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Abstract

Low- grade epilepsy- associated brain tumors (LEATs) are a frequent cause of 

drug- resistant focal epilepsy in both children and adults. Epilepsy surgery is a 

well- recognized treatment option, with almost 80% of patients being seizure- free 

at 1 year, and 50% of children being seizure-  and drug- free at 5 years. Despite these 

outcomes, standardized management guidelines remain lacking. The present 

study aimed to assess current practices in Europe. A comprehensive web- based 

survey was conducted by EpiCARE (European Reference Network for Rare and 

Complex Epilepsies). Responses were collected from 172 clinicians representing 

75 institutions in 26 European region countries. The questionnaire addressed 

institutional protocols, individual practices, referral pathways, presurgical 

evaluation, histopathology, molecular diagnostics, and follow- up. Clinicians 

largely agreed that epileptic seizures are a major comorbidity in LEAT patients, 

and most reported that seizure frequency and duration influence their treatment 

approach. This reflects an understanding of LEATs not only as an oncological 

entity, but above all as an epileptogenic lesion with a strong impact on quality of life, 

systematically requiring a multidisciplinary approach. Significant inconsistencies 

were identified, particularly regarding referral pathways, presurgical assessment 

(66% referred systematically to an epilepsy team), and molecular diagnostics. 

Only 48% of respondents reported having institutional protocols in place. 

Although the majority supported early referral to an epilepsy surgery team after 

diagnosis (even in the absence of confirmed drug resistance), 13% still required 

failure of at least two antiseizure medications. Long- term postsurgical follow- up 

was recommended by 89% of clinicians beyond 1 year after surgery. Almost all 

clinicians acknowledged that histopathology influenced clinical decision- making 

for follow- up, and 87.2% were familiar with the World Health Organization 2021 

central nervous system tumor classification and molecular diagnostics. This large 

European study shows growing alignment with international recommendations, 

but significant inconsistencies remain in clinical practice, particularly regarding 

referral pathways, presurgical assessment, and molecular diagnostics. These 
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1  |  INTRODUCTION

Low- grade epilepsy- associated brain tumors (LEATs) 
are the second most prevalent disease category among 
drug- resistant focal epilepsy cases in both pediatric and 
adult cohorts.1,2 According to the 2021 World Health 
Organization (WHO) Classification of Tumors of the 
Central Nervous System (5th edition), LEATs primarily 
include glioneuronal and neuronal tumors, circumscribed 
astrocytic gliomas, and pediatric- type diffuse low- grade 
gliomas largely corresponding to central nervous system 
(CNS) WHO grade 1. Clinically established entities 
are gangliogliomas, dysembryoplastic neuroepithelial 
tumors, low- grade diffuse astrocytomas, angiocentric 
gliomas, and pleomorphic xanthoastrocytomas. Notably, 
there were several novel tumor entities included into each 
new edition of the WHO classification system that are 
closely associated with the LEAT spectrum, for example, 
polymorphous low- grade neuroepithelial tumor of the 
young; multinodular and vacuolating neuronal tumor; 
diffuse glioneuronal tumor with oligodendrogliomalike 
features and nuclear clusters; and pediatric subtype, 
diffuse low- grade glioma, mitogen- activated protein 
kinase pathway- altered. However, the clinical profile 
and epileptogenic potential of these newly introduced 
LEAT entities remain incompletely studied so far, and 
histopathology and genetic findings have significant 
overlap with well- established LEATs, challenging a 
reliable diagnosis consistent across neuropathology 
readers.

Published data coherently emphasized that early sur-
gical treatment represents the best long- term treatment 
option leading to seizure- freedom, antiseizure medica-
tion (ASM) withdrawal, significant positive impact on 
quality of life, and a more precise neuropathological and 
genetic diagnosis of the nature of the tumor, thus better 
defining optimal follow- up and supporting patient and 
sample stratification for our future research.1,3–26 Yet, the 
approach to patient management reveals large variability 
with respect to access to specialized care at the level of 
individual hospitals but also at the level of countries.

One of the main discrepancies in the clinical man-
agement is related to the approach, whether it is neuro- 
oncology driven, in which the primary surgical target is 

the visible tumor or infiltrated tumor tissue, or whether 
it is epilepsy driven, which recognizes epilepsy as a net-
work disease in which brain regions beyond the tumor 
may contribute to epileptogenesis. Both scenarios require 
careful planning to limit damage to noninfiltrated cortex 
and subcortical structures, including gray and white mat-
ter. Resection of the LEAT alone, without a presurgical 
evaluation, may carry a higher risk of persisting or relaps-
ing seizures. In contrast, epilepsy surgery aims to resect 
all cortical and subcortical tissue involved in the seizure 
network, provided this does not involve eloquent areas. 
Eloquent cortex and critical subcortical pathways can 
be identified, when needed, through preoperative func-
tional imaging such as functional magnetic resonance 
imaging (fMRI), tractography (diffusion tensor imag-
ing), magnetencephalography, or transcranial magnetic 
stimulation.

The International League Against Epilepsy (ILAE) 
established a collaborative task force to systematically re-
view available data and perform a Delphi study with the 
aim to produce international recommendations for best 
practices in patients with LEATs. As part of the work in 
progress, the European Reference Network for Rare and 
Complex Epilepsies (EpiCARE), was asked to perform 
a study mapping current practices of reference centers 
across Europe.

