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Objective: This study examined the psychiatric and neuropsychological profiles of people with psychogenic
nonepileptic seizures (PNES).
Methods: Twenty-people who had been diagnosed with psychogenic nonepileptic seizures (PNES), but not epi-
lepsy, were recruited into this study. A healthy control group was also recruited and was matched for age and
gender. All participants underwent structured psychiatric assessment and psychometric assessment. Neuropsy-
chological assessmentwas carried out using the CambridgeNeuropsychological Test Battery (CANTAB) after par-
ticipants passed the Medical Symptom Validity Test (MSVT) of effort.
Results: One patient failed the MSVT and was excluded from the analysis. Therefore, data from 19 people with
PNES and their matched healthy controls were analyzed. Compared with controls, people with PNES had signif-
icantly higher levels of depressive symptoms, anxiety symptoms, dissociative experiences, and alexithymic traits.
In addition, people with PNES had impairments in spatial working memory and attention when compared with

healthy controls.
Conclusion: To our knowledge, this is the first study to report that, compared with controls, people with PNES
have abnormal cognitive functioning after controlling for effects of effort and FSIQ. People with PNES also have
high levels of anxiety, depressive, and dissociative symptoms. In addition, they appear to particularly focus on
health problems and show evidence of chronic emotional dysregulation. Further studies are required to replicate
our results and to help clarify the pathogenic mechanisms underlying PNES.
© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Psychogenic nonepileptic seizures (PNES) are episodes of altered
movement, sensation, or experience resembling epileptic seizures
but have no electrophysiological brain correlates [1]. Psychogenic
nonepileptic seizures are diagnosed after neurological, medical, and
Service, Ireland. Tel.: +353
video-electroencephalography (vEEG) assessments confirm that
the events are not epileptic in nature and have no other physical expla-
nations (such as cardiogenic syncope). The age at onset of PNES is
approximately 23 years, with a prominent gender split, and the prepon-
derance of patients are women by a ratio of 3 to 1 [2].

We and others reported that 20–25% of patients who attend neurol-
ogy centers for treatment of epilepsy and 20–30% of adult inpatients
having inpatient VEEG monitoring have psychogenic nonepileptic sei-
zures (PNES) [1,3]. Delayed diagnosis of PNES is associated with direct
and indirect costs to patients, health-care providers, and society [1–3].

In current psychiatric classification systems, an individual with PNES
is classified as having a conversion disorder, a process whereby
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intrapsychic distress is converted into physical neurological symptoms
[2]. There is consistent evidence that, compared with people with epi-
lepsy, those with PNES have higher levels of anxiety, depressive,
somatisation, and conversion symptoms on personality assessment
and a relatively high frequency of personality disorders [4]. In addition,
we and others have reported high rates of alexithymia, a personality
trait characterized by deficits in emotional recognition and processing,
in people with PNES [5,6]. However, in the absence of any other clinical
investigation to confirm the diagnosis of PNES, vEEG remains the gold
standard to discriminate PNES from epilepsy.

It has been proposed that people manifest PNES as a result of an as-
yet-unknown psychophysiological process that occurs in response to
stress [6]. The manifestation of PNES has been associated with a range
of interacting psychosocial stressors [1], and studies have found that,
compared with healthy control subjects, people with PNES have poorer
memory performance under conditions of social distraction [7], sug-
gesting that they have an abnormally increased stress response.

People with PNES may also have differences in neurocognitive func-
tioning [4]. Some of the earliest studies compared performance on neu-
ropsychological testing between groups of people with PNES, epilepsy,
and mixed PNES and epilepsy. However, results from those studies
were inconsistent. For example, peoplewith PNESwere reported to per-
form better [8], worse, or no different [9,10] on a range of tests com-
pared to people with epilepsy. Subsequent studies suggested that
neuropsychological deficits reported in PNES were indicative of factors
such as emotional disturbance, personality disturbance, and suboptimal
motivation [11]. Since then, suboptimal effort during neuropsychologi-
cal testing, in particular, has been highlighted as a frequent finding in
people with PNES comparedwith patients with epilepsy and associated
with poor neuropsychological performance [12]. Therefore, it is possible
that in those early studies, variable levels of effort between participants
contributed to inconsistent neuropsychological findings.

