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Chapter 1 
 

INTRODUCTION 

 

 

1.1 Psychogenic non-epileptic seizures 

 

Psychogenic non-epileptic seizures (PNES) can be defined as paroxysmal behavior 

patterns that resemble epileptic seizures, but are not caused by epileptiform brain 

activity or other organic factors. Instead, psychogenic factors are assumed to 

underlie the seizures (Bodde et al., 2009a). For example, PNES often occur in persons 

who report traumatic experiences, such as victims of childhood abuse and war 

veterans (Tojek et al., 2000; Salinsky et al., 2011). Nonetheless, PNES are also present 

in persons without trauma history (Hingray et al., 2011). Patients often do not 

recognize that their symptoms result from psychogenic factors and they often 

cannot reproduce the emotional states which precede the episodes (Reuber et al., 

2011). This is understandable as PNES may serve as a mechanism to cope with or 

suppress emotional distress. As a result, most patients with PNES are initially 

misdiagnosed as having epilepsy. Differential diagnosis of epilepsy and PNES is often 

based on video-EEG monitoring (Cragar et al., 2002), which usually occurs in tertiary 

epilepsy centers. It is estimated that PNES account for as much as 20% of the definite 

diagnoses among patients referred to epilepsy centers for untreatable epilepsy 

(Lesser, 1996) and up to 50% of the patients admitted to hospital in apparent status 

epilepticus (Reuber and Elger, 2003), with an estimated prevalence of 2-33/100,000 

(Benbadis et al., 2000).  

The period between the onset of seizures and the eventual diagnosis of PNES is 

on average more than 6 years (Alsaadi and Marquez, 2005). The initial misdiagnosis 

as epilepsy has serious consequences for the patient, such as exposure to 

unnecessary antiepileptic medication, and considerable delay to the start of 

appropriate psychological therapy. By the time the correct diagnosis is made, 

patients will commonly have taken more types of antiepileptic drugs at higher doses 

and experience more side effects than an equivalent cohort of patients with 

epilepsy (Krumholtz and Neidermeyer, 1983; Kristensen and Alving, 1992). In addition, 
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which functional MRI was used to identify differences in resting-state brain networks 

between patients with PNES and healthy controls. The study described in Chapter 6 

applied the data-driven approach of independent component analysis (ICA) on 

resting-state fMRI data of a larger study population to investigate alterations within 

four relevant networks, associated with executive, fronto-parietal, sensorimotor, and 

default mode activation. Chapter 7 describes the results of heart rate variability 

analyses in patients with PNES and their potential implications. In Chapter 8, peri-ictal 

heart rate variability parameters of patients with epilepsy were examined and the 

potential aid of these parameters to differentiate between epilepsy and PNES is 

discussed. In the general discussion (Chapter 9), the main findings are summarized 

and several important questions with regard to clinical interpretation are discussed. 
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Chapter 2 
 

REVIEW: PSYCHOPHYSIOLOGICAL BIOMARKERS OF DISSOCIATION IN PSYCHOGENIC 

NON-EPILEPTIC SEIZURES  

 

S.J.M. van der Kruijs, N.M.G. Bodde, A.P. Aldenkamp. Acta Neurologica Belgica 

2011, 111, 99-103. 

 

2.1 Abstract 

 

Misdiagnosis of patients with psychogenic non-epileptic seizures (PNES) as having 

epilepsy is a clinical relevant 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. Next to the diagnostic 

difficulties, there is little scientific evidence for efficient treatment for PNES. Therefore, 

evaluation of factors that contribute to the etiology is necessary to be able to 

compose explanatory models for the occurrence of PNES, which should be 

employed in diagnosis and treatment.  

Recent evidence suggests deficiencies in neuronal information processing in 

multiple mental conditions. The focus in PNES research over the last two decades 

primarily has been on differential diagnosis and psychological and environmental 

factors. The current review focuses on neurobiological substrates of PNES and 

dissociation, a trait which is often associated with PNES, to explore whether such 

measures could clarify the deviant processing of information and emotion that is 

involved in the etiology of PNES.  

All studies that have examined the relationship between psychophysiological 

parameters and PNES had an exploratory character. However, the results suggest 

that neurophysiological characteristics such as brain activity, cardiovascular 

parameters and neuroendocrine functioning may be abnormal in patients with 

PNES. Future investigations should therefore elucidate the exact role of 

neurophysiological abnormalities in the etiology of PNES. 
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2.2 Introduction 

 

Psychogenic non-epileptic seizures (PNES) are episodes of movement or behavior 

that resemble epileptic seizures, but are not accompanied by epileptiform brain 

activity as seen on electroencephalogram (EEG). The underlying cause is assumed 

to be psychological; the episodes may be the somatic manifestations of emotional 

distress (Bodde et al., 2009a). PNES is one of the most important 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 typically more than 6 years (Alsaadi and Marquez, 2005). 

Misdiagnosis as epilepsy has serious consequences for patients with PNES, such as 

exposure to unnecessary anticonvulsant medication, and considerable delay to 

start the appropriate psychological therapy. In addition, a substantial economic 

burden is involved, as erroneous treatment for intractable epilepsy is expensive 

(Martin et al., 1998). 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 (Dekkers and Van Domburg, 

2000). 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 predisposition 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 (Bodde et al., 2009b). 

An important predisposing factor for PNES is an increased dissociation 

tendency (Kuyk et al., 1999; Bodde et al., 2009b). The process of dissociation is a 

disruption of the usually integrated functions of identity, memory, consciousness or 

perceptions of the environment. Dissociation is closely related to the process of 

hypnosis and essentially shows the ability to distance from reality. It is often regarded 

as a psychological defense mechanism from stressful events, by altering conscious 

experience (Erdelyi, 2004). Others assume dissociation to be a constitutional mental 

weakness that is activated by adverse events (Dell, 2010). The tendency to easily 
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generalized atrophy, gliotic change, white matter lesions, hippocampal sclerosis, 

and venous angioma. Abnormalities in the PNES plus epilepsy group included 

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. (2001) even report 25 percent of their sample of PNES patients 

(with and 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 (Cancelliere and 

Kertesz, 1990; Stern, 1997). Thus, it is possible that neuropathology influences the 

neuropsychological performance of patients with PNES, and both may, in 

interaction, constitute the vulnerability factor in PNES patients.  

Future research should address the role of microstructural brain abnormalities in 

the etiology of PNES, for example investigated with voxel-based morphometry 

(cortical thickness) and diffusion-weighted imaging (white matter integrity). 

 

2.4.2 Functional MRI abnormalities 

Quantitative information about structural brain abnormalities provides minimal 

insight into functional organization and reorganization in patients with PNES. To 

investigate whether deviations in functional brain architecture are predictive of 

dissociation 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 (Nair, 2005). Functional MRI abnormalities 

have been demonstrated to be related to abnormal information processing in 

several mental conditions, for example schizophrenia (Hasenkamp et al., 2011; 

Krawitz et al, 2011), panic disorders (De Carvalho et al., 2010), and bipolar disorder 

(Dickstein et al, 2010). 
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Until now, functional MR imaging techniques have not been used to explain 

deviant neuronal processing in patients with PNES. However, these techniques have 

been employed to explore neurophysiological correlates of hypnosis, a process 

closely linked to dissociation. In a functional MRI investigation of McGeown et al. 

(2009), the authors demonstrate that induction of hypnosis in highly suggestible 

individuals causes decreased cerebral blood flow in the anterior parts of the default 

mode network during rest. Other authors, for example Egner et al. (2005) and Raz et 

al. (2005), 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 who have a high dissociation tendency.  

 

2.4.3 Brain network abnormalities 

Cognitive and emotional functions result from the interactions of a number of 

differently localized brain regions rather than single (isolated) regions. In this context, 

brain connectivity analyses, which examine the integrity and efficiency of cerebral 

networks, are most appropriate in evaluating information processing deficits of 

patients with psychiatric conditions such as PNES (Fusar-Poli and Broome, 2006). For 

example, fMRI facilitates the assessment of the functional connectivity of regional 

brain activity, based on correlations in dynamic spontaneous fluctuations (Rogers et 

al., 2007). In addition, graph theoretical analyses provide measures that reflect the 

integrity and efficiency of regional or global brain networks (Stam and Reijneveld, 

2007). These analyses 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 (Buckner and 

Vincent, 2007). 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 (Bullmore and Sporns, 2009). 

 

2.4.4 Cardiovascular dysfunctioning 

It is hypothesized that patients with PNES experience increased 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) (Brosschot et al., 2007; Henje 
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Blom et al., 2010). 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 stimulation 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. (2009) have examined the cardiovascular 

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 experimental design; ambulatory measurements during daily life 

would provide additional and ecological valid information about the level of 

emotional arousal and cardiovascular condition of patients with PNES. 

 

2.4.5 Abnormal neuroendocrine functioning 

An increased state of threat vigilance was confirmed by Bakvis et al. (2010) using 

endocrinal measurements, which demonstrated a state of hypercortisolism in 

patients with PNES. Increased cortisol levels are assumed to reflect greater activity of 

the hypothalamic-pituitary-adrenal (HPA) axis, a major part of the neuroendocrine 

system that controls reactions to stressors and regulates many body processes 

including mood and emotions (Herman and Cullinan, 1997; McEwen, 2007). The 

HPA-axis has been proven to be involved in the neurobiology of mood disorders 

such as anxiety disorder (Mantella et al., 2008, and Lenze et al., 2011), bipolar 

disorder (Havermans et al., 2011; Chen et al., 2010), post-traumatic stress disorder 

(Pervanidou and Chrousos, 2010), borderline personality disorder (Nater et al., 2010), 

and major depressive disorder (McIsaac and Young, 2009; Dedovic et al., 2010). 

