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ABSTRACT

Psychogenic Nonepileptic Seizures (PNES) superficially resemble epileptic seizures but are thought
to have a psychological rather than epileptic basis. Patients with PNES vary iwitdgips of
background, personality profiles, comorbidities, resptoseatment and outcomes. Previous

accounts interpreting thesazuresasthe activation of dissociated material, a physical manifestation

of emotional distress, hard-wired reflex responses, or learned behaviours cannot explain key features
of the phenomenon. Drawing on a brief revigiithe literature on etiology, correlates and
phenomenologpf PNES, this paper integrates existing approaches and data within a novel
explanatory framework that appligsall PNES patients with subjectively involuntary seizures.
Following the Integrative Cognitive Model of medically unexplained symptarasuggest that the
central feature of all PNEIS the automatic activation of a mental representation of seizures (the
“seizure scaffold”) in the context of a high level inhibitory processing dysfunction. This often arises

in responseo elevated autonomic arousal, and may disrupiritieidual’s awareness of distressing
material, bucanbecome divored from abnormal autonomic and emotional activity. This model
accounts both for existing findings and the heterogeoéipatients with PNES, whilst leading a

number of novel hypotheses against whiadanbe evaluated.

KEYWORDS
Psychogenic non-epileptic seizures (PNES); Dissociation; Integrative Cognitive Model;

representation; autonomic arousal; interoception
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INTRODUCTION

Psychogenic Nonepileptic Seizures (PNES) are episodic disturbances of normal functioning

and reduced self-control associated with a rarigeotor, sensory, and mental manifestations that
superficially resemble epileptic attacks, but which are not causegileptic activityin the brain.

PNES are newly diagnos@dmore than 5/100,000 per year (Duncan, Razvi, & Mulhern, 2011), and
the prevalencef this diagnosis has been estimaiebteashighas33/100,000 (Benbadis, Allen, &
Hauser, 2000). PNES most frequently manifiestarly adulthood bunay first presentn childrenas
youngasfive andin older adults (Reuber, Fernandez, Bauer, Helmstaedter, & Elger, 2002). About
onein five patients first presentirtg a seizure clinies diagnosed with PNES (Angus-Leppan,

2008).

PNESiIs not a category conceived through psychopathological resesaticbory. The
diagnosticentity “PNES’ has primarily developed because patients with these seizures poesent
medical settings that are also usgthatients with epilepsy, and because experts charged with
making diagnoses have tendedittribute these phenometwe ‘psychological” causes without
wantingto commit themselvet® a particular mechanism tw identifying a specific psychiatric
disorder. Indeedn the current nosologies, patients with PNES fall into a number of different
categories: most, but not all, fulfil the diagnostic criteria of Functional Neurological Symptom
(Conversion) Disorden DSM-5 (Ameri@an Psychiatric Association, 20)%3liagnoses of Somatic
Symptom Disorder, Dissociative Disambr Post-Traumatic Stress Disorder may also be
appropriateln the context of these categorical conceptualisations, PNES would not be considered
the result of willed action. However, some PNES-like behavioursheaylfully produced as
manifestations of Factitious Disorder or Malingering (the latter not being a mental disorder). While
we accept that there are currently no objective tests caphbktablishing whether actions are
volitional or non-volitional (and there may not be a clear categorical distinction between these two
types of actions), our focuis this papers on PNES that are experiencasinvoluntary events and
canbe conceptualiseaissuch.

In clinical reality, the diagnosis of PNES follows the exclusion of alternatphgsical”

explanations for a patietseizure’s The distinction of PNES from epilepsy or other
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pathophysiological disordeis oftenaniterative procesdn view of the paroxysmal natucd the
disorder, initial diagnoses are usually based on the description of seizure manifelsygbiatisnts

and observerd#\s time goesby, more detailed witness reports may become available, and observers
may capture typical seizures on video. Unremarkable interictal testsassichctural magnetic
resonance imaging, MR, of the brain; electroencephalography, EEG; electrocardiography, ECG)
may make alternative explanations for the paroxysmal symptoms less liikéilgse with

sufficiently frequent seizures, events ntecapturedoy simultaneous vide&EG recording andon

close examination, fourtd exhibit behavioural manifestations typical of PNES rather than epilepsy
andanabsencef ictal or postictal epileptiEEG changes (LaFrance, Baker, Duncan, Goldstein, &
Reuber, 2013).

Most recent accounts suggest that various factors can contolibteonset and maintenance
of PNES, with the precise contribution varying from individieaihdividual (e.g., Baslet, 2011;
Boddeet al., 2009; Goldstein, Deale, Mitchell-O'Malley, Toone, & Mellers, 2004; Reuber, 2009).
Some theorists (e.g., Baslet, 2011; Goldseead., 2004) make specific claims about the nature of
PNES; others (e.g., Bodé¢al., 2009; Reuber, 2009) speak generally about predisposing,
precipitating and perpetuatifigctors without clearly specifying what they consider PN&&ctually
be. Often, the focus more on why PNES have developed rather than how, that is, on etiology rather
than mechanismnin contrast, the focus this papeis on the latter.

In the sections belowe distinguish between four main candidate mechanisms for PNES,
distilled from existing theories of these phenom&kathen consider the evidence for these
mechanisms and the limitations of existing approash#ss areaWe continueby presentig a
novel model of PNES that seeksaddress these limitatiohy incorporating existing accounts
within anover-arching theoretical framework, which clarifies the necessary and sufficient
components of PNES, and their relationship with other clinical phenoMéneoncludeby
exploring the empirical and clinical implications of this model.

EXISTING MODELS OF PNES
Model 1: PNESasthe activation of dissociated material

Models based on this idea (e.g., Bowman, 2006; Harden, 1997; Kuyk, Van Dyck, &

Spinhoven, 1996; Nijenhuis, 2004) originatePierreJanet’s 19" century account of hysteria. The

central premisés that PNES result from a breakdowpsychological integrationn which
memories and/or mental functions are separaté&dissociated” from consciousness. This account
suggests that PNES are sensorimotor flashbacks that arise when dissociated material pertaining

past traumatic events intrudes into awareness, typicatBsponséo a trauma reminder. These are
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misinterpretedsseizuesbecause only fragments of the dissociated material are avadable

awareness and their linkstraumatic events are not recognized. Alternatively, the individual may
recognise the reliving component of the experience but be unwilling or unabteculatet; here

the misinterpretation may be on the part of observers who see only the external features of the event.
By this view, PNES argao differentto other post-traumatic reliving phenomena, sasthose seen

in post-traumatic stress disorder (PTSD).

Model 2: PNESashard-wired responses

Accordingto this account, PNES reflect the operation of pre-wired behavioural tendencies
(e.g., Baslet, 2011; Kretschmer, 1944), sashnintrinsic stress response simitarother defensive
reactions (e.g., freeze; startle; Nijenhuis, Vanderlinden & Spinhoven, 1998). This masarise
acute responge threat and/or alteratian arousal ands thoughtto serve a basic biological
function, suchasprotecting the organism, regulating arousal or facilitating recuperétioay
occurin responséo traumatic events @spart of a post-traumatic reaction, lgimore than a
simple reliving phenomenon. One variant of this account (Goldstein & Mellers, 2006) suggests that
PNES are altered statetconsciousness akin panic attacksn which the subjective fear
components dissociated from awareness (so-caliehic withoutpanic’). Here PNES are assumed
to result from acute arousal that triggers a dissociative state charactsrizentional numbing,
depersonalization-derealization and other aspects of the attacks. The dissociation dagbiged
account of PNE$ differentto thatin other models, howeven thatit implicatesanacute state of
detachment rather than the activation of compartmentalized material (Bropness).

Model 3: PNESsa physical manifestation of emotional distress

In this account, PNES are typically sesdefensive responses that serve the function of
enabling the individuatio express distress or solve personal problems without heing
acknowledge their emotional origins. This account originat#ése Freudian concept of conversion
and later psychodynamic ideas about somatization (e.g., Breuer & Freud, 1893-1895). One variant
suggests that the features of PNES are the physical components of emotional states that the
individualis either unwillingto recognize (i.e.s avoiding)or misinterprets for some reason, perhaps
because they lack the ability identify and/or name their emotions (two separate aspects of the
alexithymia construct; see e.g., Coffey, Berenbaum, & Kerns,)2003
Model 4: PNESaslearned behaviours

This approach (e.g., Moore & Baker, 1997; Sirven & Glosser, 1998) suggests that PNES are

habitual behaviours that are maintaifgtbperant conditioning (positive and negative reinforcement

in the behavioural tradition), and/or because they confer some intrireskt¢rinsic benefit (primary
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and secondary gain the psychodynamic tradition). A central comporarthis approacis that
PNES develojin the context of seizure models, sadfamily members with epilepsy, from whom
the behaviours learnt.
EMPIRICAL EVIDENCE FOR CURRENT MODELS

In this sectiorwe discuss the extetd which existing research on PNES supports or
challenges eaabf the four models. A summanpf the key arguments for and agaieathmodelis
providedin Table 1.