Several studies have evaluated indices of suboptimal performance of
patients with PNES on neuropsychological testing. Bakvis and col-
leagues used the Amsterdam Short-Term Memory Test (ASTMT) to ex-
amine effort and compared patients with PNES and a healthy control
group on performance of a specificworkingmemory test under baseline
and stressful conditions [7]. Although the authors used one index of
symptomatology (SCL-90-R) and one neuropsychological test, the intel-
ligence quotients of participants were not controlled for with formal as-
sessment. Locke and colleagues examined the relationship of composite
indicators of neuropathology, psychopathology, and effort to neuropsy-
chological results in patients with epilepsy and PNES and found that pa-
tients with PNES had relatively higher cortisol stress responses and
impaired cognitive integrative functioning [13]. They recorded partici-
pants' scores on the Test of Memory Malingering (TOMM) but did not
directly compare groups on this measure. The sample included patients
with neurological abnormality, but patients were not formally psychiat-
rically assessed, and affective symptoms were not measured. A notable
finding was a significant relationship between effort and scores on all
cognitive domains apart from executive functioning. In addition, neuro-
pathology was related to memory functioning in both groups. A further
study compared neuropsychological functioning of women with PNES
with that of people with epilepsy, including scores on the TOMM [12].
The authors excluded participants who failed the TOMM from the anal-
ysis. They reported no abnormal neurocognitive findings in the group
with PNES using normative data for the tests and found that the group
with PNES generally outperformed the group with epilepsy.

In summary, these findings suggest that people with PNES have ab-
normalities of neurocognitive and emotional processing. However,
there is convincing evidence that neuropsychological performance in
PNES is affected by variables such as neuropathology, psychopathology,
stress, and performance effort.While Strutt and colleagues reported im-
paired neuropsychological functioning while controlling for effort in
women with PNES only, the generalizability of these results is unclear
[12]. Moreover, the results of prior studies have to be interpreted
cautiously because of differences in sampling andmethods of psychiatric,
psychometric, and neuropsychological test assessments and analyses.
Therefore, we used comprehensive medical, psychiatric, psychometric,
and neuropsychological assessments of patientswith PNES and employed
a test of effort to, firstly, examine neuropsychological functioning and,
secondly, to determine if findings could be used to help identify patients
with PNES in the clinical setting. We hypothesized that, compared with
age- and gender-matched controls, people with PNES (1) have elevated
rates of psychopathology including increased rates of dissociation and
emotional dysregulation and (2) have significant differences in attention
and cognitive processing.

2. Methods

2.1. Settings for study

This multisite study was conducted at the Royal College of Surgeons
in Ireland (RCSI) and Trinity College Dublin (TCD) academic centers and
at Beaumont Hospital (BH) and Cork University Hospital (CUH) clinical
centers.

2.2. Sample

Patients diagnosed with PNES without comorbid epilepsy in the
three years prior to and during the period of this study were identified
from case registers and invited by letter to participate in this research
project. All participants had a comprehensive neurological examination
comprising physical assessment, structural neuroimaging, and vEEG
monitoring. Moreover, all participants met the gold standard for “diag-
nosis with high confidence” of PNES according to a recent consensus
guideline, where the diagnosis is made on the basis of both patient his-
tory and a typical seizure-like event is observed, simultaneously co-
registered with EEG [14]. The study was approved by each center's re-
search ethics committee, and all participants providedwritten informed
consent for involvement in the study. Patients were included if all of the
following criteria were met: if they had been diagnosed with psycho-
genic nonepileptic seizures after capture of a typical seizure-like event
on vEEG monitoring; if they had experienced multiple seizure-like
events; and if neurological and structural MRI examinations excluded
demonstrable neurological abnormality.

Patients diagnosed with PNES while under the age of 18 years were
excluded. Other exclusion criteria were a history of comorbid neurolog-
ical or endocrine disorder, intellectual disability, difficulties in reading
or writing, and major psychiatric illness including psychotic disorder
or substance abuse. No subject had been taking anticonvulsant medica-
tion within three months of participation. Clinical data were gathered
from participants' self-report and from both hospital and primary phy-
sicianmedical records. Of forty patients identified from case registers as
having PNES, twenty met the criteria for inclusion in the study and
agreed to participate.

Control participants were recruited on-site and through webmail
advertisement at BH, TCD, andRCSI and by inviting thosewhoprevious-
ly participated in research projects (research registers) at the relevant
academic centers. Control participants were included if theywere phys-
ically healthy and did not meet any exclusion criteria. They were also
matched for gender and age with the group with PNES.

