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Abstract
Objective: Functional (dissociative) seizures (FDS) are increasingly recognized 
among individuals with epilepsy, intellectual disability (ID), and psychiatric dis-
orders, but their occurrence in PCDH19-clustering epilepsy (CE) has not been 
systematically described. We aimed to characterize the clinical features, diagnos-
tic pathways, and management of FDS in individuals with genetically confirmed 
PCDH19-CE.
Methods: We conducted a multicenter retrospective study across six tertiary 
European Epilepsy Centers. Individuals with genetically confirmed PCDH19-CE 
and a diagnosis of FDS according to the International League Against Epilepsy 
(ILAE) criteria were included. Demographic, clinical, neuropsychiatric, 
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1   |   INTRODUCTION

Pathogenic variants in PCDH19, encoding protocadherin-
19, cause a rare and distinctive X-linked developmental 
and epileptic encephalopathy. It is classically character-
ized by infantile-onset, treatment-resistant seizures often 
presenting with febrile seizure clusters and variably asso-
ciated with intellectual disability (ID) and a range of psy-
chiatric/behavioral disorders including autism spectrum 
disorder (ASD).1–3

Functional (dissociative, non-epileptic) seizures 
(FDS) are commonly encountered in individuals with 
epilepsy and, when misdiagnosed, represent a major 
source of diagnostic error. Such misdiagnosis often leads 
to unnecessary escalation of antiseizure medications 
(ASM), diagnostic/therapeutic procedures, repeated 
emergency department visits, and a marked reduction in 
quality of life for both patients and their families. Early 
and accurate identification—through careful history 
taking, semiological analysis, opportunistic bystander 
home video, and video-EEG monitoring—together with 
clear communication, are essential to prevent overtreat-
ment and to guide patients toward appropriate multidis-
ciplinary management.4–7

Patients with PCDH19-clustering epilepsy 
(PCDH19-CE) accumulate multiple recognized risk fac-
tors for FDS, including early-onset epileptic seizures, 

high-burden epilepsy with frequent emergency encoun-
ters during clusters, female predominance, co-occurring 
ASD and ID, emotional dysregulation, and exposure to 
intensive ASM polytherapy. However, the clinical fea-
tures and diagnostic challenges associated with FDS in 
PCDH19-CE remain poorly characterized, creating a 
diagnostic blind spot that may foster misclassification 
of events as epileptic, unnecessary drug treatment es-
calation, missed opportunities to implement multidisci-
plinary approaches for FDS, and avoidable loss of quality 
of life.

2   |   MATERIALS AND METHODS

This was a multicenter, retrospective, descriptive study 
conducted across six tertiary European Epilepsy Centers 
with expertise in the diagnosis and management of ge-
netic epilepsies.

Inclusion criteria were (a) a confirmed diagnosis of 
PCDH19-CE, established according to the International 
League Against Epilepsy (ILAE) classification1 and sup-
ported by genetic confirmation of a pathogenic or likely 
pathogenic variant in the PCDH19 gene according to the 
American College of Medical Genetics and Genomics 
(ACMG); (b) FDS “documented” or “clinically established” 
diagnosis according to ILAE criteria.8 “Documented” FDS 

neurophysiological, neuroimaging, and treatment-related data were collected 
from medical records.
Results: Among 27 individuals with genetically confirmed PCDH19-CE, eight 
(29.6%) experienced FDS. The median age at FDS onset was 16 years. Most af-
fected individuals had some degree of ID, and nearly all exhibited psychiatric 
comorbidities, particularly behavioral dysregulation and autism spectrum dis-
order. Six patients were initially misdiagnosed with epileptic seizures, resulting 
in unnecessary antiseizure medication (ASM) escalation and hospitalizations. 
Following FDS diagnosis, ASM reduction or modification was undertaken in 
three patients. Multidisciplinary management involving psychiatry, psychology, 
and occupational therapy was implemented in most cases, and all treated indi-
viduals demonstrated clinical improvement.
Significance: FDS may constitute an important comorbidity in individuals with 
PCDH19-CE, particularly during adolescence and adulthood. Early recognition 
of FDS may prevent unnecessary diagnostic and therapeutic interventions, re-
duce inappropriate ASM escalation, and improve patient outcomes through 
timely multidisciplinary care.

