
Abstract

Misdiagnosis of patients with psychogenic non-epilep-
tic seizures (PNES) as having epilepsy is a clinical rele-
vant problem. Considerable problems for the patients,
such as unnecessary anticonvulsant medication use and
delay of suitable therapy, as well as a considerable
 economic burden are involved. Furthermore, after the
 diagnosis of PNES is confirmed, there is a lack of scien-
tific evidence about the most efficient treatment for PNES.
Evaluation of contributing factors is necessary. These fac-
tors should be implemented in explanatory models for the
occurrence of PNES, which should be employed in diag-
nosis and treatment. Recent evidence suggests a role of
deficiencies in neuronal information processing in multi-
ple mental conditions. Although the focus in PNES re-
search over the last two decades primarily has been on
differential diagnosis and psychological and environmen-
tal factors, abnormalities in psychophysiological charac-
teristics might also be involved in PNES. This review
focuses on neurobiological substrates of PNES and
 dissociation, a trait which is often associated with PNES,
to explore whether deviant information processing is in-
volved in the aetiology of PNES. All studies examining the
relationship between psychophysiological parameters and
PNES have an exploratory character. However, the results
suggest that neurophysiological characteristics, such as
brain activity as visualized by functional MRI, cardiovas-
cular measurements and neuroendocrine functioning, may
be abnormal in patients with PNES. Future investigations
should therefore elucidate the exact role of neurophysio-
logical abnormalities in the aetiology of PNES.
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Introduction

Psychogenic non-epileptic seizures (PneS) are
epilepsy-like episodes of movement, sensations or
behaviours that resemble epileptic seizures, but are

not accompanied by epileptiform brain activity as
seen on electroencephalogram (eeG). The under -
lying  cause  is  assumed  to  be  psychological;  the
episodes may be the somatic manifestations of emo-
tional distress (1). PneS is one of the most impor-
tant  differential  diagnoses  of  epilepsy,  and  most
patients with PneS are  initially misdiagnosed as
having epilepsy. The  average period between  the
onset of seizures and the diagnosis of PneS is typi-
cally more than 6 years (2). Misdiagnosis as epilepsy
for patients with PneS has serious consequences for
the patient, such as exposure to unnecessary anticon-
vulsant medication, and considerable delay to start
the appropriate psychological therapy. in addition, a
substantial economic burden is  involved, as erro-
neous treatments for intractable epilepsy are expen-
sive (3).  evaluating  the  information  described
above, it is clear that differential diagnosis of PneS
is  clinically relevant. However, if the emphasis is
only on excluding epilepsy, PneS may become a
non- disease (4). a positive diagnosis is necessary for
 appropriate  treatment,  therefore,  the  underlying
mechanisms must be evaluated and results must be
implemented in treatment. To gain more insight in
the underlying mechanisms of psychogenic seizures,
it  is necessary to identify not only causal factors,
such as traumatic experiences, but also predisposi-
tion  factors, which elucidate why certain persons
 develop PneS symptoms after trauma and others do
not. Such predisposition factors may be of influence
in the stages of vulnerability, shaping, provocation
and prolongation of PneS pathology, and have to be
identified in order to organize an explanatory model
of PneS.
an important predisposing factor for PneS is the

tendency to dissociate (1, 5). The process of dissoci-
ation  is  a  disruption  of  the  usually  integrated
 functions  of  identity,  memory,  consciousness  or
 perceptions of the environment. it is regarded as a
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psychological  defence  mechanism  from  stressful
events, by altering conscious experience (6). others
assume dissociation  to be a constitutional mental
weakness  that  is  activated  by  adverse  events (7).
 dissociation  is  closely  related  to  the  process  of
 hypnosis and essentially shows the ability to take
distance from reality. People differ in their tendency
to dissociate. The tendency to easily dissociate is
considered an important factor in the provocation
and possibly also the prolongation of PneS (8). 
Because  the  tendency  to  dissociate  is  such  a

prominent  trait  of  a  substantial  group  of  PneS
 patients,  investigation  of  biological  correlates  of
 dissociation  is  an  important  step  in  the  attempt
to generate  an  explanatory  model  for  PneS.
The psychophysiological  mechanism  underlying
 dissociation  still  remains  to  be  elucidated.  This
 review  focuses  on  neurobiological  substrates  of
PneS and dissociation associated with PneS,  to
 explore whether deviant information processing is
involved in the aetiology of PneS. 