---INSERT TABLE 1 ABOUT HERE--

Trauma and adversity

Numerous studies have considered whether patients with PNES are charaloyeainestory
of adversity, particularly physical, sexual and (to a lesser extent) psychologicababagéectin
childhood. Comparatively few studies have investigated whether PNES are precipitateerse
events. Most studies have found that rates of childhood trauma areihighéents with PNES than
controls with epilepsy (for reviews see Fiszman, Alves-Leon, Nunes, D'Andrea, & Figueira, 2004,
Sharpe & Faye, 2006; Brown & Reuber, 2DHrevalence rates are substantial (85-10@%pme
studies but are much lower others and vary hugely accorditagpatient selection and the definition
used. Puttingo one side the extensive methodological problems with research on this topic (see e.g.,
Sharpe & Faye, 2006}, is clear that a sizeable proportion of patients with PNES do not report a
history of potentially traumatizing events (Brown & Reuber, 20t6addition,in most studies, only
a minority of patients (~40%; Fiszmahal., 2004) meet diagnostic criteria for PTSD. Although this
numberis likely to be higher when the dissociative sub-type of PTs&S#ken into consideratioit,is
hardto reconcile these findings with the notion that PNES are inherently post-traumatic phenomena.
As such, Model 1s unlikely to offer a complete account of PNES unless a broader definition of
adversityis adoptedasa potential source of mental fragmentation. Nevertheless, traumatic events
seemto be clinically relevanin many cases of PNES, and several studies suggest that a distory
traumais more commorin patients who develop PNES than patients who develop other functional
neurological symptoms (e.g. Reuber, Howlett, Khan, & Grunewald, 2007; Stone, Sharpe, & Binzer,
2004). A comprehensive account of PNES must betaldecommodate these findings, without
relying on thento explain the phenomenon.
Dissociative-traits’

Most research on dissociationpatients with PNES has usd@dait” measures sudmsthe
Dissociative Experience Scales (DES; Bernstein & Putnam, 1996), reflaataggumption that the

mental fragmentation thougtd be responsible for PNES will render them vulnerabldissociative
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phenomena more generally. Across ten studies review8down and Reuber (20,8DES scores

were moderately higher (medi@ohen’s d = 0.66)n patients with PNES comparéalcontrols with
epilepsy. The median DES score for patients with PNES across these studies (@hiparableo
psychiatric patients more generally (van ljzendoorn & Schuengel, 1996) and substantially lower than
the average within PTSD populations (32.6; ibid). There was also considerable variability, with the
mean DES score of the PNES group (15.0; n = iB®)e largest and most rigorous study being
somewhat lower than average and not significantly different from patients with efiep$€y19;
Alperetal., 1997).

Taken together, these findings cast doubt on the notion that a general telodepsrience
dissociative phenomensaninherent characteristic of patients with PNES. Tlh&eequestion mark
over whether measures suasthe DES provide a meaningful test of dissociation theories of PNES,
however. A high DES score might be regardedvidenceof mental fragmentation, for example,
and therefor@ssupport foiModel 1.1t might also indicate a tendentyexperience mental
detachment, however, which would be more consistent with panic without panic (i.e., Model 2).
Conversely, low scores on the DES may simply indicate that fragmentation or detachment are
relatively circumscribed and not part of a broader tendemexperience other symptoms of this
sort.It may also be that dissociative trargatients with PNES manifest masa tendencyo
experience somatoform dissociation (i‘eagdically unexplained” or functional neurological
symptoms), rather than thgsychoform” dissociation measurday scales suchsthe DES (e.g.,
Nijenhuis, 2004; see below). Indeed, patients with PNES score consistently higher on the
Somatoform Dissociation Questionnaire (SDQ-20; Nijentgp#hoven, Van Dyck & Van Der Hart
1996) than controls with epilepsy (Brown & Reuber, 2016).

High suggestibility has also been identifeesih predisposing trait for PNBS some
adherents of Model 1 (e.g., Kugkal., 1996)jn keeping with Jan& original model of dissociation.
Thereis some evidence that groups with PNES are more suggestible than controls with epilepsy
(e.g., Barry, Atzman, & Morrell, 2000; Kuyk, Spinhoven, & van Dyck, 1999), and, uinlike
epilepsy, suggestion methocsnelicit PNESIin most patients (e.g., Benbadis, Johnsba)., 2000;
McGonigal, Oto, Russell, Greene, & Duncan, 2002; Slater, Brown, Jacobs, & Ramsay, 1995).
However, not all studies have found elevated suggestilnlgyoups with PNES (Goldstein, Drew,
Mellers, Mitchell-O'Malley, & Oakley, 2000; Litwin & Cardafi2000), and many PNES patients
scorein the low suggestible range (e.g., Kwgtial., 1999)lt therefore seems unlikely that high
suggestibilityis a necessary precondition for the development of PNES.

Anxiety and dissociation during PNES
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Comparatively few studies have considered whether dissociamdent during PNES
themselvesln one large study ofictal” PNES symptoms, relatively few patients claimed they were
aware of unpleasant memoreggthetime of their attacks, suggesting that tisselatively infrequent
(<25%; Reubeetal., 2011).To our knowledge, however, the question of whethaeticipants’
attacks resemble aspects of events that they cannot recall (a stronger test of Model 1) remains
unanswered. Perhaps the best evidence for mental fragmentation duringsRINE®ovative,
albeit small, studypy Kuyk etal (1999), who found that memories of ictal events for which the
patient had previously been amnesic cdddetrieved through hypnotic suggestion. Another study
demonstrated that patients with PNES gained increasing dodbs# “ictal” experience (without
hypnosis) during the course afiintensive psychotherapy programme (von Fabeck, 2010). This
simply demonstrates that compartmentalization of memories, wgickey component of Model 1,
may occulin some patients with PNE& the time of their attacks; howevérdoes not prove that
the attacks themselves are the product of compartmentalized material being activated.

Thereis better evidence for other dissociative phenomena arising during PNES. Arguably the
best studyn this area (Hendricksaoet al., 2015) found that 61.4% of 223 patients with PNES
reported recurrent symptoms of unreality, detachment and disconnection (i.e., depersonalization-
derealization) immediately before, duriagafter their attacks; only 28.9% of patients with epilepsy
(n = 128) reported similar experiences (cf. Goldstein & Mellers, 2006; Retidkey2011). Other
studies have found that a substantial proportion of patients with PNES report symptoms ofarousal
thetime of their attacks (Galimberétal., 2003; Goldstein & Mellers, 2006; Hendrickson, Popescu,
Dixit, Ghearing, & Bagic, 2014) but that subjective anxistyomparatively infrequent. Hendrickson
etal (2014), for example, found that 82.6% of their participants with PNES reported four of more
physical panic symptoms (compared34.6% of the group with epilepsy), while Hendricksdal
(2015) revealed that only 40% of the PNES group reported feeling anxious. Although fewer patients
with epilepsyin these studies reported subjective anxiety (23%), this represents a much larger
proportion of those who reported fourmore physical panic symptoms tharthe PNES group
(66.5% vs. 48.4%). These data are particularly revedlitige context of studies indicating that
there are two distinct clusters of patients with PNES, one of which reports high levels of
psychopathology (including anxiety) compatedaontrols with epilepsy and the other which does
not (Brownetal., 2013; Cragar, Berry, Schmitt, & Fakhoury, 2005; Reuber, Pukrop, Bauer, Derfuss,
& Elger, 2004; Uliaszek, Prensky, & Baslet, 2012). Taken together, these findings suggest that many
people with PNES experience elevated physical arousal but do not recognize or describe themselves

asanxious (Goldstein & Mellers, 2006; Dimagbal, 2014). This may explainhy scores on explicit
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measures of general anxiety (i.e., outside the attacks) are only moderately etegeteg@s of
patients with PNES, and only slightly higher than controls with epilep2§ studies comparing the
two (median d = 0.24; Brown & Reuh019. It also provides some support for the panic without
panic model of PNES, althoughs unclear how that concept might applycases where subjective
anxietyis reported.

Somatization and emotional processing

Evidence concerning the apparent disparity between physical and subjective symptoms of
anxiety could also be regardasdconsistent with the idea that PNES are a physical manifestation of
emotional distress (Model 3). The main evidence base pertamihgt model comes from studies
comparing patients with PNES and those with epilepsy on questionnaires that fmunpeatsure this
tendency directly, suchsthe Minnesota Multiphasic Personality Inventory (MMPI hysteria and
hypochondriasis sub-scales; Hathaway & McKinley, 1940), the Personality Assessment Inventory
(PAI conversion and somatization sub-scales; Morey, 1991) and the Symptom Checklist 3D (SCL-
somatization sub-scale; Derogatis, Lipman, Ricketd., 1974. Over twenty such studies have been
conducted, with PNES patients scoring substantially higha&it cases (MMPI studies: hysteria sub-
scale median d = 1.28; hypochondriasis sub-scale median d = 0.95; non-MMPI studies: median d =
0.75; for details see Brown & Reuber, 2DIhis difference seente remain when anxiety,
depression and trauma-exposure are controlled for (Reuber, House, Pukrop, Bauer, & Elger, 2003;
Robertsetal., 2012) ands apparent across different sub-groop®NES patients, despite substantial
differencedn psychopathology more generally (Broetal., 2013; Cragagtal., 2005; Uliaszekt
al., 2012). Other studies have found that non-seizure medically unexplained symptoms (MUS) are
commonin patients with PNES (e.g., Bowman & Markand, 1996; Dixit, Popescu, Bagic, Ghearing,
& Hendrickson, 2013; Duncaat al., 2011; Elliott & Charyton, 2014; McKenzie, Oto, Graham, &
Duncan, 2011), who also tetairate their physical health and functioniagworse than people with
epilepsy (Al Marzooqi, Baker, Reilly, & Salmon, 2004). A higher number of somatic symptoms
reportedby patients with PNE® also associated with a greater sevesitthe disorder (even when
dissociation and other psychopathology are controlled for) and with poorer outcomes @Raljber
2003; Reuber, Pukrop, Baugtral., 2003).

Taken together, these studies clearly indicate that a tenttereport physical symptoms and
disabilityis comparatively commoim patients with PNES. This, coupled with the findings
concerning the relatively modest levels of explicit anxiety described above, could badaken
evidence that patients with PNES teéndocus on the physical rather than the emotional components

of their distress. Scales suasthe MMPI, PAI and SCL-90 only measure physical symptoms and
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not the processes giving rigethem, howeverAs such,it is unclear whether these findings indicate
anactive avoidancef emotional material, whicils a central componewf the original conversion

and somatization models, or something less motivated,asaa&cheightened awareness of normal
bodily events. Evidence suggesting a link between PNES and problems filtering out irrelevant
stimuli (Pouretemad, Thompson, & Fenwick, 1998; Almis, Cumurcu, Unal, Ozcan & Aytas, 2013)
could be seeasmore consistent with the latter interpretation.