2.3. Clinical interview

All participants underwent a structured clinical interview for DSM-
IV for both axis 1 and II disorders (SCID-I and SCID-II). We administered
all six sections of the SCID-I and assessed for all ten of the 10 DSM-IV
personality disorders using the SCID-II. Our assessment also gathered
information onmedical and psychiatric histories and basic demographic
information including age, gender, race, and number of years spent in
education. Additional clinical data in those with PNES, such as age at
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onset, age at diagnosis, frequency of seizures, prescribed psychotropic
medication, and whether previously treated with cognitive behavioral
therapy, were also gathered.

2.4. Self-report questionnaires

The following self-report questionnaires were completed by all
participants.

2.4.1. Beck Depression Inventory (BDI-II)
This is a 21-item self-report scale. It measures the person's experi-

ence of depressive symptoms within the previous two weeks and reli-
ably discriminates patients with clinical depression from patients
without clinical depression [15].

2.4.2. Beck Anxiety Inventory (BAI)
The BAI is a 21-item self-report scale. It measures the person's expe-

rience of anxiety symptomswithin the previousmonth and reliably dis-
criminates people with anxiety disorders from people without anxiety
disorders [16].

2.4.3. Dissociative Experiences Scale II (DES II)
The DES II comprises 28 questions and measures dissociative symp-

toms [17].

2.4.4. Toronto Alexithymia Scale (TAS-20)
This instrument measures deficiency in understanding, processing,

or describing emotions [18].

2.4.5. The Coping Inventory for Stressful Situations (CISS)
The CISS is a 48-item self-report measure that is used to assess the

preferred coping style of the individual and the relationship between
their coping style and their personality [19].

2.4.6. Life Events Checklist
The LEC is a 17-item, self-report measure that screens for potentially

traumatic events in a respondent's lifetime [20].

2.4.7. Personality Assessment Inventory (PAI)
The PAI is an objective inventory of adult personality that assesses

psychopathological syndromes and provides information relevant for
clinical diagnosis and screening for psychopathology. It includes validity
scales that measure the respondent's approach to the test, including
screening for exaggerated or false responses and defensiveness. Profiles
can be compared with both healthy and clinical populations [21].

2.4.8. General Health Questionnaire (GHQ)
The GHQ is a 28-item instrument developed to detect those likely to

have or be at risk of developing psychiatric disorders. It screens for
problems such as depression, anxiety, somatic symptoms, and social
withdrawal [22].

2.4.9. Edinburgh Handedness Inventory (EHI)
The EHI is a measurement scale used to assess the dominance of a

person's right or left hand in their everyday activities and can be com-
pleted as self-report or by observer assessment [23].

2.5. Neuropsychological evaluation

All participants completed theWechsler Abbreviated Scale of Intelli-
gence (WASI) to ascertain a full-scale intelligence quotient (FSIQ) and a
Wechsler Test of Adult Reading (WTAR) to estimate an individual's level
of intellectual functioning before the onset of illness [24,25]. In addition,
all participants completed the Medical Symptom Validity Test (MSVT)
to examine effort applied to assessment tasks [26]. The MSVT has dem-
onstrated high sensitivity and specificity in differentiating good effort
from simulatedmemory impairment in previous studies of clinical pop-
ulations, where a potential incentive to perform poorly exists [27]. Only
participants who passed the MSVT had their data included in the
analyses.

2.5.1. The Cambridge Neuropsychological Test Automated Battery
(CANTAB)

The CANTAB is a computer-administered and visually presented
(nonverbal) set of neuropsychological tests containing 22neuropsycho-
logical tests in five cognitive domains: attention, visual memory, se-
mantic/verbal memory, decision-making and response control, and
executive function [28]. A more detailed technical description of the
tests may be found on the Cambridge Cognition's website: http://
www.cantab.com.

Each participant completed a CANTAB battery of neuropsychological
tests to examine attention and frontostriatal function (Intradimensional/
Extradimensional Shift Task), sustained attention to compound stimuli
(Rapid Visual Processing Task), planning efficiency and memory
(Stockings of Cambridge Task), and executive functioning and mem-
ory (Spatial Working Memory Task).