Antidepressants, which are routinely prescribed for many of these disorders, serve to 

regulate HPA axis function (Laakmann et al., 1984). 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 etiology of PNES (Lafrance et al., 2010). 

 

2.5 Conclusion 

 

To explore whether deviant information processing is involved in the etiology of 

PNES, this review focused on neurobiological substrates of PNES and of dissociation 
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associated with PNES. Better understanding of the mechanisms underlying PNES 

could eventually improve the clinical management of PNES diagnosis and 

treatment. Early recognition of vulnerability factors such as dissociation would offer a 

possibility of earlier diagnosis of PNES, diminishing delay of suitable therapy and 

unnecessary epilepsy treatment.  

Moreover, finding a neurobiological substrate of (dissociation in) PNES would 

change the concept of psychogenic seizures into being a psychophysiological 

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 physiological 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 

physiological disturbances in PNES.  

The most promising clinical consequence of such studies, in addition to 

improving knowledge about the etiology of PNES, is the possibility of using 

neuroimaging data or other physiological findings to identify subgroups of patients, 

which could allow treatment to be tailored. 
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Chapter 3 
 

NEUROPHYSIOLOGICAL CORRELATES OF DISSOCIATIVE SYMPTOMS 

 

S.J.M. van der Kruijs, N.M.G. Bodde, E. Carrette, R.H.C. Lazeron, K.E.J. Vonck, P.A.J.M. 

Boon, G.R. Langereis, P.J.M. Cluitmans, L.M.G. Feijs, P.A.M. Hofman, W.H. Backes, 

J.F.A. Jansen, A.P. Aldenkamp. Journal of Neurology, Neurosurgery & Psychiatry 

2014, 85, 174-179. 

 

3.1 Abstract 

 

Dissociation is a mental process with psychological and somatoform manifestations, 

which is closely related to hypnotic suggestibility, and essentially shows the ability to 

take distance from reality. An increased tendency to dissociate is a frequently 

reported characteristic of patients with functional neurological symptoms and 

syndromes (FNSS), which account for a substantial part of all neurological 

admissions. This review aims to investigate what heart rate variability (HRV), 

electroencephalography (EEG) and neuroimaging data (Magnetic Resonance 

Imaging) reveal about the nature of dissociation and related conditions. 

The majority of the studies identified by the literature search concerned the 

physiological characteristics of hypnosis; relatively little investigations have focused 

on dissociation-related FNSS. General findings were increased parasympathetic 

functioning during hypnosis (as measured with HRV), and lower HRV in patients with 

FNSS. The large variety of EEG and functional MRI investigations with diverse results 

challenges definite conclusions, but evidence suggests that subcortical as well as 

(pre)frontal regions serve emotion regulation in dissociative conditions. Functional 

connectivity analyses suggest altered brain networks in patients with FNSS, in which 

limbic areas have an increased influence on motor preparatory regions. 

HRV, EEG and (functional) MRI are sensitive methods to detect physiological 

changes related to dissociation and dissociative disorders such as FNSS, and can 

possibly provide more information about their etiology. The use of such measures 

could eventually provide biomarkers for earlier identification of patients at risk and 

appropriate treatment of dissociative conditions. 
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(Bakvis et al., 2009; Ponnusamy et al., 2011). Within-subject comparisons 

demonstrate that in patients with dissociative identity disorder (DID), HRV decreases 

during confrontation with trauma-related memories, with a stronger effect with the 

participant being in the trauma-related identity state (Reinders et al., 2006). 

 

3.4.2 Electroencephalography 

To investigate electroencephalographic (EEG) changes during hypnosis, and to 

identify electrophysiological markers of dissociation and dissociative disorders, 

frequency band analysis has been performed. The quantity of EEG-based research 

on physiological indicators of hypnotic responding and hypnotic susceptibility is 

considerable, and has been summarized repeatedly. For example, already in 1977, 

Dumas reviewed the literature on EEG alpha (8-12 Hz) indices of hypnotic 

susceptibility, and concluded that there is no simple correlation in the overall 

population (Dumas, 1977). In 1991, Perlini and Spados (1991) came to the same 

conclusion in their literature review. However, in 1997, Ray concluded that the most 

solid relationship between EEG and hypnotizability exists in the theta frequency 

range (4-8 Hz). Highly susceptible individuals show relatively more theta activity in 

the EEG not only at baseline but also during hypnotic induction. This suggests that 

EEG theta activity is a characteristic of these individuals rather than an 

experimentally induced effect. Ray also reports anterior-posterior differences in the 

theta frequency band to be related with hypnotic susceptibility, with relatively more 

theta activity in the more frontal areas of the cortex. These results indicate altered 

frontal-directed strategic control during exploratory choices in reinforcement 

learning, because neurophysiological processes linking uncertainty and the 

exploration/exploitation trade-off are reflected in oscillations of the frontal theta 

rhythm (Cavanagh et al., 2011). The most recent literature review on EEG correlates 

of hypnosis and hypnotic susceptibility was written by De Pascalis in 1999. He 

concluded, based mainly on findings from his own laboratory, that differences in 

occurrence of 40-Hz (about 40-Hz band) activity appear to discriminate high and 

low hypnotizables both in and outside hypnosis, which was seen as evidence for an 

alteration of attention. 

More recent findings, not previously reviewed in the literature, are summarized 

in Supplementary Table 2 (Appendix). Especially measures of synchronization or 
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hypnosis also identified the ACC as a region with increased activation (Reinders et 

al., 2006; Raij et al., 2009; Schlamann et al., 2010), while activation of the 

somatosensory cortex decreased (Schulz-Stubner et al., 2004; Roder et al., 2007). 

Conversely, decreased activation of the ACC during hypnosis has also been 

reported (McGeown et al., 2009; Deeley et al., 2012). 

Two studies overlap the fields of hypnosis and dissociative symptoms, using 

hypnosis to investigate differences in brain activation between subjectively 

experienced paralysis and intentionally simulated paralysis. Relative increases in PET 

signal in the prefrontal cortex, thalamus and putamen during subjectively 

experienced paralysis, and relatively increased activation of prefrontal and posterior 

cortical regions during intentionally simulated paralysis were identified (Ward et al., 

2003). Functional MRI revealed hypoactivation of the sensorimotor cortex and 

cerebellum, and increased activation of the ACC, frontal gyrus and insula during 

movement imitation in hypnotic paralysis (Burgmer et al., 2012). 

In a sample of patients with borderline personality disorder, acute dissociation 

was not related with differences in regional (orbitofrontal) brain activation (Wolf et 

al., 2012). However, in patients with primarily dissociative symptoms, significant 

differences in brain activation have been reported. For example, in patients with 

dissociative identity disorder, within-subject analyses of PET imaging during neutral 

and trauma-related identity states demonstrated widespread changes in 

subcortical regions, including the insula, during the trauma-related identity state 

(Reinders et al., 2006). When compared to healthy controls, another group of 

patients with DID demonstrated decreases in orbitofrontal neuronal activation, and 

increased activation in median and superior frontal regions and occipital regions 

(Sar et al., 2007). Similarly, in patients with dissociative amnesia, PET imaging has 

demonstrated decreased neuronal activity in the right inferolateral prefrontal cortex 

(Brand et al., 2009). 

Functional motor symptoms have been associated with lower activity in the 

temporoparietal junction (Voon et al., 2010a),  supplementary motor area (Voon et 

al., 2011) and supramarginal gyrus (Van Beilen et al., 2011), and higher activity in 

right amygdala, left anterior insula, and bilateral posterior cingulate cortices (Voon 

et al., 2011). 

In patients with the dissociative subtype of post-traumatic stress disorder (PTSD), 

fMRI activation patterns suggest that prefrontal and limbic structures underlie the 
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dissociative responses (Lanius et al., 2002; Hopper et al., 2007). Furthermore, 

comparisons between conscious and non-conscious processing of fear stimuli in 

patients with dissociative PTSD demonstrate enhanced prefrontal activity to 

conscious fear and enhanced activity in limbic regions to non-conscious fear 

processing (Felmingham et al., 2008). These findings support the theory that 

dissociation is a regulatory strategy invoked to cope with extreme emotional arousal 

in PTSD. 

In contrast, a possibly negative influence of dissociation in trauma survivors has 

also been reported. A recent study demonstrates a persisting effect of peritraumatic 

dissociation on brain functioning: Two to four months after acute trauma, individuals 

who experienced peritraumatic dissociation showed greater activation of the 

occipital lobe than trauma survivors without dissociation, and a higher incidence of 

PTSD (Daniels et al., 2012). 

 

Functional connectivity analyses have been employed to investigate the 

functioning of brain networks during hypnosis. Increased functional connectivity of 

the prefrontal cortex and precuneus with motor and somatosensory areas has been 

reported (Coyan et al., 2009; Vanhaudenhuysen et al., 2009; Pyka et al., 2011). 

Reductions in functional connectivity have been found within the lateral 

frontoparietal cortex and parahippocampal region (Demertzi et al., 2011). 

In patients with borderline personality disorder, acute dissociation has been related 

with increased functional connectivity in the insula and decreased connectivity in 

the cuneus (Wolf et al., 2011). 