Studies addressing how patients with PNES manage their emotions paint a mixed picture.
Roughly a third of this group have pronounced difficulties recognising their emotional states (i.e.,
alexithymia; Kaplaretal., 2013; Myers, Matzner, Lancman, Perrine, & Lancman, 2013; Tojek,
Lumley, Barkley, Mahr, & Thomas, 2000; Wdafal., 2015; for a review see Brown & Reuber,
2016. However, the rate of alexithymia patients with PNE® largely comparabléo that seerin
patients with epilepsy and other medical outpatients (Tetjek 2000; Myerstal., 2013; Taylor,
Bagby & Parker, 1997). Several studies have found highdslelphysically and/or emotionally
avoidant behavioun patients with PNES comparé&alhealthy controls (Bakvis, Spinhoven, Zitman,
& Roelofs, 2011; Cronje & Pretorius, 2013; Dimatal., 2014; Frances, Baker, & Appleton, 1999;
Goldstein, Drew, Mellers, Mitchell-O'Malley, & Oakley, 2000) and epilepsy (Goldstein & Mellers,
2006; Novakova, Howlett, Baker, & Reuber, 2015; cf. Fraetat, 1999). Similarly, Jawaek al
(1995) found evidencef defensive deniah patients with PNESgsdid Stone, Binzer and Sharpe
(2004) who also identified a tendenoyemphasize somatic rather than emotional causes for their
difficulties. A tendencyo suppress affect was identifiegt Novakovaet al (2015) and Gul and
Ahmad (2014), whereas problems with emotional regulation were topRdbertsetal (2012).In
contrast, other studies have found no evidence for disproportionate denial (&edlaB013; Testa
& Brandt, 2010; Testa, Krauss, Lesser, & Brandt, 2012) or emotional suppressiore{aesz012)
in this group As before, these variable findings probably reflect the heterogesfaigtients with
PNES: Reubeetal (2004), Uliaszeletal (2012) and Browrtal (2013) all found emotion
regulation problems only a sub-set of patients with PNES, alongside elevated psychopathology
more generally. Browetal (2013) found that alexithymia was consistently elevateatis group
but much less commadn a separate cluster of PNES patients with less psychopathology.

On balance, these findings suggest that a significant proportion of patients might be
considered emotionally avoidant, which could be ssmonsistent with Model 3. The existeruiea
sub-group of patients with PNES who report multiple physical symptoms but otherwise deny
significant psychopathology has also been interpratedidence that PNES are a physical
manifestation of emotional distress (Reuéial., 2004; Cragagtal., 2005; Uliaszektal., 2012) It

10
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is difficult, however to reconcile that interpretation with evidence suggesting that the most
emotionally dysregulated and alexithymic patients also have the highest levels of psychopathology
and physical symptom scordsis also unclear howt would explain the negative findings of those
studies that failetb find evidenceof denal and emotional suppression. Also problemetithe fact
that a relationship between PNES and difficulties managing affect beuédjardedasconsistent
with all of the models described above, and thereforelggsabout the precise mechanisms of
these phenomena. Finallyjs uncertain whether the physical componerdgroémotional state could
realistically explain the defining features of PNES (i.e., loss/alteration of consciousness; abnormal
movements) without additional theoretical assumptions. The Freudian model does posit a mechanism
(i.e., conversionjo explain these features, but how such a mechanism might operate remains
unclear.
Stereotyping of symptoms

The idea that PNES reflect a hard-wired behavioural tendency (Modat@)sistent with

evidence suggesting that attack semiolsgglatively stereotypic both between and within
individuals (Seneviratne, Reutens, & D'Souza, 2010) and the existence of various culture-specific
syndromes that closely resemble PNES (Brown & Lewis-Fernandez, 2011). Other studies have found
that PNES are quite variable within patients (Reabat., 2011), however, and that there are

cultural variationsn the presentation of PNES-like phenomena (Brown & Lewis-Fernandez, 2011).
PNES have also been shotarbe considerably less stereotyped than either epitapsyncope

(Reuber, Chen, Jamnadas-Khadal., In press). The number of, and variability between, different
semiological sub-typesf PNES (sixn Seneviratnetal., 2010), and the fact that one seizure type
canmerge into anothen a single PNES, also do not map easily onto a single hard-wired response.
At least some modification of Model & therefore required it is to be a complete account of

PNES.

Symptom learning

A possible link between PNES and prior expogargeizuress often citedasevidence that
PNES are learnt behaviours (Model 4) modetiaévents encountered elsewhere (e.g., Moore &
Baker, 1997; Boddetal., 2009)lt is well established that patients with PNES are more liteely
have epilepsy than the general population (Reebal, 2003), suggesting that some element of
learning may be involved. Similarly, Bautista, Gonzales-Salazar and Ochoa (2008) found that
patients with PNES were more likely than those with epilépsyave encountered seizurasother
people before the onset their own attacks. Other stedihave found that patients with PNES are
disproportionately likelyo have a history aiild head injury, often with brief loss of consciousness,

11
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in the weeks or months pritw the onset of their attacks (e.g., Elliott & Charyton, 2014; LaFrahce

al, 2013; Moklebyet al., 2002; see Brown & Reuber, 2Q1bew studies have considered whether
positive and negative reinforcement influence the development and maintenance of PNES, however.
Thereis some evidence that patients with PNES are more ltkdbe claiming public benefits than
patients with epilepsy (Binder, Salinsky, & Smith, 1994; Kristensen & Alving, 1992), although this

is more likelyto be attributableéo psychiatricco-morbidity than the attacks themselves (Brown &
Reuber, 2016

Summary

This brief overview demonstrates that thevyevidence for each of the four main models of
PNES, although the same body of evidence suggests that none of theimtiggitscurrent form
canprovide a universal account of the disorder. One of the key limitations of niodeis areds
that they rarely providan explicit account of key aspects of the phenomenology and semiology of
PNES, suclasthe perceived involuntariness and apparent loss of consciousness rbpontaay
patients, or the unusual motor movements that are often exhibited.

One likely reason for conflicting findings (on, some cases, discordant interpretations of
broadly concordant findingss the clinical heterogeneityf PNES. Heterogeneous contributory
mechanisms are not only observed between different individuals with PNES, but the factors
contributingto PNES may also change over the course of the disorder. arningjal tendencyto
exhibit dissociative responstsparticular stimuli maype aggravatedy symptom misinterpretation
and turned into a chronic probldm positive and negative reinforcement. Wisanore, the
mechanisms described thus far are not mutually exclusive, and could be active simultaneously
single patient. Indeed, most theorists draw on more than one of these when attenepiohain
PNES (see e.g., Baslet, 2011; Boétlal., 2009; Reuber, 2009). Unfortunately, the boundaries and
connections between these mechanisms are rarely defined. ThisintiKeslt to generate precise
hypotheses about their role or relative contributioRNES. Indeed, many authors use generic terms
that obscure potentially important differences between underlying mechanisms. The term
“dissociatiofi, for example, could refdo either mental fragmentation (i.e., Model 1)aoraltered
state of consciousness characterizgdepersonalization (i.e., Model 2), with very different clinical
and empirical implications eachcase. Similarly, high scores on measures sgthe SDQ-20
could be seeasevidence for Model if the scalas regardechsa measure of dissociative traits, or
Model 3if it is regardedasa more general measure of physical symptom reporting. Evidence
indicating that a significant proportion of patients with PNES have experienced health-related trauma

(Duncan & Oto, 2008) also suggests a potential bridge between Models 1 and 3.
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In the following sectionswe attemptto address these shortcomirigsintegrating existing
models of PNES withian over-arching framework, which describagletail how these different
mechanisms relate each other and their relative contributiorthe development and maintenance
of PNES.In sodoing,we explain existing findings concerning PNES whilst making a number of
novel predictions for future study.

TOWARDSAN INTEGRATIVE THEORY OF PNES

Explanatory domain

Within the literature, any paroxysmal event that resemblesatiributedto epilepsy, but
whichis apparently generatday “psychologic#’ rather than epileptic processes, may be regasded
a form of PNES. Although useful for the clinical practideneurologists, sucanapproachs
problematidn thatit obscures important differences between potentially distinct phenomena.
Evidence suggests that a proportion of patients with a diagnosis of PNES have anxiety disorders
(e.g., panic) that could entirely explain their attacks (Alper, Devinsky, Perrine, Vazquez, & Luciano,
1995). Similarly, there are patients with PTSD, Dissociative Identity Disorder (DID),
Depersonalization Disorder, Factitious Disordechallenging behavioun the context of learning
disability whosé‘seizured are essentially explaindxy those conditions, and who may not have
attracted the PNES label had they had been asdegsgusychiatrist rather than a neurolodist.
other cases, however, such diagnoses are insuffidenplain the existence and/or the presentation
of the attacks and ne¢albe regardedscomorbid rather than explanatory. Why these different
phenomena all attract the samedldb aninteresting question, but thisarguably not what theories
of PNES are intendeid explain. Moreover, incorporating them all within a common explanatory
framework makeg difficult to delineate precise psychological mechanisms and raises major
problems whelit comego selecting homogeneous groups for research or developing effective
treatment strategies.

We suggest that the phenomenon of fundamental interessearcherms the field of PNES
is that variant of DSM-5 Conversion (Functional Neurological Symptom) Disorder characteyized
behavioual and experiential paroxysms that resemble epileptic ssbut which cannot be fully
accounted foby other psychiatric conditions like Panic Disorder, Depersonalization Disorder,
PTSD, DID, Somatic Symptom Disorder etc. Tisatotto say that PNES cannot ocdarthe
context of these conditions: indeed, they may be a central symptom of them or intetiaet ways.
The key points thatit should be possibl® explain PNES without referent@these conditions,

whilst also being abl®® accommodate the@o-occurrence.
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Having pinned down the population of interest, what phenomena must a theory of PNES
explain? First, theris the initial onset of seizures, followég their development into a problem that
is maintained over time. Second, there are the characteristic features of the attacks themselves,
particularly their seizure-like semiology (e.g., abnormal motor movements) and phenomenology
(e.g., perceived involuntariness; alterationawareness and responsivitggwell asthe fact that
thesecanbe highly stereotyped and yet also vary significantly both between and within individuals
over time. Thirdanexplanatory model neetis acknowledge that PNES are particularly dramatic
moments of a disorder also charactediay abnormal functioning between seizures. Finatllypust
explain the apparent similarities between different patients with Pa&:ll ashow they diverge.
With regarddo the latterjt is clear that patients with PNES vary significantiytheir reports of
seizure experiences and overt psychopathology, and that theyrmay not report exposute
potentially traumatizing events.