Each participant made between one and three visits to the research
center over the course of the study because of the length of time re-
quired to complete all assessments. TheWTAR,WASI, andMSVT assess-
ments always occurred on the same day and immediately before the
participant underwent the CANTAB neuropsychological battery. Each
participant spent a total of between 3 h and 4 h participating in the
assessment process. One researcher (FOB) carried out all assessments.
The researcher was trained by a senior clinical neuropsychologist (GF)
in neuropsychological test administration and interpretation, and
interrater reliability was N .9.

2.6. Statistical analysis

The demographic and psychometric data were analyzed using a lo-
gistical regression analysis, with PNES status as the binary outcome var-
iable.Workingmemory items, SOC and RVPwere included as individual
predictors and also in combination (multiple logistic regression). It was
noted that there was a significant difference between the patient group
and the control group in full-scale intelligence quotient (FSIQ). There-
fore, the neuropsychological test results were analyzed using binary
logistical regression, covarying for FSIQ. A p-value of b0.05 was consid-
ered statistically significant. Data in this study were analyzed using the
Statistical Package for the Social Sciences version 20 (SPSS Inc., Chicago,
IL).

3. Results

3.1. Clinical data

One patient failed the effort task so that the data generated by this
patient and their matched control participant were excluded from fur-
ther analysis in this study. Data for 19 patients with PNES and their
matched controls were included in the final data analyses. There were
no significant between-groups differences in age and gender.

This study had 80% statistical power for a sample size of 38 to detect
a difference between groups, approximately equaling the standard de-
viation of the responses (in depression, anxiety, or dissociation scales).

Demographic data are presented in Table 1.
The WTAR-predicted IQ and actual FSIQ (WASI) were analyzed to

determine if there were significant intragroup and between-groups dif-
ferences in the scores. Predicted FSIQ (WTAR) and current FSIQ scores
significantly differed between groups. The correlation between WTAR
standard score and FSIQ predicted score was very high (N0.99). This in-
dicated very high agreement between the two scores overall. However,
therewas a statistically significant difference (predicted standard score)
between the groups: the predicted score was 4.7 points less than the

http://www.cantab.com
http://www.cantab.com


Table 1
Selected demographic data for participants.a

Demographic Group with PNES
(N = 19)

Control group
(N = 19)

Age in years 30.0 (8.8) 29.7 (7.0)
Years of education 13.6 (2.0) 17.0 (3.2)
Gender

Male 6 (32%) 6 (32%)
Female 13 (68%) 13 (68%)

a Age and years of education data are presented as mean (standard deviation).

Table 2
Results showing variables that predicted group status.a Scores are presented in the follow-
ing format: mean (standard deviation). The PAI scale scores reflect the degree of concern
identified in functioning of the relevant domain, where T-scores less than 60 identify that
there is little concern regarding functioning in the specific domain assessed; scores greater
than 60 (marked with *) identify that there is at least some concerns with functioning.

Variable PNES
(N = 19)
mean ± SD

Controls
(N = 19)
mean ± SD

p-Value

FSIQ 103.1 ± 10.8 122.1 ± 9.9 b0.001
WTAR Standard IQ 91.0 ± 14.0 115.4 ± 11.0 b0.001
Education (years) 13.6 ± 2.0 17.0 ± 3.2 0.002
Psychometric assessment

Beck Depression Inventory 17.6 ± 16.3 4.3 ± 5.4 0.010
Beck Anxiety Inventory 18.2 ± 17.4 5.6 ± 5.3 0.032
TAS-20 54.7 ± 13.4 39.6 ± 11.2 0.004
Dissociation Events Scale II 18.5 ± 16.7 8.7 ± 6.2 0.048

Personality Assessment Inventory
SOM 62.4 ± 11.6* 46.2 ± 5.5 0.002
SOM-C 63.4 ± 16.0* 47.0 ± 6.9 0.006
SOM-S 55.5 ± 9.9 46.0 ± 7.1 0.010
SOM-H 63.6 ± 12.5* 47.1 ± 6.8 0.003
DEP 58.5 ± 14.9 49.2 ± 11.2 0.049
DEP-P 57.7 ± 11.4 46.2 ± 10.5 0.008
ALC 45.5 ± 5.9 51.0 ± 7.2 0.022
ANT-A 44.6 ± 5.7 50.2 ± 9.1 0.046
ANT-S 45.5 ± 6.9 51.9 ± 9.1 0.035
SPI 58.9 ± 13.4 50.2 ± 11.2 0.046

a Logistic regression analysis.
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standard score for controls; in contrast, the predicted score exceeded
the standard score by 4.3 points in the cases (p b 0.001).

