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RESEARCH ARTICLE
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Abstract

Background and Objectives

Although moderate and severe traumatic brain injury (TBI) can
cause posttraumatic epilepsy (PTE), many patients with functional
seizures (FS) also report a history of mild TBL. To determine
whether features of TBI history differ between patients with epi-
leptic seizures (ES) and FS, we compared patient reports of TBI
severity, symptoms, and causes of injury.

Methods
We recruited patients undergoing video-EEG evaluation for the diagnosis of ES, FS, mixed ES
and FS, or physiologic seizure-like events at an academic, tertiary referral center. Patients and
their caregivers were interviewed before final video-EEG diagnosis regarding their TBI histo-
ries, including concussive symptoms and causes of injury.

Results

Of 506 patients, a greater percentage of patients with FS reported a history of TBI than patients
with ES (70% vs 59%, aOR = 1.75 [95% CI: 1.00-3.05], p = 0.047). TBI with loss of con-
sciousness (LOC) lasting less than 30 minutes was more frequently reported among patients with
FS than with ES (27% vs 13%, aOR = 2.38 [1.26-4.47], p < 0.01). The proportion of patients
reporting other neurologic symptoms immediately after TBI was not significantly different be-
tween FS and ES (40% vs 29%, p = 0.08). Causes of TBI were found to differ, with TBIs caused by
falls from a height (17% vs 10%, aOR = 2.24 [1.06-4.70], p = 0.03) or motor vehicle collisions
(27% vs 11%, aOR = 2.96 [1.54-5.67], p < 0.01) reported more frequently in FS than ES.

Discussion

Our findings further the association of mild TBI with FS and prompt reconsideration of typical
assumptions regarding the significance of a reported TBI history in patients with previously
undifferentiated seizures. Although common in both groups, TBI with LOC less than 30
minutes and causes of injury that are commonly believed to be more severe were reported more
frequently in FS than ES. This suggests that a patient or caregiver reporting of these features
does not imply that PTE is a more probable diagnosis than FS. Although a history of TBI with
LOC and presumed high-risk causes of injury intuitively raises suspicion for PTE, clinicians
should be cautioned that these historical factors also were a frequent finding in patients with FS.
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Up to 30% of patients admitted for video-electroencephalographic
(VEEG) monitoring were diagnosed with functional seizures,’
otherwise known as psychogenic nonepileptic or dissociative
seizures.”> While epileptic seizures (ES) occur from electro-
physiologic abnormalities, the pathophysiologic basis of FS in-
volves alterations in motor and emotion-processing networks
within the brain.* FS can present with involuntary dissociation and
motor activity that may appear similar to an ES. Factors associ-
ated with FS include comorbid medical and psychiatric disease,
female sex, and psychological stressors, including a history of
abuse’ The treatment of FS includes cognitive behavioral in-
formed therapy.”® Delays to diagnosis and treatment are associ-
ated with worse prognosis.” Therefore, a timely diagnostic
distinction between functional and ES is paramount to improve
outcomes.

Traumatic brain injury (TBI) is a common cause of new-
onset epilepsy in adults. However, mild TBI is also associated
with FS and other functional neurologic disorders."** Most
TBIs in patients with FS are mild, as defined by the classi-
fication scheme for TBI by Annegers et al.,"> which defines
“mild” as a head injury resulting in limited neurologic sequela
such as dizziness, nausea, amnesia, or loss of consciousness
(LOC) lasting less than 30 minutes.'® By contrast, LOC
greater than 30 minutes, skull fractures, and intracranial
hematomas/contusions are defined as moderate or severe
using this classification method. Prior investigations have
found that patients with FS may attribute head trauma as the
underlying cause of their seizures.'”'® Investigations of
military veterans, an enriched population for the occurrence
of TBI, likewise demonstrated that mild TBI had greater
associations with FS, whereas moderate or severe TBI car-
ried a greater association with epilepsy.'® High-risk causes of
injury such as motor vehicle collisions (MVCs) and falls
from a height'” were more likely to (but do not necessarily)
cause severe TBI, resulting in structural damage and post-
traumatic epilepsy (PTE).'®"?

In this investigation, we evaluated whether specific patient-
reported features of TBI could differentiate between epileptic
and FS in a sample of patients admitted to a vVEEG monitoring
unit. We hypothesized that features associated with greater
severity TBI—including LOC and high-velocity causes—
would suggest PTE. By contrast, we hypothesized that mild
TBIs, less injurious causes, and symptoms of postconcussive
syndrome may be more associated with FS.

