'.) Check for updates

Received: 14 March 2021 Revised: 13 August 2021 Accepted: 19 August 2021

DOI: 10.1111/epi.17057

Epilepsia

FULL-LENGTH ORIGINAL RESEARCH

Exploring the prevalence and profile of epilepsy across
Europe using a standard retrospective chart review:
Challenges and opportunities

Christine Linehan'©® | Ailbhe Benson' | Alex Gunko' | Jakob Christensen’® |

2,34

Yuelian Sun | Torbjorn Tomson®® | Anthony Marson® | Lars Forsgren’ |

Eugen Trinka®*'®'® | Catrinel Iliescu'**'* | Julie Althoehn Sonderup® |

Julie Werenberg Dreier*©® | Carmen Sandu'’> | Madalina Leanca'® | Lucas Rainer® |
Teia Kobulashvili®® | Claudia A. Granbichler®>'® | Norman Delanty'”*® |

Colin Doherty®® | Anthony Staines® | Amre Shahwan?* | ESBACE Consortium and
Collaborators

"UCD Centre for Disability Studies, University College Dublin, Dublin, Ireland
“Department of Neurology, Aarhus University Hospital, Aarhus, Denmark
*Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark

“National Center for Register-Based Research, Department of Economics and Business Economics, Business, and Social Science, Aarhus University,
Aarhus, Denmark

SDepartment of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden

“Institute of Translational Medicine, University of Liverpool, Liverpool, UK

7DepaLrtment of Clinical Science, Neurosciences, Umea University, Umea, Sweden

8Department of Neurology, Christian Doppler Clinic, Paracelsus Medical University and Center for Cognitive Neuroscience, Salzburg, Austria
EpiCARE European Reference Network, Salzburg, Austria

Neuroscience Institute, Christian Doppler University Hospital, Paracelsus Medical University, Salzburg, Austria

“Department of Public Health, Health Services Research, and Health Technology Assessment, University for Health Sciences, Medical Informatics,
and Technology, Hall in Tirol, Austria

12Clinical Neurosciences Department, Carol Davila University of Medicine and Pharmacy, Bucharest, Romania

Bpediatric Neurology Department, Expertise Center for Rare Diseases in Pediatric Neurology, Prof Dr Alexandru Obregia Clinical Hospital,
Bucharest, Romania

“EpiCARE European Reference Network, Bucharest, Romania

>Department of Neurology, Chaim Sheba Medical Center, Ramat Gan, Israel

18Sacker Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel

1"Beaumont Hospital, Dublin, Ireland

8School of Pharmacy and Biomolecular Sciences, Royal College of Surgeons in Ireland, Ireland

PFutureNeuro Research Centre for Rare and Chronic Diseases, Royal College of Surgeons in Ireland, Dublin, Ireland

20Academic Unit of Neurology, Trinity College Dublin, Dublin, Ireland

ESBACE consortium members and collaborators are listed in Appendix 1.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2021 The Authors. Epilepsia published by Wiley Periodicals LLC on behalf of International League Against Epilepsy

Epilepsia. 2021;62:2651-2666. wileyonlinelibrary.com/journal/epi 2651


www.wileyonlinelibrary.com/journal/epi
mailto:﻿
https://orcid.org/0000-0002-9083-3457
https://orcid.org/0000-0002-9385-6435
https://orcid.org/0000-0003-0554-5352
https://orcid.org/0000-0002-5950-2692
https://orcid.org/0000-0002-9339-4170
https://orcid.org/0000-0001-9213-1355
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fepi.17057&domain=pdf&date_stamp=2021-09-02

LINEHAN ET AL.

2652 L] L]
* | Epilepsia
ZISchool of Nursing, Psychotherapy,

and Community Health, Dublin City
University, Dublin, Ireland

ZTemple Street Children's University
Hospital, Dublin, Ireland

Correspondence

Christine Linehan, UCD Centre for
Disability Studies, F208 Newman
Building, University College Dublin,
Belfield, Dublin 4, Ireland.

Email: christine.linehan@ucd.ie

Funding information

This project received funding from the
European Union's SANTE C-Public
Health Directorate General for Health
and Food Safety under grant agreement
2014//199564.

Summary

Objective: This study aimed to determine the prevalence of epilepsy in four
European countries (Austria, Denmark, Ireland, and Romania) employing a
standard methodology. The study was conducted under the auspices of ESBACE
(European Study on the Burden and Care of Epilepsy).