No control participant included in the study analysis was found to
have a personality disorder.

All persons with PNES had a diagnosis of somatoform (conversion)
disorder, with amean (standard deviation) duration of PNES symptoms
to a diagnosis of 3.8 (2.9) years and years since the diagnosis to inclu-
sion in the study of a further 2.6 (2.0) years. Sixteen out of the 19
(84.2%) patients had experienced at least one PNES event within the
three months prior to testing, one had experienced an event within
the previous 9months, and the remaining twopatients had experienced
their last event between one year and four years previously. The average
frequency of PNES events experienced in the patient group as a whole
was three per week at the time of study.

Nine patients (47% of the group with PNES) had no other axis I or II
psychiatric diagnosis apart from conversion disorder. Of the remaining
10 patients, two (10.5% of the group with PNES) had another active
axis I comorbid psychiatric illness (PTSD), and eight (42% of the group
with PNES) had one or more personality disorders. Of those patients
meeting criteria for personality disorder, five had one personality disor-
der, and three had more than one. Emotionally unstable (borderline)
personality disorder (BPD) was identified in five of these patients and
obsessive–compulsive (anankastic) personality disorder (OCPD) was
found in the other three. There was one diagnosis each of paranoid per-
sonality disorder (PPD), histrionic personality disorder (HPD), and
avoidant personality disorder (AvPD), and those three personality dis-
orders were each comorbid with either BPD or OCPD.

Seven (36.8%) of the group with PNES had received a full course of
cognitive behavior therapy for treatment of PNES after diagnosis but
had continued to have events.

3.2. Results of psychometric assessment

There were no significant between-groups differences in self-
reported scores on the CISS, LEC, and GHQ. However, there were signif-
icant differences between the groupwith PNES and the control group on
measurement of anxiety, dissociative, and depressive symptoms and
alexithymia, where on each measure, the group with PNES had higher
scores indicating greater pathology (Table 2).

The group with PNES scored significantly higher than the matched
healthy controls on PAI indices reflecting concern about health and
physical functioning (all the SOM scales) and clinical features common
to the syndrome of depression (DEP scales) including vegetative signs
(DEP-P) and suicidal risk (SPI). The group with PNES scored significant-
ly lower compared with the control group on indices of alcohol use
(ALC) and features relevant to personality constructs of antisocial and
stimulus-seeking behavior (ANT-A and ANT-S) (Table 2). The other
PAI subscales were not found to differ significantly between groups or
to have scores indicative of clinical significance, including indices of pro-
file distortion.

3.3. Results of CANTAB neuropsychological battery assessment

Neuropsychological battery datawere firstly assessed usingmultiple
logistic regression, adjusting for FSIQ. Therewere significant differences
between groups on tests of spatial working memory (SWM task), plan-
ning and organization (SOC task), and attention (RVP task) (Table 3).
There were no significant differences between the patient group and
the control group for the Big Circle/Little Circle Task and Intraextra Di-
mensional Set Shift Task.

In addition, we carried out a bivariate Spearman's rho nonparamet-
ric correlation analysis within the group with PNES that included those
variables found to predict group status to test the hypotheses that, first-
ly, emotional dysregulation is associated with performance on neuro-
psychological testing and that, secondly, indicators of emotional
dysregulation are associated with severity of PNES. The main results of
this analysis are reported in Table 4. Alexithymia scores were found to
positively correlate with SWM between errors, but otherwise there
was little evidence to support the first hypothesis. We found positive
correlations between frequency of PNES events and those variables re-
lating to dissociative experiences and preoccupation with health and
physical functioning (in particular).

4. Discussion

To our knowledge, this is the first study to report that, compared
with healthy controls, people with PNES have significant differences in
personality, in emotional health, and in neuropsychological functioning
after controlling for effects of effort and FSIQ. Specifically, we found that
patients performed comparatively poorly on tests of spatial working
memory and attention and had high levels of anxiety, depressive, and
dissociative symptoms. In addition, they appeared to particularly focus
on health problems and showed evidence of chronic emotional
dysregulation.