In addition, functional connectivity analyses have identified alterations in 

functional brain networks in patients with FNSS. One investigation in patients with 

functional motor symptoms revealed that these patients had a higher functional 

connectivity between the amygdala and the supplementary motor area during 

processing of positive and negative emotional stimuli (Voon et al., 2010b). Another 

investigation identified lower functional connectivity between the supplementary 

motor and dorsolateral prefrontal cortices during internally generated action (Voon 

et al., 2011). In patients with psychogenic non-epileptic seizures (PNES), increased 

resting-state connectivity between the insula and precentral regions has been 

described (Van der Kruijs et al., 2012). 
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3.5 Conclusion 

 

This review identified several possible neurobiological substrates of dissociation, the 

related concept of hypnosis, and some of the functional neurological symptoms 

and syndromes (FNSS) associated with it. Although the available empirical evidence 

is modest, some tentative conclusions can be drawn. 

Starting with heart rate variability (HRV), it appears that hypnosis significantly 

activates parasympathetic functioning, reflective of increased relaxation during 

hypnotic conditions. In contrast, persons with a higher tendency to dissociate and 

with FNSS demonstrated significantly lower HRV compared to controls. This apparent 

discrepancy can be explained that dissociation reactions in FNSS are a sign of 

negative overall emotional well-being, accompanied by decreased HRV. At times 

this underlying hypervigilance may need temporary relieve, resulting in increased 

HRV, a phenomenon previously described as bottom-up hijacking. In such situations, 

adaptive top-down processing is lost, probably resulting in dissociative episodes 

(Ogden et al., 2006). The positive effects of hypnosis on HRV may provide possibilities 

for therapeutic intervention in dissociative conditions, for example in the form of 

mindfulness and meditation (auto-hypnosis) techniques, which also promote a more 

adaptive and objective manner of responding to emotional triggers as 

neuroimaging suggests (Taylor et al., 2011). 

Measures of EEG synchronicity have been used to evaluate brain network 

states believed to represent communication within the brain. EEG during hypnosis 

has provided evidence for decreased functional connectivity, which has been 

specifically related to the occurrence of imagery and transcendent experiences. 

Microstate analyses indicate differences between light and deep hypnosis, which 

may complicate research even further. The only study conducted in patients with 

FNSS suggests that decreases in prefrontal and parietal synchronicity, indicative of 

altered brain connectivity, are related to the frequency of the symptoms. 

Structural neuroimaging demonstrates that functional neurological symptoms 

may be associated with decreased frontal white matter density and atrophy within 

the basal ganglia and motor cortex. Functional imaging during hypnosis and after 

autogenic (self-hypnosis) training indicates an increase in activity of the anterior 

cingulate cortex (ACC), thalamus and insula, and decrease in activity of the 

somatosensory cortex. Hypnotic paralysis activated similar brain areas, while 
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simulated paralysis showed different activation patterns, suggesting different neural 

mechanisms to be involved in the processes of dissociation and malingering. 

Functional imaging in patients with dissociative identity disorder suggests frontal 

cortex activation to be significantly decreased when compared to healthy controls, 

and subcortical regions to be involved in trauma processing during the trauma-

related identity state. Decreased neuronal activity in the prefrontal cortex was also 

found in patients with dissociative amnesia. These results are comparable with 

findings in patients with the dissociative subtype of post-traumatic stress disorder 

(PTSD). FMRI analyses suggest that enhanced prefrontal activity is related to 

conscious fear processing, and enhanced activity in limbic networks is related to 

non-conscious fear processing. In brief, these findings suggest that subcortical as 

well as (pre)frontal regions have a function in a dissociative mechanism that serves 

emotion regulation in these conditions.  

The latter assumption corresponds with the model proposed by Thayer et al. 

(2009), who describe a possible integration of HRV and neuroimaging findings in 

emotion regulation. They suggest a positive relationship between activation of 

prefrontal and limbic areas and heart rate variability, and deactivation of the 

prefrontal cortex during emotional stress to let automatic and prepotent processes 

regulate behavior. Although not discussed by the authors, dissociation may be one 

of such prepotent behaviors, explaining the associations with decreases in prefrontal 

activation and heart rate variability.   

In patients with functional neurological symptoms, functional imaging has 

revealed lower activity in the temporoparietal junction, supplementary motor area 

and supramarginal gyrus, and higher activity in limbic and cingulate regions. These 

results indicate a possible lack of proprioceptive feedback or disturbed higher-order 

motor control, which would lead to the perception that the functional motor 

symptoms are not self-generated. 

Functional connectivity analyses have revealed altered functional networks in 

dissociation and FNSS. The available evidence suggests that acute dissociation 

influences functional connectivity in the insula and cuneus. Functional neurological 

symptoms have been associated with an increased functional connectivity 

between the amygdala and supplementary motor areas, or between the insula and 

premotor cortex. Decreased functional connectivity between the supplementary 

motor and dorsolateral prefrontal cortices during voluntary action selection has also 
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3.6 Appendix 

 

Supplementary Table 1. Summary of HRV studies of hypnosis, dissociation, and FNSS. AED = antiepileptic 

drug; DES = dissociative experience scale; ECG = electrocardiogram; HF = high frequency; HFnu = 

normalized high-frequency power; HR = heart rate; HRV = heart rate variability; IBI = interbeat interval; LF = 

low frequency; LFnu = normalized low-frequency power; PET = positron emission tomography; RMSSD = root 

mean square of successive differences. 

 

 
 Authors Field Method Participants Comparison Findings 

Reinders et 
al., 2006 

Dissociative 
identity 
disorder 

HRV 
and 
PET 

11 patients 
with 
dissociative 
identity 
disorder 

Listening to a 
neutral memory 
script vs. trauma-
related memory 
script, in neutral 
identity state vs. 
traumatic identity 
state. 

When listening to the 
trauma-related 
memory script, HRV 
decreased, with a 
significantly stronger 
effect for traumatic 
identity state. 

Diamond, 
Davis and 
Howe, 2008 

Hypnosis HRV 10 healthy 
adults 

10 minutes 
control condition 
vs. 10  minutes 
hypnosis 

IBI increased during 
hypnosis. Self-rated 
hypnotic depth 
correlated with HF 
frequency 
(negatively) and HF 
amplitude 
(positively). 

Aubert et al., 
2009 

Hypnosis HRV 12 healthy 
subjects 

Baseline vs. 
hypnosis 

LFnu and LF/HF ratio 
decreased and, HFnu 
increased during 
hypnosis. 

Bakvis et al., 
2009 

Psychogenic 
non-epileptic 
seizures 

HRV 19 patiens with 
PNES and 20 
matched 
healthy 
controls 

Baseline vs. Trier 
social stress test 

Patients had lower 
HRV at baseline and 
during recovery from 
stress compared to 
healthy controls. 

VanDeVusse 
et al., 2009 

Hypnosis HRV 30 healthy 
female 
volunteers 

Baseline vs. 30-
minute hypnotic 
experience 

LF and HF 
components of HRV 
increased during 
hypnosis. 

Latalova et 
al., 2010 

Dissociation HRV 23 bipolar 
patients in 
remission 

Correlate HRV 
with tendency to 
dissociate 
(measured with 
DES) 

Highly significant 
negative correlations 
were identified 
between DES and 
HRV. 

Ponnusamy, 
Marques and 
Reuber, 2011 

Psychogenic 
non-epileptic 
seizures 

HRV 52 patients 
with PNES, 42 
patients with 
epilepsy, 35 
healthy 
controls  

3-minute ECG 
samples of PNES 
vs. epilepsy vs. 
healthy controls 

RMSSD, LF and HF of 
patients with PNES 
were significantly 
lower than those of 
healthy controls, but 
did not differ from 
those of patients with 
epilepsy. 
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Diveky et al., 
2012 

Dissociation HRV 31 patients 
with panic 
disorder and 
20 healthy 
controls 

Correlate HRV 
with tendency to 
dissociate 
(measured with 
DES) 

Highly significant 
negative correlations 
were identified 
between DES and 
HRV. 
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Supplementary Table 2. Summary of recent (1999-2011) EEG studies of hypnosis, dissociation, and FNSS. DFA = 

detrended fluctuation analysis; EEG = electroencephalogram; fMRI = functional MRI;  MPS =  multivariate 

phase synchronisation. 

 

 
Authors Field Method Participants Comparison Findings 

Egner, 
Jamieson 
and 
Gruzelier, 
2005 

Hypnosis fMRI and 
EEG 

11 highly and 
11 low 
suggestible 
healthy 
subjects 

Stroop 
performance at 
baseline vs. 
hypnotic 
induction 

Frontal functional 
connectivity (EEG 
gamma band 
coherence) 
decreased in highly 
suggestible subjects 
after hypnosis. 

Katayama et 
al., 2007 

Hypnosis EEG 7 healthy 
subjects 

Baseline vs. light 
hypnosis vs. deep 
hypnosis vs. 
eventual 
recovery 

Microstates of classes 
B and D showed 
decreased duration 
and occurrence in 
deep hypnosis 
compared to light 
hypnosis, in contrast 
to the microstates of 
classes A and C. 

Lee et al., 
2007 

Hypnosis EEG 19 psychiatric 
patients 

Baseline vs. 
Hypnosis 

The fractal dynamics 
of EEG rhythm were 
more random and 
less correlated in the 
hypnotic condition 
than in the waking 
condition. 