The Integrative Cognitive Model

Arguably the most consistent findingthis areas that patients with PNES report more
physical symptoms of all types than relevant controls, including patients with comparable trauma
histories (Robertst al., 2012); this seente be true regardless of the overall level of
psychopathology (Brown & Reuber, 2016&ne wayof interpreting thigs that PNES are one
manifestation of a broader tenderioyexperience and repdfinedically unexplained” physical
symptoms (MUS), all of which result from similar underlying processes. Thissdeatralto
Model 3 described above. However, there do apjodae some differences between patients with
PNES and other MUS. Gt al (2003), for example, found that patients with PNES 23)
reported significantly more dissociation than conversion disorder patients with motor symptoms or
deficits. Similarly, therés evidence that patients with PNES are more likelseport histories of
abuse, childhood adversity and significant life stressors faritie onset of the symptoms than
patients with functional (i.e., medically unexplained) movement disorders (FMD; &tah&004;
Driver-Dunckley, Stonnington, Locke, & Noe, 2011; Reuber, Howlett, Khan, & Grunewald, 2007).
Conversely, a history of explicit anxiety was identifainore commorin patients with FMD than
PNESby Driver-Dunckeyetal (2011). There are also differendegphenomenology: PNES are
clearly episodiaén nature, unlike some other MUS that are more continuous. Most patients with
PNES report that their episodes involve impairment of consciousnessif BRES and other MUS
have some mechanisimscommonit is clearly necessary account for these differencaswell.

Given the evident overlap between many features of PNES and othemi8lieve that a

comprehensive account of PNES must draw on, and be consistent with, theory concernimg MUS
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general. Accordingly, the modefe present here builds on the Integrative Cognitive Model (IGM)
MUS (Brown, 2002a, 2004, 2006, 2013a,b), which was develagpadover-arching account of
functional symptoms. Although the ICM has been appbd@NES previously (e.g., Brown, 2013a),
we go beyond the original accouby elucidating the role of emotional processeBNES, which
have received only minimal attentionprevious versions of the mod®e also draw on the specific
evidence base pertaining PNESto identify potential differences between this phenomenon and
other MUS, which have not been considered previously within the ICM.

Consciousness, emotional processing and behaviour

A central principle within the ICNE thatanunderstandingf ordinary consciousness and
action controls necessarif we areto explain functional symptoms like PNES (Brown, 2004, 2006,
2013a,b). The ICM adopts a constructivist apprdagserception, assuming that the contents of
awareness amninference made about current inputs based on knowledge stored within the system.
Accordingto the model, inputs from the internal and external environment automatically trigger a
parallel spread of activation within associative memory, simultaneously generating a number of
possible hypotheses about the cause and natttinese inputs. The most active hypothésihien
combined with sensory datta produce a multi-modal representation that forms the contents of
conscious awareness and provides the basis for further cognition andBytiois. view,
perception, cognition and action are partly determimedhatis presentn the world, parthyby what
the perceptual system predicts will be present given past experience ant\piauttigrent structural
properties of the system (i.e., wliais capableof representing).

In the original ICM, no reference was méadehe role of emotional evaluatiom the
perceptual process. Herge follow Barrett and Bar (2009) assuming that the basigist’ of inputs
to the system are captured shortly after stimulus registration, triggering autonomic and endocrine
changes that recreate the internal milieu associated with similar stinthgi past (see also Van der
Bergh, Witthoft, Petersen & Brown, submitted). This allows the sy&igredict whether those
stimuli are aversive, appetitive or neutral, amdhotivate action (e.g., approach, avoid, communicate
to others) accordingly. The tendenoycategorize stimulasthreateningat this early stage of
processing varies accorditmdifferencesn state and trait anxig (Hariri, 2009; Yiend, 2010;
Robinson, Letkiewicz, Overstreetal., 2011), and probably variatiomsarousal more generally.
This processs largely unconscious, although the individual may become avaren-specific
intuitions or“gut feelings” in relationto the stimulus (e.g., threatening vs. rewarding; avoid vs.
approach)aswell asassociated autonomic symptoms. The precise nature and meaning of the

stimulus will only become apparent after further processing has taken place, however. This will
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involve both pre-conscious (in the form of further spreading of activation within associative memory
and other systems) and post-conscious processing (in the form of active reasoning about the meaning
of inferences and feelings arising from the lower level).

The ICM assumes that the outputs of perceptual and emotional inference automatically
adivate a hierarchical system of procedural representations (schemata) specifying the attentional,
evaluative, cognitive, autonomic and motoric processes invatvexkecuting well-learned actions.

At the top of this hierarchy are high-level programs correspordiggneral situations (e.g.,

“driving acar”, “going to arestaurant”). Within each of these high-level programs are simpler
representations corresponditogdifferent acts within that situation (e.greversing, “ordering

food”); each of these representations has even simpler sub-programs describing the various elements
of theact(e.g.,““changing gear”, “reading themenu”) andsoon. These programs are activated
varying degreeby perceptual output; when a threshold level of activaseeached, the prograis
triggered automatically and the associated behaviour (or cognitive process) runs until completion
unlessit is impeded or inhibitethy other informationn the system. This automatic execution of
programg“contention scheduling” in Norman & Shallice, 1986) provides the system with a means
of controlling routine cognition and action thatapid, highly efficient, and consumes relatively few
processing resources. Behaviours contradigtiis level are experiencesoccurring without
conscious effort, meaning that much complex behavsoperformed automatically and with

minimal will or conscious representation. Functionally speaking, such actsravéled” but are
typically experiencethy the individualasego-syntonic and voluntary (albeit effortless) tuéheir
congruence with relevant information (e.g., goals; the context of the aictith® system (Brown &
Oakley, 2004).

An additional means of contr@ requiredin cases where the system lacks the appropriate
representation® guide behaviour effectivelyn the ICM, novel actions are controlleg a
secondary attentional system (SAS), a high-level, executive system that controls action imgirectly
biasing the relative activation levels of lower-level programs. Secondary atterttiersite of self-
regulatory processing, whereby cognition and action are modematssl pursuit of personal goals.

In additionto increasing the activation of relevant programs, a key function of this sigstem

inhibit the activation of inappropriate prograrBehaviours controlledt this level aréwilled”; they

are perceivedsmentally demanding, and are associated with a sense of conscious volition and self-
awareness (Brown & Oakley, 200Dn a neural level, this systeimsub-servedy a complex

network of structures with particular representatrofrontal and prefrontal areas (Shallice &

Cooper, 2011).
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Functional symptoms and the activation of rogue representations

A central tenet of the ICN& that numerous factors other than stimuli themselves influence
the activation of hypotheses during the perceptual process, meaning that the most active hypothesis
may not be the one with the closest relationshigctual events the world.If the matchs good,
perceptual experience will laaaccurate reflection of realitif. the matchs poor, however, then
experience will be distorted, influencing behaviour accordirigthe processdsy which
knowledge shape perception are preconscious, however, the indigidnalvare that their
experiencas a misrepresentation. Many perceptual illusions, magic tricks and phenomena like the
placebo effect all capitalize upon this tendetaperceive whatve expectasmuchaswhatis
actually“out there”. The same appligs behavioual programs; here, too, the most active
representation (and therefore the behavioural/cognitive routine enacted) may not have the closest
match with the perceptual input, meaning that unwanted experiences can arise when automatically
triggered behaviours (broadly speakinigabits’) conflict with theindividual’s goals. Dialinganout-
of-date telephone number, hypnotic behaviours and inappropriate respothezhildren’s game
Simon says are familiar non-clinical examples of behaviours that are exeéontadto-pilot in this
way. Here the behaviours are experienggdccurring involuntarily (and are potentially ego-
dystonic) because they are either inconsistent with system gomigter,case of hypnotic
phenomena, because beliefs about the context suggeshtiudy be experienced that way (Brown
& Oakley, 2004).

The essence of the ICM that functional symptoms arise when the activation levels of
hypotheses or representations pertaitighysical illness increage the point where the system
regards themasthe best explanation of, or response to, idiagppeningn that moment, regardless
of how consistent they are with sensory inpAssthe individual has no introspective acctsthe
inferences underlying perception, the resulting symptoms are experasicear. Brown (2004)
coined the term rogue representatitmeeferto hypotheses and programs that distort perception and
actionin this way.

By this view, the type of symptom experienced depends on the oétinerogue
representation involvedf the representation specifies the presence of a nociceptive stimulus, for
example, unexplained pain will resuitit is a cognitive routine inhibiting visual processing, the
experience will be onef functional blindness. Accordirtg thisaacount, the onset and maintenance
of functional symptoms can be understood with referémtee factors that trigger the initial
activation of a rogue representation and maintain that activation oveirithe.original version of

the model, anything that increased attentmthe rogue representation was identif@egarticularly
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importantin this regard (Brown, 2002a, 2004, 2006). More receitthyas been suggested that high-
level attentional dysfunction also contributegunctional symptoms)y undermining the

individual’s ability to inhibit discrepant mental representations (Brown, 2013a, firess; Dimaret
al, 2014).