Methods

We investigated all patients admitted to the UCLA adult vVEEG
monitoring unit from May 2015 to March 2020. We required
that diagnostic certainty meets the International League Against
Epilepsy (ILAE) criteria for “documented” and used expert
clinical assessment that integrated clinical history, physical ex-
amination, ictal and interictal vVEEG, and neuroimaging.20 We
placed patients into one of 5 mutually exclusive categories: FS,
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physiologic seizure-like events (PSLEs), ES, mixed seizures,
and inconclusive monitoring. PSLE was defined as events
caused by identifiable physiologic factors including syn-
cope, movement disorders, migraine with aura, dementia,
and tremors. Mixed seizures referred to patients displaying
comorbid FS and ES and represent an understudied sub-
group.21 Inconclusive monitoring was determined when
patients did not experience all typical seizure types during
monitoring and did not qualify for “documented” di-
agnostic certainty; inclusion of these patients reduces se-
lection bias and improves modeling of confounding
variables (e.g., age and sex) while not otherwise affecting
conclusions regarding other diagnostic categories. When
patients with inconclusive monitoring were readmitted for
vEEG and met ILAE criteria for documented diagnostic
certainty, we updated the categorization.

Standard Protocol Approvals, Registrations,
and Patient Consents

Patients were prospectively recruited and consented for in-
clusion at the time of the first vVEEG admission. The UCLA
Institutional Review Board (IORG0005364-IRB#00006450)
approved this investigation before patient recruitment. All
patients provided written consent for participation, in-
cluding the use of their records in research, and the in-
vestigation was accordance with the
Declaration of Helsinki.

conducted in

Standardized Interview

All data on TBI were acquired using standardized, in-person
interviews conducted with trained research assistants or a
neurology resident. Interviews were conducted within 48
hours of VEEG admission. Aside from age and sex, inter-
viewers were blinded to the patients’ medical records and
evaluation, including results of vEEG monitoring. Although
all patients were admitted to the adult vVEEG unit, 3 patients
were younger than 18 years (15, 17, and 17 years). Analysis
of other portions of this interview has been published
elsewhere %2*2*

During patient interviews, we inquired about head injuries
with open-ended questions. Based on patient/caregiver de-
scriptions of head trauma, we graded severity using stan-
dardized definitions. Concussion was identified in cases of
any immediate neurologic symptom or LOC, according to
the American Academy of Neurology guidelines definition of
concussion.”® Mild TBI and concussion were defined as
equivalent. LOC was further specified based on the Veterans
Health Administration grading system of less than 30 mi-
nutes, between 30 minutes and 24 hours, or greater than 24
hours, with the latter inclusive of sedation used to maintain
LOC because of the severity of the injury.26 When patients
did not know the exact duration of LOC, we used external
cues to estimate the duration. If a patient regained con-
sciousness before ambulance arrival, the duration of LOC
was presumed to be less than 30 minutes. When patients
regained awareness in the emergency department, a duration
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of 30 minutes to 24 hours was presumed. When patients
reported regained awareness after multiple days, we esti-
mated LOC greater than 24 hours. We also asked whether
patients were informed of any objective trauma-associated
brain injuries on neuroimaging. When the head injury was a
consequence of a seizure that involved LOC (e.g., tonic-
clonic seizure with a fall), we did not assess the duration or
presence of LOC because we would be unable to distinguish
LOC caused by the seizure or TBL

To further delineate severity, we inquired about the cause of
injury including fall from a standing height, fall from a height
above standing, MVC, sports-induced, or violent trauma. We
asked patients about symptoms persisting beyond 1 week
after TBI to suggest postconcussive syndrome.”” If patients
had multiple TBIs of varying severity, each severity was
recorded, resulting in, for example, some patients having a
history of TBI with both less than 30 minutes and greater
than 24 hours of LOC.

