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Abstract

Objective—Psychogenic non-epileptic seizures (PNES) is a common diagnosis after evaluation
of medication resistant or atypical seizures with video-electroencephalographic monitoring
(VEM), but usually follows a long delay after the development of seizures, during which patients
are treated for epilepsy. Therefore, more readily available diagnostic tools are needed for earlier
identification of patients at risk for PNES. A tool based on patient-reported psychosocial history
would be especially beneficial because it could be implemented in the outpatient clinic.

Methods—Based on data from 1,375 patients with VEM-confirmed diagnoses, we used logistic
regression to compare the frequency of specific patient-reported historical events, demographic
information, age of onset and delay from first seizure until VEM in five mutually exclusive groups
of patients: epileptic seizures (ES), PNES, physiologic non-epileptic seizure-like events (PSLE),
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mixed PNES plus ES, and inconclusive monitoring. To determine the diagnostic utility of this
information to differentiate PNES only from ES only, we used multivariate piecewise-linear
logistic regression trained using retrospective data from chart review and validated based on data
from 246 prospective standardized interviews.

Results—The prospective area under the curve of our weighted multivariate piecewise-linear by-
sex score was 73%, with the threshold that maximized overall retrospective accuracy resulting in a
prospective sensitivity of 74% (95% CI 70-79%) and prospective specificity of 71% (95% ClI
64-82%). The linear model and piecewise linear without an interaction term for sex had very
similar performance statistics. In the multivariate piecewise-linear sex-split predictive model, the
significant factors positively associated with ES were history of febrile seizures, current
employment or active student status, history of traumatic brain injury, and longer delay from first
seizure until VEM. The significant factors associated with PNES were female sex, older age of
onset, mild traumatic brain injury, significant stressful events with sexual abuse, in particular,
increasing the likelihood of PNES. Delays longer than 20 years, age of onset after 31 years for
men, and age of onset after 40 years for women had no additional effect on the likelihood of
PNES.

Discussion—Our promising results suggest that an objective score has the potential to serve as
an early outpatient screening tool to identify patients with greater likelihood of PNES when
considered in combination with other factors. In addition, our analysis suggests that sexual abuse,
more than other psychological stressors including physical abuse, is more associated with PNES.
There was a trend of increasing frequency of PNES for women during childbearing years and
plateauing outside those years that was not observed in men.

Keywords
dissociative seizures; diagnostic score; logistic regression; multiple imputation

1. Introduction

To an untrained observer, psychogenic non-epileptic seizures (PNES) appear similar
behaviorally to epileptic seizures (ES) but their cause and treatment are entirely dissimilar.
[1] Patients with PNES, without comorbid ES, often are diagnosed mistakenly as having ES,
but they do not benefit from treatment with anti-seizure medications.[2, 3] Therefore
accurate and early differentiation between PNES and ES facilitates the initiation of targeted
treatment.[4-8] The average delay to diagnosis varies widely across centers from 2 years in
the PNES-treatment trials to over 8 years at our center [3], during which time patients have
diminished quality of life and high health care utilization [9, 10].

There are multiple challenges to the early identification of PNES including unreliable patient
or witness reported details regarding seizure behavior [11, 12] and the limited sensitivity and
specificity of interictal scalp electroencephalography [13]. In comparison to seizure
behavior, patients’ reports of other medical and social history typically are more accurate
and detailed when the patient is interviewed sensitively.
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The literature describing historical risk factors for PNES and ES is rich, and has been
comprehensively reviewed recently [1, 14]. In brief, the most common features of patients
with PNES are female sex, presenting to specialty epilepsy care in the fourth decade of life,
history of sexual abuse and a mild traumatic brain injury (TBI), and frequent, disabling
seizures for many years. However, none of these features exclude the diagnosis of ES. In
contrast, risk factors for ES include a history of severe TBI [15-20], meningitis or
encephalitis [21], neurotoxin exposure [22, 23], complex febrile seizures in childhood [24],
premature birth [25, 26], and a family history of epilepsy [27]. None of these risk factors
exclude the diagnosis of PNES.

While historically associated factors have been demonstrated in small and moderate size
populations, this investigation aims to evaluate prospectively an objective screening score
based on the combination of these factors in a large, unselected population using patient-
reported data that is available in an outpatient neurology or primary care clinic. By
combining associated factors in a large population, the conditionally-independent diagnostic
utility of each factor can be evaluated more accurately. Additionally, this investigation
assesses the prevalence of these factors in the understudied populations of patients with
mixed ES plus PNES and physiologic non-epileptic seizure-like episodes (PSLE) [28].

