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Summary

Objective—Low-cost evidence-based tools are needed to facilitate the early identification of 

patients with possible psychogenic nonepileptic seizures (PNES). Prior to accurate diagnosis, 

patients with PNES do not receive interventions that address the cause of their seizures and 

therefore incur high medical costs and disability due to an uncontrolled seizure disorder. Both 

seizures and comorbidities may contribute to this high cost.

Methods—Based on data from 1,365 adult patients with video-electroencephalography 

confirmed diagnoses from a single center, we used logistic and Poisson regression to compare the 

total number of comorbidities, number of medications and presence of specific comorbidities in 

five mutually exclusive groups of diagnoses: epileptic seizures (ES) only, PNES only, mixed PNES 

and ES, physiologic nonepileptic seizure-like events, and inconclusive monitoring. To determine 
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the diagnostic utility of comorbid diagnoses and medication history to differentiate PNES only 

from ES only, we used multivariate logistic regression, controlling for sex and age, trained using a 

retrospective database and validated using a prospective database.

Results—Our model differentiated PNES only from ES only with a prospective accuracy of 78% 

(95% CI 72–84%) and AUC of 79%. With a few exceptions, the number of comorbidities and 

medications was more predictive than a specific comorbidity. Comorbidities associated with PNES 

were asthma, chronic pain and migraines (p<0.01). Comorbidities associated with ES were 

diabetes mellitus and non-metastatic neoplasm (p<0.01). The population-level analysis suggested 

that patients with mixed PNES plus ES may be a distinct population from patients with either 

condition alone.

Significance—An accurate patient-reported past medical history and medication history can be 

useful when screening for possible PNES. Our prospectively validated and objective score may 

assist in the interpretation of the medication and medical history in the context of the seizure 

description and history.

Keywords

screening; psychogenic nonepileptic attack disorder; machine learning; asthma; migraines

1. Introduction

Psychogenic nonepileptic seizures (PNES) appear behaviorally similar to epileptic seizures 

(ES) but are not caused by the abnormally synchronous neural activity of epilepsy 1. A 

recent study of time from first seizure to diagnosis of PNES at our center revealed an 

average of 8.4 years2, but this delay is exponentially distributed, varies substantially across 

centers and has been reported to be as short at 18 months in some pediatric populations3; 4. 

During this diagnostic delay, the direct and indirect cost of psychogenic seizures is similar to 

medication resistant epileptic seizures: 21,000 euros/22,500 US dollars annually 5; 6. This 

high cost is due to both the impact of seizures and multiple comorbid conditions that limit 

quality of life 7–9.

Early differentiation of PNES from ES was associated with improved long-term seizure 

outcomes and reduced cost 10–14. Early diagnosis is hindered by witnesses’ and patients’ 

descriptions of seizure behavior that often are inaccurate and rarely are sufficient for 

definitive diagnosis 15; 16. Moreover, a normal interictal electroencephalograph (EEG) does 

not exclude the diagnosis of epilepsy 17; 18. Therefore, there is a need to establish other 

objective, evidence-based methods to diagnose PNES using information obtained early in 

the patient’s disease course 19. The standard of care to document PNES is simultaneous 

video-EEG observation of a typical event 20.

Most frequently, PNES are a sign of conversion disorder where patients express and cope 

with psychological stressors through physical symptoms 1; 14; 21. Patients with PNES report 

more positive symptoms on review of systems questionnaires 22 and frequently are 

diagnosed with other medical comorbidities associated with psychiatric disorders including 
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asthma 23, chronic pain 9, and fibromyalgia 9. These comorbidities and other medically 

unexplained symptoms have an impact upon patients’ quality of life 24–26.

In this manuscript, we evaluate if the patient-reported comorbidities can differentiate 

between patients with PNES and ES. We also evaluate if the number and type of medications 

prescribed can further differentiate the populations by providing information regarding 

comorbidity severity. This work also will help establish the frequency of comorbidities in a 

large unselected population of patients with medication resistant seizures.