We also posed the open-ended question: “What was going on
in your life around when your seizures started?” When pa-
tients attributed their seizures to a particular head injury or
reported a head injury occurring within a year of seizure
onset, we coded the head injury as precipitating seizure
disorder onset. When considering the seizure disorder onset,
we excluded early seizures occurring within 7 days of injury
because these are less associated with the development of
epilepsy.'® Precise duration of time between TBI and onset
of seizures was not otherwise determined. Patients were also
asked whether they had ever received a diagnosis of de-
pression, anxiety disorder, or posttraumatic stress disorder
(PTSD) from a medical professional. Consistent with a
typical neurologic interview, these reported psychiatric
conditions were not separately confirmed using formal psy-
chiatric interview or questionnaires. The remainder of the
interview inquired about other factors related to FS and ES
including psychological trauma (see Supplemental Material,
links.Iww.com/CPJ/A375).

Assessed Variables

Extracted variables used in both descriptive statistics and
individual-level statistics encompassed sex, age, reported
lifetime TBI, reported TBI precipitating seizures, LOC from
reported TBI, duration of LOC from TBI (<30, >30 minutes
to 24, >24 hours or coma), other neurologic symptoms from
TBI (concussion symptoms), prolonged post-TBI symp-
toms, complex TBI (skull fracture or imaging abnormality),
causes of TBI (fall from the ground level, elevated fall, MVC,
sports-induced, or violent trauma), reported psychiatric di-
agnoses (depression, anxiety disorder, or PTSD), physical
abuse, and military service.

Statistical Modeling

We analyzed the clinical information about head injuries using
both population-level descriptive statistics and individual-level
inferential statistics. Analyses were performed in MATLAB

Neurology.org/CP
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(R2021a). Descriptive statistics were performed to assess the
association between a specific feature of head injury and a
particular seizure etiology at a population level. By contrast,
inferential statistics were performed to assess how in-
formative features of head injuries are for predicting FS
compared with ES (see Supplement for modeling equations,
links.lww.com/CPJ/A375). We controlled for patient sex
and age in all analyses.

Descriptive analyses were first completed assessing for
main effects without interaction terms, then repeated while
separately assessing for interactions with sex and psychi-
atric diagnoses. Unless otherwise specified, descriptive
comparisons were made in reference to ES using indicator
terms. The cutoff p-value for statistical significance was set
at 0.0S.

For individual-level inferential statistics, we used multivariate
logistic regression to interpret whether the contribution of each
individual historical factor was conditionally independent of
other studied factors. After fitting the full model, we re-
cursively removed the single feature with the least significant
Wald statistic until all variables had Wald p < 0.1, also known
as recursive feature elimination (RFE) or backward selec-
tion.”® This data-driven feature selection was performed to
generate a succinct model of the features of TBI that had an
association with FS or ES, controlling for confounds for
which we had suflicient data. We trained our model on pa-
tients with either FS alone or ES alone and assessed per-
formance using leave-one-out cross-validation. Instead of
reporting positive and negative predictive values, we report
the predictive value of ES (compared with FS) because our
sample lacks negative controls. When patients reported
multiple TBIs of differing severity, those patients were in-
cluded in analyses of both levels of severity. This matches
logistic regression’s assumption of conditional independence,
which evaluates the influence of each finding when all others
are kept constant. For patients reporting both mild and severe
TBIs, their risk of ES was estimated based on the sum of the log
odds associated with mild TBI and log odds associated with
severe TBL

Data Availability

Deidentified raw data, code, and relevant standardized
interview coding forms will be made available at Seizur-
eDisorderCenterResearchGroup.org at the time of pub-
lication and will be maintained for the following one year.
Additional documentation or information is available
by request.

Results

Of 506 patients consented for inclusion, 81 were categorized
as FS, 260 as ES, 19 as mixed seizures, 20 as PSLE, and 126 as
inconclusive testing (Figure 1). There were no missing data
points for any of the included variables.
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Figure 1 Patient Enrollment and Categorization

Patients admitted
to EMU
(N = 570)
Patients Not
consented interviewed
(n =506) (n=64)
l During enrollment, 570 patients were
Completed admitted for video-EEG monitoring
interview for diagnostic workup or presurgical
planning. Of these, 506 patients con-
| sented and participated in the study.
| | | | The remainder of patients declined
7 o = - - enrollment or were not enrolled be-
F:;Zﬂ?g:' Eg;zﬁgg sg/ilze;ceis seizi?zslliinlaog\l/cents Inconclusive cause of limitations in interviewer
- - _ o (n=126) availability. All patients who con-
(n=81) (n = 260) (n=19 (n=20) sented completed the full interview.