2. Methods

The patient population constitutes all patients admitted to the UCLA adult video-
electroencephalography monitoring (VEM) unit from January 2006 to November 2016.
Clinical diagnosis was based on expert clinical opinion determined from the available
clinical history, physical exam, VEM, MRI, FDG-PET, and sometimes MEG and SPECT.
MEG and SPECT were obtained when the treating physicians decided it would be clinically
useful. We placed patients in five mutually exclusive categories: psychogenic non-epileptic
seizures (PNES), physiologic non-epileptic seizure-like episodes (PSLE), epileptic seizures
(ES), mixed non-epileptic plus epileptic seizures, and inconclusive monitoring. Although the
populations are heterogeneous, with many important subtypes, the description of subtypes
within PNES and ES is outside the scope of this article. We define PSLE as non-epileptic
seizures caused by non-psychological factors including syncope, complex migraines,
dementia, and tremors [29]. Throughout this manuscript, mixed seizures indicate patients
with both PNES and ES. Differentiating between mixed seizures and PNES is important
because patients with mixed seizures would benefit from anti-seizure medication treatment,
and because there is insufficient evidence to suggest that the mechanisms and risk factors for
PNES are the same in mixed seizures and isolated PNES [28].

Inconclusive monitoring occurred when patients did not have sufficiently informative
episodes during monitoring to yield a definitive diagnosis for all types of seizures that a
patient reported, if these patients reported more than one characteristic seizure type. While
patients with inconclusive monitoring represent a mixture of the other groups, we separate
this group to provide information about its relative composition. Inclusion of these patients
also allows inclusion of all patients in our analysis, thereby reducing the potential for
selection bias, and improves the control for confounding variables while otherwise not
affecting the results or conclusions regarding the other diagnostic categories.
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Although all patients were adults during VEM, they were not necessarily adults during the
clinical interview. There is evidence that pediatric PNES and late-onset PNES may differ
from adult-onset PNES, but the existing literature uses varying criteria to define pediatric
and late-onset. Therefore, we opted to include all subjects in our analysis, with the
recognition that if the factors associated with pediatric and late-onset PNES differed from
adult-onset PNES, this would result in reduced predictive performance that could be
explored in more depth in later studies.

2.1 Clinical Databases Descriptions

Our population includes two sets of patients based on whether their data were acquired
retrospectively (January 2006-April 2015) or prospectively (May 2015-November 2016).
Records from patients admitted prior to May 2015 were acquired though retrospective chart
review. In the interest of developing an early screening tool, if multiple notes were available,
we used a single neurology note from the earliest clinical encounter that provided a
description of the patients’ seizures and pertinent history. This included both outpatient and
inpatient encounters. Detailed social history including psychological stressors and history of
abuse was obtained only if deemed appropriate by the neurologist that authored the note.
Patients admitted after this date underwent standardized interview with a trained non-
neurologist researcher (E.A.J., S.D., W.T.K., or M.AB.) within 48 hours of VEM admission.
To simulate the data that would be available during an outpatient visit, no information from
the health record was used to supplement the patient-provided history except height, weight,
sex and age data. Information from the neurologist’s admission note was not included or
referenced prior to interview. If retrospective patients were re-admitted during the
prospective period (i.e. due to inconclusive initial monitoring), they were excluded from the
prospective analysis. Information from the standardized interview was not used, and their
diagnosis was updated in the retrospective dataset. This reduced the frequency of
inconclusive monitoring in the retrospective group and ensured that the historical
information was blinded to VEM results. Age was recorded as the age at the time of the
clinical note or standardized interview that was used for data collection.

Our analysis focuses on the frequency of patient-reported historical factors excluding co-
morbidities (for an analysis of co-morbidities, see [30]). These potential risk factors were
selected based on published research papers on PNES. The complete list of studied factors is
displaying in Table 1. Based on recent guidelines, the definitions for concussion and mild
TBI were identical and therefore we use the two terms interchangeably [31]. Please refer to
Supplemental Text for a detailed discussion of each factor and references.