2. Methods

Our patient population comprises all patients admitted to the UCLA adult video-

electroencephalography (vEEG) monitoring unit from January 2006 to November 2016. 

Diagnosis was expert clinical opinion based on the available clinical history, physical exam, 

vEEG, structural MRI, FDG-PET, MEG and SPECT. We placed the patients in five mutually 

exclusive categories: psychogenic nonepileptic seizures (PNES), epileptic seizures (ES), 

mixed nonepileptic and epileptic seizures, physiologic nonepileptic seizure-like episodes 

(PSLE), and inconclusive monitoring. These categories are heterogeneous populations with 

many important subtypes, but the description of subtypes within PNES and ES is outside our 

scope with one exception: temporal lobe epilepsy (TLE). In previous literature mood 

disorders were more common in patients with TLE, therefore we compared TLE to other ES 

as well as the other five diagnostic categories. We will specify mixed seizures when referring 

to patients with both PNES and ES. We kept mixed seizures and PNES separate because 

patients with mixed seizures would benefit from anti-seizure medication (ASM) treatment 

where PNES alone would not, and there is insufficient evidence to suggest that the 

mechanism and risk factors for PNES are the same in mixed and PNES alone 7.

Inconclusive monitoring occurred when patients did not experience sufficient characteristic 

events during vEEG monitoring to yield a definitive diagnosis for all reported types of the 

patient’s seizures. While patients with inconclusive monitoring represent a mixture of the 

other groups, we do not know the relative composition of the other groups within the 

inconclusive group. Inclusion of these patients allowed us to state that we included all 

patients in our analysis, thereby reducing the potential for selection bias, and improves our 

ability to control for confounding variables while otherwise not affecting the results or 

conclusions.

2.1 Comorbidity and Medication Databases

Our population is split into two parts based on how their data was collected; retrospectively 

(January 2006–April 2015) and prospectively (May 2015–November 2016). Prior to May 

2015, records from patients were acquired though retrospective chart review. In the interest 

of developing an early screening tool, if multiple notes were available, we used a single 

neurologist’s note from the earliest outpatient or inpatient clinical encounter that described 

of their seizures, comorbidities and medication history. Formal psychiatric assessment was 

not routine during either outpatient or inpatient encounters, therefore our data reflect patient-

reported or neurologist-documented comorbidities. Patients admitted after April 2015 

underwent standardized interview within 48 hours of vEEG admission by a trained non-
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neurologist (E.A.J., S.R.D., W.T.K., or M.A.). To simulate the data that would be available 

during a neurology or primary care outpatient visit, no information from the health record 

was used to supplement the patient-provided history except if the patient stated that they 

were unable to provide a full list of current or past medications. 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 

reduces the frequency of inconclusive monitoring in the retrospective group and ensures that 

the comorbidity and medication information is blinded to vEEG results. Age was recorded 

as the age at the time of the clinical note or standardized interview.

For retrospective patients, the list of co-morbidities was based on past medical history, 

identifying history of present illness section of the clinical report and conditions specifically 

indicated by medications but were not otherwise discussed (for more details, see 

Supplemental Text). We recorded the total number of medical comorbidities, psychiatric 

comorbidities, as well as the presence of a targeted list of specific comorbidities (Table 1). 

These comorbidities were chosen based on hypothesized or established association with 

either epilepsy or PNES (see supplemental text). Formal psychiatric assessment was not 

routine, therefore psychiatric comorbidities reflect patient-reported and neurologist-

documented diagnoses that may differ from formal psychiatric diagnoses.

Each patient’s medication list was split into four mutually exclusive categories: anti-seizure 

medication (ASM), psychiatric medication, non-medical supplements and other medication. 

Medications prescribed as needed were included. If a psychotropic or anti-seizure 

medication was discussed specifically as being used to treat a non-psychiatric or non-seizure 

condition, the medication was counted based on its purpose instead of the medication class 

(e.g. duloxetine treating fibromyalgia and lamotrigine for bipolar disorder). For ASMs, we 

also recorded the number of ASMs previously tried and the number of ASMs stopped due to 

side effects or lack of efficacy in seizure control.

