further
demonstrated associations between cingulo-insular structural alterations (previously associated
with PTSD) and psychogenic symptoms, childhood abuse burden, and PTSD symptom severity
in a sample of 23 patients with FND.%¢ An increase in comorbid psychiatric symptoms within our
sample suggests that patients with PNES are at greater risk of psychiatric aliments which further
impact on their psychological and social wellbeing.

Future Analysis

Findings thus far support the case for a larger study with a control arm and fMRI biomarkers.
Furthermore, in consideration of the recent publication by Baek et al.,'® future directions of
investigation into the efficiency of rTMS for PNES should incorporate a pre and post-treatment
Libet’s clock analysis with fMRI in order to more fully appreciate the effect of high-frequency
rTMS to right TPJ on the W-M interval.

Limitations and conclusion

This study is not without limitations. We note that the treatment effect size as well as secondary
outcome measures should be interpreted with caution given the small sample size. In right TPJ
localization, landmarks calibrated for subjects used a weighted average MRI provided by the
Brainsight Neuronavigator system and not the participant’s individual MRI, which would have
allowed for greater precision in localization of target cortical structures. Although an operator
was present at all times to maintain the coil target, patient movement allowed for periodic
changes in coil position. Recruitment for our study was greatly limited by the exclusion of
patients with confirmed or strongly suspected epileptic seizure. Many participants presented with
multiple psychiatric comorbidities, and as such the confounding nature of these conditions
cannot be ruled out. We would like to further emphasize that therapeutic interventions in
psychiatric conditions are inherently confounded by potential placebo effects.® In our case
series there may be a strong expectation bias, perhaps bolstered by the apparent intensity of the
treatment (nearly daily treatments with sophisticated equipment and operators present).
Additionally, there is a potential therapeutic benefit from participants interacting with operators
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delivering the rTMS treatment in a positive, participant-focused setting. A sham control arm
would be of benefit in future study to control for many of these potential confounding effects.

In conclusion, high-frequency rTMS over the right TPJ represents a novel, feasible, and
potentially efficacious treatment for PNES. High frequency rTMS was well tolerated in our patient
sample and could be safely used as treatment for PNES. Our case series lends support to
previous literature findings implicating right TPJ hypoactivity as a contributing factor to the
pathophysiology of PNES.316.1920 This study further suggests that high-frequency stimulation
over the right TPJ may serve as a corrective factor, allowing patients with PNES to regain a
sense of authorship (and control) over their movements.
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Table 1. Demographic and Clinical Data

Krystyna Peterson

EHI/ EBA/ Psychiatric

ID Age® Sex Handedness Education® Employment Diagnosis Medications*

1 56 F Right 10 Disability No other Ibesartan (12.5mg); Diltiazem
psychiatric (660 mg); Cymbalta (60mg);
disorder Rosuvastatin (10mg); Forxiga

(10mg); Jentadueto (2.5mg);
Ibuprofen; Acetaminophen

2 40 M Ambi 12 Disability Panic Disorder, Escitalopram (30mg);

Major **Clonazepam (0.5mg)

Depressive discontinued during rTMS

Disorder treatment; Amitriptyline
(25mg); Zopiclone (7.5mg)

3 46 F Right 15 Disability Hypersomnolence = Topiramate (125 mg); Valproic

Disorder Acid (1250mg); Morphine
(45mg); Pantoprazole (40mg);
Ritalin (10mg); Potassium
(600mg); Lorazepam (0.5mg);
Levothyroxine (0.025mg);
Omega 3 (1200mg); Vitamin D
(1000 IU); Vitamin B12
(100mg)

4 43 F Right 16 Disability Agoraphobia Lamotrigine (150mg);

->M Venlafaxine (300mg);
Risperidone (2mg); Clobazam
(15mg); Ventolin as needed;
5 35 F Right 13 Unemployed Major Depressive Sertraline (100mg); Lorazepam
homemaker Disorder in partial
remission
6 33 F Right 13 Disability Panic Disorder Botox (q4m); Kenalog (q8-
12wk); Imodium (3-4 tabs);
Pepto bismol (capsule);
Robaxacet (1-2 tabs)
7 53 F Right 14 Working part  No other Lamotrigine (150mg); Metformin
time psychiatric (500mg); Jardiance (25mg);
disorder (2.5mg); Losartan (25mg);
Amlodipine (10mg)

8 56 F Right 10 Disability Adjustment Lamotrigine (150mg);

Disorder with Ferasulfate; Flexeril (as

mixed anxiety needed); Clonazepam (as

and depressive needed); Zopiclone (7.5mg);

features **Lamotrigine discontinued
and Venlafaxine started
(37.5mg) after 1mth follow up

Summary  Mean 45.3 75% F 87.5% RH 12.9 75% on N/A N/A
(S.D.9.10) 25%M disability

*Medications are daily doses unless otherwise stated.