The European Reference Network (ERN) EpiCARE 
(https:// epi-  care. eu) was established by the European 
Commission in 2017 as one of 24 ERNs dedicated to 
improving care for rare and complex diseases. The 
management of the ERNs is funded by the European 
Commission through sustainable grants. Today, the 
ERN EpiCARE unites more than 60 accredited epi-
lepsy reference medical teams within the EU, working 
closely with other experts in the European region. As a 
multidisciplinary network of experts, it involves more 
than 1400 clinicians, researchers, and additional profes-
sionals dedicated specifically to epilepsy care for both 
children and adults. One of the main aims of the net-
work is to reduce diagnostic delays, harmonize clinical 
pathways, and promote access to advanced diagnostics 
and surgical evaluation for complex epilepsy cases. The 
ERN EpiCARE collaborates closely with the scientific 
societies in the field of neurology, namely, the European 

findings highlight the need for consensus- driven international guidelines for 

LEAT management.

K E Y W O R D S

clinical practice, epilepsy surgery, European Reference Network EpiCARE, molecular 

diagnostics, multidisciplinary management, WHO 2021 CNS tumor classification
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Academy of Neurology and the European Pediatric 
Neurology Society, in addition to the European chapters 
of the ILAE.

We conducted a comprehensive survey to assess how 
LEAT patients are managed across European reference 
centers to gain valuable insight into current practices, 
identify areas of consensus and divergence, and support 
the development of future guidelines.

1.1 | Methodology

In 2024, a structured, web- based survey was distributed 
to more than 70 institutions, including members 
and supporting partners of the EU network, across 
26 European countries. The questionnaire targeted 
nearly 500 individual physicians working at epilepsy 
centers, including adult and pediatric neurologists, 
neurosurgeons, neuropathologists, neuro- oncologists, 
and neurophysiologists. The aim was to assess current 
clinical practices and individual perspectives on the 
management of patients with LEATs. Respondents were 
invited to share information about both their institution's 
protocols and their own individual approaches to patient 
care.

The survey was developed by the EpiCARE working 
group on neuropathology and the coordination team, 
using the SurveyMonkey platform. The platform was 
open for a period of 6 weeks, during which three remind-
ers were sent. The survey was divided into three sections: 
respondent identification, general clinical practices at the 
level of the institution/medical team, and individual prac-
tices of the solicited clinicians. The study distinguished 
care practices when an LEAT was suspected and when the 
diagnosis was considered as established.

2  |  RESULTS

2.1 | Participation overview

The survey gathered responses from 172 participants 
with expertise in managing complex epilepsy cases, 
representing 75 university- based institutions (nearly 
100% of the centers contacted), in 26 European region 
countries. Distribution of respondents per country is 
illustrated in Figure  1. A detailed list of participants 
and their corresponding institutions can be found in 
Appendix  1. Among them were 68 adult neurologists, 
48 child neurologists, two neurologists (with both 
adult and pediatric practice), 34 neurosurgeons, 10 
neuropathologists, four neurophysiologists, three neuro- 
oncologists, and three neuroradiologists.

In terms of clinical exposure in the year preceding 
the survey (2023), 44% of respondents reported manag-
ing more than 10 LEAT patients, 28% managed between 
five and 10 patients, and 22% cared for between one and 

Key points

• Multidisciplinary care: Seventy- six percent 
of centers routinely discussed LEAT cases in 
multidisciplinary conferences

• Diagnostic evaluation: Although MRI (82.6%) 
and neuropsychology (90%) are routinely 
performed, presurgical evaluations still vary 
across European centers (66.5% had 24- h 
video- EEG monitoring; 34.8% required seizure 
recording).

• Presurgical evaluation: Consensus supports 
early presurgical assessment, yet timing and 
criteria remain inconsistent.

• Histopathology and molecular diagnostics: 
Eighty- nine percent of decisions were influenced 
by histopathology; 87.2% were familiar with 
WHO 2021 CNS tumor classification; 67.1% 
used molecular tissue analysis.

• Follow- up: Eighty- nine percent recommend 
long- term follow- up (>1 year) after epilepsy 
surgery.

F I G U R E  1  Country distribution and number of respondents 

per country.
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five patients over the year. A few respondents from di-
agnostic specialties such as neurophysiology, neurora-
diology, and neuropathology also reported exposure to 
LEAT cases; however, as they do not directly manage pa-
tients, they are not represented in Figure 2, which illus-
trates the number of patients followed by each clinical 
specialty.

2.2 | Diagnostic and referral pathways 
when an LEAT was suspected

Almost half (48%) of respondents reported following a 
formal institutional protocol for evaluating patients with 
seizures and suspected LEATs. However, 45% indicated 
that no such protocol existed in their institution. Among 
those with an established management protocol, refer-
ral pathways varied (Figure 3); 32% referred patients di-
rectly to a neurologist, 13% to a neurosurgeon, and only 
22% to a multidisciplinary team (MDT). Sixteen percent 
of the responders determined referrals based on the ini-
tial point of care (Emergency Department, Neurology 
or Child Neurology Department, Neurosurgery 
Department). No respondents reported transferring pa-
tients to another hospital due to proximity to a reference 
center.

2.3 | Care pathways once the diagnosis of 
LEAT was considered to be established

Once the diagnosis of LEAT has been clinically 
established, different care pathways are followed across 
institutions. Most respondents (66%), independently of 
the number of LEATs managed, reported that patients 
are systematically referred to an early presurgical 
evaluation by an MDT. For 13% of the participants, a 
presurgical evaluation is only undertaken once drug 
resistance has been confirmed (defined as failure 
to respond to at least two ASMs). Only 5% reported 
proceeding directly to surgery without prior epilepsy 
screening. This decision is usually based on factors such 
as LEAT location, seizure characteristics, and patient- 
specific factors, although one center noted that this 
process is being revised to include epilepsy evaluation 
beforehand. Finally, 16% of respondents indicated they 
do not have an established policy in this regard.