The mechanisms of PNES

In previous descriptions of the ICM,was suggested that PNES are essentially the aame
other functional symptoms, except that the underlying rogue represergati@racteried by
motoric (e.g., convulsive movements) and cognitive (e.g., loss of awareness) features that resemble
anepileptic event (e.g., Brown, 20138y that view, all seizure tygscould be explained with
referencedo the rogue representation concept, including convulsive, syncope-like and panic-like
attacksaswell asmore complex seizures involving automatisms, hallucinations etc. Wiilst
retain this basic notion heli¢js apparent that there are certain featafd3NES that are not easily
accounted foby this conceptln particular, several of the studies described above suggest that many
patients with PNES experience multiple autonomic symptoms around the time of their attacks,
sometimesn the absence of subjective fear (i:panic withoutpanic’). Similarly, both Reinsberger
etal (2012) and Van der Kruijs, Vonck, Langeretsl (2016) found objective evidence for
increased arousal before PNES folloviogth significant reduction post-ictally (see also Ponnusamy,
Marques, & Reuber, 2012). Thasaalso evidence for ictal depersonalization and derealization
many patients. How might these findings be accommodatix ICM?

As in the original ICM,we suggest that the central component of PNEStransient losm
behavioural/cognitive control arising from the automatic execution of a seizure represemtation
memory (the seizure scaffold; see below); unlike the original ICM, howeeesuggest that this
often occursn the context of significant autonomic changes reladdtreat processing. More
specifically,we suggest that there are three separate stages that are commonly (although not
universally; see below) fourid PNES (Figure 1). The first stagecharacterizety anacute
increasan sympathetic arousal associated with a range of autonomic symptoms, whioh ey
not be accompanidaly a lack of subjective fear (cf. Model 2ye discuss why these changes are
representedsphysical rather than emotional experiences below. This compromises inhibitory
processing (typicallyn the context of compromised high-level processing more generally), rendering
the individual vulnerabl&o the automatic activation of rogue representations. This, coupled with the
prediction (conscious or otherwise) tlaatattackis likely to occur, resultén a runaway surge of
activationin the seizure scaffold. This triggers the second stagehich the cognitive-behavioural

component of the scaffold executed, resultingy the attack-proper (cf. Model 4). Although ego-

18



Running head: Towardmintegrative theorpf PNES

dystonic, this experience interrupts the sympathetic respotise third stagef the process,
triggering a reductiom arousal. There may also be a rebound incrieagarasympathetic tore

the recovery phase (minuteshours) following a PNES, which could hefpexplain common post-
ictal phenomena suasexhaustion, reduced alertness and cognitive capacity.

The semiology and phenomenology of the attacklatedto the content of the seizure
scaffold, a dynamic mental representation that develspgperiences and information accumulate
and interact with inherent behavialiresponse patterns, resultimgconsiderable individual
differencesln some cases, the scaffold may consist maifiyaterial stored following previous
exposureo seizures/seizure-like phenomena and related experiences (e.g., loss of conscidusness).
others, inherent components (i.‘éard-wired’ behavioural patterns) are likely be more relevant,
suchasactions and cognitive biases typically associated with emotionsastedr, anger and/or
disgust (cf. Kretschmer, 1923; Baslet, 2011); thisonsistent with the apparently universal
existence of PNES-like phenomena across cultures (Brown & Lewis-Fernandez, 2011; Martinez-
Taboas, 2005) and the stereotyping of symtoms often seen. Rather than being cognitively
impenetrable reflexesye assume that these are general action tendenciesatitz¢ modifiedoy
other information, beliefs and goals within the system, consistent with the apparent variability of
PNES between and within cultures and individuals (cf. Baslet, 2011).

--- INSERT FIGURE 1 ABOUT HERE--

Verifying and characterizing a reductionarousal during PNES, whiatke mainly posit on
theoretical rather than empirical grounds, willdmemportant task for future research. Many of the
symptoms associated with PNES certainly fit this pr@fddo the physiological data descrileyl
Reinsbergeetal (2012) and Van der Kruigtal (2016). From a theoretical perspective, such a
reductionin arousal would contribut® the development of symptom chronicity via a procdss
negative reinforcement (cf. Model 4). this respect, the metlis consistent with a behavialr
understanding of PNE&swell asthe psychodynamic idea that PNE&hserve a psychological
function for some individuals. Whilste believe that many PNES are characterisgdninitial
increase and subsequent decreéasympathetic arousal, howevem only consider thexecution of
the seizure program (i.e., stage 2 abowd)e an essential aspect of PNES, which may #rtkere
is sufficient activation of the seizure scaffatdthe context of a high-level processing dysfunction
(dashed arem Figure 1). Indeedasthe system comes predict that potentially unpleasant arousal
(and/or other distressing experiences, sagtognitive dissonance) can be avefdgdxecuting the
seizure progranso conditioned stimuli may conte elicit attacks before any threat or arousal

experienced. This explains why symptoms of arousal are not a universal occurrence during PNES
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(see e.g., Hendricksat al., 2014; Brown & Reuber, 206N e predict that such symptoms will be
more commonn the early stagesf the condition, before the effects of conditioning are established
and generalized.

An interesting, but potentially fraught, questierthe extento which individuals might
willfully submit to seizuresn orderto experience the resultingelief”, which was identifiecsa
featurein several patients with PNES discussed by Stone and Carson (2013; alsoeRaluper
2011). This concept potentially appligsour accountasthe build-up of arousal/dissonarioghe
pre-ictal phases likely to be disturbingo the individual, particularly where they perceivasa
physical experience thet out of their control (see belowAs the individual learns that seizures
bring about a degree of relief from tlisthe short termso submittingto the (apparently) inevitable
might cometo be regardedspreferabldo remaining distresseal “fighting a losingbattle”.

However,we do not believe that submitting this wayis a necessary component of the seizure
experience; moreovelf, it occurst doessosome way into a process that includes both unwanted

and uncontrolled elements. Thus, while there may be varying dégnebgh processes perceived
asvoluntary contributeo the seizure experience, involuntary processes are always a feature of PNES
in this account.

In the sections belowe expand on different aspects of this model, including how they fit
with the evidencén this area and what they imply terms of novel predictions for future study.
Relationship with other clinical phenomena

The emphasis on the automatic activation of mental representations enables thte model
explain the perceived involuntariness of PNES, which reflects the fact that the psacessled
and inconsistent with thiadividual’s goals.We suggest that this aspect of the proges®mmonto
other functional neurological symptoms (FNS), and that the main differesgenptom semiology
and phenomenology pertaittsthe content of the underlying mental representations. Howseer,
also suggest that tepid, paroxysmal and often acutely frightening nature of PNES means that they
are more likelyto be accompanied (and triggerdaly symptoms of hyper-arousal than other FNS
(although increased arousal may also be appar¢hé early stagesf other sudden-onset
symptoms; Stonetal., 2012). Indeed, this may explain why patients with more continuous FNS are
even less likelyo perceive their probleras‘emotional’ than patients with PNES (Ludwig,

Whitehead, Sharpet al., 2015). This panic-like surge arousal will also feed into the seizure
scaffold, influencing how sensory and emotional informaisgerocessed during the ictus and
creating a platform for non-epileptic events that share some of the subjective characteristics of hype

arousal, but without the underlying physiological changes.
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We propose that hyper-arousal also accounts for the evident overlap between many PNES,
panic attacks and the autonomic symptoms obsenveny casesf PTSD. Indeedye assume that
the surgen arousal that accompasreliving phenomenan PTSDis a common trigger for many
PNES, consistent with the increased prevalence of trauth& group comparei patients with
other FNS (Stonetal., 2004; Driver-Duncklegt al., 2011; Reubeztal, 2007. It is also consistent
with studies showing reduced medial prefrontal and rostral anterior cingulate activity during episodes
of hyper-arousal and traumateliving (Lanius, Vermetten, Loewenstestal., 2010; Lanius,
Brand, Vermettertal., 2012), which are thougta be indicative of reduced inhibitory processing
PTSD.

If the initial source of hyper-arousala traumatic flashback, thérnis likely that the
flashback will be a key component of the seizure scaffold (cf. Model 1; see bieldiis. respect,
manyPNES relatedto trauma might be thought aka kind of reliving phenomenon. This
reminiscent of psychodynamic ideas concerning the recapitulation of trauma material during PNES
(e.g., Breuer & Freud, 1893-1895/1955), although the concept of symbsimancrucialin the
current account. Importantly, hyper-arouisatotan essential component of PNESour model,
clearly distinguishing them from panic attacks and explaining why PNES mayion¢harabsence
of a trauma history or obvious acute stressors. Moreover, the seizure scaffold may or may not
incorporate elements of traumatic memories; even wherestiis case, seizuresnstill be
triggeredin the absence of flashbaosstrauma recollection more generalfiythere are other sources
of activation for the scaffold.
Emotional processing

If hyper- and hypo-arousal are commibmot essential, features of PNES, why do patients
tendto focus on the physical aspects of these changes rather than subjective emotional stases such
fear? Similarly,jf threat processinig a key component of PNES, wigsthere only a small
difference between this group and patients with epile@psgrms of subjective anxiety symptomnis?
anything, the available evidence suggeststtiaifferenceis driven by a sub-group of patients
with very high self-reported anxiety, and that the wider group of patients with PNES report levels of
anxiety that are comparali@those reportetly healthy controls (Brown & Reuber, 2016
contrast, physical symptom reports are consistently elerafgtients with PNES, even sub-
groups with relatively few problems other areas.

Taken together, these findings seem consistent with the idea that patients with PN@&S tend
represent emotional statasphysical symptoms rather than affective experiences (i.e., Model 3).