Methods

relevant studies were identified by searching the
electronic  databases  PubMed  and  Sciencedirect.
 articles included in this review were identified by
searching the terms “Mri PneS”, “fMri PneS”,
“fMri  psychiatry”,  “fMri  hypnosis”,  “Hrv
PneS”, and “cortisol PneS”. Titles of articles and
abstracts extracted during the search were reviewed
for relevance, and if found to be applicable, the full-
text  article  was  retrieved.  Case  reports  were  not
 considered. articles were included when published
after 1980 up till 2010.

Results

STruCTural Mri aBnorMaliTieS

Magnetic resonance imaging (Mri) of the brain
provides  the  opportunity  to  investigate  cerebral
changes  in  a  number  of  fundamentally  different
ways (9). Structural Mri is one of the techniques
most often  employed  for detection of  anatomical
brain abnormalities. Some investigations have re-
lated PneS with structural Mri abnormalities. For
example, reuber et al. (10) found structural brain
abnormalities  more  commonly  in  PneS  patients
than in the general population. They investigated the
proportion of PneS patients  having neurological
 abnormalities  on  structural  magnetic  resonance
 imaging, and found that 27 percent of PneS patients
and 78 percent of patients with PneS and epilepsy
showed anatomical irregularities. a wide variety of

abnormalities was found in the PneS only group,
 including – in order of frequency – postoperative
 defects,  arachnoid  cyst,  posttraumatic  changes,
 generalized atrophy, gliotic change, white matter le-
sions, hippocampal sclerosis, and venous angioma.
abnormalities in the PneS plus epilepsy group in-
cluded hippocampal sclerosis, postoperative defects,
migration disorders, signs of previous stroke, gliosis,
posttraumatic changes, hemiatrophy, white matter
 lesions, tumor, cavernoma, and venous angioma.
devinsky  et al. (11)  even  report  65  percent  of

their sample of PneS patients (without comorbid
epilepsy) having structural abnormalities on Mri. in
their  sample,  neurological  features  also  varied
widely, but showed to be significantly more present
in the right hemisphere of PneS patients compared
to  the distribution of pathologies  in  the brains of
epilepsy patients. These  results suggest  that  right
hemisphere dysfunction may form a predisposition
factor  to  development  of  PneS  symptoms.  This
finding is consistent with previous evidence for right
hemisphere dominance in emotional regulation and
conversion reactions (12, 13). Thus,  it  is possible
that neuropathology influences the neuropsycholog-
ical performance of patients with PneS, and both
may, in interaction, constitute the vulnerability factor
in PneS patients. More research is needed to iden-
tify the exact role of structural brain abnormalities
in the aetiology of PneS.

FunCTional Mri aBnorMaliTieS

Quantitative  information about  structural brain
abnormalities provides minimal insight into func-
tional organization and  reorganization  in patients
with PneS. To  investigate whether  deviations  in
functional brain architecture are predictive of disso-
ciation in patients with PneS, functional imaging is
essential. Functional Magnetic resonance imaging
(fMri) is a technique frequently used to explore the
relationship between brain activation and cognitive
functioning.  it  measures  changes  in  the  blood-
oxygen-level dependent (Bold) signal, which are
assumed  to  accompany  neural  activity  in  the
brain (14). Functional Mri abnormalities have been
demonstrated to be related to abnormal information
processing in several mental conditions, for example
schizophrenia (15,  16),  panic  disorders (17),  and
bipolar disorder (18).
until  now,  functional Mr  imaging  techniques

have not extensively been used to explain deviant
neuronal  processing  in  patients  with  PneS.
 However, some investigations have explored the re-
lationship  between  hypnosis,  a  process  closely
linked to dissociation, and altered functional Mri
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characteristics. in a functional Mri investigation of
McGeown et al. (19), the authors demonstrate that
induction of hypnosis in highly suggestible individ-
uals  causes  decreased  cerebral  blood  flow  in  the
 anterior parts of the default mode network during
rest. other authors, for example egner et al. (20) and
raz  et al. (21),  have  also  associated  decreased
 activation of frontal structures such as the anterior
cingulate  cortex  (aCC)  with  high  suggestibility.
 Because  the  process  of  hypnosis  appears  to  be
 related  to dissociation, similar activation patterns
may be observed in patients with PneS with a high
tendency to dissociate. 