2.2 Statistical Methods

We analyzed the relationship of historical factors using both population-level descriptive
statistics and individual-level predictive statistics. Predictive statistics ask if the seizure
etiology of an individual patient can be predicted by the presence of a specific historical
factor; whereas descriptive statistics asks the reverse: is the probability of a historical factor
associated with a particular seizure etiology on a population level. We controlled for
patient's sex and age in all regressions. For the individual-level predictive statistics, we used
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multivariate piecewise-linear logistic regression to be able to interpret if the contribution of
each specific historical factor was conditionally independent of other studied factors.

For predictive statistics, we trained our multivariate piecewise-linear logistic regression
model on the patients with either PNES alone or ES alone in the retrospective dataset so that
we could assess our performance on independently collected prospective data. Instead of
reporting positive and negative predictive values, we report the predictive value of PNES and
ES that are defined similarly because our population lacks healthy negative controls.
Statistically, the binary comparison of PNES versus ES is both well-posed and well-studied
but there are not yet well-established, highly effective statistical methods to accomplish
multinomial prediction between all five diagnostic classes. We report the predicted
composition of PSLE, mixed PNES plus ES and patients with inconclusive monitoring based
on the predictive algorithm for PNES versus ES.

In addition to linear analysis of age of onset and delay to VEM, we also utilized piecewise-
linear logistic regression to improve our model of the nonlinear effects of men and women
separately that were apparent on univariate display of the data (Figure 1). Based on these
visualized trends, the piecewise-linear regressions were structured as follows: values below a
cut-off contributed linearly to the odds of PNES versus ES, whereas all values above that
cut-off were considered equivalent (Supplemental Figure 1). This cut-off and the odds of
PNES versus ES above the cut-off were chosen to minimize the deviance of the overall
model in each imputation separately. When results are summarized, we quote the average
cut-off across imputations. Due to the differing trends in age of onset in men and women, we
also fit a piecewise-linear by sex regression where this age of onset cutoff was determined
separately in men and women.

For patients with mixed ES plus PNES and inconclusive monitoring, we report the rate that
our score predicted that the patient had ES only for both retrospective and prospective
patients because these patients did not contribute to the overall model that was trained on
retrospective patients with PNES only and ES only.

For population level descriptive statistics, we combined the retrospective and prospective
datasets because this practice results in the best linear and unbiased estimate of the effect of
each studied factor [32]. We recognize that the method of data collection and presence of
missing data differed between retrospective and prospective groups, and have included
details of the difference in prevalence between the groups in Supplemental Table 1.

For prospective patients, the standardized interview ensured that all factors were discussed
with all patients. For retrospective patients, the presence of our studied historical risk factors
was based on review of clinical notes that did not discuss all studied factors uniformly. With
a few exceptions, if a historical factor was not mentioned, it was assumed to be absent,
because medical record authors may not mention all pertinent negatives if they do not
contribute to the overall evaluation. The exceptions to this include age of onset, delay to
assessment and handedness, because these factors are present for each patient but were not
discussed in all notes. For population-level analysis, we excluded patients with missing
entries that pertained to the factor modeled in that regression. For predictive analysis, we
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conservatively assumed that the probability that age of onsets and handedness were missing
was unrelated to diagnosis, age of onset or handedness, and therefore used multiple
imputation to fill in these missing values stochastically based on collinearity with other
studied factors in the retrospective dataset [33, 34]. No information from the prospective
dataset was used for multiple imputation. If missingness were correlated with diagnosis,
then this approach would underestimate the effect of the imputed factor. If the probabilities
of missingness were correlated to the missing value, then imputation introduced a bias that
underestimates the importance of the imputed factor. Based on the available data, it is
impossible to evaluate if this bias exists. We validated our score using prospective
standardized interviews without missing data. In the rare case that a factor was missed
during a prospective interview, the prediction of each independent imputation model was
used to fill in these missing values. For more details regarding the implementation of
multiple imputation, please refer to Supplemental Text.

For all tests of statistical significance, we utilized permutation tests to estimate the empirical
probability distribution of the null hypothesis. P-values based on this analysis are indicated
as p. In permutation testing the diagnostic class labels were shuffled, without replacement,
to remove any relationship between diagnostic classes and input data. The entire analysis
was repeated on 50,000 independently-permuted null datasets to estimate the empirical null
probability distributions of all summary statistics. This was done to avoid distributional
assumptions that may be made less valid by multiple imputation. Supplemental Figure 2
summarizes the data processing and modeling scheme with all data.