Population-Level Differences

Patients with FS were older than patients with ES (mean 40.9
years vs 37.1 years, = 4.13 [0.43-7.84], p = 0.03) and were
more likely to be female (75% vs 50%, aOR = 3.19
[1.78-5.50], p < 0.01, eTable 1, links.Iww.com/CP]J/A375).
Patients with inconclusive testing were more likely to be
older (mean 42.6 years, = 5.94 [2.79-9.11], p < 0.01) and
female (70%, aOR = 3.73 [1.20-11.55], p < 0.01) than pa-
tients diagnosed with epilepsy. Compared with patients with
epilepsy, patients with mixed seizures were more likely to be
female (79%, aOR = 3.73 [1.20-11.55], p = 0.02).

There was no significant difference between males and fe-
males in reporting a history of TBI (67% of males vs $9% of
females, p = 0.09). Men were more likely than women to
report a history of TBI as a precipitating cause of their sei-
zures (20.4% vs 12.8%, OR = 1.74 [95% CI 1.07-2.81],
Fisher exact p = 0.03) and to report a history of TBI from
sports participation (17.4% vs 7.2%, OR = 2.70 [95% CI
1.53-4.76], Fisher exact p < 0.01). Other features of TBI
history did not significantly differ between sexes.

More patients with ES reported a history of TBI compared
with patients with ES (FS: 70%, ES: 59%, aOR = 1.7
[1.00-3.05], p = 0.047, Figure 2). Patients with FS or mixed
seizures were not more likely to have a TBI precipitating
seizure onset compared with patients with ES (FS: 19%, ES:
15%, p = 0.36; mixed: 26%, p = 0.07, respectively).

We next assessed the relationships between severity of TBI
and type of seizure (Figure 3). Patients with FS were more
likely to report LOC after TBI than patients with ES (46% vs
25%, aOR = 2.54 [1.48-4.34] p < 0.01). This remained
significant when controlling for TBI precipitating seizure
onset, which was measured including the onset of seizures
within one year from TBI. When asked about duration of LOC,
27% of patients with FS reported LOC less than 30 minutes
while 13% of patients with ES reported this (aOR = 2.38
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[1.26-4.47], p < 0.01). There was no significant difference in
reported LOC between 30 min to 24 hours, more than 24 hours,
and in reporting coma between patients with FS and ES; this
remained nonsignificant when considering coma or LOC greater
than 30 minutes as one category (FS: 4.9%, ES: 8.5%, p = 0.32).
However, the absolute number of patients reporting prolonged
LOC was small in each group. The difference in the rate of
immediate post-TBI concussive symptoms (i.e., confusion, am-
nesia, nausea, and/or dizziness) not including LOC in FS
compared with ES was not statistically significant (40% vs 28%,
p = 0.08). There was no significant difference in reporting per-
sistent symptoms consistent with postconcussive syndrome
(FS: 7.4% vs ES: 3.8%, p = 027).

Figure 2 Rates of Reported History of Traumatic Brain
Injury (TBI) and Perceived Attribution of TBl as a
Cause of Seizures

I Functional seizures
90 [ Epileptic seizures
* [ Mixed seizures
[l Physiologic seizure-like events
—
S [ Inconclusive
oo
c
‘» 50
—_
o
k]
c
w
10F

History of TBI Perceived attribution of TBI

Standard error bars are displayed. Significant differences are denoted with
asterisks. Patients diagnosed with functional seizures demonstrated sig-
nificantly higher rates of TBI history compared with patients with epileptic
seizures. Perceived attribution of TBI as a cause of seizures was defined as
either an occurrence of TBI within one year preceding the onset of seizures
or alternatively patients endorsing that their head trauma was the cause of
their seizures. There was no significant difference between seizure types in
rates of perceived attribution of TBI as the cause of seizures.
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Figure 3 Rates of TBI Sequelae Between Patients With Functional Seizures and Patients With Epileptic Seizures

50

40

Endorsing (%)
8

N
o

10

LOC from LOC <30 LOC >30 Concussion
TBI minutes minutes
or coma

Postconcussive
syndrome

[l Functional seizures

[ Epileptic seizures

Asterisks denote significant differences. Standard error bars
are shown. Patients with functional seizures were signifi-
cantly more likely to report a history of TBI causing loss of
consciousness (LOC) than patients with epileptic seizures. On
separating this into duration of LOC, we found that patients
with functional seizures were significantly more likely to re-
port TBI with resulting LOC occurring less than 30 minutes,
whereas there was no significant difference in the rates of
LOC lasting greater than 30 minutes or producing coma.
There was no significant difference between rates of TBI
producing symptoms of concussion and postconcussive
syndrome. TBI = traumatic brain injury.