Methods: All hospitals and general practitioners serving a region of at least 50 000
persons in each country were asked to identify patients living in the region who had
a diagnosis of epilepsy or experienced a single unprovoked seizure. Medical records
were accessed, where available, to complete a standardized case report form. Data
were sought on seizure frequency, seizure type, investigations, etiology, comorbidi-
ties, and use of antiseizure medication. Cases were validated in each country, and
the degree of certainty was graded as definite, probable, or suspect cases.

Results: From a total population of 237 757 in the four countries, 1988 (.8%) pa-
tients were identified as potential cases of epilepsy. Due to legal and ethical issues
in the individual countries, medical records were available for only 1208 patients,
and among these, 113 had insufficient clinical information. The remaining 1095
cases were classified as either definite (n = 706, 64.5%), probable (n = 191, 17.4%),
suspect (n = 153, 14.0%), or not epilepsy (n = 45, 4.1%).

Significance: Although a precise prevalence estimate could not be generated from
these data, the study found a high validity of epilepsy classification among evalu-
ated cases (95.9%). More generally, this study highlights the significant challenges
facing epidemiological research methodologies that are reliant on patient consent
and retrospective chart review, largely due to the introduction of data protection
legislation during the study period. Documentation of the epilepsy diagnosis was, in
some cases, relatively low, indicating a need for improved guidelines for assessment,
follow-up, and documentation. This study highlights the need to address the con-
cerns and requirements of recruitment sites to engage in epidemiological research.

KEYWORDS

burden of disease, data protection, epidemiology, GDPR, general data protection regulation,
medical records

1 | INTRODUCTION

In the past decade, global health policy has recognized ep-
ilepsy as a leading cause of disability. With approximately
50 million persons worldwide estimated to have epilepsy,’
the Seventy-Third World Health Assembly of the World
Health Organization (WHO) recently identified epilepsy
as one of the most common neurological disorders, with
a high level of global disability and mortality burden.’
Within Europe, the European Union (EU) Declaration
on Epilepsy called on the EU Commission and Council to
prioritize epilepsy as a major disease that imposes a sig-
nificant burden across Europe.® The EU Declaration on
Epilepsy estimates that 6 million people have epilepsy in
Europe.’ This estimate is taken from the Atlas of Epilepsy,
which applied a prevalence estimate of 8.23 per 1000

Key Points

« This epidemiological study of epilepsy, in four
European countries with a total population of
237 757 persons, identified 1988 (.8%) potential
epilepsy cases

« Medical records were reviewed and validated in
1095 cases, including 1050 (95.9%) classified as
suspected, probable, or definite epilepsy

« Large variability in the degree of certainty of the
epilepsy diagnosis indicates a need for stand-
ardized criteria for documenting diagnosis

« Challenges accessing medical records due to data
protection and resource issues highlight a need for
standardized approaches to European-wide research
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persons with "current” epilepsy across 53 countries com-
prising the European Region of the WHO.* The 6 million
figure remains widely cited despite being based on infor-
mation from key informants in each participating coun-
try, not robust epidemiological methodologies.”®

A markedly lower prevalence estimate in Europe
(defined as comprising the EU, Iceland, Norway, and
Switzerland) of 5.78 per 1000 persons was determined by
the European Brain Council’ from a systematic review
that revealed highly varying within- and between-country
estimates.®® This variation was also observed in a Global
Burden of Disease Study reporting a prevalence of 6.22
per 1000 persons,'® and in a global systematic review cit-
ing the prevalence of active epilepsy at 6.38 per 1000 per-
sons,!! with one study determining a prevalence of active
epilepsy of 104.97 per 1000 persons. '

Despite this variation, it has been argued that there is
"little justification for further cross-sectional studies of
prevalence."" This argument is challenged by studies indi-
cating an increase in prevalence among older individuals,
who comprise a rapidly growing population.'* Similarly,
the introduction of International League Against Epilepsy
(ILAE)'s new clinical definition of epilepsy"” will, by defini-
tion, increase prevalence estimates, as case ascertainment
is now expanded to include cases with one unprovoked
seizure with a predicted recurrence rate of >60%. Finally,
recently identified sources of heterogeneity, such as the
developmental level of countries, sample size of study
population, and age of participants, have yet to be applied
within pan-European epidemiological research.’

This paper reports on findings from the European Study
on the Burden and Care of Epilepsy (ESBACE), which
aimed to explore the burden of epilepsy across Europe.
Funded by the European Commission, the primary objec-
tive of ESBACE was to develop and apply a common case
ascertainment methodology to determine the prevalence
of epilepsy using the new ILAE definition and terminol-
ogy. A secondary objective of ESBACE was to assess the
quality of life and cost for persons with epilepsy identified
in the study using matched controls in a 12-month pro-
spective case—control study. This paper reports solely on
efforts to address the first objective, although the method-
ologies outlined below were developed to simultaneously
address both objectives.