2.2 Statistical Modeling

We analyzed the relationship of co-morbidities and medications using both population-level 

descriptive statistics and individual-level predictive statistics. In descriptive statistics, we ask 

if the probability of a specific comorbidity or number of comorbidities was associated with 

seizure etiology on a population level; whereas in predictive statistics, we ask the reverse: if 

the seizure etiology of an individual patient can be predicted by the presence of a specific 

comorbidity or the number of comorbidities. Predictive statistics and individual 

comorbidities were modeled using logistic regression, whereas the number of comorbidities 

and medications was modeled using Poisson regression. We controlled for patient’s sex and 

age in all regressions. When analyzing specific comorbidities, we controlled for the total 

number of medical comorbidities to interpret if the contribution of each comorbidity was 

conditionally independent of the nonspecific increase in overall number of comorbidities. 

When analyzing the reason for ASM failure, we controlled for the number of failed ASMs 

because patients exposed to more ASMs had more opportunity for ASM failure. For 

predictive statistics, post-hoc tests of odds ratios were conducted on a model that included 
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all studied variables. To create a succinct score and accurately estimate the intercept, a 

separate logistic regression as trained including only significant variables (p<0.05).

For predictive statistics, we trained our model on the patients with either PNES alone or ES 

alone in the retrospective dataset to so that we could assess our performance on the 

independently collected prospective data. Instead of 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 well posed and well-studied but there are not 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. We combine 

the retrospective and prospective datasets for these diagnostic groups because they were not 

used in training.

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 27. We recognize that the method of data collection differed between 

retrospective and prospective groups and have included details of the difference in each of 

our studied factors between the groups in Supplemental Tables 1 and 2.

We performed separate population-level analyses that split patients with temporal lobe 

epilepsy (TLE) from other epilepsies to test the hypothesis that patients with TLE 

experience more depression, anxiety and other psychiatric symptoms 28.

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

Demographic differences between diagnostic groups are summarized in Table 2. No 

significant demographic differences existed between the retrospective and prospective 

datasets within each diagnostic group (p<0.05, Supplemental Table 1). Inconclusive 

monitoring occurred more often in the prospective dataset (26% vs 10%, Fisher exact test, 

p<0.01). Standardized interviews were performed with 83% (246/296) of patients admitted 

during the prospective period. 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

A summary of the significant factors that contributed to the individual level model is 

summarized in Figure 1. The performance of our model on the prospective dataset is 

summarized in Figure 2. The specific non-metastatic neoplasias observed are listed in 
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Supplemental Table 3. Of the 26 non-metastatic neoplasias in the retrospective dataset (odds 

in logistic regression 3.2, p=0.04), 11 were intracranial and 16 were extracranial. Of the 

intracranial neoplasias, 4 and 6 were in patients with PNES and ES, respectively (odds 0.74, 

p=0.73). Of the extracranial neoplasias, 2 and 12 were in patients with PNES and ES, 

respectively (odds 3.0, p=0.16). Female sex was positively associated with PNES (odds 1.77, 

95% CI 1.24–2.51, p=0.001), whereas age had no significant linear effect (log odds 0.99 per 

year, p=0.59). The overall model fit the data better than an intercept only model (intercept 

deviance 1202, residual deviance 910, df=26, p<10−46). Exact model statistics are available 

in Supplemental Table 4. The performance of a leave-one-out cross validation model using 

the retrospective data is summarized in Supplemental Figure 1.

Combining inconclusive patients from the retrospective and prospective groups, this model 

predicts that 61% (95% CI 53–70%) would go on to be diagnosed with epilepsy. Similarly, 

when applied to the patients with mixed PNES plus ES, the model predicted 80% had ES 

alone (95% CI 68–92%).