K E Y W O R D S

functional seizures, neuropsychiatric comorbidities, PCDH19-clustering epilepsy
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was defined as confirmation based on the clinical his-
tory together with video-EEG recording of a typical event 
without concomitant epileptiform activity. “Clinically es-
tablished” FDS was defined as the diagnosis made by an 
experienced epileptologist based on the clinical history, 
direct observation of habitual events, and a routine EEG 
showing no epileptiform activity in the absence of video-
EEG confirmation.

Demographic, clinical, genetic, neurophysiological, 
and neuroimaging data were collected from patient re-
cords at each participating center and entered into a pseud-
onymized database. Participant recruitment occurred 
between March and October 2025, and written informed 
consent was obtained from all individuals or their legal 
guardians, and all procedures were performed in accor-
dance with the principles of the Declaration of Helsinki.

3   |   RESULTS

Twenty-seven patients with genetically confirmed 
PCDH19-CE were identified across six tertiary epilepsy 
centers, of whom eight females fulfilled the inclusion cri-
teria (29.6%), with a median age of 20 years (IQR 18.5). 
Of these, five were adults (median age 33 years, range 
18–45 years) and three were younger than 18 years (me-
dian 8 years, range 6–17 years). Four of the eight indi-
viduals carried a de novo PCDH19 variant, while three 
harbored inherited variants. Inheritance status was un-
known in one. Information regarding maternal versus 
paternal inheritance was not collected. The clinical and 
genetic features, along with EEG and neuroimaging find-
ings, are identified in Table 1 for each patient.

3.1  |  Neuropsychological and psychiatric 
comorbidities

Most patients (n = 7) had some degree of ID, ranging from 
borderline to severe and four had ASD. Psychiatric diag-
noses were categorized in accordance with DSM-5-TR,9 
comprising impulse control disorders (n = 3), disruptive 
behavior disorders (n = 3), anxiety or fear-related disor-
ders (n = 2), and obsessive-compulsive or related disorders 
(n = 1). A history of adversity was verified in four patients, 
which included neglect, physical abuse, and bullying.

3.2  |  Epileptic and functional seizures

All eight patients had epilepsy, with a median age at sei-
zure onset of 10 months (IQR 1.5). Bilateral tonic-clonic 
seizures (BTC) were the most common seizure type, and 

patients presented with drug-resistant epilepsy from sei-
zure onset.

Table 2 represents clinical data regarding FDS. Median 
age at onset of FDS was 16 years (IQR 9). At FDS onset, 
six patients had drug-resistant epilepsy and only two had 
drug-responsive epilepsy.

FDS were predominantly motor in four patients, non-
motor in one, and three patients exhibited both motor and 
non-motor phenotypes. Clinical descriptions of FDS were 
variable, including within the same individual, with differ-
ent episodes showing distinct semiological features rather 
than a stereotyped pattern, which are detailed in Table 2. 
The overall median duration of FDS was 30 min (IQR 
28.5), 6 min for non-motor events (IQR 17.5), and 30 min 
for motor events (IQR 60). Motor FDS showed marked se-
miological heterogeneity and were accompanied by crying 
in three patients. The most common motor manifestation 
was bilateral asynchronous jerking, whereas the most 
common non-motor manifestation was an absent verbal 
response with a controlled fall.