Knyazeva et 
al., 2011 

Psychogen
ic non-
epileptic 
seizures 
(PNES) 

EEG 13 patients with 
PNES and 13 
healthy 
controls 

Between-group 
comparison of 
multivariate 
phase 
synchronisation 
(MPS) 

Only small changes in 
MPS survived 
conservative testing. 
However, negative 
correlations between 
PNES frequency and 
prefrontal and 
parietal MPS were 
reported. 

Terhune, 
Cardeña 
and 
Lindgren, 
2011 

Hypnosis EEG 28 highly and 
19 low 
hypnotizable 
healthy 
subjects (Highs 
and Lows) 

Baseline vs. 
Hypnosis 

Highs had Lower 
frontal-parietal phase 
synchrony in the 
alpha2 frequency 
band during hypnosis  
compared with 
Lows.  

Bagdhadi 
and 
Nasrabadi, 
2012 

Hypnosis EEG 32 healthy 
volunteers with 
high, medium, 
and low 
hypnotizability  

Correlation 
analysis between 
EEG phase 
synchronization 
and 
hypnotizability 
levels 

Less phase 
synchronization 
between channels 
located at the frontal 
lobe was observed in 
the highly 
hypnotizable group 
than in the other 
groups. 



Neurophysiological correlates of dissociative symptoms                                                                                         39 
 
 

Cardeña et 
al., 2012 

Hypnosis EEG 37 healthy 
volunteers with 
high, medium, 
and low 
hypnotizability 
(Highs, 
Mediums, and 
Lows) 

Correlation 
analyses of EEG 
frequency band 
power and 
global functional 
connectivity with 
hypnotic depth 

Hypnotic depth was 
correlated with 
power and power 
heterogeneity in the 
beta2, beta3, and 
gamma frequency 
bands, but only 
among Highs. 
Imagery and 
transcendent 
experiences during 
hypnosis, primarily 
reported by Highs, 
were associated with 
lower global 
functional 
connectivity. 

Lee and Koo, 
2012 

Hypnosis EEG 10 healthy 
volunteers 

Correlation 
analysis between 
detrended 
fluctuation 
analysis (DFA) 
values and 
hypnotizability 

The DFA values of C3 
and F3 decreased 
during hypnosis and 
were negatively 
correlated with 
hypnotizability. 
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Supplementary Table 3a. Summary of structural neuroimaging studies of hypnosis, dissociation, and FNSS. CD 

= conversion disorder; DES = dissociative experience scale; DTI = diffusion tensor imaging; MRI = magnetic 

resonance imaging; VBM = voxel-based morphometry. 

 

 
Authors Field Method Participants Comparison Findings 

Devinsky, 
Mesad and 
Alper, 2001 

Psychogenic 
non-epileptic 
seizures 
(PNES) 

MRI 79 patients 
with PNES 
with cerebral 
abnormalities 
(out of 311) 

Frequency of 
unilateral 
cerebral 
physiological or 
structural 
abnormalities 

Among 60 patients 
with unilateral 
abnormalities, 43 
(71%) had right 
hemisphere structural 
lesions or physiologic 
dysfunctions. 

Reuber et al., 
2002 

Psychogenic 
non-epileptic 
seizures 

MRI 206 patients 
with PNES 
and 123 
patients with 
PNES and 
epilepsy 

Frequency of MRI 
abnormalities 

9.7% of PNES-only 
group showed MRI 
abnormalities. (54.9% 
did not undergo MRI.) 

Horton et al., 
2004 

Hypnosis MRI 8 highly and 
10 low 
hypnotizable 
healthy 
subjects 

Between-group 
comparison of 
anterior corpus 
callosum size 

Larger anterior 
corpus callosum in 
highly hypnotizable 
group. 

Atmaca et 
al., 2006 

Conversion 
disorder (CD) 

MRI 
(VBM) 

10 patients 
with CD and 
10 healthy 
controls 

Volumetric 
analysis in 
patients vs. 
healthy controls, 
and within 
patient group, 
correlation 
analyses 
between MRI 
and clinical 
characteristics 

Smaller mean 
volumes of the 
caudate nuclei, 
lentiform nuclei and 
thalami in patients. 
Significant correlation 
between age of 
onset and left 
caudate volume.  

Rüsch et al., 
2007 

Dissociation DTI 20 women 
with bipolar 
disorder and 
20 female 
healthy 
controls 

DTI in patients vs. 
healthy controls, 
and within 
patient group, 
correlation 
analyses 
between DTI and 
clinical 
characteristics 

Frontal diffusivity was 
positively correlated 
with the tendency to 
dissociate (measured 
with DES). 

Labate et al., 
2012 

Psychogenic 
non-epileptic 
seizures 

MRI 
(VBM) 

20 patients 
with PNES 
and 40 
healthy 
subjects 

Cortical thickness 
in patients with 
PNES vs. healthy 
controls. 

Abnormal cortical 
atrophy of the motor 
and premotor regions 
in the right 
hemisphere and the 
cerebellum. 
Significant correlation 
between depression 
scores and premotor 
cortex atrophy. 
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patients who 
relived trauma 
vs. patients in 
dissociative 
state 

gyrus, occipital lobe, 
parietal lobe, medial 
frontal gyrus, medial 
cortex, and anterior 
cingulate gyrus. 

Rainville et al., 
2002 

Hypnosis PET 10 healthy 
subjects 

Before vs. after 
hypnotic 
induction 

Hypnosis increased 
rCBF in anterior 
cingulate cortex, 
thalamus, and ponto-
mesencephalic 
brainstem. 

Schulz-Stübner et 
al., 2004 

Hypnosis fMRI 12 healthy 
volunteers 

Thermal pain 
responses 
during 
hypnosis vs. 
responses 
without 
hypnosis 

Decreased activation 
in primary sensory 
cortex, middle 
cingulate gyrus, 
precuneus, and visual 
cortex during 
hypnosis. Increased 
activation in the 
anterior basal 
ganglia and ACC. 

Egner, Jamieson 
and Gruzelier, 
2005 

Hypnosis fMRI 
and 
EEG 

11 highly and 
11 low 
suggestible 
healthy 
subjects 

Stroop 
performance 
at baseline vs. 
hypnotic 
induction 

ACC activity was 
positively related to 
hypnosis and 
hypnotic 
susceptibility. 

Reinders et al., 
2006 

Dissociative 
identity 
disorder 
(DID) 

HRV 
and 
PET 

11 patients 
with 
dissociative 
identity 
disorder 

Listening to a 
neutral 
memory script 
vs. trauma-
related 
memory script, 
in neutral 
identity state 
(NIS) vs. 
traumatic 
identity state 
(TIS) 

Exposing TIS to 
trauma-related 
memory script was 
associated with 
differences in rCBF in 
a wide range of 
subcortical areas, 
e.g. the insula. In NIS, 
no significant 
changes in rCBF were 
detected.   

Hopper et al., 
2007 

Dissociation 
in post-
traumatic 
stress 
disorder 

fMRI 27 patients 
with PTSD 

Baseline vs. 
responses to 
script-driven 
imagery (RSDI) 
task 
paradigm, 
correlated 
with RSDI 
Scale 
subscales 

Positive correlations 
between dissociation 
and activation in left 
medial prefrontal 
cortex and right 
superior temporal 
cortex. Negative 
correlations with 
activition in left 
superior temporal 
cortex, right anterior 
insula and right 
inferior frontal cortex. 

Röder et al., 2007 Hypnosis fMRI 7 highly 
suggestible 
healthy 
subjects 

Pain 
perception 
during waking 
state vs. 
hypnotic 

Decreased activity of 
the pain network in 
somatosensory 
cortex, parietal 
cortex, prefrontal 
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relaxation vs. 
hypnotic 
depersonalizat
ion 

cortex, putamen and 
amygdala during 
hypnotic 
depersonalization. 

Sar, Unal and 
Ozturk, 2007 

Dissociative 
identity 
disorder 
(DID)  

SPECT 21 patients 
with 
dissociative 
identity 
disorder and 
9 healthy 
controls 

Between-
group 
analyses 

In patients with DID, 
ratio of regional 
cerebral blood flow 
(rCBF) was 
decreased in 
orbitofrontal regions, 
and increased in 
median and superior 
frontal regions and 
occipital regions.  

Felmingham et 
al., 2008 

Dissociation 
in post-
traumatic 
stress 
disorder 

fMRI 23 subjects 
with PTSD 

Non-
dissociative 
reactions vs. 
dissociative 
reactions to 
consciously 
and non-
consciously 
perceived 
fear stimuli 

Dissociative PTSD 
showed more 
activation in ventral 
prefrontal cortex for 
conscious fear, and 
in bilateral 
amygdala, insula and 
left thalamus for non-
conscious fear. 
Comparatively 
reduced activation in 
the dissociative 
group in dorsomedial 
prefrontal regions for 
conscious fear. 

Brand et al., 2009 Dissociative 
amnesia 

PET 14 patients 
with 
dissociative 
amnesia and 
19 matched 
healthy 
controls 

Between-
group 
analyses 

Decreased glucose 
utilization in the right 
inferolateral 
prefrontal cortex was 
observed in the 
patient group. 

Cojan et al., 2009 Hypnosis fc-fMRI 18 healthy 
volunteers 

Go-nogo task 
in normal state 
vs. during 
hypnotic left-
hand paralysis 
vs. during 
simulated left-
hand paralysis 

Enhanced functional 
connectivity of 
precuneus and 
angular gyrus with 
right motor cortex 
during Go-nogo task 
in hypnosis. 