In our sample, we found that 42% of people with PNES had no other
axis 1 or II mental disorders apart from conversion disorder, and the re-
maining 53% had either a comorbid axis I or II psychiatric disorder. Our
finding that just two people with PNES had an active comorbid axis I
disorder, apart from conversion disorder, is rather surprising, given
that several studies have reported a high frequency of comorbid anxiety
and affective disorders with PNES [29]. These findings should be
interpreted with caution, given that there is a risk of false negative find-
ings from evaluation of a relatively small sample size. Nevertheless,
there was significant evidence of ongoing clinical dysfunction in the



Table 3
Results of analysis covarying for FSIQ (means).a

Variable PNES
(N = 19)
mean ± SD

Controls
(N = 19)
mean ± SD

p-Value p-Value (adjusted for FSIQ)

Spatial working memory (SWM)
SWM between errors 23.1 ± 16.9 18.8 ± 17.7 0.453 0.025
SWM between errors (6 boxes) 6.2 ± 6.0 4.9 ± 6.6 0.542 0.042
SWM between errors (8 boxes) 16.3 ± 12.3 13.5 ± 11.9 0.482 0.036
SWM total errors 23.6 ± 17.3 19.9 ± 17.3 0.510 0.025
SWM total errors (6 boxes) 6.3 ± 6.1 5.3 ± 6.6 0.632 0.041
SWM total errors (8 boxes) 16.7 ± 12.7 14.2 ± 11.6 0.525 0.035
SWM strategy 30.2 ± 7.0 28.3 ± 7.1 0.423 0.048

Stockings of Cambridge (SOC)
Mean initial thinking time (3 moves) 4854 ± 2651 6264 ± 4945 0.281 0.031

Rapid visual information processing (RVP)
RVP mean latency 405.1 ± 55.8 407.5 ± 70.9 0.911 0.040

a Logistic regression analysis.
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groupwith PNES, indicated by the average frequency of PNES events ex-
perienced of three per week, significantly greater average depression
and anxiety scores compared with healthy controls, and that approxi-
mately 36% were continuing to experience PNES events despite having
received cognitive behavior therapy. Furthermore, eight (42%) of the
total group with PNES had at least one personality disorder, with the
emotionally unstable (borderline) type being themost frequent follow-
ed by the obsessive–compulsive (anankastic) type. These findings are
consistent with findings of a high incidence of cluster B personality dis-
orders and especially borderline personality disorder in people with
PNES [4,10].

Our PAI assessment findings included significant elevations in the
group with PNES on indices of concern about health and physical func-
tioning (SOM scales) and clinical features common to the syndrome of
depression including vegetative signs (DEP and DEP-P scales) and sui-
cidal risk (SPI) when compared with healthy controls. The SOM scale
scores were clinically significant and reflected the experience of dra-
matic physiological symptoms typical of conversion disorders and a
preoccupation with physical functioning, and signs of physical ill-
health in particular, in the group with PNES [21]. Our findings were in-
ternally consistentwith results of our semistructuredpsychiatric assess-
ment, and there was no evidence of profile distortion, such as
malingering or exaggeration of symptoms, so that ourfindings are high-
ly consistent with those of previous studies examining personality con-
struct in PNES [30].

Our finding of significantly elevated alexithymia scores in the group
with PNES is consistentwith previous research [5,6]. There is strong and
consistent evidence from longitudinal investigations that alexithymia is
a stable trait that is largely independent of psychopathology or medical
illness [31]. Therefore, our findings support evidence that people with
PNES have personality traits consistentwith chronically abnormal emo-
tional regulation.
Table 4
Results of nonparametric correlation analysis within the group with PNES.a

Variable 1 2 3 4

1. Frequency of PNES events − .31 − .43 − .07
2. BDI − .31 .84** .75**
3. BAI − .43 .84** .66**
4. TAS-20 − .07 .76** .66*
5. DES II − .53* .86** .75* .72**
6. SOM − .70** .46* .53* .14
7. SWM between errors − .04 .34 .45 .49*
8. SWM total errors − .08 .32 .45 .45
9. SWM strategy − .02 .16 .44 .36
10. RVP mean latency − .01 .10 .04 .01

a Note: correlations marked with an asterisk, * or **, were significant at p b 0.05 or p b 0.01,
We found no between-groups difference in reported coping style,
the numbers of traumatic life events reported, or self-reported quali-
ty-of-life indices. These findings are inconsistent with some studies of
PNES [12,32]. However, people with medically unexplained symptoms,
including thosewith PNES, have been found to be less likely to perceive
psychological factors as relevant to their symptoms and to bemore like-
ly to deny that they have suffered from life stress and to have automatic
avoidance tendencies [32,33]. In addition, it has been proposed that
alexithymia functions within the individual as a mechanism for
avoiding distressing affect [34], and we found elevated alexithymia
scores in our group with PNES, so we can speculate that both these fac-
tors may at least partially explain these nonsignificant findings.