Brain neTworK aBnorMaliTieS

Cognitive and emotive functions result from the
interactions  of  a  number  of  differently  localized
brain regions rather than single (isolated) regions. in
this  context,  novel  brain  connectivity  analyses,
which examine the integrity of cerebral networks,
are  most  appropriate  in  evaluating  information
 processing  deficits  of  patients  with  psychiatric
 conditions such as PneS (22). For example, fMri
facilitates the assessment of the functional connec-
tivity of regional brain activity, based on correlations
in  dynamic  spontaneous  fluctuations (23).  This
analysis can be applied both on task-related fMri
data, as well as on resting state fMri (rs-fMri) data
where no explicit stimuli are presented (24). in ad-
dition, network analysis of diffusion tensor imaging
(dTi) data, using measures of water directionality
and diffusivity, can provide information regarding
the integrity of structural connectivity of the entire
brain (25).

CardiovaSCular dySFunCTioninG

it  is  hypothesized  that  patients  with  PneS
 (almost)  continuously  experience  high  levels  of
 emotional stress. emotional stress has been proven
to be accompanied by physiological changes  like
 increased heart rate, blood pressure, respiration rate
and  muscle  tension,  and  decreased  heart  rate
 variability (Hrv) (26, 27). Heart rate variability in
particular is a measure of interest, because it reflects
the functioning of the parasympathetic autonomic
nervous system, the system responsible for stimula-
tion of activities that occur when the body is at rest.
Heart rate variability may be decreased in patients
with PneS,  suggesting a  state of hypervigilance.
 indeed, Bakvis et al. (28) have examined the cardio-
vascular  functioning  of  patients with  PneS,  and
found  that  patients with  PneS  show  lower Hrv
 during baseline and recovery of stress compared to

healthy  controls. However, their study had an experi -
mental  design;  ambulatory  measurements  during
daily  life  (comprising  psychogenic  non-epileptic
seizures) would provide additional and ecological
valid  information  about  the  level  of  emotional
arousal and cardiovascular condition of patients with
PneS.

aBnorMal neuroendoCrine FunCTioninG

an increased state of  threat vigilance was also
confirmed with endocrinal measurements by Bakvis
et al. (29), who confirmed a state of hypercortisolism
in patients with PneS. increased cortisol levels are
assumed to reflect greater activity of the hypothala-
mic-pituitary-adrenal (HPa) axis, a major part of the
neuroendocrine  system  that  controls  reactions  to
stressors and regulates many body processes includ-
ing mood and emotions (30, 31). The HPa-axis has
been proven to be involved in the neurobiology of
mood disorders such as anxiety disorder (32, 33),
bipolar disorder (34, 35), post-traumatic stress dis-
order (36), borderline personality disorder (37), and
major depressive disorder (38, 39). antidepressants,
which are  routinely prescribed  for many of  these
 disorders, serve to regulate HPa axis function (40).
recently, a pilot randomized controlled trial with
Sertraline (a serotonine selective reuptake inhibitor)
suggests  this pharmacotherapy to be effective for
seizure  reduction,  confirming  involvement of  the
HPa-axis in the aetiology of PneS (41).

Conclusion

To explore whether deviant information process-
ing is involved in the aetiology of PneS, this review
 focused on neurobiological substrates of PneS and
of dissociation associated with PneS. demonstration
of  a  relationship  between  PneS  and  deviant
 information  processing  would  have  substantial
 implications  for  the  understanding  of  PneS
 aetiology. Better understanding of the mechanisms
underlying  PneS  development  could  eventually
 improve the clinical management of PneS diagnosis
and treatment. nowadays, the time interval between
seizure onset and PneS diagnosis still is more than
6 years on average, during which the patient is treated
as having refractory epilepsy, which forms a heavy
 burden on the patient and society. early  recognition
of vulnerability factors such as  dissociation would
offer  a  possibility  of  earlier   diagnosis  of  PneS,
 diminishing delay of suitable therapy and unneces-
sary medical charges for epilepsy treatment. 
Moreover, finding a neurobiological substrate of

dissociation in PneS would change the concept of
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psychogenic  seizures  into  being  a  psychophysio -
logical  phenomenon. This  change of  concept has
 implications  for  the  development  and  evaluation
of treatment, although direction of causality has to
be  examined  in  more  detail.  it  will  be  difficult
to position    psychophysiological  abnormalities
 definitely as a predisposition factor, because such
 abnormalities  may  both  be  the  cause  and  the
 consequence of dissociation and psychogenic non-
epileptic  seizures.  longitudinal  studies  should
 clarify  the  exact   contribution  and  interaction  of
 dissociation and  psychophysiological disturbances
in PneS. 
The most promising clinical consequence of such

studies, in addition to improving knowledge about
the aetiology of PneS, is the possibility of using
neuroimaging  data  or  other  psychophysiological
findings  to  identify  subgroups  of  patients, which
could allow treatments to be tailored.

reFerenCeS

1. Bodde  nM,  Brooks  Jl,  Baker  Ga,  Boon  Pa,
 Hendriksen JG, aldenkamp aP. Psychogenic non-
epileptic seizures – definition, etiology, treatment and
prognostic issues: a critical review. Seizure. 2009;
18:543-553.