McGeown et al., 
2009 

Hypnosis fMRI 11 highly and 
7 low 
suggestible 
healthy 
subjects 

Resting-state 
and visual-task 
fMRI in and 
out of hypnosis 

During hypnosis, 
highly suggestible 
subjects showed 
decreased activity in 
ACC and superior, 
inferior and middle 
frontal gyri.  

Raij et al., 2009 Hypnosis fMRI 14 
suggestible 
subjects 

Hypnotic 
baseline vs. 
hypnotic-
induced pain 

Hypnosis increased 
activity in bilateral 
temporal lobes, 
inferior frontal gyrus, 
insula, ACC, DLPFC, 
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supplementary motor 
cortex and 
cerebellum. 

Vanhaudenhuyse 
et al., 2009 

Hypnosis fc-fMRI 13 healthy 
volunteers 

Normal 
wakefulness 
vs. hypnotic 
state 

Hypnosis increased 
functional 
connectivity of the 
primary 
somatosensory with 
anterior insular and 
prefrontal cortices. 

Schlamann et al., 
2010 

Hypnosis fMRI 19 individuals 
trained in AT 
and 19 
controls 

First steps of 
autogenic 
training in 
trained vs. 
untrained 
volunteers 

Higher activation of 
prefrontal and insular 
cortex in AT group. 

Voon et al., 
2010a 

Conversion 
tremor 

fMRI 8 patients 
with 
conversion 
tremor 

Within-group 
analyses of 
BOLD 
response and 
functional 
connectivity 
during 
conversion 
tremor and 
voluntary 
mimicked 
tremor 

Conversion tremor 
compared with 
voluntary tremor had 
right temporoparietal 
junction (TPJ) 
hypoactivity and 
lower functional 
connectivity 
between the right 
TPJ, sensorimotor 
regions, and limbic 
regions. 

Voon et al., 
2010b 

Motor 
conversion 
disorder 

fc-fMRI  16 patients 
with motor 
conversion 
disorder and 
16 matched 
healthy 
controls 

Between-
group 
analyses of 
BOLD 
response and 
functional 
connectivity 
during a face 
valence task 
paradigm 

No differences in 
activation maps. 
Increased functional 
connectivity 
between right 
amygdala and right 
supplementary motor 
area in patients. 

Demertzi et al., 
2011 

Hypnosis fc-fMRI Healthy 
adults 

Resting-state 
fMRI during 
normal 
wakefulness 
vs. hypnotic 
state vs. 
autobiographi
cal mental 
imagery 

Hypnosis reduced 
frontoparietal 
functional 
connectivity, 
increased 
connectivity in 
bilateral angular and 
middle frontal gyri, 
and decreased 
parahippocampal 
connectivity. 

Pyka et al., 2011 Hypnosis fc-fMRI 19 healthy 
volunteers 

Resting state 
vs. hypnotic 
left-hand 
paralysis 

Increased 
connectivity of 
precuneus with right 
dorsolateral 
prefrontal cortex, 
angular gyrus, and 
dorsal precuneus. 
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Van Beilen et al., 
2011 

Conversion 
paresis 

fMRI 10 patients 
with 
conversion 
paresis, 13 
controls 
feigning 
paresis, and 
21 normal 
controls 

Between-
group 
analyses of 
BOLD 
response 
during 
movement 
execution and 
imagery 

Patients showed 
significantly 
decreased activation 
in the supramarginal 
gyrus during 
movement execution 
and imagery. 

Voon et al., 2011 Conversion 
disorder (CD) 

fMRI 11 patients 
with CD and 
11 matched 
healthy 
controls 

Between-
group 
analyses of 
BOLD 
response 
during 
internally and 
externally 
generated 
movement 

CD patients had 
lower left 
supplementary motor 
area (SMA) and 
higher right 
amygdala, left 
anterior insula, and 
bilateral posterior 
cingulate activity. 
During internally 
generated 
movement, the left 
SMA had lower 
functional 
connectivity with 
bilateral dorsolateral 
prefrontal cortices in 
CD patients. 

Wolf et al., 2011 Dissociation fc-fMRI 17 patients 
with 
borderline 
personality 
disorder and 
17 healthy 
controls 

Correlation 
analyses 
between 
acute 
dissociation 
(measured 
with DTS) and 
functional 
connectivity 

Dissociation 
correlated positively 
with connectivity of 
the left insula, and 
negatively with 
connectivity of the 
cuneus. 

Burgmer et al., 
2012 

Hypnosis / 
Simulation 

fMRI 19 healthy 
volunteers 

Movement 
observation 
and imitation 
with and 
without 
hypnotically 
induced 
paralysis of left 
hand 

Hypnotic paralysis 
during movement 
imitation induced 
hypoactivation of 
sensorimotor cortex 
and cerebellum and 
increased activation 
of anterior ACC, 
frontal gyrus and 
insula.  

Daniels et al., 
2012 

Dissociation 
in post-
traumatic 
stress 
disorder 

fMRI 21 acutely 
traumatized 
individuals 

Individuals 
with 
peritraumatic 
dissociative 
responses vs. 
individuals 
without 

Two to four months 
post trauma, 
peritraumatic 
dissociation was 
associated with 
greater activation of 
the right occipital 
lobe. 

Deeley et al., 
2012 

Hypnosis fMRI 8 healthy 
volunteers 

Correlation 
analyses of 

Hypnotic depth was 
negatively correlated 
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BOLD 
response with 
hypnotic 
depth during 
passive visual 
stimulation 

with activation in 
medial frontal gyrus, 
anterior cingulate 
gyrus, posterior 
cingulate gyrus, and 
parahippocampal 
gyri, and positively 
with activation in 
middle frontal gyrus, 
inferior frontal gyrus, 
and precentral gyrus.  

Van der Kruijs et 
al., 2012 

Psychogenic 
non-epileptic 
seizures 

fc-fMRI 11 patients 
with PNES 
and 12 
healthy 
volunteers 

Between-
group 
analyses of 
BOLD 
response 
during Stroop 
word-colour 
and picture 
memory task, 
and resting-
state 
functional 
connectivity  

No differences in 
activation maps. 
Enhanced functional 
connectivity 
between the right 
insula and the left 
precentral sulcus in 
patients with PNES.  

Wolf et al., 2012 Dissociation  fMRI 16 patients 
with 
borderline 
personality 
disorder and 
16 healthy 
controls 

Correlation 
analyses 
between 
acute 
dissociation 
(measured 
with DTS) and 
cerebral 
blood flow 

No significant 
correlations between 
dissociation and 
orbitofrontal 
activation were 
found. 
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SUBGROUP CLASSIFICATION IN PATIENTS WITH PSYCHOGENIC NON-EPILEPTIC SEIZURES 

 

N.M.G. Bodde, S.J.M. van der Kruijs, D.M. IJff, R.H.C. Lazeron, K.E.J. Vonck, P.A.J.M. 

Boon, A.P. Aldenkamp. Epilepsy & Behavior 2013, 26, 279-289. 

 

4.1 Abstract 

 

In this open non-controlled clinical cohort study, the applicability of a theoretical 

model for the diagnosis of psychogenic non-epileptic seizures (PNES) was studied in 

order to define a general psychological profile and to specify possible subgroups. 

Forty PNES patients were assessed with a PNES "test battery" consisting of eleven 

psychological instruments, e.g., a trauma checklist, the global cognitive level, 

mental flexibility, speed of information processing, personality factors, dissociation, 

daily hassles and stress and coping factors. 

The total PNES group was characterized by multiple trauma, personality 

vulnerability (in a lesser extent, neuropsychological vulnerabilities), no increased 

dissociation, many complaints about daily hassles that may trigger seizures and 

negative coping strategies that may contribute to prolongation of the seizures. Using 

factor analysis, specific subgroups were revealed: a 'psychotrauma subgroup', a 

'high vulnerability somatizing subgroup' (with high and low cognitive levels) and a 

'high vulnerability sensitive personality problem subgroup'. 

Using a theoretical model in PNES diagnosis, PNES seem to be a symptom of 

distinct underlying etiological factors with different accents in the model. Hence, 

describing a general profile seems to conceal specific subgroups with subsequent 

treatment implications. This study identified three factors, representing two 

dimensions of the model, which are essential for subgroup classification: 

psychological etiology (psychotrauma or not), vulnerability, e.g., the somatization 

tendency, and sensitive personality problems/characteristics ('novelty seeking'). For 

treatment, this means that interventions could be tailored to the main underlying 

etiological problem. Also, further research could focus on differentiating subgroups 

with subsequent treatment indications and possible different prognoses. 
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diverse populations and validity of the CERQ are mentioned as good up to very 

good (Garnefski et al., 2002; Garnefski et al., 2006). 
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Chapter 5 
 

FUNCTIONAL CONNECTIVITY OF DISSOCIATION IN PSYCHOGENIC NON-EPILEPTIC 

SEIZURES 

 

S.J.M. van der Kruijs, N.M.G. Bodde, M.J. Vaessen, R.H.C. Lazeron, K.E.J. Vonck, 

P.A.J.M. Boon, P.A.M. Hofman, W.H. Backes, A.P. Aldenkamp, J.F.A. Jansen. Journal 

of Neurology, Neurosurgery & Psychiatry 2012, 83, 239-247. 