There was a higher frequency of reported TBI from falls above
the standing level in patients with FS than ES (17% vs 10%, aOR
=2.24[1.06-4.70], p = 0.03). Patients with FS were more likely
to report a TBI occurring because of MVC (27% vs 11%, aOR =
2.96 [1.54-5.67], p < 0.01) than patients with ES. This was not
explained solely by higher rates of TBI in the FS group, as
demonstrated by isolating rates among only patients who
reported a past occurrence of TBI (Figure 4). By contrast, there
was no significant difference between FS and ES in the number
of participants who reported a traumatic fall from a standing
height or lower (FS: 21% vs ES: 23%, p = 0.64) or TBI from
violent trauma (FS: 14% vs ES: 8.5%, p = 0.13), despite physical
abuse being more common in FS (FS: 35% vs ES: 18%, aOR =
2,02 [1.14-3.58], p = 0.02).

We also investigated relationships between VEEG diagnosis
and reported psychiatric diagnosis. As also found in previous
investigations,'® patients with FS were significantly more
likely than patients with ES to report having PTSD (15% vs
5%, aOR = 2.97 [1.26-6.93], p = 0.01); this also was more
prevalent in patients with mixed seizure types (21%, aOR =
4.65 [1.32-16.32], p = 0.02 vs ES). Patients reported a his-
tory of depression more commonly in both FS (41%) and
mixed seizures (53%) than in epilepsy (20%, aOR = 2.45
[1.41-4.24], p < 0.01 and aOR = 4.19 [1.60-10.96], p < 0.01,
respectively). Reported anxiety disorders were also more
common in FS (42%) and PSLE (42%) than in epilepsy
(18%, aOR = 3.72 [2.10-6.58], p < 0.01 and aOR = 3.09
[1.13-8.46], p = 0.03, respectively).

We assessed for 2-way interactions between sex, psychiatric
diagnoses, and seizure diagnosis with reported TBI history. A
patient-reported history of PTSD, TBI because of a fall from a

Neurology.org/CP
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standing height, and diagnosis of FS displayed a significant
interaction where the likelihood of FS was higher than
expected in patients with both PTSD and TBI because of a

Figure 4 Comparisons of TBI Causes of Injury Between
Patients With Epileptic Seizures and Functional

Seizures
[l Functional seizures
50 [ Epileptic seizures
*
s
= *
2 30t —
Y
o
(O]
%)
S
©
v}
10F
Fall from Fall from MvC Trauma Sports
standing elevated injury
height height

Displayed values are the percentage of patients endorsing a cause of injury
among patients with a history of TBI. Significant differences are indicated
with an asterisk. Error bars denote standard error. Patients with functional
seizures had significantly greater rates of TBI due to motor vehicle collisions
(MVC) compared with patients with epileptic seizures. Similarly, patients
with functional seizures reported higher rates of TBI from a fall from height
above the standing level. There was no difference in rates of TBI from falls at
a standing height, violent trauma, and sports-associated injury. TBI = trau-
matic brain injury.
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fall from a standing height, compared with the combined
effect from each of these associations (aOR = 7.63
[1.34-43.19], p = 0.02). However, other causes of injury and
features of TBI, including duration of LOC, did not show a
significant interaction. There was a significant interaction
between anxiety and FS in predicting a history of TBI (aOR
= 2.37 [1.04-5.41], p = 0.04) and concussion with and
without LOC (aOR = 2.44 [1.21-4.93] p = 0.01), where the
combination of anxiety and FS made a history of TBI and
concussion more likely than expected based on the combi-
nation of the individual associations. Patients with both de-
pression and FS displayed higher rates of persistent
postconcussive symptoms (aOR =4.59 [1.34-15.7], p = 0.02
and aOR = 4.68 [1.27-17.20], p = 0.02), but a significant
interaction demonstrated that the effects of each were not
additive (aOR = 0.05 [0.01-0.67], p = 0.03).