2.4 | Expert personal practices

We also collected expert personal opinions regarding 
the multidisciplinary approach and diagnostic 
recommendations for patients with a suspected or 

F I G U R E  2  Number of patients followed by each medical specialty. Distribution of survey respondents is shown according to medical 

specialty and number of low- grade epilepsy- associated brain tumor (LEAT) patients managed in the year preceding the survey (2023). 

The figure focuses on specialties involved in the clinical management and treatment decision- making for patients with LEATs; diagnostic 

disciplines (e.g., neuropathology/pathology and radiology) were not included, as they typically contribute to diagnosis but do not directly 

manage patients with LEATs.
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confirmed LEAT. Respondents (n = 155) were surveyed 
on their preferences for systematic counseling and 
recommended diagnostic evaluations.

2.4.1 | Counseling preferences in patients 
with LEAT- related seizures

Among 155 respondents, the majority supported sys-
tematic evaluation for LEAT patients by an epileptolo-
gist (143, 92.3%) and by a neurosurgeon (129, 83.2%). 
Approximately half (80, 51.6%) favored evaluation by a 
neurologist with dual expertise in epilepsy and oncol-
ogy, whereas only 55 (35.5%) supported routine coun-
seling by a neuro- oncologist without epilepsy expertise. 
Alternatively, 83 respondents (53.5%) explicitly rejected 
the latter option, and 17 (11.0%) reported being unsure. 
Smaller numbers of respondents also expressed uncer-
tainty regarding the role of neurosurgeons (4, 2.6%) and 
epileptologists (1, .6%).

2.4.2 | Recommended diagnostic workup in 
patients with suspected LEATs presenting with 
seizures

Participants were also asked to share their personal 
opinion on whether specific investigations should be 
recommended in the case of suspected LEAT. The 
majority supported the following:

• Structural neuroimaging using the Harmonized 
Neuroimaging of Epilepsy Structural Sequences 
(HARNESS) protocol (128, 82.6%)

• Neuropsychological evaluation prior to surgery (140, 
90.3%)

• Systematic 24- h video- electroencephalographic (EEG) 
monitoring (103, 66.5%)

Only 34.8% considered seizure recording to be manda-
tory before making any treatment decision, the remaining 
suggesting that the indication whether to record seizures 
prior to surgery has to be decided by the epilepsy team 
based on all other available data, including detailed de-
scription of the seizure patterns and frequency, interictal 
EEG data, and neuroimaging (MRI) findings.

Regarding functional neuroimaging, 40% supported its 
use, whereas 22.6% of respondents expressed uncertainty 
regarding its contribution. They emphasized that its ap-
plication should be tailored, by the MDT, to individual 
cases. Reported determinants included the location of 
the lesion (particularly involvement of eloquent cortex or 
language areas), seizure control, age, patient compliance, 
and results of neuropsychological testing. Some respon-
dents noted that fMRI is performed only when deemed 
necessary for surgical planning. Others mentioned that in 
selected cases, they may need to rely on alternatives such 
as stereo- EEG with extended video- EEG and functional 
stimulation, particularly when fMRI is not feasible.

Our results show a strong consensus among experts 
regarding the importance of systematic epileptological 

F I G U R E  3  Decision pathways following seizure presentation in suspected low- grade epilepsy- associated brain tumor (LEAT) cases. 

Referral patterns reported by respondents after seizure presentation in patients with suspected LEATs are shown. Values indicate number of 

respondents, with percentages shown in parentheses.
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and neurosurgical evaluation in LEAT management, as 
well as the role of targeted neuroimaging, video- EEG 
monitoring of background activity, and neuropsycho-
logical testing. Certain diagnostic procedures, such as 
functional imaging or the video- EEG documentation 
of seizures, remain controversial and merit further 
discussion.

2.4.3 | Seizures as a comorbidity

A vast majority (94.2%) considered seizures a significant 
burden in LEAT patients. Similarly, 70.5% acknowledged 
that seizure frequency and duration influenced treatment 
decisions.

When asked about management strategy, 90% recom-
mended referral to a specialized epilepsy surgery team, 
in line with ILAE recommendations.27 Many respon-
dents emphasized the importance of additional factors 
in decision- making, such as the number of ASMs used, 
potential effects of polypharmacy, interictal EEG ab-
normalities, lesion location, and the patient's age. One 
respondent noted uncertainty about long- term seizure 
control and expressed concern about missing a critical 
window for surgery in tumor locations where neuro-
plasticity could be compromised, particularly in cases 
involving the hippocampus or other eloquent regions.

A minority of respondents recommended alternative 
approaches; 4% supported direct surgery without prior ep-
ilepsy screening, and only 5% preferred the establishment 
of pharmacoresistance (failure of at least two ASMs) be-
fore initiating a presurgical evaluation.

Furthermore, 75.6% supported surgical intervention 
even if seizures were well controlled with ASMs, indi-
cating that seizure control alone does not preclude surgi-
cal consideration; 6.4% had no personal opinion on this 
subject.

2.4.4 | Multidisciplinary practices and 
long- term follow- up

A total of 76% of respondents routinely discussed LEAT 
cases in MDTs including clinicians (neurologists or child 
neurologists) with expertise in EEG and epilepsy care, 
neuro- oncologists, and neurosurgeons. The decision to 
discuss the case depended on the location of the LEAT 
for 6% of the participants, whereas 17% reported that 
they did not routinely involve an MDT. Among those 
who did not, several justified alternative workflows 
based on epilepsy presence or tumor characteristics. For 
example, in Finland, standard MDT composition includes 
a neurologist, neuroradiologist, and neurosurgeon. Six 

centers noted that neuro- oncologists were involved only 
on a case- by- case basis.

Among the 157 respondents, the vast majority (89%) 
reported that they follow all LEAT patients beyond 1 year 
after surgical treatment. A small proportion (4%) indicated 
that they only follow patients who continue to experience 
seizures, whereas 6% stated that they do not have clinical 
experience with the follow- up of surgically treated LEAT 
patients.