2 | MATERIALS AND METHODS

2.1 | Study design

A retrospective chart review of patients with epilepsy and
unprovoked single seizures was conducted in four European
countries to enumerate and profile this population. In a
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subset of patients, information from patient interviews sup-
plemented information from the chart review.

2.2 | Settings

Four European countries, each of which was classified
as having either an upper-middle- or high-income econ-
omy by the World Bank’16 were selected for participation
in ESBACE and represented northern (Denmark), cen-
tral (Austria), eastern (Romania), and western (Ireland)
Europe.

2.3 | Studysize

Within each country, research teams identified eligible
cases in a region of at least 50 000 inhabitants. Regions
were considered by teams as representative of the coun-
try. Across the four regions, the study population to-
taled 237 757 persons, specifically: Austria, n = 59 543;
Denmark, n = 62 342; Ireland, n = 61 845; and Romania,
n =54 027.

2.4 | Participating cases

A harmonized case ascertainment approach required re-
search teams to recruit all general practitioners (GPs) and
all pediatric and adult hospitals with neurology units serv-
ing the four regions. Ethical approval was obtained by each
research team and by each local site as required. Each site
was invited to identify all patients who were (1) living in
the study region and either (2) had a current or previous
diagnosis of epilepsy or (3) had experienced a single unpro-
voked seizure. To encourage participation, GPs received in-
formation on electronic and paper-based search strategies,
including International Classification of Diseases (ICD)
codes (G40.1-G40.9, G41.0-G41.9, F80.3, and R56.8) and
listings of antiseizure medications, and where local poli-
cies permitted, a discretionary nominal payment. Although
GPs were asked to identify all eligible patients on their cur-
rent patient list, for practical purposes a timeframe was
provided for participating hospitals limiting their search
to patients who presented in the previous 10 years (i.e.,
between January 1, 2006 and December 31, 2016).

2.5 | Participating case
ascertainment sites

In total, 16 hospitals and 142 GPs were identified as pro-
viding services to the catchment areas of the four study
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regions. All identified sites received a letter from the lead
partner in each country inviting them to participate, with
follow-up phone calls, outlining the study and request-
ing information on whether ethical approval was neces-
sary beyond that already obtained by each research team.
The interpretation of data protection regulations by some
ethical committees and institutions, notably in Denmark
and Ireland, was that research teams were prohibited
from directly accessing patients' medical records without
their prior informed consent. A consequence of this in-
terpretation was that informed consent had to be consid-
ered within all four countries in light of the study aim of
employing a standardized methodology across all partici-
pating countries. Case ascertainment sites were therefore
requested to issue written invitations to all eligible pa-
tients to consent to their participation in the full ESBACE
study, which involved granting access to their medical
records and enrollment in a prospective 12-month qual-
ity of life and costs online survey. These invitations were
prepared by the research team and signed by the issuing
individual GPs and hospital staff. In cases where eligible
patients did not respond to the written invitation, and
where local governance codes permitted, research teams
requested individual sites to provide nonconsented access
to medical records in formats adhering to local govern-
ance structures. It is important to note that data collection
was ongoing during the introduction of the Europe-wide
General Data Protection Regulation (GDPR), and a num-
ber of sites reported being unclear at that time on their
capacity to provide data from medical records without pa-
tient consent.

2.6 | Data collection

A team of two researchers from the research team in
each country completed chart reviews by accessing med-
ical records and extracting data using a standardized case
report form (CRF). The CRF is available in Appendix S1.
CRFs collected information on seizure frequency, types
of seizures (e.g., generalized, focal, and unclassifiable
seizures), status epilepticus, electroencephalography
(EEG), imaging investigations, etiology, epilepsy syn-
dromes, psychiatric and somatic comorbidities, use of
antiseizure medication, date of most recent update of
medical record, and validation of the epilepsy diagnosis,
and a summary of the level of supporting evidence for
the epilepsy diagnosis. These data were entered in noni-
dentifiable format by research teams on a secure server
using REDCap software.'” A deduplication process en-
sured that participants who received invitations from
more than one case ascertainment site were uniquely
enrolled into the study.