We found levels of dissociative symptoms (DES II) to be significantly
higher in the groupwith PNES. Furthermore, interpretation of themean
DES II score indicates that it falls within a range of values in whichmen-
tal disorders such as anxiety disorder, affective disorder, and emotional-
ly unstable personality disorder would be usual but not so high so as to
be consistent with levels usually found in posttraumatic stress disorder
or dissociative disorder [35]. Therefore, these scores are consistent with
our findings from structured psychiatric assessment and also highly
consistent with previous studies that reported significantly high disso-
ciative symptoms in people with PNES when compared with those
found in the healthy control group [36] and in groups with epilepsy
[36,37]. In addition, we found a positive correlation between dissocia-
tion scores and frequency of PNES events so that, overall, our findings
relating to dissociation support the hypothesis that dissociative mecha-
nisms are involved in expression of these events [6].

In our study, neuropsychological assessment occurred directly after
participants passed a test of effort and our analysis of neuropsychologi-
cal performance data controlled for the effects of FSIQ. Our results
showed, firstly, that people with PNES performed abnormally on tests
of spatial working memory (SWM) and that those deficits were more
5 6 7 8 9 10

− .53* − .70** − .04 − .08 − .02 .12
.86** .46* .34 .32 .16 .10
.75** .53* .45 .45 .44 .04
.72** .14 .49* .45 .36 .01

.61** .41 .38 .15 .37
.61** .26 .29 .08 .25
.41 .26 .99** .76** .44
.38 .29 .99** .79** .44
.15 .08 .76** .79** .15
.37 .25 .44 .44 .15

respectively.



44 F.M. O'Brien et al. / Epilepsy & Behavior 43 (2015) 39–45
consistently apparent on tests of higher task complexity; secondly, that
the group with PNES also executed poorer strategy on SWM tasks, a
finding also suggestive of cognitive dysfunction; and, thirdly, that the
group with PNES took less time to initiate action on some, but not all,
tasks involving planning and attention.

Spatialworkingmemory is amemory systemof limited capacity that
allows the temporary storage and processing of information, and re-
search indicates that it is impaired by concurrent performance on
tasks that utilize executive resources [38]. The CANTAB battery tasks
we employed in this study particularly examine components of cogni-
tion known to be associated with frontal andmedial temporal brain re-
gions [39] and have previously demonstrated a high degree of
sensitivity in detecting brain dysfunction in regions including the
amygdalo-hippocampal complex [40], thereby permitting inferences
to bemade about the underlyingneural circuitry associatedwithperfor-
mance of these tasks. Therefore, our neuropsychological results would
appear to indicate that peoplewith PNES have abnormal cognitive func-
tioning that includes neural networks involved in attention andmemo-
ry. These results appear inconsistent with those of a recent study that
found no neuropsychological abnormality in PNES once effort only
was controlled for [12]. However, that study only included females, par-
ticipants did not have structured psychiatric and personality evaluations,
and data relating to psychotherapeutic intervention or response were
not included in their analyses. In contrast, our sample was age-, handed-
ness- and gender-matched; participants received comprehensive psy-
chiatric and neuropsychological evaluations; and our sample included
patients who continued to experience PNES despite psychotherapeutic
intervention. In addition, although the study by Strutt et al. did not find
a statistically significant difference on neuropsychological performance
between thosewith epilepsy and thosewith PNES, they did report a con-
sistent relative weakness in attention and memory in the group with
PNES. Therefore, it is likely that differences in sample characteristics
and data analyses explain the disparate findings.