Individual-Level Statistics

We created a multivariate logistic regression model with RFE
selection for differentiating FS from ES using features of
reported TBI history. This model is summarized in Table 1 (see
eTable 2 for the pre-RFE model, links.lww.com/CPJ/A375).
While the area under the receiver-operating characteristic curve
was 71% (95% CI: 63-77%), the individual prediction of either
FS or ES had a sensitivity of 99.5% and a specificity of 1.3%
compared with gold standard vVEEG documented diagnosis.29

This suggests that the individual-level inferences did not
differ significantly from the naive prediction that all pa-
tients had ES. Despite lack of inferential ability, the RFE
model accounted for a significant amount of variance in the
likelihood of FS compared with ES (RFE model residual
deviance 268 with df = 12, null deviance 352, p < 1071%).
The pre-RFE model also accounted for a significant amount
of variance (pre-RFE deviance 236 with df = 43, p < 1077),
but did not account for significantly more variance than the
RFE model (deviance difference of 32, df = 31, p = 0.59).

Discussion

PTE is a well-known complication of TBL'> However, the
relationship between TBI and FS is less often recognized by
patients and clinicians. In our prospective investigation of
patients admitted for video-EEG monitoring for the evalu-
ation of seizures, a majority of patients reported a history of
TBI, regardless of their final diagnosis. The prevalence of
TBI in the general population is estimated as approximately
12%.%° By contrast, 70% of patients with FS reported a his-
tory of TBI while 59% of patients diagnosed with ES
reported prior TBI. Our results extend prior retrospective
chart reviews of nonmilitary patients'>*"** and prospective
studies of veterans,'”'%** which likewise report high rates of

Table 1 Multivariate Logistic Regression Model for Differentiation Between Functional Seizures and Epileptic Seizures

OR 95% ClI P
Age (y) 0.98 0.96-1.00 0.02
Depression 0.40 0.21-0.78 0.01
PTSD 0.56 0.29-1.08 0.09
History of TBI 8.0 2.3-27.6 <0.01
TBI with LOC 0.12 0.04-0.34 <0.01
LOC >30 min 6.7 1.6-28.3 0.01
Fall from above the standing level 0.33 0.13-0.84 0.02

Interactions with female sex
History of TBI 0.17 0.05-0.52 <0.01
LOC <30 min 7.1 1.9-26.6 <0.01
Coma 6.8 0.7-67.2 0.10
MVC TBI 0.14 0.05-0.45 <0.01
Trauma/violence TBI 0.28 0.07-1.10 0.07
Sports TBI 0.28 0.07-1.17 0.08

Abbreviations: ES = epileptic seizure; FS = functional seizure; LOC = |loss of consciousness; MVC = motor vehicle collision; PTSD = posttraumatic stress disorder;
TBI = traumatic brain injury.

The variables displayed are those remaining after recursive feature elimination. Odds ratios (ORs) less than 1 signify predictive of FS, whereas OR higher than
1 signifies predictive of ES when controlling for the other variables in the model. When multiple variables are present, odds ratios multiply (e.g., a woman of an
average age with a TBI with LOC <30 min: baseline female odds x 8.0 [main effect of a history of TBI] x 0.17 [interaction of female sex with a reported history of
TBI] x 0.12 [main effect of TBI with LOC] x 7.1 [interaction of female sex with reported TBI with LOC <30 min]).The model demonstrated poor specificity for
differentiating between FS and ES, signifying that studied features of TBI cannot be used to distinguish between seizure types alone.
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TBI in patients with ES, by assessing which features of
patient-reported TBI carry increased association with FS.
Patients with FS were more likely to report TBI with LOC,
including nearly twice as many patients with FS reporting
LOC lasting less than 30 minutes than patients with ES. The
presence of this immediate sequela of TBI was more pre-
dictive of FS than other reported neurologic symptoms in-
cluding amnesia, confusion, nausea, and dizziness. Although
these features are all compatible with mild TBI, the impor-
tance of brief LOC has not been previously emphasized. We
also assessed the association between causes of reported TBI
and eventual seizure diagnosis. Our finding that patients’
reported TBIs from elevated falls and MVCs had greater
association with FS than ES is unexpected because clinicians
may suspect that these apparently more severe causes would
portend greater risk of PTE than FS.