Figure  S1 illustrates age of onset for both epilepsy 
and FDS for each patient. The median time since FDS 
onset until diagnosis was 4.5 months (IQR 44.5). Six pa-
tients were initially misdiagnosed with epileptic seizures, 

Key points

•	 Functional (dissociative) seizures (FDS) 
were identified in individuals with PCDH19-
clustering epilepsy (PCDH19-CE), with onset 
predominantly during adolescence and adult-
hood, suggesting that FDS may represent an 
underrecognized comorbidity.

•	 FDS showed marked clinical and semiologi-
cal heterogeneity and were frequently initially 
misdiagnosed as epileptic seizures, highlighting 
diagnostic challenges in this population.

•	 The observed occurrence of FDS may reflect the 
accumulation of established risk factors, includ-
ing intellectual disability, psychiatric comor-
bidities, psychosocial adversity, and chronic 
epilepsy, rather than a syndrome-specific fea-
ture of PCDH19-CE.

•	 Recognition of FDS may help avoid unnecessary 
antiseizure medication escalation and facilitate 
appropriate multidisciplinary management.

•	 Prospective studies with systematic FDS assess-
ment are needed to determine the frequency of 
FDS in PCDH19-CE and whether their occur-
rence differs from that expected in other genetic 
epilepsies.
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leading to overtreatment with ASM and unnecessary 
hospitalizations.

Following correct FDS diagnosis, drug treatment mod-
ifications were implemented in three patients, which in-
cluded a change or decrease of ASM. A multidisciplinary 
management approach was adopted in six cases, involving 
psychology, psychiatry, and in one case, occupational ther-
apy. All patients treated with a multidisciplinary approach 
showed clinical improvement, determined by a reduction 
>50% in FDS frequency and a reduction >50% in emer-
gency department visits.

4   |   DISCUSSION

In this multicenter series, a subgroup of children and 
adults, approximately 30% were identified as having FDS. 
Although this proportion may not represent the broader 
PCDH19-CE population due to referral and selection bi-
ases inherent to tertiary centers, it suggests that FDS may 
represent a frequent clinical manifestation in this group. 
This observation is clinically relevant, as individuals with 
PCDH19-CE frequently present with drug-resistant epi-
lepsy and represent a particularly vulnerable population 
at risk of overtreatment and iatrogenic complications. The 
estimated prevalence of functional seizures among indi-
viduals with epilepsy and ID likely ranges between 5% 
and 20%, with higher rates reported in tertiary care set-
tings and in adolescents and adults, which could explain 
the observed frequency of FDS in our cohort of patients 
with PCDH19-CE.10–12

Aligned with previous data in epilepsy and ID, indi-
viduals with PCDH19-CE have several characteristics 
that have previously been associated with FDS, due to a 
combination of neurobiological and psychosocial factors. 
A recent study was the first to look at the contribution 
of common genetic variants to the presentation of FDS; 
however, with limitations regarding X chromosome data 
analysis13 In our cohort, most patients (seven) had ID and 
all had psychiatric comorbidities, supporting the view that 
the coexistence of these established risk factors may con-
tribute to FDS susceptibility in this population.4,5,14

Neuroimaging studies have demonstrated abnor-
malities involving limbic and related brain networks in 
PCDH19-CE,3,4,13 while alterations in similar networks 
have also been described in FDS15–21 Although these ob-
servations raise the possibility of partially overlapping 
neurobiological mechanisms, our data do not address 
pathophysiology directly, and any shared limbic-network 
substrate remains speculative. Further mechanistic stud-
ies are required to determine whether these findings are 
biologically relevant to FDS susceptibility in PCDH19-CE. 
Four patients in our cohort were treated with levetiracetam; 

although this ASM is associated with psychiatric adverse 
effects, current evidence does not support a causal rela-
tionship between levetiracetam use and FDS.22–24