All patients consented for the use of their records in research, and the UCLA Institutional
Review Board approved this study. This work is consistent with Declaration of Helsinki. De-
identified raw data, code and online predictive score for this study is available at http://
www.brainmapping.org/MarkCohen/research.html.

3. Results

The following factors were reported more frequently in the patient-reported prospective
database compared to the neurologist-documented retrospective database (Supplemental
Table 1, p<0.05): TBI in ES, inconclusive and PNES; significant psychological stressors in
all groups except PSLE; physical and sexual abuse in inconclusive; precipitating event in all
groups except PSLE; obesity in ES and PNES; and neurotoxin exposure in ES and
inconclusive. (Of course, each of these factors could have been reported during the
interview, but they were not included in the note because the author judged that they were
not relevant.) There were no other significance differences within group between the
retrospective databases, including no significant differences in the rate of concussion or
long-term sequelae of TBI despite the increased TBI rate (Fisher exact test, p>0.1).
Inconclusive monitoring occurred more often in the prospective dataset (26% vs 10%, Fisher
exact test, p<0.01).

The proportions of missing data for the following factors were: age of onset (5%, 72/1372),
delay to VEM (5%, 72/1372), and handedness (15%, 199/1372). Standardized interviews
were performed with 83% (246/296) of patients admitted during the prospective period.
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Patients were not interviewed due to declining the interview, inability of the patient or
family to communicate with the interviewer (i.e. language barrier and declined translation
services), or no trained interviewers were available during admission.

3.1 Individual-Level Prediction

The performance of our piecewise by-sex score compared to that of permuted datasets and
the naive assumption that all patient have ES is displayed in Figure 2. Information regarding
all models is summarized in Supplemental Table 2. The prospective binary performances of
each of our regression models were nearly identical. The piecewise linear model without
separating men and women improved the fit of the model significantly (deviance difference
28, df=2, p<0.05). This was reflected in a non-significantly increased accuracy (71% linear,
72% piecewise linear). Addition of an interaction term to model men and women separately
did not significantly improve model fit or performance (deviance difference 0.11, df=1,
p=1.0) but it did improve binary performance non-significantly (piecewise linear by-sex
accuracy 73% versus 71% linear or 72% piecewise linear, p>0.1).

The prospective ES and PNES predictive values of our models were significantly higher than
both that of the permuted data and the naive assumption ( 5<0.013). The overall accuracy of
our model was higher than the permuted models ( ﬁ<10‘3), but not significantly higher than
that of the naive assumption (73% vs 71%, Fisher exact test, p=0.28). The sensitivity and
specificity of each of our models were comparable (approximate sensitivity 74%, specificity
71%), whereas the permuted data and naive assumptions had substantially higher sensitivity
than specificity (permuted sensitivity 77% vs specificity 25%). The sensitivity of our models
were not significantly different from the permuted models ( 5=0.85), but was lower than that
of the naive assumption that, by definition, has 100% sensitivity (Fisher exact test, p<10~79),

The weighted score that combines all historical factors that contributed to our piecewise
linear by-sex model is displayed in Figure 3 and Supplemental Table 3. Factors positively
associated with PNES were female gender ( 5=0.015), concussion ( 13<10‘4), younger age of
onset in either sex below 31 years in men and 40 years in women ( 5=0.0026 male, 0.00076
female), and significant psychological stressors ( 5=0.002). Sexual abuse provided an
additional association with PNES ( 5=0.003) on top of the association with psychological
stressors. Factors positively associated with ES included history of febrile seizures (
=0.040), current employment or student status ( 5 =0.010), traumatic brain injury ( p
=0.007), longer time from onset of seizure disorder to presentation up to 20 years ( p <107%).

There was insufficient evidence to suggest that any of the other studied factors had a
conditionally independent influence on the likelihood of PNES versus ES ( 5>0.1). Exact log
odds and statistics for all models are available in Supplemental Table 3.

Combining the inconclusive patients from the retrospective and prospective groups, our
piecewise-linear sex-split model predicts that 69% (95% CI 62-76%) would go on to be
diagnosed with epilepsy. Similarly, when applied to the patients with mixed PNES plus ES,
the model predicted 68% (95% CI 54-80%) had ES, as compared to PNES.
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3.3 Population-Level Statistics

Exact model statistics including overall model fits are summarized in Supplemental Table 4.
The following text summarizes selected population-level differences.