3.2. Population-Level Statistics

The average within diagnostic class for all factors that differed significantly between PNES 

and ES after controlling for confounding variables are summarized in Figure 3 (Wald tests, 

p<0.05). Exact model statistics including overall model fits are summarized in Supplemental 

Table 5. Analogous figures based on analyzing the data from the retrospective and 

prospective datasets separately and without controlling for other factors are displayed in 

Supplemental Table 2.

All specifically noted pairwise differences below control for the non-specific effect of the 

total number of comorbidities and, when appropriate, the total number of ASMs failed and 

are significant with 95% or greater confidence. See Supplemental Table 5 for a full summary 

of all differences.

The total number of medical comorbidities was lower in ES than in PNES, PSLE, mixed and 

inconclusive (Poisson lambda difference>0.22, standard error (SE) <0.18, Wald p<0.03). 

Migraines were less common in ES and TLE than in PNES, inconclusive and PSLE (log 

odds difference>3.3, SE<0.50, p<0.001). Asthma was more common in PNES and PSLE 

than ES (log odds difference>5.0, SE 1.0, p<0.03). Chronic pain was less common in ES 

than in PNES (log odds difference 5.1, SE 0.72, p=0.04). There were no significant 

differences in non-metastatic neoplasia or diabetes mellitus between any populations 

(p>0.25). Cardiovascular disease was most common in inconclusive patients compared to 

patients with TLE, mixed and PSLE (log odds difference>0.90, SE 0.57, p<0.03). 

Intellectual disability was less common in TLE than in other epilepsies (log odds 

difference=1.01, SE 0.52, p=0.02).

Prior to controlling for age, sex and the number of medical comorbidities, both anxiety and 

depression were more common in PNES than ES (anxiety: 8.5% ES vs 16.5% PNES, Fisher 

exact p<10−25; depression 16.8% ES vs 28.0% PNES, Fisher exact p<10−24). After 

controlling for the confounders, anxiety was more common in PNES than ES (log odds 

difference 0.69, SE 0.23, p=0.046) and depression tended to be more common in PNES than 
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ES, but was not statistically significant (log odds difference 0.55, SE 0.19, p=0.052). 

Anxiety was more common in the prospective database than the retrospective database (ES: 

6.8% retrospective vs 17.8% prospective, Fisher p=0.003; PNES 12.6% retrospective vs 

26.4% prospective, Fisher p=0.051). Patients with ES and TLE had fewer psychiatric 

comorbidities than PNES, PSLE or inconclusive (Poisson lambda difference 0.49, SE 0.11, 

p=0.003). There were no significant psychiatric differences between ES and TLE (p>0.43).

Patients with ES or TLE took more ASMs than patients with PNES, PSLE and inconclusive 

(Poisson lambda difference>0.25, SE 0.06, p<0.002), and patients with PSLE took fewer 

ASMs than patients with PNES and inconclusive (Poisson lambda difference>0.71, SE 0.23, 

p<0.0001). All diagnostic groups significantly differed in the number of ASM failures 

(Poisson lambda difference>0.49, SE<0.23, p<0.01) except there was no significant 

difference between mixed or ES and TLE (p>0.12). The order of average ASM failures from 

most to least is ES, TLE, mixed, inconclusive, PNES then PSLE. The quality of the data 

regarding the reason for failure was poor with patients frequently not remembering why each 

medication had failed. With the reported data, patients with ES had more ASM failures due 

to efficacy than PNES or PSLE (Poisson lambda difference>1.3, SE<0.5, p<0.01). Patients 

with ES also had more ASM failures due to lack of side effects than PNES (Poisson lambda 

difference=0.26, SE 0.13, p=0.04).

Patients with ES and TLE took fewer other medications or psychiatric medications than all 

other groups, and patients with TLE took fewer other medications or psychiatric medications 

than patients with other epilepsies (Poisson lambda difference>0.64, SE<0.22, p<0.02). 