One possibilityis that this tendencys motivatedby the threat-value associated with recognizing the
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emotional state(sh question, perhaps because they are inconsistent withdiélual’s self-
concept or because acknowledging the reality of their circumstances feels too dangerous. Although
originally a psychodynamic idea, a similar condslso centrato cognitive dissonance theory,
which asserts that conflicting thoughts, feelings, behavietsrare associated with tension and
anxiety, and motivate attemptsalleviate those feelindsy reducing the conflict. Focusing attention
on the physical component of the experience might allow the individwetluce dissonance, whilst
meetinganintrinsic needo render the experience predictable, a central concept within predictive
coding models of functional neurological symptoms (Edwatds., 2012) and symptom reporting
more generally (Van den Berghal., submitted)In other wordsif it is too threatening for the
individual to recognize the emotional character of their experiences, a physical explanation for them
is better than the anxiety associated with outright uncertéardsise of‘better the devil yolknow”;
Van den Bergletal., submited). Emotional suppression/avoidance may also reduce the precision of
interoceptive signals, making the individual more reliant on beliefs and expectations abast what
happeningn the body and thereby vulneralbteperceptual distortion (ib)din some ways, this a
modern take on the Freudian concept that converting distress into physical symptoms arevents
unhealthy build-umf neural energy. Since the initial threat evaluatsypre-conscious, this shift
representation may be entirely outsideithigvidual’s awareness. The results of the only stidy
this aredo consider preconscious threat evaluation (Bakvad., 2009) are consistent with this idea.
It may also help explain the link between PNES and physical symptom reporting more generally,
which we predict will be associated with a tendemgyepresent emotional stat@sa similar
manner. For other people, the fadto represent emotional experienessuch may be due
intrinsic deficitsin the abilityto identify and/or describe emotional states or the cognitive
consequences of high-level processing dysfunction, rather than being defiesigan. The idea
that thisis only presenin some individuals with PNES would explain the inconsistent findings on
alexithymiain this group (Brown & Reuber, 2016

In some circumstances, focusing on the physical aspects’afexperiences may constitute
a highly adaptive response that enables the individuatain a relatively normal sense of self and
well-beingin the face of on-going adversity (Dimagbal., 2014, 2015). Indeed, thassevidence
that patients who do not experience subjective fear symptoms during their panic attacks are better
adjusted than those who do (Chetral., 2009). One potential cost of representing their emotional
stategn this way, howeveiis thatit canprevent them from deploying appropriate compensatory
responses (e.g., assertion; planful coping; problem soltartge internal and external stressors

responsible for their distress. Indeed, several studies have found that patients withr&RES a
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likely to engagen planful coping than controls (e.g., Franegal., 1999; Goldsteirt al., 2000;
Testaetal, 2012). Thiss likely to resultin chronic stress and over-arousal, compromising inhibitory
processin@swell astheindividual’s allity to reflect, control action and self-regulate more
generally.

Several other findings described above are consistent with the idea that patients with PNES
are emotionally avoidant, including the evidenéemotional suppression demonstrabgdsul and
Ahmad (2014), the repression/denial repotigdawacet al (1995), the emotional avoidance
identifiedby Bakvisetal (2011), Dimarcetal (2014) and Novakovet al (2015) and the avoidant
coping reportedy Francesetal (1999), Goldsteirtal (2000), Cronje and Pretorius (2013) and
Goldstein and Mellers (2006). This concept may gtssome way towards explaining the increased
rate of dissociative experiendesthis group, both generally amadithe times of the attacks
themselvesAn influential and well-evidenced moday Sierra and Berrios (1998) suggests that
depersonalization results from a hard-wired threat response involving the top-down inhibition of
emotional processinig the amygdala. This proceissevidentin both depersonalization disorder
(Sierra & David, 2007) anih the dissociative sub-typef PTSD charactered by depersonalization
symptoms (Laniustal., 2010, 2012). Although suelminterpretatioris somewhat removed from
models derived fromianet’s dissociation theoryt is appealing sincé suggests that DES scores will
often be elevatenh patients with PNES, without this being necessary or suffittestplain the
phenomenonit is therefore more consistent with evidence showing that not all patients with PNES
exhibit highsamres on measures suabthe DES, and why overall group means tanble elevated
but somewhat lower than those se@enther conditions suchsPTSD and DID (Brown & Reuber,
2016.

PNES and mental fragmentation

While this link with depersonalizatias seerasindicative of a broader tendentysuppress
affect, and therefore a predisposing factor for PNES, the concept of dissociative fragmentation (i.e.,
Model 1; aka compartmentalizatiois)more directly relevartb the automatic activation of rogue
representations that li@sthe heart of the model. Indeed, this idea bears a close resentblance
Janet’s original suggestion that functional symptoms arise when mental fragments (perceptual
hypotheses and cognition/action representaiioisir account) are activatéy internal and external
cues, distorting behaviour and experience accordingly. Importantly, the mechanism underlying
PNESIn this account operates a relatively late staga processing, leaving earlier processing intact
but compartmentalized; this explains, for example, the reversible amnesia ols¢neeBENES

patients studietly Kuyk etal (1999).1t also suggests that other ictal deficits repobig@NES
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patients will occuin the context of intact functioning the affected modalities; thus, patients who
report loss of consciousness during PNES should show evidence of (largely) intact auditory and
somatosensory processing during the idtas appropriately indireabr implicit measures used.
This could beanimportant test of the model. Our approach departs from Model 1, hovegver,
assuming that the mental fragmeintgjuestion may or may not relateprevious traumatic
experiences, a notion thigtactually more consistent witlanet’s original account than more recent
dissociation approaches.
High level processing dysfunction

A central concept hetis that the seizure scaffold will be automatically triggered wtgen
activation thresholids exceeded unless the secondary attentionatsyshibitsit. Anything that
undermineshe secondary attentional system therefore increases the likelihood of PNES (cf. Janet,
1889). Evidence suggests that depression (e.g., Austin, Mitchell, & Goodwin, 2001), anxiety (e.g.,
Derakshan & Eysenck, 2009), PTSD (e.g., Polak, Witteveen, Reitsma, & OIff, 2012; esaliys
2010, 2012), early-life adversity (e.g., Pechtel & Pizzagalli, 2011), stress (e.g., Holmes & Wellman,
2009) and poor sensory gating (e.g., Truelove-Hill & Yadon, 2015) are all assodithtekficitsin
executive functioning, which may partly explain their association with PNES. The resulting high
level processing dysfunctiaa reminiscent of th€unstable cognitive-emotionadystem” postulated
by Baslet (2011pasa predisposing factdor the phenomenon, although our emphasis isere
specifically on high-level inhibitory process&¥e propose that a key source of this dysfuncison
on-going stress and arousal, which may arise from a number of different sources including difficult
or traumatizing life events (which are often associated with HPA-axis dysregulation; Roelofs &
Spinhoven, 2007), physical illness, relationship problems, social isolation, emotional conflists and
on. Although there are problems with the literafarthis area, the available evideriséargely
consistent with increased exposure kottraumatic events childhood ando chronic stress
adulthoodn patients with PNES (e.g., Brown & Reuber, 2016; Fiszetah, 2004; Sharpe & Faye,
2006; Stoneetal., 2004; Tojeletal., 2000) We suggest that the inconsistent findings regarding the
role of stress and trauma reflect the fact that they Aavadirect effect on PNES, mediatbyg their
effects on arousal levels and high-level inhibitory functioninghis sense, trauma and serious
adversity are not necessary for PNia$8evelop, but may be predisposing factors for some people.
In others, more subtle stressors, sasbhronically unsupportive relationships or those where
unrealistic demands are placed on the individual, beayiuch more relevant.

The extento which these stressors/threats produce attentional dysfunction will depend on several

factors, including the nature and duration of the stressors themselves, the use and nature of any
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coping strateg the availability of social support and the social environment more generally, and
theindividual’s intrinsic reactivityto stress/thréaThe most deleterious effects are likebe found

in situations where the individued unableto use adaptiveoping strategies, suaswhen they are
repeatedly exposdd unavoidable adversity (e.g., a traumatic family environment; persecution and
torture; high levels of traumatic flashbacks), has poor problem-solving and affect regulation skills,
lacks appropriate social support, andéaelatively unabldo represent emotional states

symbolically (i.e., alexithymia)n other cases, coping strategies may be either ineffeative

managing stress (e.g., worry), confer vulnerabibtjurther stressful events (e.g., stigma related
self-harm; risk-taking behaviours) and/or directly compromise attentional function (e.g.,
affect/thought suppression; worry/rumination; drug and alcohol misuse; self-poisoning; taking anti-
epileptic drugs, painkillers, sedatives, anti-depressants etc.; Wells, 2000)isTdscea reciprocal
relationship between strategy use and attentional functioning, such that the greater the extent of
attentional dysfunction, the less the individual will be @blselect and execute appropriate coping
strategies; this increases the likelihood of further attentional dysfunction, setting up a vicious cycle.
Other factors adversely affecting brain functioning (acquired or congenital brain injury; epilepsy
may also impact on attentional ability, which could account for the relationship between PNES, non-
specific brain injury (Reuber, Qurislatal., 2003) and epilepsy (Kotsopouktsal., 2003; Reuber,
Fernandez, Bauer, Singh, & Elger, 2002).

Thereis some neuropsychological and experimental evadér impaired attentional-executive
functioningin patients with PNES and symptoms sasimemory and concentration problems are
commonly reportetby this group (e.g., Bakvis, Spinhoven, Putman, Zitman, & Roelofs, 2010;
Pouretemad, Thompson, & Fenwick, 1998; Strutt, Hill, Scott, Uber-Zak, & Fogel, 2011; Willment,
Hill, Baslet & Loring, 2015). Roelofs, Van Galen, Eling, Keijsers and Hoogduin (2003) also found
evidenceof anattentional deficitn patients with conversion paresis, which would involve simil
mechanism$o PNESIn the current model. Better characterizing this deifscit task for future
studieslt is anopen question whether such deficits would manifest between seizimat®pre-
ictal period only; the latter would be of particular interest, althasigtearly challengingo test.
Expectations

The model presented here suggests that PNES arise when the cognitive system places undue
weight on the prediction that attacks will ocauicertain circumstances. Another way of putting this
is that PNES are a kind of self-fulfilling prophecy driventhe expectation that attacks are likely
occur. Importantly, however, these expectations exert their influence pre-consciously, meaning that

the individual may or may not be aware of their influence. This concept hasmeeinmon with
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the predictive coding account of FNS describgddwardsetal (2012).We suggest that these
expectations are acquired incidentally when tiiees initial experience (or set of experiences)
resemblingor otherwise suggesting a seizimahe context of cues (e.g., increased muscle tension,
tremor and other panic-like symptoms resulting from increased anxiety/arousal) and beliefs
suggesting that this will recur. This fits with evidence described above concerning the learned
behaviour model of PNES, suakthe frequento-occurrence of PNES and epilepsy, increased
exposurdo seizure models othes, and the disproportionate prevalence of prior head injury with
loss of consciousness this group (see Brown & Reuber, 2016, for a review). Such expectations
may also result from health-related traumatic experiences, which are very comiateronset
PNESIn particular (Duncan, Oto, Martin, & Pelosi, 2006). Prior physical illness or iguaigo
frequently found in patients with other FNS (Staal., 2008), consistent with the common
mechanism proposed here.