Although associations between mild TBI and FS have been
demonstrated previously,'®'* this investigation directly
contrasts reports of TBI between seizure diagnoses in a ci-
vilian population. In military and other populations with a
higher prevalence of severe TBI, there is a strong association
between epilepsy and head trauma.>*>° In these data sets,
the risk of PTE substantially increases with the severity of
injury.33”35 In our civilian population, it was rare for patients
to report severe TBI; therefore, this prospective sample did
not reproduce this association. We previously replicated the
association of severe TBI with epilepsy as compared with FS
in a larger retrospective evaluation, although details on the
severity of head trauma were inconsistently available in chart
review.® Our findings on seizure attribution differ from
studies of veteran populations, where patients frequently
attributed TBI as the cause of both epilepsy and FS.'® This
may represent reduced awareness of TBI as a precipitating
factor of seizures among nonmilitary patients. Alternatively,
this may be because of higher rates of comorbid PTSD and
service-associated injuries in military populations, which may
result in these injuries carrying particularly high salience for
patients with FS.

There are several considerations for explaining the associ-
ation between TBI and FS. Prior investigations have the-
orized that patients with FS may experience heightened
sensitivity or vigilance to physical symptoms occurring
from injury,'®**3® with injuries of a similar magnitude
holding greater salience for patients predisposed to de-
veloping FS. When searching for a possible explanation for
FS, a past injury may then be recalled and considered a
causal event. Supporting this, a prior investigation of vet-
erans found that patients with FS reported a greater
number of TBIs than patients with ES, despite similar
combat exposure history.'® Patients with FS had an ele-
vated hypochondriasis subscore on the Minnesota Multi-
phasic Personality Inventory-2, which can signify a
propensity toward somatic complaints including height-
ened sensitivity to injury.>”*®* However, this hypothesis
was not supported by our data, where we did not find a
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difference in attribution of seizure cause between patients
with FS and ES. Overall attribution of seizures to TBI was
low across patient groups. We also did not observe an
increased rate of TBI without LOC, as might be expected
with over-reporting of minor head trauma or mis-
attribution of head injury in patients with FS. Instead, we
found that patients with FS reported a higher incidence of
TBI with LOC. Given the degree of trauma needed to
sustain LOC, this finding suggests that recall bias alone
may not drive the difference in reported TBIs between
these 2 patient groups. It is possible that some reported
LOC after TBI could be due to a dissociative phenomenon
immediately after an acute injury and, thus, distinct from
LOC induced by structural damage. It is uncertain whether
this is a potential contributor to reported rates of LOC
after TBL

Another possibility explaining the association between TBI
and FS is that head injury itself may increase risk of de-
veloping FS in susceptible patients. This is supported by
investigations linking TBI to other functional neurologic
disorders.'**>*® Popkirov et al.*' theorized the possibility of
dissociogenic lesions that increase risk of functional experi-
ences, including FS. Other research has shown that patients
with FS are more likely to have experienced a severe head
trauma compared with patients with idiopathic generalized
(nontraumatic) epilepsy.** In addition to being physical
stressors, TBIs may also act as a general psychological
stressor that increases risk of FS. Thus, the well-replicated
link between head injury and FS may be related to the stress
response to trauma, heightened recall of traumatic events,

and possible direct adverse effects of head injury in at-risk
individuals.***

However, it is also worth considering if our results may be
driven by our sample of patients admitted to an academic,
tertiary referral vVEEG monitoring unit. A history of TBI in
a patient with clinical features otherwise fully consistent
with probable FS may drive referrals for vEEG monitoring
to establish a diagnosis. If so, our sample of patients with
FS may be enriched for a reported history of TBI. Features
of TBI that we found were associated with ES, such as LOC
and high-velocity causes of injury, may further influence
referral patterns. However, in arecent evaluation of factors
that contributed to time to VEEG monitoring in this data
set, a history of TBI was not associated with time to referral
for S, but it was associated with longer time to vEEG in
patients with epilepsy.”* Despite delays in referral, pa-
tients with suspected PTE also may be more likely to be
referred to VEEG because of hypothesized surgical
candidacy.***¢

We additionally considered what role psychiatric diagnoses
may have in the relationship between FS and TBI. Salinsky
et al.'! showed a synergistic relationship between TBI and
PTSD in veterans. In our investigation, civilian patients with
FS were more likely to report a history of psychiatric
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diagnoses and patients with both TBI and psychiatric
comorbidities were more likely to have FS. These findings
may reflect comorbidities that predispose individuals to
develop FS after TBI, or alternatively, forms of head trauma
may increase risk of both FS and psychiatric disease. Dis-
tinguishing these possibilities is difficult without establishing
temporality. We are further limited by differences in patient
report vs confirmed diagnoses through chart history, with
patients under-reporting psychiatric disease.*”** Although
both FS and psychiatric disease are more common in
women, we did not find that sex modified the relationship
between reported TBI and seizure diagnosis.