2. alsaadi, TM, Marquez av. Psychogenic nonepileptic
seizures. am Fam Physician. 2005;2:849-856.

3. Martin  rC,  Gilliam  FG,  Kilgore  M,  Faught  e,
Kuzniecky r. improved health care resource utiliza-
tion  following  video-eeG-confirmed  diagnosis  of
nonepileptic psychogenic seizures. Seizure. 1998;7:
385-390.

4. dekkers w, van domburg P. The role of doctor and
patient  in  the  construction  of  the  pseudoepileptic
 attack disorder. Medical Health Care Phil. 2000;3:
29-38.

5. Kuyk  J,  Spinhoven  P,  van  emde  Boas  w,  van
dyck r. dissociation in temporal lobe epilepsy and
pseudo-epileptic seizure patients. J nerv Ment dis.
1999;12:731-720.

6. erdelyi MH. Subliminal perception and its cognates:
theory,  indeterminacy,  and  time. Conscious Cogn.
2004;13:73-91.

7. dell PF. involuntariness in hypnotic responding and
dissociative symptoms. Jour Trauma dis. 2010;11:
1-18.

8. reuber  M,  elger  Ce.  Psychogenic  nonepileptic
seizures: review and update. epilepsy Behav. 2003;4:
205-216.

9. Tofts  P. Quantitative Mri  of  the  brain measuring
changes caused by disease. Chichester, west Sussex ;
Hoboken, n.J.: John wiley & Sons ltd.; 2003.

10. reuber M, Fernandez G, Helmstaedter C, Qurishi a,
elger Ce. evidence of brain abnormality in patients
with  psychogenic  nonepileptic  seizures.  epilepsy
Behav. 2002;3:249-254.

11. devinsky o, Mesad S, alper K. nondominant hemi-
sphere lesions and conversion nonepileptic seizures.
Jour neuropsych neurosci. 2001;13:367-373.

12. Cancelliere aeB, Kertesz a. lesion localization in
acquired deficits of emotional expression and com-
prehension. Brain Cog. 1990;13:133-147.

13. Stern dB. Handedness and the lateral distribution of
conversion  reactions.  J nerv Ment dis. 1997;164:
122-128 

14. nair dG. about being Bold. Brain res Brain res
rev. 2005;50:229-243.

15. Hasenkamp w, James Ga, Boshoven w, duncan e.
altered engagement of attention and default networks
during target detection in schizophrenia. Schizophr
res. in press.

16. Krawitz a, Braver TS, Barch dM, Brown Jw. im-
paired error-likelihood prediction in medial prefrontal
cortex in schizophrenia. neuroimage in press.

17. de  Carvalho  Mr,  dias  GP,  Cosci  F,  de-Melo-
neto vl, Bevilaqua MC. et al. Current findings of
fMri in panic disorder: contributions for the fear neu-
rocircuitry and CBT effects. expert rev neurother.
2010;10:291-303.

18. dickstein  dP,  Gorrostieta  C,  ombao  H,
Goldberg ld,  Brazel aC.  et al. Fronto-Temporal
Spontaneous resting State Functional Connectivity
in  Pediatric  Bipolar  disorder.  Biol  Psychiatry.  in
press.

19. McGeown wJ,  Mazzoni  G,  venneri a,  Kirsch  i.
 Hypnotic induction decreases anterior default mode
activity. Conscious Cogn. 2009;18:848-855.

20. egner  T,  Jamieson  G,  Gruzelier  J.  Hypnosis
 decouples cognitive control from conflict monitoring
processes of the frontal lobe. neuroimage. 2005;27:
969-978.

21. raz  a,  Fan  J,  Posner  Mi.  Hypnotic  suggestion
 reduces  conflict  in  the  human  brain.  PnaS.
2005;102:9978-9983.

22. Fusar-Poli  P,  Broome  Mr.  Conceptual  issues  in
 psychiatric  neuroimaging.  Curr  opin  Psychiatry.
2006;19:608-612.

23. rogers BP, Morgan vl, newton aT, Gore JC. as-
sessing functional connectivity in the human brain by
fMri. Magn reson imaging. 2007;25:1347-1357.

24. Buckner  rl,  vincent  Jl.  unrest  at  rest:  default
 activity  and  spontaneous  network  correlations.
 neuroimage. 2007;37:1091-1096.