2 At baseline.

®10; 10th Grade, 12; 12" Grade, No Diploma, 13; High School Graduate, 14; GED or Equivalent, 15; Some College, No Degree, 16;
Associate Degree: Occupational/Technical/Vocational.
**change in psychopharmacology during treatment or follow up
Abbreviations: EHI, Edinburgh Handedness Inventory; EBA, Educational Background Assessment; ambi, ambidextrous, S.D.; standard
deviation, F; female, M; male, RH; right handed.
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Table 2. Baseline PNES Description

Krystyna Peterson

Duration Frequency Duration Emergency
of PNES of PNES of PNES Hospitalizations Room Visits
ID Age Onset  Diagnosis  Episodes episodes Triggers Other FND for PNES for PNES
1 55 1yr Intermittent, 30 sec- Exercise, balance, Positive motor None 2
2/wk several tapping symptoms,
min Sensory
symptoms,
Cognitive
symptoms
2 38 2.5yrs Intermittent, 2.5 min- Stress, headaches, Sensory 2 None
daily 3hrs dizziness symptoms,
Cognitive
symptoms
3 30 15-16 yrs Intermittent, 2-10 min Noise, heat, Pain None None
2-3/wk compact
fluorescent
lights, stress,
crowded
environments
4 34 1yr Intermittent, 1 min, Stress, not eating, None 3 10-15
1-2/wk aura 5-10 tiredness, activity, (9 by
min, “my past”, fighting ambulance)
after (kids and
effects 1hr parents), life
5 13 15-20 yrs  1-4/day 5-30 min Stress, Positive Motor 1 More than
dehydration, Symptoms, 40, approx.
exhaustion, too Negative 15in last 12
much activity Motor moths
Symptoms,
Sensory
Symptoms,
Cognitive
Symptoms,
Pain,
Altered
awareness
6 23 30 yrs 3/wk 30 sec- 2 “Physical sickness  Positive Motor 2 5
min with a cold etc,” Symptoms,
overtired, trouble Sensory
with stomach Symptoms,
pain or back pain, Cognitive
stress Symptoms,
Pain
7 6 41 yrs Intermittent, 3-20 min Strong perfume, None 2 15
1 every pain fumes,
3 wks stress
8 5 34 yrs Constant, 1 min Stress Sensory 3 11
2-3/wk Symptoms,
Cognitive
Symptoms,
Pain
Mean 255 yrs 17.8 yrs® 4.54/wk? 1.94 min® N/A N/A 1.63 10.7°
(S.D) (17.2) (15.8) (5.58) (1.55) (1.19) (13.2)

2where a range of values was given, the mean of the range of values was used in calculation of the sample mean.
®where a range of values was given, the minimum value listed was used in calculation of the sample mean, as subjects reported that
seizures of longer duration occurred less frequently.
Abbreviations: yrs, years; wk; week; min; minutes; sec, seconds; approx., approximately, S.D.; standard deviation.
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Table 3. Weekly PNES Count

Krystyna Peterson

Weekly Weekly Weekly Weekly Weekly Weekly Weekly
Weekly PNES PNES PNES PNES PNES PNES PNES
PNES Count Count Count Count 1%t Count 1 Count 2 Count 3
Count at Week 1 Week 2 Week 3 Week month month month
ID Baseline of Tx of Tx of Tx Post Tx Post Tx Post Tx Post Tx Side Effects of Tx
1 10 10 5 3 0 3 0 0 Headache
2 9 1 0 0 2 4 4 4 None reported
3 12 5 7 7 3 7 10 10 "Hallucinations" (note:
patient reports that
hallucinations are
not unusual for her);
increased migraine
frequency
4 1 1 0 0 0 0 0 0 Fatigue; "altered
dreams”
5 14 15 2 6 2 5 5 3 Bad headache; fatigue;
"vivid dreams”
6 1 4 0 0 0 0 0 0 "Very vivid dreams";
headache
7 0 3 3 5 7 1 5 0 Fatigue; headache;
nausea
8 4 6 1 3 0 0 0 0 Headache

*Subject 2 received 2 weeks of treatment only, 15t Week Post Tx begins at Week 3 Tx for this subject.

Abbreviations: Tx, treatment.

Figure 1. Seizure frequency from baseline to 3-month follow up

Weekly seizure count starting with pre-treatment week, through 3 weeks of treatment,

and over three month follow up.