 

5.1 Abstract 

 

Investigation of resting-state networks may reveal altered routes of information and 

emotion processing in patients with psychogenic non-epileptic seizures (PNES). This 

study investigated whether patients with PNES differ from healthy controls in their 

resting-state functional connectivity characteristics, and whether these connections 

are associated with the tendency to dissociate. 

Eleven patients with PNES without psychiatric comorbidity and twelve healthy 

controls underwent task-related (picture-encoding and Stroop paradigms) and 

resting-state functional MRI (fMRI). Global cognitive performance was tested using 

Raven's Progressive Matrices test and participants completed questionnaires for 

evaluating dissociation. Functional connectivity analysis on resting-state fMRI was 

based on seed regions extracted from task-related fMRI activation maps. 

Patients displayed a significantly lower cognitive performance and significantly 

higher dissociation scores. No significant between-group differences were identified 

between the task-related activation maps. However, resting-state functional 

connectivity maps were statistically different. For patients with PNES, stronger 

connectivity values between areas involved in emotion (insula), executive control 

(inferior frontal gyrus and parietal cortex) and movement (precentral sulcus) were 

observed, which were significantly associated with dissociation scores. 

The abnormal, strong functional connectivity in PNES patients provides a 

possible neurophysiological correlate for the underlying psychoform and 

somatoform dissociation mechanism where emotion can influence executive 

control, resulting in altered motor function (e.g., seizure-like episodes). 
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2006) and high hypnotizability (Dienes et al., 2009), and dissociative disorders have 

been reported in over 90% of the PNES patients (Bowman and Markand, 1996). In 

fact, PNES may be considered as somatoform symptoms resulting from dissociated 

mental organization (Nijenhuis and Van der Hart, 2011). Accordingly, the DSM-IV-TR 

and ICD-10 classifications of PNES as, respectively, conversion disorder and 

dissociative disorder are still matter of debate (Brown et al., 2007).   

Since the tendency to dissociate is considered such an important mechanism 

in the etiology of PNES, a better understanding of the neurobiological mechanism of 

dissociation might shed light on the pathophysiology of PNES and lead to more 

specific treatments. It might explain how information in patients with PNES or other 

functional symptoms is processed differently compared with non-affected 

individuals. A previous functional MRI (fMRI) study in patients with a motor conversion 

disorder identified abnormal functional connectivity (FC) between regions involved 

in emotion and motor preparation (Voon et al., 2010b). Functional MRI may identify 

a similar abnormality in patients with PNES, providing evidence for alternative 

neuronal routes of information and emotion processing in patients with PNES that 

probably result in dissociative seizure-like episodes (Baslet, 2011; Devinsky et al., 2011; 

Van der Kruijs et al., 2011). As yet, no fMRI study has been performed in patients with 

PNES. 

We hypothesize that functional connections between networks involved in 

emotion, sensorimotor, and cognitive processes are abnormal in patients with PNES. 

Additionally, these abnormal connections are associated with the tendency to 

dissociate. To test these hypotheses, we performed an fMRI study in patients with 

PNES and healthy controls.  

 

5.3 Materials and methods 

 

5.3.1 Participants 

Patients were selected by their clinical psychologist or neurologist (>10 years and >9 

years experience, respectively), on the basis of their seizure characteristics5, 

tendency to dissociate, and the absence of mental retardation and comorbid 

psychiatric disorders (eg, mood and anxiety disorders, schizophrenia and psychosis, 

and substance-related disorders), which were determined through (hetero-) 
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focused on a cross-hair. The paradigm consisted of seven baseline rest condition 

blocks (30 s each) alternated with six activation blocks, consisting of 15 words. In 

total, 24 congruent and 66 incongruent stimuli were presented in random order. The 

contrast between the baseline condition and the activation condition was used for 

further analysis (Jansen et al., 2008). 

 

5.3.4 Neuroimaging analysis 

Structural MRI scans were reviewed by an experienced neuroradiologist (> 10 years 

experience). fMRI data analysis was performed in MATLAB (Mathworks, Natick, 

Massachusetts, USA) using the statistical parametric mapping software package 

(SPM8) (Wellcome Department of Cognitive Neurology, London, UK). Task-related 

paradigms were analyzed using brain activation contrasts according to the general 

linear model. The blood oxygen level-dependent images were realigned, 

transformed into the standardized Montreal Neurological Institute space and 

smoothed with an 8-mm Gaussian kernel. In the general linear model, a standard 

discrete cosine set was used to correct for (low-frequency) signal drift. Additionally, 

the paradigms were convolved with the hemodynamic response function. To 

explore differences in activation between the PNES and control group, a random-

effects analysis was performed. Results were thresholded at the p < 0.05 level 

(corrected for family-wise multiple comparisons). 

Subsequently, regions of interest with strong activation were defined (of 

approximately 300 voxels), based on the activation patterns during the tasks 

averaged for all subjects. This way, we ensured that the created masks were specific 

for this population, which is preferred over mask definitions available from the 

literature (Waites et al., 2006). The masks were created in MRIcro (Rorden and Brett, 

2000). 

For the resting-state FC analysis, the signal time-course data were filtered by 

applying a bandpass filter (0.01-0.1 Hz) and corrected for head movement effects 

by using the six motion correction parameters as a covariate. Seed time courses for 

each region and subject were then generated by averaging the signal within the 

region of interest at each time point. Each seed time course then was regressed 

against all brain voxel time courses to obtain an FC map, which was subsequently 

transformed using the Fisher-Z transformation (Waites et al., 2006). Multiple regression 
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Table 2. Maximal Z-score and [cluster size] of regions with significant (positive) differences in FC between 

PNES patients and controls. MNI coordinates are given in italic (x,y,z). (L) = left, (R) = right. 

 

 
 FC REGION 

(x,y,z) 
 

SEED REGION 
(x,y,z) 

Anterior 
insula (R) 
(-38,6,-12) 

Posterior 
insula (R) 
(-46,-12,6) 

Central 
sulcus (R) 

(-44,-20,30) 

Posterior 
cingulate 
gyrus (R) 

(-2,-58,46) 

Anterior 
cingulate 
gyrus (R) 
(-4,40,0) 

Parietal 
occipital 
fissure (R) 

(-24,-56,14) 
 

       
Inferior frontal 

gyrus (L) 
(44,4,46) 

 

  4.26 
[250] 

4.09 
[890] 

4.13 
[579] 

5.17 
[723] 

Precentral 
sulcus (L) 
(46,6,26) 

 

4.51 
[64] 

5.33 
[210] 

4.59 
[55] 

 4.28 
[789] 

4.49 
[634] 

Supramarginal 
gyrus (L) 

(46,-40,50) 
 

 6.20 
[512] 

 5.01 
[897] 

 6.30 
[713] 

Intraparietal 
sulcus (L) 

(28,-58,50) 
 

 4.86 
[313] 

5.29 
[79] 

6.90 
[795] 

4.40 
[653] 

4.99 
[806] 

  

 

Compared with healthy controls, patients had several significantly stronger 

functional correlations in the following FC regions: the anterior insular cortex, 

posterior insular cortex, central sulcus, posterior cingulate cortex, anterior cingulate 

cortex and parietal occipital fissure (table 2). Interestingly, most FC regions were 

significantly different in FC maps from more than one seed region (table 3). For 

example, the posterior insular cortex showed significantly higher correlation values 

with the precentral sulcus, the supramarginal gyrus as well as the intraparietal sulcus 

in PNES patients than in controls (average Fisher-Z transformed connectivity values: 

0.37 ± 0.12 vs 0.25 ± 0.10, 0.31 ± 0.15 vs 0.15 ± 0.13 and 0.30 ± 0.15 vs 0.17 ± 0.13, 

respectively). 
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5.5.1 Dissociation and PNES 

Our results reconfirm that patients with PNES have in general a higher tendency for 

dissociation than healthy individuals. This is a general effect concerning both 

psychological and somatoform dissociation (Bowman and Markand, 1996; Kuyk et 

al., 1999; Fleisher et al., 2002).  

 

5.5.2 Dissociation and functional MRI 

The functional connections of the ACC are of interest as the ACC is an area that has 

been identified to be involved in dissociation and hypnosis (Lanius et al., 2006). The 

FC value of the IFG with ACC was significantly higher in the PNES group. 

Furthermore, the strength of this connection was significantly related to DES scores. 

This might have clinical relevance in PNES, as this connection has been associated 

with cognitive integration and dissociation (Egner et al., 2005).  

Outside the domain of PNES, previous studies have related dissociation with 

fMRI outcomes. For example, Veltman et al. (2005) have demonstrated increased 

activation of the dorsolateral and ventrolateral prefrontal cortices, parietal cortex 

and supplementary motor area during working memory tasks in healthy, high-

dissociative participants. Similarly, Elzinga et al. (2007) reported increased activation 

in anterior, dorsolateral and ventrolateral prefrontal cortices and parietal cortex 

during a working memory task in patients with dissociative disorder. These results 

suggest that dissociation is associated with an altered working-memory network.  

In contrast, the results of the current study do not reveal differences in 

activation maps of the encoding task (working memory), or in FC based on seeds 

relevant to memory (hippocampi), between healthy controls and highly dissociative 

PNES patients. Also, although the picture encoding task employed emotional stimuli, 

the activation was related to processes of working memory instead of suggestibility. 