25. Bullmore  e,  Sporns  o.  Complex  brain  networks:
graph theoretical analysis of structural and functional
systems. nat rev neurosci. 2009;10:186-198.

26. Brosschot JF, van dijk e, Thayer JF. daily worry is
related to low heart rate variability during waking and
the subsequent nocturnal sleep period. international
Journal of Psychophysiology. 2007;63:39-47.

27. Henje Blom e, olsson eM, Serlachius e, ericson M,
ingvar M. Heart rate variability (Hrv) in adolescent
females with anxiety disorders and major depressive
disorder. acta paediatrica 2010;4:604-611.

28. Bakvis  P,  roelofs  K,  Kuyk  J,  edelbroek  PM,
Swinkels  wa,  Spinhoven  P.  Trauma,  stress,  and

02-vanderkruijs-_Opmaak 1  24/05/11  10:16  Pagina 102



 preconscious  threat  processing  in  patients  with
 psychogenic nonepileptic seizures. epilepsia. 2009;
50:1001-1011. 

29. Bakvis  P,  Spinhoven  P,  Giltay  eJ,  Kuyk  J,
 edelbroek PM.  et al. Basal  hypercortisolism  and
trauma  in  patients  with  psychogenic  nonepileptic
seizures. epilepsia 2010;51:752-759.

30. Herman JP, Cullinan we. neurocircuitry of stress:
central control of the hypothalamo-pituitary-adreno -
cortical axis. Trends in neurosciences. 1997;20:78-
84.

31. Mcewen BS. Physiology and neurobiology of Stress
and adaptation: Central role of the Brain. Physiol.
rev. 2007;87:873-904.

32. Mantella rC, Butters Ma, amico Ja, Mazumdar S,
rollman Bl.  et al. Salivary  cortisol  is  associated
with diagnosis and severity of late-life generalized
anxiety  disorder.  Psychoneuroendo.  2008;33:773-
81. 

33. lenze  eJ,  Mantella  rC,  Shi  P,  Goate  aM,
nowotny P. et al. elevated Cortisol in older adults
with  Generalized anxiety disorder is reduced by
 Treatment:  a  Placebo-Controlled  evaluation  of
 escitalopram. am J Geriatr Psychiatry. in press.

34. Havermans r, nicolson na, Berkhof J, devries Mw.
Patterns of salivary cortisol secretion and responses
to daily events in patients with remitted bipolar dis-
order. Psychoneuroendo. in press.

35. Chen CH, Suckling J, ooi C, Jacob r, lupson v. et
al. a  longitudinal  fMri  study  of  the  manic  and
 euthymic states of bipolar disorder. Bipolar disord.
2010;12:344-347. 

36. Pervanidou P, Chrousos GP. neuroendocrinology of
post-traumatic stress disorder. Prog Brain res. 2010;
182:149-60.

37. nater  uM,  Bohus  M,  abbruzzese  e,  ditzen  B,
Gaab J. et al. increased psychological and attenuated
cortisol and alpha-amylase responses to acute psy-
chosocial stress  in female patients with borderline
personality disorder. Psychoneuroendo. in press.

38. Mcisaac Sa, young aH. The role of hypothalamic
 pituitary-adrenal axis dysfunction in the etiology of
depressive disorders. drugs Today (Barc). 2009;45:
127-133.

39. dedovic  K,  engert  v,  duchesne  a,  lue  Sd,
 andrews J. et al. Cortisol awakening response and
Hippocampal  volume:  vulnerability  for  Major
 depressive disorder? Biol Psychiatry. in press.

40. laakmann G, wittmann M, Gugath M, Mueller oa,
Treusch  J.  et al. effects  of  psychotropic  drugs
 (desimipramine,  chlorimipramine,  sulpiride  and
 diazepam) on the human HPa axis. Psychopharmac.
(Berl).. 1984;84:66-70.

41. lafrance  wC  Jr,  Keitner  Gi,  Papandonatos  Gd,
Blum aS,  Machan  JT.  et al. Pilot  pharmacologic
 randomized  controlled  trial  for  psychogenic  non -
epileptic seizures. neurology 2010;75:1166-1173.

M.Sc. S. J. M. van der Kruijs,
Kempenhaeghe,

Sterkselseweg 65,
5590 aB Heeze (The netherlands).
e-mail: kruijss@kempenhaeghe.nl

                                                            PSyCHoGeniC non-ePilePTiC SeizureS                                                       103

02-vanderkruijs-_Opmaak 1  24/05/11  10:16  Pagina 103