Regarding follow- up duration (n = 155):

• 55% followed patients >5 years
• 32% for 3–5 years
• 14% for at least 2 years

These findings highlight a strong tendency toward 
long- term follow- up in clinical practice, irrespective of 
seizure outcome.

2.4.5 | Role of histopathology and molecular 
diagnostics

Most respondents (71%) stated that surgical samples 
were analyzed by certified neuropathologists. In contrast, 
28% reported evaluation by histopathologists with a 
neuropathology focus, and 2% by general pathologists.

Importantly, 89% indicated that histopathological find-
ings influenced their clinical decisions, emphasizing the 
diagnostic value in guiding postsurgical care. Awareness 
of the 2021 WHO Classification of Tumors of the Central 
Nervous System was high (87.2%), reflecting the wide-
spread adoption of molecular criteria in reference center 
practices.

Systematic requests for molecular genetic analysis in 
LEAT patients varied significantly. Routine molecular 
testing of brain tissue was reported by 67.1% of respon-
dents. Only 18.1% indicated that they routinely analyzed 
blood samples, whereas 62% reported not doing so and 
20.0% were unsure of which should be the best practice. 
Although we did not enquire for actual numbers of re-
quested genetic tests, these results highlight a clear prefer-
ence and reliance on brain tissue for molecular diagnostics 
in LEATs, suggesting that blood- based analysis is not yet 
standard practice in this clinical context.

When presented with discordant results be-
tween methylation profiling and histological di-
agnosis, responses varied, revealing differences in 
clinical approaches and unsettled confidence in molec-
ular diagnostics.

In cases of discordance between histology and meth-
ylation profiling, 57.1% of respondents either had no ex-
perience or were unsure how to proceed. Among those 
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with an established approach, 26.3% stated they would 
pursue additional sequencing to clarify the diagno-
sis, 9.6% would rely on the histological diagnosis, and 
7.1% would continue with the methylation array- based 
diagnosis.

These varied responses underline the need for clearer 
guidelines for interpreting conflicting molecular data in 
LEATs.

3  |  DISCUSSION

This comprehensive, multinational survey of European 
reference centers provides valuable insights into the 
current management of patients with LEATs in the 
European regions. Although the findings indicate notable 
progress toward harmonization and general alignment 
with international recommendations,27 particularly 
regarding early presurgical evaluation, significant 
inconsistencies persist, especially in referral pathways, 
presurgical assessment, and the application of molecular 
diagnostics.

We discuss these observations in the context of the 
existing literature and explore their implications for care 
pathways, multidisciplinary practice, and advancements 
in LEAT diagnosis and management.

3.1 | Heterogeneity in institutional 
protocols and care pathways

Our results underscore the considerable variability 
in institutional protocols for evaluating patients with 
seizures and suspected LEATs. Only half of the surveyed 
respondents reported the existence of a formal institutional 
approach, underscoring an ongoing need for harmonized 
guidelines. This variation may reflect both local resource 
availability and differences in clinical culture. The high 
degree of direct referral to neurology or neurosurgery, 
rather than systematic multidisciplinary case review, 
may limit early integration of comprehensive epilepsy 
assessment and potentially delay optimal presurgical 
planning. Such discrepancies align with previous reports28 
emphasizing barriers to timely surgical evaluation in 
epilepsy care.

Interestingly, only 22% of institutions referred patients 
to an MDT at the initial diagnostic stage. Although mul-
tidisciplinary care is recognized as best practice in both 
neuro- oncology and epilepsy surgery, implementation 
in daily practice appears suboptimal. This gap calls for 
broader dissemination and enforcement of MDT- based 
approaches, as advocated by the ILAE and ERN EpiCARE 
missions.

3.2 | Presurgical evaluation and 
decision- making

The data demonstrate strong expert consensus on the 
critical role of thorough systematic epileptological 
evaluation, including assessment by epileptologists, 
neurosurgeons, and neuro- oncologists with epilepsy 
expertise, in LEAT management. More than 90% of 
respondents supported systematic involvement of an 
epileptologist, and neuropsychological evaluation 
prior to surgery was strongly endorsed. These findings 
are consistent with prior studies indicating that early, 
comprehensive presurgical evaluation enables precise 
anatomoelectroclinical correlation and facilitates optimal 
surgical planning.

However, disagreements persist regarding the neces-
sity and timing of video- EEG seizure recording and func-
tional imaging. Although two thirds favored systematic 
24- h video- EEG monitoring, only one third deemed sei-
zure recording as mandatory for all cases. The preference 
for individualized multidisciplinary decision- making over 
universal protocols reflects the nuanced clinical judgment 
required in real- world practice, particularly for lesions 
located in eloquent cortex or those with atypical clinical 
features.

Of note, some responders were in favor of surgical 
intervention even when seizures were controlled under 
ASM, reflecting recognition that tumor- related epilepsy 
often remains drug- resistant in the long term and that 
early surgical treatment can improve both seizure and 
oncological outcomes. The minority positions favoring di-
rect surgery or requiring established pharmacoresistance 
highlight ongoing debates about surgical timing, espe-
cially in the absence of standardized guidelines.

3.3 | Multidisciplinary practice

Another key finding is the widespread (but not universal) 
adoption of regular MDT discussion for LEAT surgery 
candidates, with 76% reporting routine case review. Yet the 
composition of these teams differs across centers. Whereas 
the involvement of epileptologists and neurosurgeons is 
practically uniform, the role of neuro- oncologists only 
occurs on a case- by- case basis, which may impact the 
consistency of care decisions. Nonetheless, a significant 
minority either limit MDT discussion by tumor or patient 
factors or do not engage in such practices at all. Integration 
of MDTs is associated with improved diagnostic accuracy, 
safety, and functional outcomes, particularly in complex 
or borderline cases. The observed variability suggests 
opportunities for targeted interventions and continuing 
medical education to bridge these gaps.