Patients with inconclusive monitoring took more non-medical supplements than patients in 

all other groups (Poisson lambda difference>0.46, SE<0.2, p<0.003).

4. Discussion

By understanding the context of comorbidities in which seizures present, we differentiated 

patients with PNES and ES. While the associations we observed were expected, our model 

translates this knowledge into an accurate, prospectively validated score using evidence-

based relative weights from a large, unselected patient population. This low cost, objective 

score based on only 10 questions routinely asked in outpatient interviews had the potential to 

assist in early identification of patients with PNES without requiring additional testing or 

increasing the time needed to interview a patient (Figure 1 and online calculator linked on 

brainmapping.org/MarkCohen/research.html).

Our predictive performance was achieved through an impressive sensitivity but mediocre 

specificity. The difference between sensitivity and specificity may reflect the heterogeneity 

of the population of patients with PNES 29–31. Contrary to our hypothesis that patients with 

PNES have more comorbidities, a substantial subpopulation of patients with PNES do not 

have more medical comorbidities than patients with ES. This is consistent with our recent 

publication that the many patients with PNES did not have a broadly positive review-of-

systems 22.
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Assessment of other aspects of the patient’s history, like ictal behavior and risk factors of 

sexual abuse and traumatic brain injury, may raise the specificity by identifying 

characteristics of patients with PNES that do not have more medical comorbidities. 

Therefore, our score should be one part of a detailed patient assessment by a health care 

provider, and not a replacement for the clinical interview and diagnostic testing. Consistent 

with the recommendations of LaFrance and colleagues 20, historical factors only raise or 

lower the suspicion for PNES while vEEG remains necessary to characterize the seizures 

definitively.

The strongest difference between patients with PNES and ES was seen in the ASM history. 

Patients with ES were taking, and had previously taken more ASMs. This suggests that 

when seizures were epileptic, providers and patients attempted to control seizures with 

ASMs longer prior to referral, even though current international league against epilepsy 

(ILAE) guidelines recommend referral after failure of 2 ASMs 32. Accordingly, more ASM 

trials in PNES was associated with longer delay to diagnosis 2. These data suggest that a 

substantial proportion of patients with medication refractory seizures of both epileptic and 

psychogenic types are not being referred in a timely fashion.

Patients with PNES were more medically complex than patients with ES, as evidenced by 

more medical comorbidities and medications to treat these conditions. In addition to more 

review-of-systems complaints 22, our results suggest that patients with PNES have more 

symptoms attributed to clinical conditions requiring medication. The absolute number of 

conditions and medications provided more information than the identity of the specific 

conditions with a few key exceptions: asthma, chronic pain, migraines, diabetes mellitus and 

non-metastatic cancer.

The three specific conditions that were associated positively with PNES represent well-

established risk factors. Asthma and migraines both are episodic conditions where the 

severity of attacks are difficult to quantify except by patient report 23; 33; 34. Similarly, the 

severity of chronic pain is based patients’ experience of pain and is difficult to correlate with 

objective measures 9. Because these conditions are based upon patient-experienced 

symptoms that are difficult to measure objectively, elements of these conditions may be 

understood as separate manifestations of conversion disorder.

The positive association of diabetes mellitus with ES has been discussed recently and may 

reflect immune abnormalities, microvascular lesions, local brain damage, metabolic factors 

and gene associations 35. The positive association of non-metastatic neoplasm with ES 

included both by intracranial and extracranial masses. Based on post-hoc analysis, this effect 

may be driven more by extracranial masses than intracranial masses, but there was 

insufficient power to separate these effects reliably. Intracranial masses can lead to tumor-

related epilepsies 36. In addition, there are numerous paraneoplastic epilepsies primarily 

associated with breast cancer, germ-line tumors, and other tumors we observed in our 

patients 37. We did not identify any paraneoplastic antibodies in any of our patients. Both 

positive associations of diabetes mellitus and non-metastatic neoplasia were only significant 

in the individual-level model and not the population-level models (p=0.16), suggesting that it 
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only provided diagnostic information after also controlling for medication history and the 

presence of migraines, asthma and chronic pain.