Our findings hold particular relevance for neurologists
performing the initial evaluation of patients presenting with
seizures. The evaluation of most patients with seizures is
dependent on patient-reported or caregiver-reported his-
torical factors, including descriptions of ictal behavior,
frequency, duration, and precipitating factors, in conjunc-
tion with physical examination, neurophysiologic testing,
and neuroimaging.m’49 While inquiring about TBI remains
important, our results may signify that clinicians should not
be overly swayed to diagnose epilepsy when a patient re-
ports a history of TBI with LOC. This holds particularly
true when LOC was estimated to be less than 30 minutes in
duration. Similarly, causes of head injury that are putatively
more severe, such as from a MVC or a fall from a height, did
not suggest that epilepsy is more likely than FS. Even when
patients report a history of head trauma with LOC, clini-
cians may continue to consider the possibility of FS or
mixed FS with ES if suggested by other historical or ob-
jective clinical data.

These results should be interpreted with consideration of
limitations. Although interviews were conducted before fi-
nal diagnosis and interviewers were blinded to the inpatient
workup, reports of TBI and sequelae were dependent on the
patient or caregiver report rather than assessment at the
time of injury. While this prevented us from verifying de-
tails, this level of evidence resembles the usual limitations in
clinical practice. We included all patients admitted for
video-EEG monitoring and were agnostic to suspected
etiology of seizures (i.e., genetic vs acquired). Thus, our
sample did not consist solely of patients with suspected
PTE; comparisons of TBI characteristics between patients
with ES and ES may differ in a sample consisting solely of
patients with suspected PTE. Although we used a stan-
dardized interview process, we did not use a previously
validated scale such as the Patient Seizure Etiology Ques-
tionnaire (PSEQ) because of patient enrollment preceding
publication of the PSEQ.*° Each individual item of the
PSEQ_was represented in our standardized interview, al-
though coded as yes/no rather than using a Likert scale.
Finally, our interviews did not measure the precise duration
of time between events or establish temporal precedence;
some injuries could have been caused by unrecognized or
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forgotten seizures, whereas other seizures around head
injury may have been caused by acute TBI unrelated to the
patient’s underlying seizure disorder. In addition to con-
firming our findings beyond patients admitted for video-
EEG monitoring, further research also may focus on further
delineating how features of TBI contribute to seizure risk
beyond the gradations of severity that we describe here.
Objective clinical measures for assessing features of TBI at
the time of injury may improve predictions of eventual risk
of either ES or ES, particularly when used in combination
with other neurodiagnostic tools.

In patients admitted for video-EEG monitoring, a history of
TBI often is reported by both patients with ES and patients
with ES. Among features of TBI, a reported history of LOC,
particularly for less than 30 minutes, was observed more
frequently among patients with FS than ES. We also found
that LOC was more valuable for distinguishing between FS
and ES than other concussive symptoms. Furthermore,
patients reporting TBI with causes typically considered to
be more severe (MVC or falls from heights) paradoxically
demonstrated a higher likelihood of FS. Therefore, al-
though reports of nonsevere TBI may raise concern for
PTE, it does not exclude the possibility of FS. These insights
provide clinically valuable information regarding in-
terpretation of patient-provided and caregiver-provided
neurologic history.
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Appendix (continued)

> In a sample of patients admitted to an academic
center for video-EEG monitoring, patients with
functional seizures (FS) were more likely to report a
history of TBI than patients with epileptic seizures

> Patients with FS were also more likely to report TBI
with loss of consciousness (LOC) than patients with
ES, particularly LOC lasting less than 30 minutes.

> TBI caused by motor vehicle collision and fall from
above the standing height were more commonly
reported by patients with FS than ES.

> Although reports of TBI with LOC and TBI due to
presumed high-risk mechanisms intuitively raises
suspicion for posttraumatic epilepsy, patients with
FS frequently also reported these historical factors.
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