 1
5
2
8
1
1
6
7
, 0

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/ep

i.7
0
2
7
7
 b

y
 A

lex
is A

rzim
an

o
g
lo

u
 - S

p
an

ish
 C

o
ch

ran
e N

atio
n
al P

ro
v
isio

n
 (M

in
isterio

 d
e S

an
id

ad
) , W

iley
 O

n
lin

e L
ib

rary
 o

n
 [0

4
/0

5
/2

0
2
6
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se



8 |   ARZIMANOGLOU et al.

3.4 | Diagnostic process

The diagnostic approach was relatively homogeneous, 
with strong agreement on the use of high- resolution 
MRI following the HARNESS protocol (82.6%)29 and 
preoperative neuropsychological testing (90.3%).30 
Systematic video- EEG was also frequently used (66.5%), 
although only 34% considered seizure recording to be a 
mandatory step prior to surgical planning.

3.5 | Clinical perspectives on surgery

Clinicians largely agreed that seizures are a major comor-
bidity in LEAT patients, and most reported that seizure fre-
quency and duration influence their treatment approach. 
This reflects an understanding of LEATs not only as an 
oncological entity, but above all, as an epileptogenic lesion 
with a strong impact on quality of life, systematically re-
quiring a multidisciplinary approach.31–34

Importantly, most respondents would consider surgery 
even in cases where seizures are well controlled by med-
ication and would refer the patients to epilepsy surgery 
teams for evaluation. This suggests that many clinicians 
are conscious of the potential long- term benefits of surgi-
cal intervention and the risks of having seizures persist if 
only a neuro- oncological approach is chosen.

3.6 | Postoperative follow- up

Long- term follow- up was largely adopted, with 89% of 
clinicians continuing to monitor patients beyond 1 year 
after surgery. More than half reported follow- up periods 
exceeding 5 years, indicating a strong commitment to 
sustainable care and global support. However, a minority 
of clinicians restricted follow- up to patients with persistent 
seizures or were unsure or had limited experience, 
indicating possible disparities in care continuity.

3.7 | Evolving role of histopathology and 
molecular diagnostics

The adoption of advanced neuropathological and molecular 
testing marks a major advance in LEAT diagnosis and 
classification. Our findings also highlight that almost all 
clinicians (89%) acknowledged that the histopathology 
diagnosis influenced clinical decision- making for 
follow- up, 87.2% were familiar with the WHO 2021 
CNS tumor classification, and molecular diagnostics,35 
particularly methylation profiling and sequencing, are 
common for brain tissue samples.8,16,17,20,36–47 However, 

testing of blood samples remained limited (18.1%), and 
most respondents (62%) reported not using it routinely 
possibly due to logistical constraints, cost, or uncertainty 
about its clinical relevance.

The study also reveals a lack of consensus on how to 
handle discordant results between histology and methyla-
tion profiling. More than half of respondents were either 
unfamiliar with or unsure how to interpret such discrep-
ancies. Among those with a defined approach, opinions 
were divided between further molecular testing, histology, 
or methylation profiling.

These results endorse calls for clearer, consensus- 
driven algorithms for the interpretation of combined 
histopathological and molecular diagnostic data, as well 
as the need for education and resource sharing across 
European centers.

3.8 | Limitations

This study has several limitations. First, responses 
may reflect reporting bias or idealized descriptions 
of institutional protocols rather than actual practice. 
Furthermore, the geographic and institutional 
representativeness of our participating centers, 
although extensive, remains unbalanced, with potential 
overrepresentation of high- volume or research- active 
centers.48 However, we are not aware of other surveys on 
LEAT practices performed at nonepilepsy centers, which 
would allow us to compare the results.

Another significant limitation is that the group of none-
pilepsy centers engaged in the primary treatment of LEAT 
patients is underrepresented in the EpiCARE consortium 
and surgery thereof and not captured well. However, pa-
tients with LEATs are currently addressed only within 
broader clinical guidelines for low- grade gliomas (e.g., 
childhood astrocytomas, other gliomas, and glioneuronal/
neuronal tumors treatment Physician Data Query [PDQ], 
www. cancer. gov; or S2k- leitlinie glioma, www. awmf. org, 
American Society of Clinical Oncology-Society for Neuro-
Oncology (ASCO-SNP) Guideline for Diffuse Astrocytic and 
Oligodendroglial Tumors in Adults, International Society of 
Pediatric Oncology  (SIOP) 2024),49 which warrants further 
discussion toward a comprehensive and multidisciplinary 
clinical management for all individuals with LEATs.

4  |  CONCLUSIONS

This large European survey, performed within the 
research orientations of ERN EpiCARE,50 provides a 
detailed overview of current practices in the management 
of LEATs. The individual response rate (35%) from a 
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well- defined target population falls within a realistic and 
methodologically credible range.51

Although there is broad recognition of LEAT as a pri-
marily epileptogenic lesion requiring multidisciplinary 
care, major heterogeneity persists in referral pathways, 
presurgical evaluation practices, and the use of molecular 
diagnostics.

Most clinicians support early referral to epilepsy teams 
for a multidisciplinary and comprehensive presurgical 
evaluation without waiting for confirmation of drug re-
sistance to at least two ASMs and long- term postoperative 
follow- up. A majority of the respondents would consider 
surgery even in cases where seizures are well controlled 
by medication, following evaluation by a specialized ep-
ilepsy team.