There were substantial sex differences between the populations, with patients with ES being
slightly more frequently female than male (log odds versus 50% female=0.32, SE 0.15,
p=0.03). Patients with PNES were significantly more likely to be female (log odds
difference versus ES=0.88, SE 0.14, p<1079), as were patients with PSLE (log odds
difference versus ES=0.87, SE 0.37, p=0.02). Patients with inconclusive monitoring were
less likely to be female than patients with PNES (log odds difference versus PNES=0.44, SE
0.15, p=0.04).

As visualized partially in Figure 1 (trends for all groups displayed in Supplemental Figure
3), there were substantial differences between all of the populations in the age of onset and
delay to diagnosis. The order of diagnostic groups from youngest average onset to oldest
onset and the longest average delay to shortest delay to diagnosis were the same: ES only,
mixed, inconclusive monitoring, PNES only, PSLE. Only two pairs of populations did not
differ significantly: mixed versus ES (p>0.93), and PNES versus PSLE (p>0.52). Because of
these offsetting factors, the differences in age at assessment were more similar, but the many
of the groups still differed significantly: patients with ES were younger on average than
patients with inconclusive monitoring, PNES and PSLE (p<0.02), whereas patients with
PSLE were older on average than all other patient groups (p<0.0002). Other than these
demographic differences, patients with PSLE did not differ significantly from any other
population in our studied historical factors (p>0.13).

In addition to the factors that significantly predicted a change in the likelihood of ES
compared to PNES, population-level statistics revealed other significant differences that did
not contribute to the score because they did not add conditionally independent information
beyond the factors included already. In specific, physical abuse and substance abuse both
were more common in patients with PNES than ES (log odds>0.7, p<0.02). Without
controlling for concussions, there was no significant difference between the rate of TBIs in
patients with PNES compared to ES (p>0.1).

Patients with mixed PNES plus ES only differed significantly from other populations in a
few factors. Patients with mixed disease more frequently had febrile seizures than those with
PNES (p=0.04). Relative to the patients with ES, patients with mixed disease had more
sexual abuse (p=0.03), substance abuse (p=0.01), premature birth (p=0.006) and history of
remote seizures (p=0.04).

Patients with inconclusive monitoring differed from the other populations based on
numerous factors. They reported more significant social stressors than all other patients
(p<0.03), but did not report sexual abuse, physical abuse or substance abuse more often than
other populations (p>0.07). They reported fewer febrile seizures than patients with ES
(p=0.02) and fewer concussions than patients with PNES (p=0.02).

Epilepsy Behav. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kerr et al. Page 9

4. Discussion

Distinct from seizure descriptions, patients report valuable information that can be used to
differentiate PNES from ES. Our large, unselected database suggests that a combination of
nine key historical factors are important for this differentiation: sex, age of onset, delay from
seizure onset to referral, head injury, concussion, febrile seizures, employment or student
status, significant psychological stressors and sexual abuse. While the other 14 factors we
studied may be important in understanding the patient’s story and the context for their
seizures, there was insufficient evidence to suggest that these should play a major role in
identifying patients with PNES alone.

4.1 Predictive Performance

As shown by the significant predictive values, a simple weighted combination of these nine
historical factors provides useful input that objectively raises or lowers the predicted
likelihood of ES or PNES. The epilepsy predictive value of 84% suggests that a score
indicative of epilepsy effectively reduces the likelihood of PNES well but does not exclude it
completely. Unfortunately, the PNES predictive value of 57% suggests that a substantial
minority of patients identified as likely PNES do not, in fact, have PNES. However, about
58% of patients admitted for VEM for differential diagnosis of seizure-like events were
found to have NES [35]. Therefore, we expect that if PNES-identified patients were triaged
towards VEM based on this score, the diagnostic yield may mirror current practice.

The good, but imperfect, overall accuracy of our score highlights the challenge in early and
effective diagnosis of PNES and the importance of using VEM to evaluate patients at risk
more definitively [36]. Given the imperfect performance of our tool, we anticipate its
primary function may be to triage patients more quickly towards VEM. To generate a more
comprehensive but qualitative assessment of each patient’s likelihood of PNES, the results
of our scores based on patient history should be considered in combination with clinicians’
evaluation of the patient’s ictal behavior [11, 37], comorbidities and other diagnostic work-
up [30, 36]. The population of patients with PNES is heterogeneous, and consideration of
these other factors may more effectively identify the patients not accurately represented by
our history-based score.