Whilst these studies aire keeping with the proposed model, prospective research using
systematic measur@s patients with new-onset PNES are clearly requioegktimate the true
prevalence of the relationship between PNES and antecedent events that create expectations for
seizure onset. These events are likelgo beyond head injury and panic attatk&ncompass a
wider set of potentially relevant experiences, sambther conditions associated with transient loss
of consciousness (e.g., syncope), disorientation (e.g., presyncope, hyperventilation), states of
depersonalization-derealization and any other event that could be mistakenly attatauted
seizure/epilepsy.

The model also predicts that a disproportionate sensitivixpectancy manipulations, such
ashypnotic and non-hypnotic suggestion, will be a risk factor for developing PNES and other
functional symptoms. Evidence of a relationship between PNES and hypnotic suggestibility (e.qg.,
Barryetal., 2000; Goldsteirtal., 2000; Kuyket al. 1999) could be se@sconsistent with thisas
could the effectiveness suggestion-based seizure-induction methods (e.g. McGartiggl2002).

In both cases the findings are mixed, however, perhaps reflgatitigpants’ fears about losing

control and/or other negative beliefs about suggestion/hypnosis. A better test of the hypothesis might
beto use measures that place less emphasis on participants willfully submaitsinggestions, such

asthe Sensory Suggestibility scale (Gheorghiu & Reyher, 1982).

Seizure semiology and phenomenology

More compelling evidence for the model woblkelprovidedby experimental studies
manipulating expectations abdbe nature of PNES. A key predictiethat the semiology and

phenomenologpf PNES will partly reflect knowledge, beliefs and other mental representations that
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comprise the seizure scaffold. The studies carrietioadate have only compared different PNES
over a very short period @ifne and highlighted the stereotypy of different seizures (e.g., Seneviratne
etal, 2010). One possibilitg that benign information could be incorporated into established
expectancy manipulations (e.g., intravenous saline; photic stimulationjoysexvoke attack
some epilepsy units, with a vigw studying how this information shapes the natfreubsequent
symptomslt should also be possihie study whether the success ratesymptom provocation
methodss associated with the degree of overlap between specific expectations and the content of the
seizure scaffoldasassessed amindividual basis. For example, one could predict that photic
stimulation would onlyoe successfuin patients who believe that their attacks are photo-sensitive.
Again,we are not aware of any existing studies on this topic. A more challenging, but potentially
more ethical, option would ke study the relationship between naturally occurring events (e.g.,
exposurdo epileptic attacks whilst undergoing diagnostic monitoring) and whether this influences
subsequent PNES during the assessment. Anecdotal reports of the effect of such exposure are
widespread, buwe are not awaref any studies that have addressed this empirically.

A small number of studies have considered how patients with PNES perceive their iliness
(e.g., Whitehead, Kandler, & Reuber, 2013), althowglare not awaref any studies on what these
patients believe about epilepsy and epileptic attacks, which could illuminate this aspect of the model.
Attendingto seizure cues and triggers

We assume that the seizure scaffalélaborated everyme the person experiencas attack
in different circumstances, potentially increasing the number of cues that can trigger attacks over
time via interoceptive conditioning (for evidence concerning this praogsatients with other
functional symptoms see Van den Bergh, Stegen &déWoestijneetal., 1997; Van den Bergh,
Winters, Devriese & Van Diest, 2002). Traumatic intrusions and symptoms of hyper- and hypo-
arousal are likelyo be particularly important this regardAn obvious prediction, albeit one that
has not been subjectemisystematic empirical scrutinig that symptoms associated with these states
will be common triggers for PNES. This will include stressful and threatening situations thaitresult
hyper-arousal, but should extend beyond this. Indeed, a common clinical anetiat@atients
with PNES often deny experiencing attacks when they are stressed, and that th@ptendwhen
the patient finally has the chanierelax. Although this remairte be evaluated empiricallyt,
would be consistent with otmypothesis that PNES are justlikely to be triggeredy symptoms of
hypo-ashyper-arousal.

It should be possiblat leastin theory,to relate the development of seizure semiology and

phenomenologyo experiences, events and contexts that the individual encounters over time.
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Importantly, however, the individual may not be aware of, or tadeticulate, the knowledge that
contributego the scaffold, much of whicis acquired incidentally and store@dforms (e.g., complex
associations of semantic, perceptual, emotional and procedural information) that are not readily
accessibleo reflection. A priority for future research will thereforetbeldevelop methods for
assessing individual differencesthe seizure scaffold thdon’t rely exclusively orsdf-report.
We hypothesize that the likelihood af attack occurringn the context of such cues depends

on the extento which the individuals looking out for or attendintp them. This will partly be a
function of the pre-existing activation levels of the seizure scaffold, which constitutes thea@xtent
which a seizures “expected to occuf, and partly of threat processing, which triggers
hypervigilance for, and facilitates engagement with, potential threat cues. A broadeirdbfgiit
level attention, whichve assumeés a separate attentional factorhypervigilance, may also
contributeto this processy disrupting disengagement from relevant threat cues. Existing research
on threat biagh PNES (e.g., Bakvistal., 2009)s insufficientto verify these hypotheses, however,
which should be a focus for future studies.
Other factors contributintp PNES development and maintenance

Accordingto the model, symptom developmeéstargely determinetdy factors that leatb over-
activation of the seizure program, or which undermineréwidual’s capacityto inhibit it. Any
such factor has the potenttalpredispose, precipitate and/or perpetuate PNES, with the precise
combination of factors varying between individudlte have already considered some of the factors
that are relevarih this regard. Unfortunately, the quality and scope of reseattlis area maki
difficult to draw firm conclusions regarding other important factdfe.will therefore make a
number of suggestions that are consistent with our model of PNES, but which clearly require
empirical study.

Several factors identifieith the cognitive behavioat model ardikely to beimportant,
particularly the tendendy interpret symptomasseizures/epilepsy and a possible cause for concern.
We suggest that this resultsresponses from the self and others that seretaborate, consolidate
and activate the seizuseaffold, suchasseeking information about seizures (e.g., on the Internet)
and pursuing medical assessment and treatment. The scaffold will also be activatéichextbey
individual seeks medical help, information or other reassuilanetationto their symptoms, and the
resulting outcome (e.g:keep aneye onit”; anxiety-provoking and/or misleading information on the
Internet; inappropriate prescription of anti-epileptic drugs and their side effects) may perpetuate this
further. Each of these coping strategies may have the additional effect of maintaining hypervigilance,

plus negative emotional consequences sgdtress, anxiety and depression. General avoidance of
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feared situations (e.g., going out; being alone; bathing; cooking), which hafobedm several
studies on PNES (Cronje & Pretorius, 2013; Fraetet 1999; Goldsteietal., 2000; Goldstein &
Mellers, 2006), may allow unhelpful beliefs about the likelihood and dangerousness of seizures (both
aspects of the scaffoltl) proliferate, whilst fostering worry, rumination and social isolation
(Robson, Drew, Walker & Reuber, 2012). From the psychodynamic/interpersonal perspective,
unhealthy relationships with oneself and others also provide fertile ground for unhelpful responses
PNES, suclastoxic appraisals (e.d:]’m pathetic for having thigroblem”; “She’s puttingit on!”),
the use of unhelpful coping strategies (e.g., repeated doctor visits; over-protection from others) and
conflict with medical staff and carers, undermining social supports and lgadingtable
therapeutic relationships.
PNES patient sub-types

A central assumption of the model described here is that the seizure scaffold is relatively
fluid and has a stochastic activation threshold that must be exceeded in order for PNES to occur. We
assume that multiple neuronal systems and pathways contribute to the development, activation and
maintenance of the scaffold, and thereby the occurrence and features of PNES. We believe this
approach captures the phenomenology of PNES better than one based on categorical patient sub-
types, whilst allowing for the likelihood that different factors will vary in importance over time
within individual patients. Nevertheless, the model easily accommodates evidence poititeng
existence of distinct sub-groups of PNES patients characterized by relatively high or low levels of
psychopathology (e.g., Brown et al., 2013; Cragar et al., 2005; Reuber et al., 2004; Uliaszek et al.,
2012). Patients with significant psychopathology exhibit a wide range of risk factors for the
development of PNES in the current model, including insecure attachment, emotional under-
regulation, maladaptive coping, and increased exposure to stressors (e.g., problematic relationships)
and potentially traumatizing events. This pattern of difficulties, reminiscent of that seen in borderline
personality disorder, is likely to be associated with significant high level processing deficits (Ruocco,
2005) and is therefore in keeping with the approach described here. We also incorporate the idea that
suppressing, denying or otherwise failing to recognize stress and emotional experiences, coupled
with a tendency to focus on physical rather than affective states, are likely to contribute to PNES in
many patients. Such factors are thought to explain why a substantial proportion of patients with
PNES exhibit relatively low levels of psychopathology but numerous physical symptoms.