Histopathology remains central for clinical decision- 
making. The adoption of the WHO 2021 CNS tumor classi-
fication is widespread, but the interpretation of discordant 
molecular and histological findings remains inconsistent. 
These results highlight both areas of emerging consensus 
and persistent gaps, underscoring the urgent need for har-
monized international guidelines and collaborative efforts 
to ensure equitable, evidence- based management of LEAT 
patients across Europe and the world.

Taken together, the results suggest that seizures func-
tion as modifiers rather than gatekeepers for surgery. 
Although seizure burden strongly influences clinical ur-
gency and management strategies, seizure control alone 
does not preclude surgical consideration when lesion- 
related or long- term epilepsy risks are present. In this con-
text, the coexistence of seizure- driven and lesion- driven 
decision frameworks identified by the survey should not 
be viewed as a flaw, but rather as a core and informative 
finding of the study.
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APPENDIX 1

NAMES AND RESPECTIVE INSTITUTIONS OF THOSE WHO CONTRIBUTED TO THE SURVEY

Full name Country (city)—institution

Christoph Griessenauer Austria (Salzburg)—Christian Doppler University Hospital, Paracelsus Medical University

Eugen Trinka Austria (Salzburg)—Christian Doppler University Hospital, Paracelsus Medical University

Martha Feuchta Austria (Vienna)—Vienna Medical University, Center for Pediatric Epilepsy/Department of Pediatrics

Christian Dorfer Austria (Vienna)—Vienna Medical University, Center for Pediatric Epilepsy/Department of Pediatrics

Chantal Depondt Belgium (Brussels)—Hôpital Erasme (BRACE Consortium)

Tom Balfroid Belgium (Brussels)—Hôpital Erasme (BRACE Consortium)

Alec Aeby Belgium (Brussels)—Hôpital Universitaire des enfants Reine Fabiol (BRACE Consortium)

Tom Theys Belgium (Leuven)—University Hospital Gasthuisberg KU- Leuven

Vincent Joris Belgium (Brussels)—Cliniques Universitaires Saint- Luc ASBL (BRACE Consortium)

Lieven Lagae Belgium (Leuven)—University Hospital Gasthuisberg KU- Leuven

Katrien Jansen Belgium (Leuven)—University Hospital Gasthuisberg KU- Leuven

Petia Dimova Bulgaria (Sofia)—St. Ivan Rilski University Hospital

Maša Malenica Croatia (Zagreb)—University Hospital Center Sestre Milosrdnice–Klinički bolnički centar Sestre 

milosrdnice

Petra Nimac Kozina Croatia (Zagreb)—University Hospital Center Zagreb, School of Medicine, Neurology Department

Andreas Koupparis Cyprus (Nicosia)—Cyprus Institute of Neurology and Genetics, CFMDR (CING)

Ivan Rektor Czech Republic (Brno)—St. Anne's University Hospital Brno, Brno Epilepsy Center

Ondřej Strýček Czech Republic (Brno)—St. Anne's University Hospital Brno, Brno Epilepsy Center

Milan Brazdil Czech Republic (Brno)—St. Anne's University Hospital Brno, Brno Epilepsy Center

Irena Dolezalova Czech Republic (Brno)—St. Anne's University Hospital Brno, Brno Epilepsy Center

Petr Marusic Czech Republic (Prague)—Motol University Hospital (FNM)

Jakob Christensen Denmark (Aarhus)—Aarhus Universitets Hospital

Lars Pinborg Denmark (Copenhagen)—Rigshospitalet- Blegdamsvej and Danish Epilepsy Center Filadelfia, 

Epilepsiklinikken

Alfred Peter Born Denmark (Copenhagen)—Rigshospitalet- Blegdamsvej and Danish Epilepsy Center Filadelfia, 

Epilepsiklinikken

György Rásonyi Denmark (Copenhagen)—Rigshospitalet- Blegdamsvej and Danish Epilepsy Center Filadelfia, 

Epilepsiklinikken

Per Jensen Denmark (Copenhagen)—Rigshospitalet- Blegdamsvej and Danish Epilepsy Center Filadelfia, 

Epilepsiklinikken

Guido Rubboli Denmark (Copenhagen)—Rigshospitalet- Blegdamsvej and Danish Epilepsy Center Filadelfia, 

Epilepsiklinikken

Reina Roivainen Finland (Helsinki)—Hospital District of Helsinki and Uusimaa, HUS Helsinki University Hospital 

(Oulu ERNEpi Consortium)

Atte Karppinen Finland (Helsinki)—Hospital District of Helsinki and Uusimaa, HUS Helsinki University Hospital 

(Oulu ERNEpi Consortium)

Liisa Metsähonkala Finland (Helsinki)—Hospital District of Helsinki and Uusimaa, HUS Helsinki University Hospital 

(Oulu ERNEpi Consortium)

Leena Jutila Finland (Kuopio)—Kuopio University Hospital, Pohjois- Savon Sairaanhoitpiiri (KUH)

Tuomas Rauramaa Finland (Kuopio)—Kuopio University Hospital, Pohjois- Savon Sairaanhoitpiiri (KUH)

Johanna Annunen Finland (Oulu)—Oulu Universtiy Hospital OYS (Oulu ERNEpi Consortium)

Michaela Bode Finland (Oulu)—Oulu Universtiy Hospital OYS (Oulu ERNEpi Consortium)

Lorella Minotti France (Grenoble)—CHU Grenoble, Department of Epileptology and Epilepsy Surgery

Philippe Kahane France (Grenoble)—CHU Grenoble, Department of Epileptology and Epilepsy Surgery

Laurent Vercueil France (Grenoble)—CHU Grenoble, Department of Epileptology and Epilepsy Surgery

Maxime Chochoi France (Lille)—CHU Lille–Center Hospitalier Universitaire de Lille, Epilepsy Unit