4.2 Associated Factors

In addition to establishing a potential early screening tool for PNES, these analyses help
establish a list of key factors that can guide the understanding and treatment of PNES.

First, our data and analysis reproduced well-known risk factors for epilepsy including febrile
seizures [38, 39] and traumatic brain injury [40]. Febrile seizures, especially febrile status
epilepticus, has been associated with injury of the mesial temporal lobe that increase the risk
of temporal lobe epilepsy [24]. While febrile status epilepticus clearly confers more risk
than a single febrile seizure, patients were unable to provide a sufficiently detailed history of
these events to differentiate between the them reliably. Similarly, the mechanism for post-
traumatic epilepsy (PTE) has been well established in animal models and human studies
[40]. We interpret the positive association of head injury, separate from concussion, to
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represent the more severe head injuries that are associated with PTE, which is consistent
with prior literature in combat veterans [41, 42].

Separate from these epilepsy-associated factors, our analysis provides additional insight into
factors associated with PNES. The association of PNES with significant psychologically
stressful life events is consistent with the understanding of PNES as a component of
conversion disorder [1]. Building upon that knowledge, our data suggest that sexual abuse is
unique in its strong association with PNES, and that physical abuse in addition to sexual
abuse was not associated more strongly with PNES. The unique role of sexual abuse builds
upon the literature that the psychological impact of sexual trauma is quite different than that
of other traumatic events, and therefore may confer special considerations for treatment [43—
46]. This insight questions whether sexual and physical abuse should be grouped together, as
is done frequently [47-49], potentially due to the high incidence of coincident sexual and
physical abuse.

Additionally, we found that psychological stressors including sexual and physical abuse
were much more prevalent in all groups when discussed specifically in a standardized
interview with a non-physician staff member whom they had never met. This suggests that
when the interview is conducted in a sensitive and respectful manner, these important
historical details can be obtained during a first interview. Further, because sexual abuse was
reported more often when asked uniformly, if only patients who present with seizures
concerning for PNES are asked about sexual abuse, there may be a tendency for selection
bias to underestimate the frequency of sexual abuse in ES and other groups, and thereby to
inflate the perceived diagnostic utility of sexual abuse.

Our observation that the general category of TBI was associated with epileptic seizures
reaffirms existing literature [50]. However, our finding that the subcategory of concussions,
or mild TBI, were more associated with PNES parallels the building body of data suggesting
that even mild TBIs have long-lasting effects on patients [48, 51-53]. Due to the high
prevalence of unrecognized concussions, patients with PNES may be more likely to report,
or even attribute their seizures to, a head injury with mild, transient neurologic symptoms
than a patient with ES, who may believe that the same injury is unrelated or not significant
enough to report. Patients with PNES do report generally more symptoms on review of
systems than patients with ES [3, 54, 55]. Therefore we cannot rule out this difference in

rate of reporting or hypervigilance. However, in all diagnostic groups the reported frequency
of TBI and concussions increased when the question was asked systematically in all patients,
suggesting that the conventional clinical interview may underestimate the frequency of head-
trauma associated epilepsies and mild TBI.

This general context of increased overall symptom burden and hypervigilance likely
explains why we observed that fewer patients with PNES were employed or pursuing
education than patients with ES, when controlling for other factors. This is consistent with
the cost literature demonstrating high indirect costs of PNES due to lost work productivity,
in addition to the high direct cost through healthcare utilization and emergency room visits
[9, 10, 17, 28, 56, 57]. This underscores the importance of addressing both the seizures and
the impact of the seizures on the patient’s quality of life and function. Therefore, the goal of
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treatment for PNES is both seizure freedom and re-integration of the patient into the
workforce, when appropriate [8, 58, 59].

In addition to these associated factors, the unique power and diversity of our large dataset
demonstrated a novel contribution of patient age and age of onset, particularly in older
patients. In interpreting our findings, we highlight that the differences we discuss are in
relative prevalence between ES and PNES. This differs substantially from the overall
prevalence of each disorder.