However, we did find abnormalities in FC in highly dissociative patients with PNES 

based on seed regions obtained by the Stroop task. Previous studies in patients with 

PNES did indicate only a modest working memory deficiency (Strutt et al., 2011). We 

propose that the PNES pathology affects the neurobiology of executive control, 

which underlies dissociation, rather than the networks involved in memory processes.  
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episodes). Future studies should clarify the exact contribution and interaction of the 

process of dissociation and network disturbances in PNES. 
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6.2 Introduction 

 

Psychogenic non-epileptic seizures (PNES) are seizures which are assumed to be 

caused by emotional, rather than organic factors (Bodde et al., 2009a). PNES 

account for as much as 20% of the definitive diagnoses among patients referred to 

tertiary epilepsy centers for untreatable epilepsy (Lesser, 1996). The commonly 

occurring initial misdiagnosis of PNES as epilepsy has serious consequences for the 

patients, as it results in unnecessary anticonvulsant treatment and delay of 

appropriate psychological therapy. In addition, erroneous treatment for intractable 

epilepsy is expensive, and as such, affects societal costs (Martin et al., 1998). 

Increased understanding and awareness of the pathological mechanism and 

predisposition factors are crucial to facilitate accurate diagnosis and treatment of 

PNES, preventing burden for both patient and economy.  

Patients with PNES are often considered to experience a seizure during an 

episode of severe dissociation, i.e. an episode of altered conscious functioning 

caused by disrupted connections between thoughts, memories, feelings, and sense 

of identity (Stone et al., 2005; Bodde et al., 2009b). In addition, patients with PNES 

often demonstrate dissociative symptoms (Goldstein and Mellers, 2006), increased 

dissociation tendency (Alper et al., 1997; Bowman and Coons, 2000; Prueter et al., 

2002) and high hypnotizability (Dienes et al., 2009), and have dissociative disorders in 

over 90% of the cases (Bowman and Markand, 1996), which strongly suggest that 

dissociation underlies the psychopathology of PNES. Accordingly, the DSM-IV-TR and 

ICD-10 classifications of PNES as conversion disorder and dissociative disorder, 

respectively, are still matter of debate (Brown et al., 2007). 

The function of dissociation is probably to avoid confrontation with painful or 

unendurable emotions, which might explain why patients with PNES have difficulties 

in reporting emotional causes or circumstances of their symptoms (Mellers, 2005; 

Reuber et al., 2011). Therefore, more objective physiological measures may provide 

more information about the etiology of PNES and the underlying process of 

dissociation than psychological self-report instruments (Baslet, 2011). Neuroimaging 

methods such as functional MRI can be sensitive to detect changes in the 

processing of information and emotion by patients with pathological conditions, 

including dissociative conditions such as PNES (Veltman et al., 2005; Felmingham et 

al., 2008; Bagshaw and Cavanna, 2013; Van der Kruijs et al., 2014a).  
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for each patient and control, which could then be correlated with clinical 

parameters.  

 

6.3.5 Statistical analysis 

Statistical data analysis was performed in SPSS (PASW Statistics 18.0, Chicago: SPSS 

Inc.). Descriptive statistics of clinical and neuropsychological variables were 

obtained, and Mann-Whitney U-tests were performed to examine differences 

between patients with PNES and controls. Additionally, correlation coefficients 

between regional variations in functional connectivity with neuropsychological 

scores were obtained using the non-parametric Spearman rank correlation test. P < 

0.05 was considered statistically significant. 

 

6.4 Results 

 

6.4.1 Clinical and neuropsychological assessment 

Twenty-eight patients with PNES and 30 healthy volunteers were enrolled in the 

study. All structural MRI scans were interpreted for incidental findings by an 

experienced neuroradiologist. Ten participants had to be excluded from the MRI 

analyses: Four patients with PNES did not complete the study, two patients showed 

large cysts on MRI, one patient had parahippocampal gliosis, and three healthy 

controls demonstrated callosal white matter abnormalities, unclear contouring of 

the ventricles, and periventricular heterotopia on MRI. The other subjects did not 

have clinical significant MRI abnormalities. The final analysis included 27 healthy 

volunteers (21 females, 6 males, age 36 ± 12 y) and 21 patients with PNES (13 

females, 8 males, age 34 ± 12 y, number of seizures in previous month 12.3 ± 34.1, 

disease duration 5.7 ± 6.7 y). Gender and age were not statistically different 

between both groups (p > 0.25). According to the classifications of Abubakr et al. 

(2003), PNES were classified as episodes of major motor symptoms (during which 

patients are often unresponsive) in 7 patients, as episodes of unresponsiveness 

without major motor symptoms in 12 patients, and as the two types of PNES episodes 

combined in 2 patients. The patients demonstrated significantly higher dissociation 

tendency on all dissociation questionnaires; the DES (1.7 ± 1.27 vs 0.6 ± 0.58 [ctrl], p < 

0.001), DISQ (1.6 ± 0.38 vs 1.4 ± 0.22, p = 0.007), and SDQ-20 (28.0 ± 6.80 vs 21.5 ± 4.74, 
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Figure 3. Scatter plot of functional connectivity values in the aberrant regions of the executive functioning 

network and DES scores in the whole population (r = 0.54, p < 0.001).  

 

 
 

 

6.5 Discussion 

 

6.5.1 Main findings 

Using a data-driven approach, we have shown that patients with PNES have an 

increased coactivation of several regions in the resting-state networks associated 

with fronto-parietal activation, executive control, sensorimotor functioning, and the 

default mode. Decreases in network contribution were identified within the networks 

associated with executive control and sensorimotor functioning. The connectivity 

values within the regions of interest were significantly correlated with dissociation 

scores. No differences were found for the control resting state network associated 

with visual functioning, which confirms that visual behavior is most likely not affected 

by PNES or dissociation. 
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disorder (Voon et al., 2011). Also, altered topological properties of whole-brain 

networks as increased clustering coefficient, but also increased path length and 

decreased connection strength have been reported in PNES (Ding et al., 2013). 

These findings suggest that brain networks in patients with PNES lack optimal 

information-integration abilities, which is possibly reflected in the abnormal coping 

style of these patients. 

 

Figure 4. Schematic representation of the investigated resting-state networks and their potential 

contributions to the occurrence of PNES.  

 

 

 

 

 

 

 

 

 

 

 

 

 

6.5.3 Limitations and future considerations 

One drawback of our study was that significant correlations between connectivity 

strengths and dissociation scores were obtained within both groups (patients and 

healthy controls) combined. There is a risk that these correlations are explicable by 

group differences in connectivity strengths and dissociation scores (Kriegeskorte et 

al., 2009). However, all within-group correlation analyses displayed similar, though 

not always significant outcomes, which is indicative of the robustness of the findings. 

The lack of statistical significance is possibly due to the relatively small group sizes.  

Another difficulty was the inability to disentangle the effects of PNES and 

dissociation, because most included patients had both PNES and high dissociation 

scores, and not enough healthy controls demonstrated high dissociation scores to 

be able to split groups based on dissociation scores. Future studies should focus on 
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Chapter 7 
 

AUTONOMIC NERVOUS SYSTEM FUNCTIONING ASSOCIATED WITH PSYCHOGENIC 

NON-EPILEPTIC SEIZURES: ANALYSIS OF HEART RATE VARIABILITY 

 

S.J.M. van der Kruijs, K.E.J. Vonck, G.R. Langereis, L.M.G. Feijs, N.M.G. Bodde, R.H.C. 

Lazeron, E. Carrette, P.A.J.M. Boon, W.H. Backes, J.F.A. Jansen, A.P. Aldenkamp, 

P.J.M. Cluitmans. Submitted for publication. 

 

7.1 Abstract 

 

Psychogenic non-epileptic seizures (PNES) resemble epileptic seizures but originate 

from psychogenic rather than organic causes. Patients with PNES are often unable 

or unwilling to reflect on underlying emotions. For gaining more insight in the internal 

states of patients during PNES episodes, this study explored the time course of heart 

rate variability (HRV) measures, which provide information about autonomic nervous 

system functioning and arousal. 

HRV measures were extracted from electrocardiography data collected during 

video-electroencephalography monitoring of 20 patients with PNES, in whom a total 

number of 118 PNES was recorded. Heart rate (HR) and HRV measures in time and 

frequency domains (standard deviation of average beat-to-beat intervals (SDANN), 

root mean square of successive differences (RMSSD), high frequency (HF) power, 

low frequency (LF) power and very low frequency (VLF) power) were averaged over 

consecutive five-minute intervals. Additionally, quantitative analyses of Poincaré 

plot parameters (SD1, SD2 and SD1/SD2 ratio) were performed.  

In the five-minute interval before PNES, HR significantly increased whereas 

SDANN and VLF power significantly decreased. During PNES, significant increases in 

HF power, SD1 and SD2 were observed. In the five minute interval immediately 

following PNES, SDANN and VLF power significantly increased and HR and SD1/SD2 

ratio decreased, compared to the interval preceding PNES. 

The results suggest PNES to be preceded by increased sympathetic functioning, 

followed by an increase in parasympathetic functioning after PNES. Future research 

needs to identify the exact nature of the increased arousal that precedes PNES. 





Autonomic nervous system functioning associated with PNES                                                                              111 
 
 
to the seizure, in order to elucidate differences in autonomic functioning between 

patients with epilepsy and patients with PNES. They identified decreased vagal tone 

during PNES episodes, but an even larger decrease of vagal tone during epileptic 

attacks. However, based on their study design, no conclusions can be drawn about 

the peri-ictal pattern of autonomic nervous system functioning that accompanies a 

PNES episode. Examination over consecutive recording periods may provide more 

information about gradual changes in measures of HRV. The current study used a 

within-subject design to investigate the relationship between gradual changes in 

HRV and the occurrence of PNES. 