In our cohort, the median age at FDS onset was 16 years, 
with most cases occurring during adolescence or early 
adulthood. These results could suggest that adolescence 
and early adulthood may constitute a period of increased 
vulnerability for the emergence of FDS in individuals with 
PCDH19-CE, many years after the epilepsy onset. Notably, 
in the general population, adolescence is recognized as a 
particularly vulnerable neurodevelopmental stage for the 
onset of psychiatric and functional neurological disorders, 
reinforcing the concept of a critical window of increased 
susceptibility for FDS emergence in individuals with 
PCDH19-CE.25,26

Following the diagnosis of FDS, treatment adjustments 
were implemented in three patients, including modifica-
tion or reduction of ASM24,25 These findings emphasize 
the clinical value of recognizing FDS, allowing optimiza-
tion of antiseizure therapy and avoidance of unnecessary 
diagnostic and therapeutic interventions.27,28

In this condition, several clinical features should 
raise suspicion for FDS. A key discriminator is the atypi-
cally prolonged duration of events, as seen in our cohort. 
Furthermore, specific semiological signs, such as pelvic 
thrusting, active resistance to eye opening, and ictal crying, 
should be carefully noted. The lack of stereotypy is a crit-
ical red flag: FDS episodes were characterized by marked 
semiological heterogeneity and generally occurred outside 
the context of typical epileptic seizure clusters. These find-
ings, combined with a high event frequency, paradoxical 
worsening after ASM dose escalations, and normal video-
EEG during the episodes, mandate a thorough evaluation 
for FDS. Table S1 represents the practical differences ob-
served both in FDS and epileptic seizures in PCDH19-CE.

A multidisciplinary approach involving psychology, 
psychiatry, and occupational therapy was adopted in most 
patients, and all showed clinical improvement. These 
findings reinforce the importance of coordinated multi-
disciplinary care following recognition of FDS.7,29,30

Whether FDS are disproportionately frequent in 
PCDH19-CE because of the accumulation of established 
risk factors or reflect a syndrome-specific susceptibility 
remains unknown. Comparative studies across genetic 
epilepsies are needed to clarify this question. Beyond neu-
rodevelopmental vulnerability, childhood psychosocial 
adversity is disproportionately prevalent among individ-
uals with ID and may amplify risk for FDS. In our series, 
four patients were reported to present significant adver-
sity in addition to other risk factors. This aligns with the 
evidence that individuals with ID are significantly more 
likely than the general population to experience adverse 
life events.11,12
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This study has several limitations. Its retrospective, de-
scriptive design is vulnerable to selection and information 
biases and limits causal inference, and the small sample 
constrains generalizability. Patients come from epilepsy 
centers representing an inherent referral bias and, al-
though participating centers and epileptologists have sub-
stantial expertise, identification of FDS was not uniformly 
confirmed with video-EEG. Finally, variability in clinical 
management and follow-up across centers may have influ-
enced observed outcomes. Given the retrospective design, 
referral patterns, and absence of systematic screening for 
FDS across the broader PCDH19-CE population, the fre-
quency of FDS in this condition cannot be determined 
from our data.

Despite these limitations, the study offers novel insight 
into a relevant and potentially under-recognized manifes-
tation within the PCDH19-CE spectrum and underscores 
the need for multicenter, prospective investigations using 
standardized diagnostic criteria, protocolized video-EEG 
confirmation, and harmonized therapeutic and outcome 
assessments.

5   |   CONCLUSION

This multicenter series describes FDS in individuals with 
genetically confirmed PCDH19-CE and highlights the 
clinical and diagnostic challenges associated with their 
recognition. FDS occurred predominantly during adoles-
cence and adulthood and were frequently initially mis-
diagnosed as epileptic seizures. This association could 
reflect a multifactorial interplay between intrinsic neuro-
biological vulnerability, potentially involving limbic net-
work dysfunction, and co-occurring psychosocial factors. 
These findings support the need for awareness of FDS in 
individuals with PCDH19-CE and careful diagnostic as-
sessment to avoid unnecessary treatment escalation and 
facilitate appropriate multidisciplinary management.
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