While the relative likelihood of PNES did not vary with age at referral except above the age
of 75, there were illuminating trends in patient-reported age of onset. Compared to adult
PNES, pediatric PNES is rare [60, 61] and the substantial female predominance of PNES is
present only after puberty [62—69]. Therefore, it was expected that the likelihood of PNES
was low when seizures started prior to age 10 [70, 71]. However, it was unexpected that the
likelihood of PNES increased steadily with age for women only. Previous literature suggests
that late-onset PNES also is rare [72, 73], so it was surprising that the relative likelihood of
PNES plateaued around age 40 because we expected the likelihood to decrease. Compared
to younger-onset PNES, late-onset PNES was rare in our dataset, but when compared to late-
onset ES, late-onset PNES was more common. The specific age cutoff of 40 slightly
proceeds the transition into pre-menopause and menopause for most women. This trend was
distinct from the pattern seen in men, where risk of PNES steadily increased at a slower rate
until age 31, when it plateaued.

This steady incline during the reproductive years, however, is difficult to disentangle from
the patterns in delay to referral. With the average time to diagnosis of PNES being 8.4 years
in our retrospective dataset [3], the average time to referral to our center for patients with
epilepsy was 16.7 years. Although delay to referral is variable across centers and was
distributed exponentially, these averages and difference between PNES and ES were
consistent with what has been shown in other large databases [74] and, unfortunately, have
not changed since they were assessed by our group using data up to 2008 [75].

More data is needed in patients with later onset epilepsy and PNES to better understand
these phenomena that may comprise between 3-10% of all PNES. Our results suggest that
after 40 years of age, the relative prevalence of PNES plateaus. Therefore, the nature of
PNES before and after 40 may differ. Previous literature regarding later-onset PNES, defined
as after the age of 55 or 60, suggests that the female predominance may or may not be as
prevalent [76-78] . In comparison to focusing on sexual abuse and psychological stressors,
patients more frequently discuss health-related stressors and severe comorbidities. When
patients discussed severe health-related trauma, we included it as a psychological stressor.
Previously, we showed an increased comorbidity burden in PNES in the entire adult
population was conditionally independent of the expected age-related increase in medical
comorbidities [30]. While our analysis provides some information regarding late-onset
PNES, future detailed analysis of other populations and our dataset is needed to further
describe the important population of late-onset PNES that may or may not differ from
earlier-onset PNES. We have made a deidentified version of our dataset available for the
interested reader.

Epilepsy Behav. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kerr et al.

Page 12

In addition to late-onset PNES, pediatric PNES differs from adult PNES in many important
ways [79] but the threshold for what defines pediatric PNES is unclear. In our work, the
relative frequency of PNES was low under the age of 10 to 12. This was consistent with the
findings of other literature that suggest that after puberty the prevalence of PNES and the
female predominance of PNES increases [80, 81]. The psychological stressors described in
pediatric populations focus more on common childhood stressors including family discord,
bullying, and school-related difficulties [79]. As our category of psychological stressors was
general, these stressors were included in our analysis. Fortunately, the delay to diagnosis in
pediatric PNES is much shorter than adult PNES [82]. We do not expect the remainder of
our studied factors to differ substantially between the adult and pediatric population.
Separate from our studied factors, it is important to note that the ictal behavior and
psychiatric comorbidities of pediatric PNES differs from that of adult PNES [62, 81-83].

The differentiation of PNES from ES is complicated by the presence of mixed ES plus
PNES. The trends of increased rates of sexual abuse and febrile seizures suggest that
patients with mixed seizures have aspects of both ES only and PNES only, but the
differences in substance abuse, premature birth, and history of remote seizures suggest that
patients with mixed seizures may be a distinct population. Consequentially, our scores
predicted that 68% of patients with mixed disease had ES only, which matches the rate of ES
only prior to applying our score, 71%. Our score, therefore, does not reliably identify this
difficult population with mixed ES plus PNES. The previous history of seizures may serve to
be a model for later developing PNES after experiencing epileptic seizures, but more work
needs to be done to establish this link.

4.3 Future Directions & Limitations

Our patient population was referred for VEM monitoring, suggesting that the patients’
seizures were sufficiently atypical or medication resistant to warrant definitive diagnostic
testing. The outpatient population of patients with seizures likely differs substantially from
our sample in that PNES is less prevalent and ES is more prevalent [71, 84-86]. This would
result in an increased ES predictive value and reduced PNES predictive value without
considering if our observed associations generalize. Therefore, similar studies are necessary
to determine if our observed associations are replicated across centers and in an outpatient
population.