As we saw previously, it is an open question whether all patients with PNES have difficulties
regulating their affect in an adaptive manner. One of the advantages of the proposed model is that it

links PNES to normal psychological processes (learning, attention, automatic behavioural control),
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which go awry for various reasons. This leaves open the possibility that symptoms could arise in the
absence of significant psychopathology, affective dysregulation or emotional suppression. Indeed,
the approach on which this model is based assumes that the same basic mechanisms are involved in
both pathological (e.g., PNES and other MUS) and non-pathological compartmentalization
phenomena (e.g., temporary symptoms produced by hypnotic suggestion; Brown, 2002b, 2013b;
Janet, 1889; Oakley, 1999). It also suggests that there are more basic predisposing factors for these
phenomena, such as heightened suggestibility, the tendency to become absorbed in experiences
(Bell, Oakley, Halligan, & Deeley, 2011; Brown & Oakley, 2004) and poor interoceptive accuracy
(Bogaerts, Van Eylen, Li, et al, 2010; Schaefer et al, 2012). Theoretically, such factors could, if
coupled with a context that affords the development and activation of seizure programs, be sufficient
to give rise to PNES without any contribution from trauma, stress or psychopathology. Exploring this
possibility is an intriguing question for future research.
TREATMENT IMPLICATIONS

Although the model outlined aboeprimarily describedn cognitive terms, ani
compatible with a cognitive behavioural approathpes not suggest that cognitive interventiams
the only (or necessarily the most appropriate) way of addressing the various predisposing,
precipitating and perpetuating factors that contribofeNES. Indeed, emotional inhibition and the
tendencyto represent affective statasphysical experiences, whiete identify asimportant
vulnerability factors for PNES, are key psychodynamic concepts that may be best tackled using
interventions from that tradition. For example, creating a safe therapeutic environment that enables
the individualto recognize, tolerate and accept the broader emotional dimeasiwir physical
symptoms maye particularly important for these individuals (e.g., Howlett & Reuber, 2009).
Psychodynamic and interpersonal methods may also be irseses where unhelpful, but
potentially unacknowledged, patterns of relating are driving stress/arousal (or vice versa) and thereby
PNES.In many cases, however, thesalso likelyto be a nedfor more directive interventions that
enable patient® develop strategies (e.g., relaxation, grounding, distraction) for managing hyper-
and hypo-arousal and traumatic material.

Alongside tackling emotional regulation and representation where appropriate, theffocus
treatment according our modeis on identifying and addressing factors that are activating the
seizure scaffold and compromising attentional functioning. This includes tackling the circumstances
that give riséo negative affect, chronic stress and heightened threat processing; dismantling aspects
of the seizure scaffold more generally (e.g., beliefs concerning the meaning of attackp)aagre

them with healthier mental representations; and enhancing top-down control of tihe s=fold,
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perhaps using attention training or neurorehabilitation techsiimply explaining the diagnosis
patients maye sufficientto reduce arousal, alter coping amebtructure the scaffold (Duncan,

Razvi, & Mulhern, 2011; Mayoetal., 2012). Whilst many of the interventions usedddress these
factors are likelyo already ben use with PNES patients, the proposed model offers a framework for
making systematic decisions about which interventions are mosttkiaglp someone with PNES,
without declaring allegiand® any particulafschool” or “model’ of therapy.In addition, the model
suggests a number of avenues for clinical development, including tlé mgsdfulness, hypnotic
suggestion and imagery techniques (see e.g., Brown, 2013a).

CONCLUSION

The label PNE$s a neurological diagnosis of convenienoemost cases meatt denote

that apatient’s seizures are not relatéalepileptic discharges the brain but are instead considered
to have d‘psychological” cause. The patients whom this diagnostic labéd given make up a
highly heterogeneous groupterms of background, personality profiles, comorbidities, resgonse
treatment and outcomes. Most previous accounts of the mdtBMNES have dealt with this
heterogeneitypy describing a broad rangé predisposing, precipitating and perpetuating factors
without identifying necessary and sufficient features that explain the pathogenesis of the disorder.

In keeping with our previous Integrative Cognitive Model (ICM) of other medically
unexplained symptomse suggest that the preconscious activation of a rogue mental representation,
the seizure scaffoldhy internal or external triggeis commonto all PNES (with the exception of
those that result frompatients” willed action, for instanci the context of factitious disorder). These
rogue representations consist of cognitive-emotional-behavioural action programs that combine
elements of inherent schemata (sashowto respondo fear) with the results of learning and
experience across multiple contexts. Activation of the scaffoldaneay not be associated with
abnormal arousal, emotion or cognitive processing, accounting for the wide range of different PNES
manifestations.

This modelis in keeping with the findings of original studies documenting increased levels of
previous trauma, heightened anxiety, arousal and avoidasoeme but not all patients with PNES.
It allows for PNES occurrinm states of hypo- and hyper-arousayvell asfrom a normal resting
state We believe the theory described here represents a major admangeunderstanding of
PNES, enabling existing theories and empirical findbodse integrated within a single overamgi
framework, thereby accounting for a number of hitherto unexplained aspects of PNES.

Whilst our model uses the languagfecognitive psychologyyve do not wishto suggest that

the most successful treatment will focus specifically on cognitions. Cognitive restructuring may be
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helpful for individual cases but other psychotherapeutic treatment optionsemayre appropriate

to address relevant targets, saslincreasing patientgolerance of traumatic memories, other
seizure triggers and arousal, helping them regulate their emotions more effectively, or changing
interpersonal patterns of behaviour likédyfoster recurrence or hinder recovery.

Aside from explaining existing findinga this area, a key strength of our accasrnhatit
makes a numbaeaf testable predictions, for instance that primary sensory processing bleould
normal during PNES, that PNES do not invariably otccwar state of autonomic arousal, that PNES
manifestations and experience are likelghange over a pants’ lifetime, and that PNES
manifestationganbe affectedy patient expectations. These hypotheses will hebe testedn
future studies involving sufficiently large groupkpatients with PNE$®o capture the heterogeneity
of this disorder.
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FIGURE LEGENDS
FIGURE 1: Hypothesized sequence of eveamBNES. Essential components of the process are

representech the dashed area. Although hyper- and hypo-arousal (arousal levels not apptofrate
patient’s current environment and internal state) are frequently pres®MNES, andnaygive riseto
high-level processing dysfunction, abnormal aroissabtanessential aspeof the PNES generation
process. For example, strong activation of the seizure scafftié presence @ninhibitory processing
dysfunctionmay be sufficiento triggeran attack evern the absence of heightened ardushe figure
focuses on how rather than why PNES arise. Recognised risk factors for PMES aéstory of
traumatisation, emotional dysregulation, alexithymia, psychopathology arfddresg suggestibility will
confer vulnerabilityto the processes depicted, but are neither necessary nor suffidigistaccount
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Table 1: Key strengths and limitations of main models of PNES

Model

Key strengths

Key lumtations

1. PNES as the activation of
dissociated matenal

Explains increased rate of childhood trauma in patients
with PNES and apparent clinical relevance of traumatic

Many patients with PNES do not reporta
history of potentially traumatising events

events ¢  Only a minority of patients with PNES meet
criteria for PTSD
¢  Explains elevated scores on trait dissociation measures *  Trait dissociation findings are mixed
*  Some patients with PNES don’t report
significant dissociation or flashbacks
* Scores on trait dissociation measures may
pertain to different aspects of dissociation
¢ Predicts elevated suggestibility seen in some studies. as *  Suggestibility findings are mixed and not all
well as apparent utility of suggestion methods for eliciting patients score in suggestible range
PNES
e Explains percerved involuntariness of attacks. unusual
motor activity and potentially loss of consciousness
2. PNES as hard-wired responses,  #  Explains why PNES are relatively stereotyped and could  #  Stereotyping less marked than in epilepsy and

such as “panic without panic”™

potentially account for phenomenology and semiology

Panic without panic is consistent with ictal vareality,
disconnection and detachment in many patients with
PNES

Panic without panic explains why many patients with
PNES report physical symptoms of arousal at the time of
their attacks but not explicit anxiety

Panic without panic predicts mncreased scores on trait
dissociation measures

significant variations are apparent between and
within individuals

Number of seizure categories inconsistent with
a single hard-wired response

Panic without panic does not explain perceived
involuntariness. loss of consciousness,
unresponsiveness and unusual motor activity
Many PNES occur without apparent arousal,
anxiogenic triggers of panic symptoms

Scores on trait dissociation measures may
pertain to different aspects of dissociation

3. PNES as physical manifestation
of emotional distress

Explams apparent dispanty between mereased physical
symptom reports and low explicit anxiety

Does not explam key aspects of PNES
semology and phenomenology

Consistent with evidence for defensiveness. avoidance,
alexithymia and emotional processing deficits in some
studies

Findings on defensiveness, avoidance,
alexithymia and emotional processing deficits
are nconsistent

A significant proportion of patients deny
emotional distress; claims that this 1s evidence
of denial are circular

4. PNES as leamned behaviours

Explains motor features and unresponsiveness seen in
some PNES

Explains increased prevalence of PNES in patients with
previous epilepsy

Explains link between PNES and prior history of physical
illness, injury and loss of consciousness

Account of semiology and phenomenoclogy
seems to 1mply deliberate sumulation/deceit
Unclear whether 1t can account for PNES that
arise in the absence of obvious seizure models
and that have changed little over time

Cannot explain why very similar PNES-
behaviours have been observed across different
cultures

It is often difficult to identify reinforcers/gains
for PNES, making 1t difficult to explain
symptom onset and resistance to extinction
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HIGHLIGHTS

e Current models of PNE&naccount for some but not all of the available data

e Automatic activation of seizure representationsiemory mayea unifying process
e Suppression of arousal and distress are typical maintaining factors for PNES

¢ Inhibitory dysfunction, often arising from chronic strass key vulnerability

e Trauma exposuris common but neither necessary nor sufficient for PiRE&cur
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ENDNOTES

'Theterm*“physical” is used heréo denote demonstrabieedicalpathology, suclsthat
associateavith brain injury or diseasdt should not béakenasimplying thatPNESdo not
have a physical substratethe brain or, converselyhat“psychological” factorsarenot
relevantfor understanding epileps@ur emphasis othe psychologicahspectof PNES
reflectsthe widely held viewhatthislevel of explanations currentlythe most helpful for
understanding these conditioNge arenot suggesting that physical factargirrelevantor
thatPNESwill not eventually be describ&ud physiological terms. Indeed, soffjghysical”
problems suclasa previous diagnosis of epilepsy or a history of head igrewell
recognisedsrisk factors for developing PNE#)eseareincorporatednto our account
below.

"In other wordspredicted by the cognitive system:; this is not necessarily conscious.
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