16
Weekly seizure
14 count v. Time:
p=0.008
e 12
=] e Subject 1
o . —
° 10 ——— Subject 2
S 8 Subject 3
'q_ug 6 e Subject 4
= ———Subject 5
g 4 ——— Subject 6
= 2 - Subject 7
e Subject 8
0 )
< Pretxwk Txwkl Txwk2 Txwk3 Post-txwk 1mthf/u 2mthf/u 3mth f/u
*note Post-Treatment for Subject 2 begina at Tx wk2
Abbreviations: tx; treatment, wk; week, mth; month, f/u; follow up.
Table 4. Weekly PNES count as a function of time over treatment and follow up
Weekly PNES Count
Week 1 1 mth 2 mth 3 mth Weekly
Baseline  Week 1 Week 2 Week 3 Post Tx Post Tx  Post Tx  Post Tx PNES
Mean TxMean TxMean Tx Mean Mean Mean Mean Mean Count v.
n (S.D) (S.D.) (S.D.) (S.D.) (S.D.) (S.D.) (S.D.) (S.D.) F-Ratio df Time: p
6.38 5.63 2.25 3.00 1.75 2.50 3.00 2.13
8 (5.53) (4.78) (2.60) (2.43) (2.43) (2.67) (3.66) (3.56) 3.15 7 0.008

Abbreviations: Tx, treatment, mth; month
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Transcranial Magnetic Stimulation in the treatment Krystyna Peterson
of non-epileptic seizures: A Case Series

Table 5. Baseline Psychometric Results

PTSD/Trauma Pain Catastrophizing Impulsivity Education and Cognition
ID CcTQ CDRS LEC-5 PCS BIS MoCA WRAT-3
1 63 53 15 18 72 26 29
2 70 33 78 43 75 24 25
3 42 78 4 117 55 27 35
4 58 21 55 7 80 27 34
5 86 73 55 30 78 26 35
6 34 65 5 9 76 24 34
7 26 87 9 2 64 25 39
8 114 49 80 35 70 26 30
Mean 61.4 57.4 37.6 326 713 25.6 32.6
(s.D) (28.9) (22.7) (32.9) (37.0) (8.26) (1.19) (4.37)
Range 26-114 21-87 4-80 2-117 55-80 24-27 25-39
Population
Mean (S.D) 31.7(10.3) 80.4 (12.8)° N/A 20.9(12.5)° 64.2(10.7)¢ 23.4(4) N/A
N 971 577 851 700 2653

Abbreviations: CTQ, Childhood Trauma Questionnaire; CDRS, Connor-Davidson Resilience Scale; LEC-5, Part 3 of Life Events
Checklist for DSM-5, PCS; Pain Catastrophizing Scale; BIS, Barratt Impulsivity Scale (Version 11); MoCA, Montreal Cognitive
Assessment; the WRAT-3, Wide Range Achievement Test-3, S.D.; standard deviation.

aScher et al.*®

®Connor et al.®®

°Sullivan et al.* (study sample used an injured worker cohort through Workers Compensation Board).

dSpinella.*

°Rossetti et al.®

Table 6. Baseline verses Post-Treatment Psychometric Results

Baseline v. Post

Population Mean Baseline Post Tx Tx Psychometric
Psychometric Test (S.D.)N Mean (S.D.) Mean (S.D.) Test Results: p’
Mood/Anxiety BDI-lI 3.74(4.74) 26.0 (14.97) 15.1 (9.80) 0.17
1295
SSAI 35.0 (8.58)" 46.0 (15.1) 39.1 (11.31) 0.30
1141
STAI 31.9 (8.18)" 50.3 (11.0) 48.1 (9.56) 0.55
1120
Dissociation DES 10.8 (10.2)° 33.3(21.2) 26.0 (16.22) 0.028*
1055
Somatization and SOMS-CD N/A 14.0 (10.0) 8.38 (7.01) 0.023*
Related Topics TAS 45.57(11.35)¢ 55.0 (14.8) 50.5 (14.1) 0.28
1933
Health SF-HS N/A 38.5 (17.2) 43.5 (17.2) 0.28

"results from separate two-tailed paired t-tests

*p<0.05

Abbreviations: Post Tx; Post Treatment, S.D.; standard deviation, Pop.; population, BDI-II; Beck Depression Inventory-Il, SSAI;
Spielberger State Anxiety Inventory, STAI; Spielberger Trait Anxiety Inventory, DES; Dissociative Experience Scale, SOMS-CD;
Conversion Disorder Subscale from Screening for Somatoform Symptoms (SOMS-7), TAS; Toronto Alexithymia Scale 20, SF-HS;
RAND SF-36v1 Health Survey.

aSchulte-van Maaren et al.*®

®Knight et al.*®

°Ross.*?

dParker et al.*’
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