In addition to these pertinent associated factors, our population level results confirm 

previous demonstrations that patient-reported psychiatric disease was more common in 

PNES than ES, whereas the individual level predictive model suggests that the knowledge of 

psychiatric comorbidities did not add information that was not already accounted for based 

on medical comorbidities and medication history (p=0.35). While we observed more 

psychiatric disease in patients with PNES than ES on a population level (p<10−4), the 

presence of psychiatric comorbidities may have influenced ASM prescription patterns by 

raising the clinician’s suspicion for PNES, thereby reducing the number of ASMs failed 

prior to referral and the number of concurrent ASMs tried. Additionally, depression, anxiety 

and other psychiatric comorbidities are associated with more medical comorbidities 38. 

Lastly, we emphasize that our database includes only patient-reported or neurologist-

documented psychiatric disease and not information from formal psychiatric assessment. 

This mirrors the quality of psychiatric diagnostic information available at an initial 

outpatient neurology or primary care visit.

The population-level statistics complement the individual-level predictions by providing 

information about the other patient populations. While patients with PSLE may appear 

similar to PNES in some aspects, patients with PSLE were easier to identify because they 

were tried on fewer ASMs prior to referral, and more frequently report neurodegenerative 

disease and migraines. This is consistent with the most common types of PSLE: complex 

migraines or dementia-related behavioral or confusion episodes.

The population with mixed ES plus PNES presents a difficult diagnostic challenge because 

they differed significantly from patients with both PNES alone and ES alone. This suggests 

that patients with mixed ES plus PNES should be viewed a separate group, and that 

stratifying patients based on high or low risk for PNES alone may not rule out mixed 

disease. The result that our model predicted that 80% of mixed patients had ES alone 

suggests that comorbidities and medications are a poor indicator of PNES in patients with 

known ES. Additional studies that separately discuss patients with mixed ES plus PNES are 

needed to better understand this patient population 7.

Unexpectedly, patients for whom monitoring is inconclusive were distinct from the other 

populations. Likely because of consistent differences from both patients with PNES and ES, 

our predicted result that 62% of patients would go on to be diagnosed with ES further 

confirms that inconclusive monitoring was non-diagnostic, and that seizures need to be 

observed to reach a definitive diagnosis 20.

Lastly, our results did not reproduce the effect that patients with TLE have more comorbid 

depression, anxiety or other psychiatric comorbidities than other patients with epilepsy 

(p>0.16), but the burden of depression, anxiety and psychiatric comorbidities was high in 

both populations. This lack of difference may be due to our reliance on patient-reported 

psychiatric comorbidities as compared to formal psychiatric assessments.
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The patient population referred for VEEG monitoring at UCLA was similar to other datasets 

from epilepsy referral centers but did not reflect the population seen in emergency rooms 

and primary care practices. The delay to diagnosis in our dataset was substantially longer 

than the population that participated in the PNES treatment trials and in recent studies of 

pediatric PNES3; 4. Consequentially, our population may represent diagnostically 

challenging patients with PNES that may differ from other patients with PNES. In specific, 

our patients with PNES may have been tried on more ASMs due to the longer delay to 

diagnosis.

Outside of epilepsy referral centers, the relative prevalence of PNES is lower 39; 40. This 

difference reduces the PNES predictive value while increasing the ES predictive value. We 

highlight that at our center, and in emergency rooms and primary care practices, a formal 

psychiatric assessment was not obtained routinely, therefore our results may differ from 

previous literature that included this formal assessment.

There was a difference in method of data collection between our retrospective group and our 

prospective group. We view this as a strength of our work because predictive decisions were 

based upon physician-recorded retrospective record review that, conventionally, one would 

use to develop predictive algorithms. Prospective data was based on direct, standardized 

patient interview, which mirrors real-world application of our results.