Philippe Derambure France (Lille)—CHU Lille–Center Hospitalier Universitaire de Lille, Epilepsy Unit
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Marc Guenot France (Lyon)—Hospices Civils de Lyon (HCL), Epilepsy Departments

Pierre- Aurélien Beuriat France (Lyon)—Hospices Civils de Lyon (HCL), Pediatric Neurosurgical Department

Francesca Bonini France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Julia Makhalova France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Francesca Pizzo France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Anne Lépine France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Nathalie Villeneuve France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Agnès Trebuchon France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Stanislas Lagarde France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Fabrice Bartolomei France (Marseille)—Marseille University Hospitals, AP- HM, Epilepsy Department

Louise Tyvaert France (Nancy)—CHRU Nancy–Regional University Maternity Hospital of Nancy (EGEE Consortium 

Strasbourg- Nancy)

Georg Dorfmuller France (Paris)—Adolphe de Rothschild Foundation Hospital (éPiRaReS Consortium)

Mathilde Chipaux- Raffo France (Paris)—Adolphe de Rothschild Foundation Hospital (éPiRaReS Consortium)

Sarah Ferrand- Sorbets France (Paris)—Adolphe de Rothschild Foundation Hospital (éPiRaReS Consortium)

Rima Nabbout France (Paris)—Hospital Necker- Enfants Malades

Franck Bielle France (Paris)—Pitié- Salpêtrière University Hospital, AP- HP (éPiRaReS Consortium)

Bertrand Mathon France (Paris)—Pitié- Salpêtrière University Hospital, AP- HP (éPiRaReS Consortium)

Vincent Navarro France (Paris)—Pitié- Salpêtrière University Hospital, AP- HP (éPiRaReS Consortium)

Khe Hoang- Xuan France (Paris)—Pitié- Salpêtrière University Hospital, AP- HP (éPiRaReS Consortium)

Sophie Dupont France (Paris)—Pitié- Salpêtrière University Hospital, AP- HP (éPiRaReS Consortium)

Blandine Dozières France (Paris)—Robert- Debré University Hospital, AP- HP (éPiRaReS Consortium)

Irène Ollivier France (Strasbourg)—Strasbourg University Hospital (EGEE Consortium Strasbourg- Nancy)

Anne de Saint- Martin France (Strasbourg)—Strasbourg University Hospital (EGEE Consortium Strasbourg- Nancy)

Stéphan Chabardès France (Grenoble)—CHU Grenoble, Department of Epileptology and Epilepsy Surgery

Matthias Simon Germany (Bielfeld)—EvKB, University of Bielefeld; Medical Center OWL, Department of Neurosurgery

Tobias Baumgartner Germany (Bonn)—Bonn University Hospital

Hajo Hamer Germany (Erlangen)—Erlangen Universitätsklinikum

Burkhard Kasper Germany (Erlangen)—Erlangen Universitätsklinikum

Ingmar Blümcke Germany (Erlangen)—Erlangen Universitätsklinikum

Marcel Heers Germany (Freiburg)—Freiburg University Hospital, Epilepsy Center

Victoria San Antonio Arce Germany (Freiburg)—Freiburg University Hospital, Epilepsy Center

Andreas Schulze- Bonhage Germany (Freiburg)—Freiburg University Hospital, Epilepsy Center

Josua Kegele Germany (Tübingen)—Tübingen Universitätsklinikum, Epilepsy Department

Argirios Dinopoulos Greece (Athens)—Attikon University Hospital (Greek Rare Epilepsies Consortium)

Kyriakos Garganis Greece (Salonica)—St. Luke's Hospital, Panorama (Greek Rare Epilepsies Consortium)

Anna Kelemen Hungary (Budapest)—National Institute of Clinical Neurosciences–Országos Klinikai Idegtudományi 

Intézet

Kieron Sweeney Ireland (Dublin)—Beaumont Hospital

Norman Delanty Ireland (Dublin)—Beaumont Hospital

Donncha O’Brien Ireland (Dublin)—Beaumont Hospital

David Lewis- Smith Ireland (Dublin)—Beaumont Hospital

Matteo Martinoni Italy (Bologna)—IRCCS Institute of Neurological Sciences of Bologna–AUSL

Elena Pasini Italy (Bologna)—IRCCS Institute of Neurological Sciences of Bologna–AUSL

Lorenzo Ferri Italy (Bologna)—IRCCS Institute of Neurological Sciences of Bologna–AUSL

Flavio Giordano Italy (Florence)—Azienda Ospedaliera Universitaria Meyer IRCCS, UO Neurologia Pediatrica

Carmen Barba Italy (Florence)—Azienda Ospedaliera Universitaria Meyer IRCCS, UO Neurologia Pediatrica

Elisabetta Amadori Italy (Genoa)—IRCCS Instituto Giannina Gaslini

Giulia Nobile Italy (Genoa)—IRCCS Instituto Giannina Gaslini

APPENDIX 1  (Continued)
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Laura Tassi Italy (Milan)—ASST Niguarda Hospital (Milano Consortium)

Valentina Chiesa Italy (Milan)—ASST Santi Paolo e Carlo Hospital (Milano Consortium)

Emilia Ricci Italy (Milan)—ASST Santi Paolo e Carlo Hospital (Milano Consortium)

Antonio Silvani Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Michele Rizzi Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Marica Eoli Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Elena Anghileri Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Gianluca Marucci Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Roberta Di Giacomo Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Andrea Botturi Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Francesco Deleo Italy (Milan)—IRCCS Istituto Neurologico Carlo Besta (Milano Consortium)

Elena Tartara Italy (Pavia)—Fondazione Istituto Neurologico Nazionale Casimiro Mondino

Valentina De Giorgis Italy (Pavia)—Fondazione Istituto Neurologico Nazionale Casimiro Mondino