PNES is uncommon in patients with a pediatric age of onset and, consequentially, PNES is
rare in pediatric populations. This low pre-test probability and the potential difference in
associated factors suggest that our approach likely should not be extrapolated directly to
pediatric patients. Additionally, the clinical interview of an adolescent and child differs from
that of an adult. Therefore the information that parents and patients report may need to be
interpreted differently. Further, the adolescent and child response to psychological stress
differs from adults, therefore the relationship between patient-reported school status,
psychological stressors and other factors associated with PNES may vary between
adolescents and adults in a complex way. While our approach included a minority of patients
who presented initially as adolescents and children, more data are needed to objectively
evaluate the factors associated with adolescent PNES.
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We also highlight that the method of data collection differed between our retrospective
patients and prospective patients. In both cases, our information was primarily patient-
reported. While the associated factors established from chart review were consistent enough
for our predictions to accurately identify PNES from patient interviews, the difference in
prevalence of sexual abuse, TBI and other factors suggests that the method of data collection
impacts the findings and resulting conclusions. Therefore, this work demonstrates the
potential that an objective screening score may be useful, but any standardized objective
score or structured patient interview should be validated further its intended setting.

4.4 Conclusion

The good performance of our objective, evidence-based score to identify PNES using
historical factors suggests that probing for a history of TBI, psychological stressors and
sexual abuse contributed meaningfully to the diagnostic assessment of patients with seizures.
Our prospectively validated score may assist in quantitatively assessing if PNES is suspected
in a patient with seizures. While our accuracy was only 73%, the rate of PNES in patients
we identified as likely PNES (57%) mirrored the rate of PNES in patients referred to VEM
for suspicion of PNES (58%). Therefore, when validated further and utilized early in the
diagnostic assessment, our combination of patient-reported historical factors has the
potential to identify patients with PNES objectively and triage them towards VEM. Earlier
triage may reduce the time to diagnosis, reduce seizure burden and improve quality of life.
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Highlights
- Objective screening tools to identify PNES are needed
- Patients with PNES reported more mild traumatic brain injuries than ES
- Older age of onset before the age of 40 increased the likelihood of PNES
- Patients with PNES reported more stressful events of all types than ES

- Sexual abuse, in particular, was more associated with PNES
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Observed Trends in Age of Onset & Delay to Assessment in Retrospective Dataset
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Figure 1.

The frequency of PNES as compared to ES with respect to patient-reported age of onset and
delay from seizure onset to presentation. Error bars reflect exact binomial standard error.
Data Gaussian smoothed with full-width half-max of 2.4 years for delay and 5 years for age
of onset. A) Age of onset split by patient sex. B) Delay.
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Figure 2.
Performance statistics of our retrospectively trained model applied to our prospective

dataset. 2A) Binary summary statistics of the performance of our piecewise by-sex model
and other naive models. Exact values for performance of all models is summarized in
Supplemental Table 2. Error bars reflect standard error. Abbreviations: predictive value
(PV). 2B) Receiver-operating curve for the prediction combined across imputed datasets.
Our predicted model shown in black whereas the performance on permuted datasets shown

in gray.
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Piecewise By-Sex Logistic Regression Model
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Figure 3.
Individual-level predictive model trained on the retrospective dataset. Color reflects

direction of effect. A) Odds ratios of all significant factors (permutation tests, 5<0.05). Gray
reflects 95% empirical confidence intervals of chance. The “+” indicates that the effect of
concussion and sexual abuse are in addition to the effect of TBI and psychological stressors,
respectively. See Supplemental Table 3 for an exact summary of all models. B) Translation
of log-odds ratios to a rounded score for implementation. The sum of all components should
be compared to the overall threshold of 7. Arrows reflect conditional statements, for
example a male patient with an age of onset of 20 years, should add +4 to his score.
Abbreviations: per decade (/d).
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Table 1

Factor Description

Age of seizure onset
Delay to assessment
Febrile seizures
Family history seizures
Neuroinfection
Neurotoxin

Premature birth

Traumatic Brain Injury (TBI)

Concussion/mild TBI

TBI with prolonged deficits

Precipitating event
Psychological stressor
Sexual abuse
Physical abuse
Obesity (BM1=30)
Employed or Student

Handedness

Page 22

Patient reported historical factors considered to potentially contribute to our model. Indentation reflect additional details within a larger category.
Abbreviations: body mass index (BMI), traumatic brain injury (TBI).
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