 

7.3 Materials and methods 

 

7.3.1 Study population 

The study population consisted of twenty patients (2M/18F) with a confirmed 

diagnosis of PNES. All patients who had been previously monitored with video-EEG 

for 1-7 consecutive days between July 2010 and February 2012 in the Reference 

Centre for Refractory Epilepsy of Ghent University Hospital in Belgium for differential 

diagnosis of PNES and epilepsy were considered for inclusion. The diagnosis of PNES 

was based on the analysis of at least two episodes captured on video-EEG by two 

epileptologists with extensive experience in this field (KEV and PAB, > 10 years 

experience). Patients with dual pathology (epilepsy and PNES), were also included 

when epileptic seizures were controlled and when the PNES were confirmed by 

video-EEG monitoring. Exclusion criteria were uncertainty about the diagnosis of 

PNES and comorbid psychiatric disorders (e.g. mood and anxiety disorders, 

schizophrenia and psychosis, and substance-related disorders). The investigation 

received ethical approval by the Medical Ethical Committee of Ghent University.  

 

7.3.2 Electrocardiogram recordings 

The ECG was recorded via precordial electrode positions V1-V4 throughout the 

video-EEG monitoring period (1-7 days) with a two-lead channel of the Micromed 

EEG system (Micromed S.p.A., Mogliano Veneto, Treviso, Italy). For the monitoring 

period, patients were in supine position in bed or on a chair during the day, and 

lying down in bed during the night. The start and end of a PNES were defined by the 
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associated motor symptoms (verified by the video recordings), which were often 

accompanied by unresponsiveness. 

 

7.3.3 Heart rate variability analysis 

HRV measures were derived according to the recommendations of the task force of 

the European Society of Cardiology and the North American Society of Pacing and 

Electrophysiology (Malik et al., 1996). ECG data were exported from the Micromed 

reporting system and imported in Matlab (Mathworks Inc., Natick, MA, USA). 

Custom-built Matlab scripts were used to subsequently carry out R-peak detection, 

model-based validation and - if necessary - correction of the list of subsequent RR 

intervals (tachogram) and HRV parameter calculation. 

Two time-domain measures of HRV were calculated: SDANN (standard 

deviation of the average beat-to-beat intervals) and RMSSD (square root of the 

mean squared difference of successive beat-to-beat intervals). SDANN in general 

reflects the overall cyclic nature of HRV (the more sinusoidal the tachogram is, the 

higher SDANN), and is considered to be a measure for overall variability. RMSSD is 

considered to be a measure for vagal control of heart rate but also includes 

respiratory sinus arrhythmia, i.e., the local, intra-thoracic effect in HR fluctuations 

caused by respiratory pressure change during breathing.  

Frequency-domain measures of HRV were calculated, using Fast Fourier 

Transformation to derive the spectral distribution. Indices included high-frequency 

(HF) power (0.15-0.40 Hz), low-frequency (LF) power (0.04-0.15 Hz), and very low 

frequency (VLF) power (3-30 mHz).  Efferent vagal activity is a major contributor to 

the HF component, as has been consistently demonstrated by clinical and 

experimental observations (Akselrod et al., 1981; Pomeranz et al., 1985; Malliani et 

al., 1991). Consequently, HF power can be seen as a reliable index of 

parasympathetic nervous system activity. The interpretation of the LF component is 

more controversial; some studies suggest LF power to be a marker of sympathethic 

modulation (Malliani et al., 1991; Kamath and Fallen, 1993; Rimoldi et al., 1990; 

Montano et al., 1994), while others conclude LF power to be a parameter that 

includes both sympathetic as vagal influences (Akselrod et al., 1981; Appel et al., 

1989). As a result, it is unclear whether the ratio of the latter two indices (LF/HF), can 

be regarded as a measure of sympathovagal balance or of sympathetic 
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7.3.4 Statistical analysis 

To examine the patterns of HRV measures circa 1 hour before and circa 1 hour after 

a PNES, 12 intervals (of approximately 5 minutes each) that preceded and followed 

the episodes were selected. Since it was not possible to select 25-26 intervals in total 

for all PNESs (12 intervals before the PNES, 1-2 intervals during the PNES, and 12 

intervals after the PNES) due to the occurrence of another PNES in a short time 

window or the removal of intervals which were disturbed by artifacts, n differed per 

interval. Therefore, confidence intervals were calculated and non-parametric tests 

were used. To prevent patients with a high number of seizures from dominating the 

average, the intervals were first averaged per patient before entered in the within-

subject analysis, resulting in an n of 20. After visual inspection of the plotted 

averages of the HRV parameters, related-samples Wilcoxon signed-rank tests were 

used to test for statistical differences between all selected intervals. P-values < 0.05 

were considered statistically significant. 

 

7.4 Results 

 

7.4.1 Demographic and clinical characteristics 

The study population included 20 patients with PNES (18 women, 2 men, age 35.7 ± 

10.4, number of seizures during registration 5.9 ± 5.7), who had a total number of 118 

PNES episodes during video-EEG monitoring. All patients had motor signs during the 

PNES episodes; none of the patients only experienced unresponsiveness during the 

episodes, although unresponsiveness frequently co-occurred. Information about 

medication and comorbidity is summarized in Table 1.  

 

7.4.2 Heart rate and linear heart rate variability parameters 

The average heart rate and linear heart rate variability measures are summarized in 

Table 2 and Figure 2. Non-parametric related-samples testing demonstrated 

significant changes in the intervals directly preceding and following PNES. Between 

interval -2 and -1 (the two intervals preceding a PNES), there was a significant 

increase in HR and a significant decrease in SDANN and VLF. Between interval -1 

and PNES interval i1 (the first interval of a PNES episode), there was a significant 
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increase in HF. Between interval -1 and interval +1 (the interval following a PNES), 

there was a significant increase in SDANN and VLF, and a significant decrease in HR.  

 

Table 1. Participant demographics and characteristics. 

 

ID 
 

Age Gender Nr. attacks  
during 
registration 

Medication Comorbidity 

 1 40 F 14 Levetiracetam, carbamazepine, interferon 
beta-1b, paracetamol, omeprazole 

Multiple sclerosis 

2 41 F 6 Valproate, venlafaxine, escitalopram, 
clorazepate, alpralozam 

 

3 26 F 2 Levetiracetam, paroxetine  
4 52 F 4 Levetiracetam, topiramate, lorazepam, 

glucosamine sulfate, levothyroxine 
 

5 50 F 2 Acetylsalicylic acid, bisoprolol, 
oxcarbazepine, pregabaline, ticlopidine, 
diltiazem, omeprazole, escitalopram 

CREST syndrome, 
temporal lobe 
epilepsy (seizure 
free by 
oxcarbazepine) 

6 23 F 3 Mirtazapine, salmeterol/fluticasone  
7 51 F 3 Trazodon, duloxetine, tramadol, 

metformin, alpralozam, fentanyl, 
pantoprazol, topiramate, paracetamol 

Fibromyalgia, 
migraine 

8 39 F 2 Paracetamol Narcolepsy 
(attack free) 

9 37 M 16 Lacosamide, pregabaline  
10 24 M 19 Clonazepam Posttraumatic 

brain damage 
(left hemisphere) 

11 34 F 2 Levetiracetam, clonazepam Juvenile 
myoclonic 
epilepsy (seizure 
free), mental 
retardation 

12 23 F 5 Levetiracetam, carbamazepine, 
lacosamide, clonazepam, 
methylphenidate 

Generalized 
tonic-clonic 
epilepsy 

13 48 F 3 Levetiracetam, lamotrigine, baclofen, 
sertraline, paracetamol, clonazepam 

 

14 22 F 5 Aldactazine, levetiracetam, lamotrigine, 
sodium bicarbonate, escitalopram, 
tetrazepam, lorazepam, paracetamol 

Interictal 
epileptic spikes 

15 34 F 18 Valproate, levetiracetam, lacosamide, 
lormetazepam, prazepam, clorazepate, 
venlafaxine 

Insomnia 

16 45 F 2 Pantoprazol, hydroxychloroquine, 
piroxicam, prednisone 

 

17 22 F 3 Propanolol, carbamazepine Migraine, 
trigeminal 
neuralgia  

18 42 F 3 Levetiracetam, phenytoin, lacosamide, 
venlafaxine, simvastatine, fenprocoumon, 
nadroparine 

 

19 35 F 3 Valproate, benzodiazepine, montelukast, 
omeprazole, metoprolol, escitalopram 

Migraine 

20 26 F 3 Escitalopram, pantoprazol, clobazam, 
pregabaline 
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Figure 2. Average pattern of heart rate and linear heart rate variability indices which demonstrated 

significant changes before, during and after PNES episodes. The blue line represents the average HR/HRV 

characteristic, with 95% confidence intervals in grey. Each interval lasted approximately 5 minutes: Intervals -

12 to -1 comprise the hour preceding PNES, the intervals i1 and i2 cover the PNES, and the hour following 

PNES consists of the intervals +1 to +12. The line between interval i2 and +1 is dashed because not all patients 

had episodes consisting of exactly 2 intervals. * = p < 0.05, ns = Not significant. HR = heart rate, HF = high 

frequency power, SDANN = standard deviation of average NN intervals, VLF = very low frequency power.  
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