In this study, we compared and contrasted estimates of premorbid
intelligence with current intelligence quotients to examine whether
there was evidence of intellectual decline over time, which is known
to occur in conditions involving neurological insult or disease. We
found significant statistical changes within groups. However, we con-
sidered the observed changes of between 4 IQ points and 5 IQ points
to be negligible in terms of actual clinical significance [41]. Therefore,
our findings suggest that people with PNES do not suffer cognitive de-
clines that are otherwise associatedwith neurological illness or brain in-
jury, including epilepsy [42].

Finally,wewould like to comment on our use of theMSVT. Symptom
validity tests, such as the MSVT, are commonly utilized in medicolegal
clinical examinations where a potential incentive to perform poorly ex-
ists. Recent studies have found associations between symptom validity
performance and disability status in conditions classified as somatoform
disorders [43]. Effort testing has also been carried out with people with
PNES. One previous study carried out by Drane et al. had reported find-
ings of suboptimal effort on neuropsychological evaluation of people
with PNES [44]. However, this finding was not replicated in a subse-
quent study of PNES utilizing the same test and carried out by a different
research group [45]. The authors of the latter study suggested that the
high rates of suboptimal effort found by Drane et al. were likely related
to sample bias, which they attributed to the inclusion of people with
PNES who had severe psychiatric difficulties, including people with
“hysteroid” personality disorder. Moreover, a recent study examined
performance of people with PNES on a symptom validity test while in-
vestigating potential confounders and reported that failure on the
Word Memory Test (WMT) was strongly associated with reported
abuse but not with variables such as the presence of financial incentives
or severity of reported psychopathology [46]. These results indicate that
for people with PNES, factors underlying WMT failure cannot be as-
sumed to be similar to those found in other medical populations, such
as exaggeration of distress or financial or disability incentives and may
be more related to clinical variables such as traumatic experience. In
our study, we included only those people with PNES who passed a
well-validated test of effort in an attempt to rule out the possibility of
response bias in our study. However, on the one hand our clinical sam-
ple was found to have significant levels of psychopathology and cluster
B type personality disorder and included people who continued to ex-
perience PNES despite treatment; on the other hand, there was no sig-
nificant between-groups difference of reported traumatic experiences
compared with controls. Therefore, further research studies are likely
to be required to identify clinical and psychosocial variables that can
help predict with confidence those people with PNES likely to perform
suboptimally on clinical tests. In general, however, these studies high-
light the importance of effort testing in medical populations including
those with PNES.

In summary, we studied a relatively homogeneous group of peo-
ple with PNES and found significant differences from healthy con-
trols on psychopathological indices of depression, anxiety, and
dissociation. We also found significant differences between groups
on personality construct, indicating an increased prevalence of
alexithymia, preoccupation with physical health, and disordered
personality in people with PNES, consistent with results from previ-
ous studies. Nevertheless, this is, to our knowledge, the first study
that reports abnormal neuropsychological functioning in PNES
after controlling for effort. In addition, our correlation analysis re-
sults found dissociation to be positively associated with frequency
of PNES events. However, we found no evidence that our finding of
abnormal neuropsychological functioning is associated with a cog-
nitive decline often found in people who have suffered neurological
illness or neural injury. Therefore, although the cause of our findings
is unknown, we suggest that, overall, our findings support the hy-
pothesis that PNES manifest through an interaction effect involving
attention deficits [12] and disrupted integration of emotional pro-
cessing and perception [6]. Moreover, our results also support evi-
dence that there are abnormally functioning neural circuits in
PNES that subserve the relevant cognitive functions [47].

The main limitations of our study are the small sample size and an
associated increased risk of type II error in interpretation of our findings.
However, on the other hand, our study was adequately powered, and
we employed a rigorous structured approach to assessment and analy-
sis of data. We also did not include people with epilepsy in our study.
Hence, we do not know if our findings will generalize when compared
with other groups within the epilepsy spectrum. Therefore, we suggest
that further carefully planned studies involvingmultimodal assessment
techniques such as neuropsychological, neurophysiological, and neuro-
imaging modalities will be required to replicate our results and further
delineate the neurobiological underpinnings of PNES.

5. Conclusion

This is the first study to report that, comparedwith healthy controls,
peoplewith PNES have abnormal cognitive functioning after controlling
for effects of effort and FSIQ. People with PNES also have high levels of
anxiety, depressive, and dissociative symptoms. In addition, they appear
to particularly focus on health problems and show evidence of chronic
emotional dysregulation. Further studies are required to replicate our
results and to help clarify the pathogenic mechanisms underlying PNES.
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