Licia Salimbene Italy (Rome)—Ospedale Pediatrico Bambino Gesù

Concetta Luisi Italy (Rome)—Ospedale Pediatrico Bambino Gesù

Chiara Pepi Italy (Rome)—Ospedale Pediatrico Bambino Gesù

Nicola Specchio Italy (Rome)—Ospedale Pediatrico Bambino Gesù

Luca De Palma Italy (Rome)—Ospedale Pediatrico Bambino Gesù

Jacopo Proietti Italy (Verona)—AOUI di Verona, Unità Operativa Complessa di Neuropsichiatria Infantile

Francesca Darra Italy (Verona)—AOUI di Verona, Unità Operativa Complessa di Neuropsichiatria Infantile

Gaetano Cantalupo Italy (Verona)—AOUI di Verona, Unità Operativa Complessa di Neuropsichiatria Infantile

Alberto Cossu Italy (Verona)—AOUI di Verona, Unità Operativa Complessa di Neuropsichiatria Infantile

Basels Jakubs Vahbe Latvia (Riga)—University Children's Clinical Hospital–Bērnu Klīniskā Universitātes Slimnīca

Giedre Gelziniene Lithuania (Kaunas)—Hospital of the Lithuanian University of Health Sciences Kaunoklinikos

Ruta Mameniskiene Lithuania (Vilnius)—Vilnius University, Institute of Clinical Medicine, Department of Neurology

Saulius Rocka Lithuania (Vilnius)—Vilnius University, Institute of Clinical Medicine, Department of Neurology

Jesús Cienfuegos- Meza Mexico (Mexico City)—National Institute of Neurology and Neurosurgery

Fridny Heimisdottir Norway (Oslo)—Oslo Universitetssykehus, Norwegian National Unit for Epilepsy

Wieslawa Grajkowska Poland (Warsaw)—Children's Memorial Health Institute

Katarzyna Kotulska- Jóźwiak Poland (Warsaw)—Children's Memorial Health Institute

Pedro Monteiro Portugal (Coimbra)—Centro Hospitalar e Universitario de Coimbra

Joana Jesus Ribeiro Portugal (Coimbra)—Centro Hospitalar e Universitario de Coimbra

João Martins Gama Portugal (Coimbra)—Centro Hospitalar e Universitario de Coimbra

Pedro Coelho Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Carla Bentes Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Sara Parreira Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Miguel Carvalho Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Ana Franco Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Alexandre Campos Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Sofia Quintas Portugal (Lisbon)—Hospital de Santa Maria, Centro de Referencia de Epilepsias Refractrias

Manuel Rito Portugal (Porto)—São João University Hospital

Rui Pinho Portugal (Porto)—Centro Hospitalar do Porto

Oana Tarta Arsene Romania (Bucharest)—Alexandru Obregia Clinical Hospital

Dana Craiu Romania (Bucharest)—Alexandru Obregia Clinical Hospital

Ivan Bogdanovic Serbia (Belgrade)—University Clinical Center of Serbia

Savo Raičević Serbia (Belgrade)—University Clinical Center of Serbia

Tomaž Velnar Slovenia (Ljubljana)—Ljubljana University Medical Center

Mirjana Perković Benedik Slovenia (Ljubljana)—Ljubljana University Medical Center

APPENDIX 1  (Continued)
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Nataša Šuštar Slovenia (Ljubljana)—Ljubljana University Medical Center

Maria del Mar Carreño 

Martinez

Spain (Barcelona)—Hospital Clinic (HSJD- HC Consortium)

Jordi Rumià Arboix Spain (Barcelona)—Hospital Clinic (HSJD- HC Consortium)

Pedro Roldan Spain (Barcelona)—Hospital Clinic (HSJD- HC Consortium)

Rodrigo Rocamora Spain (Barcelona)—Hospital Del Mar- Parc de Salut Mar

Alexis Arzimanoglou Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Jana Domínguez- Carral Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Santiago Candela Cantó Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Javier Aparicio Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Monica Rebollo Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Alia Ramírez Camacho Spain (Barcelona)—Sant Joan de Deu Children's Hospital (HSJD- HC Consortium)

Jose M. Serratosa Spain (Madrid)—Hospital Universitario Fundación Jiménez Díaz

Antonio Gil- Nagel Spain (Madrid)—Hospital Ruber Internacional and Fundación INCE

María- Ángeles 

Pérez- Jiménez

Spain (Madrid)—University Pediatric Hospital Niño Jesús

Vicente Villanueva Haba Spain (Valencia)—Hospital Universitario y Politecnico La Fe

Björn Bjurulf Sweden (Gothenburg)—Sahlgrenska University Hospital

Martin Bonnier Sweden (Gothenburg)—Sahlgrenska University Hospital

Josefin Nilsson Sweden (Gothenburg)—Sahlgrenska University Hospital

Johan Bjellvi Sweden (Gothenburg)—Sahlgrenska University Hospital

Anna Edelvik Tranberg Sweden (Gothenburg)—Sahlgrenska University Hospital

Thomas Olsson Bontell Sweden (Gothenburg)—Sahlgrenska University Hospital

Bertil Rydenhag Sweden (Gothenburg)—Sahlgrenska University Hospital

Daniel Nilsson Sweden (Gothenburg)—Sahlgrenska University Hospital

Philippe Ryvlin Switzerland (Lausanne)—Center Hospitalier Universitaire Vaudois

Georgia Ramantani Switzerland (Zurich)—University Children's Hospital Zurich

Kees Braun The Netherlands (Utrecht)—University Medical Center Utrecht (Brain Center Rudolf Magnus)

Angelika Mühlebner The Netherlands (Utrecht)—University Medical Center Utrecht (Brain Center Rudolf Magnus)
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