5. Conclusions

A provider can begin to assess the possibility of PNES by discussing comorbid conditions 

and medication history with the patient and caregivers. Unlike seizure semiology that can be 

limited by ictal amnesia and healthcare literacy, patients and caregivers frequently can 

provide this history reliably. Our prospectively validated, evidence-based score illustrated in 

Figure 1B and available online could be used as an easy-to-use objective measure within a 

complete assessment of a patient to determine the likelihood of PNES and if the patient 

should be referred to vEEG for definitive diagnosis. However, this score has limited 

specificity and should be interpreted in the appropriate clinical context. We emphasize the 

ILAE guideline that irrespective of hypothesized seizure etiology any patient who has failed 

appropriate doses of two appropriately chosen ASMs should be referred for evaluation at an 

epilepsy center 2; 32.
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Refer to Web version on PubMed Central for supplementary material.
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Key Points

• Reliable early screening tools for psychogenic nonepileptic seizures (PNES) 

may reduce the time to diagnosis.

• Medical comorbidities and anti-seizure medication history can identify 

patients at risk for psychogenic seizures.

• Patients with PNES plus epilepsy have a different comorbidity and 

medication history than those with either epilepsy or PNES.
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Figure 1. 
Individual-level predictive model trained on the retrospective dataset. Blue reflects factors 

that increase the likelihood of ES, whereas pink reflects factors that increase the likelihood 

of PNES. A) Odds ratios of all significant factors (Wald test, p<0.05). Error bars reflect 

standard error. B) Translation of log-odds ratios to a rounded score for implementation. 

Medical comorbidities (clear) other than the 5 listed contribute to the total number of 

comorbidities, but do not otherwise contribute to our 10-item score. Abbreviations: anti-

seizure medication (ASM), and psychiatric (ψ).

Kerr et al. Page 14

Epilepsia. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Performance statistics of the predictive model when applied to the prospective dataset. A) 

Binary summary statistics of our model compared to uninformed classification methods 

(gray). Uninformed classification was done by either naïvely assuming that all patients have 

epilepsy or simple guessing with a 50% chance of guessing PNES. Exact numbers displayed 

in Supplemental Table 3. B) Receiver-operating curve of score from our predictive model 

applied to retrospective or prospective datasets, compared to chance.
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Figure 3. 
Summary statistics of studied factors with significant differences (p<0.05) observed between 

patients with PNES as compared to ES controlling for age, sex, number of medical 

comorbidities and number of failed ASMs. Error bars reflect standard error of the model-

based prediction for a single patient. A) Comorbidities. B) Count variables.
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Table 1

Comorbidity

Migraines

Asthma

Chronic Pain

Psychosomatic disorder

Depression

Anxiety

Developmental Delay

Neurodegenerative disease

Non-metastatic neoplasia

Metastatic neoplasia

Diabetes mellitus

Cardiovascular disease

Hypertension

Hypertensive encephalopathy

Atrial Fibrillation

Stroke

Transient Ischemic Attack

Hydrocephalus

Catastrophic Illness

Hypothyroidism

GERD/Ulcers

Neurofibromatosis Type 1

List of specifically targeted comorbidities studied. Abbreviation: Gastroesophageal reflux disease (GERD)
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Table 2

Diagnostic Group Number
Age

Min (95%CI) Max
Sex
%F

Delay
Min (95%CI) Max

PNES + ES 51 13 (33–43) 79 59 1d (13–23) 54

PNES 331 13 (37–41) 88 71 1d (7–10) 71

PSLE 37 13 (43–58) 95 65 1d (4–16) 82

Inconclusive 199 10 (36–41) 84 59 1d (10–14) 53

Epilepsy 747 6 (34–37) 86 51 1d (15–18) 61

TLE 297 11 (35–39) 73 54 1w (15–19) 59

All 1365 6 (36–39) 95 58 0 (13–15) 82

Demographic and delay from first seizure to neurology presentation information for each diagnostic category. Abbreviations: confidence interval 
(CI), percent female (%F), day (d), week (w).
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