Each country's data collection team, comprising two
researchers, received face-to-face instruction at two inter-
national meetings from epileptologists on how to extract
information from patients' medical records to complete
CRFs. Intrarater reliability was checked by a coordinating
data manager who monitored all data being entered on
REDCap. Interrater reliability was assessed by both mem-
bers of each team independently completing a random
sample of 10 CRFs. As not all fields on the CRF were rele-
vant to all cases, teams were asked to report on the number
of agreed items per case. Teams were instructed to note
any disparities in the completion of CRFs and come to an
agreement on the more valid response. If further input
was needed, the two researchers were instructed to seek
guidance from the neurologist(s) on their team (hereafter
termed epileptologists). The average level of agreement
for all 10 cases was reported as 82.3% in Austria, 71.1% in
Denmark, 94.4% in Ireland, and 96.4% in Romania, with
an average of 86.2% across all four countries. Throughout
data collection, all teams met monthly via face-to-face on-
line meetings to discuss progress. Following data entry,
all CRFs were formally validated by each team's epilep-
tologist(s), who was/were required to review each CRF.
Epileptologists were asked specifically to validate the re-
search team's classification of each patient's epilepsy diag-
nosis in accordance with the new ILAE clinical definition
of epilepsy, as a case of (1) at least two unprovoked (or
reflex) seizures occurring >24 h apart; (2) a diagnosis of
an epilepsy syndrome; or (3) a diagnosis of a single seizure
and a probability of further seizures similar to the gen-
eral recurrence risk (at least 60%) after two unprovoked
seizures, occurring over the next 10 years. They were also
asked to make a determination on whether the case was
"definite,” "probable,” "suspect,” or "not epilepsy” according
to agreed operational definitions. These operational defi-
nitions, and others used throughout the case report form,
are available in Appendix S2.

3 | RESULTS

In total, half of all invited hospitals (8/16, 50%) and just
over one third of all invited GPs (48/142, 34%) agreed to
participate. There was large intercountry variation in par-
ticipation (Table 1).

From a total population of 237 757 individuals in the
four participating regions, 1988 (.8%) individuals were
identified as being potentially eligible from patient lists
of hospitals and GPs who agreed to participate. To deter-
mine whether these identified cases were in fact cases of
epilepsy, access to the individuals’ medical records was
required. Access to medical records was possible for 1208
(60.7%) of the 1988 individuals identified, inclusive of
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recruited case ascertainment sites by each Country
of the four participating countries Austria Denmark Ireland Romania  Total
Hospitals identified, 2 2 2 10 16
n
Hospitals recruited, 2 2 2 2 8 (50%)
n (%)
GPs identified, n 32 60 26 24 142
GPs recruited, n (%) 11 1 19 17 48 (34%)
Abbreviation: GP, general practitioner.
TABLE 2 Number of identified and recruited cases with CRF data in each of the four participating countries
Country
Austria Denmark Ireland Romania Total
Total population 59 543 62 342 61 845 54 027 237757
Total patients identified by case ascertainment 616 482 476 414 1988
sites, n
Total patients with partial or completed CRF, n 486 113 318* 291 1208
Patients for whom a CRF was partially or fully 78.9 234 66.8 70.3 60.8

completed, %

Abbreviation: CRF, case report form.

*Four pilot cases from Ireland were included in the final dataset.

cases where patients provided consent and cases where
medical facilities provided access without explicit consent.
Between-country variation in access to medical records
was marked, with Austria converting 79% of those identi-
fied to a completed CRF, whereas Denmark converted 23%
(Table 2). In Denmark, access to medical records was only
permitted for those patients who had provided informed
consent. Reasons for the variation in access were largely
related to issues of data protection where researchers
sought access to medical records in the absence of explicit
consent. Challenges were also experienced in the conver-
sion of recruited GPs to recruited participants; in Austria,
for example, whereas 11 GPs issued invitations to eligible
patients to participate, none of these patients responded
with explicit consent to have their medical records in-
cluded in the study.

Of the 1208 individuals for whom a partial or completed
CRF was available, 113 cases (9.3%) were deemed to have
insufficient clinical data to determine whether they could
reliably be classified as cases of epilepsy. The remaining
1095 cases were validated by the epileptologist(s) on each
team as “definite cases” (n = 706, 64.5%), “probable cases”
(n =191, 17.4%), “suspected cases” (n = 153, 14.0%), and
“not epilepsy” (n = 45, 4.1%). Thus, 95.9% of cases where
sufficient clinical data were available in medical records
to make a determination were classified as epilepsy and
81.9% were classified as either definite or probable cases

of epilepsy. Prevalence estimates of validated definite and
probable individuals, extrapolated to all cases inclusive
of both validated and unvalidated cases, are presented in
Table 3.

The tables and commentary below are confined to
those cases validated by epileptologists in each country as
being either definite or probable cases (n = 897). It should
be noted that tables do not report data on fewer than five
individuals. Table 4 presents the demographic and epi-
lepsy diagnosis status of these patients.

3.1 | Demographics and seizure type
Whereas gender distribution was comparable across the
four regions, differences were observed in age distribution,
where Ireland and Romania observed higher numbers of
patients younger than 19 years and Ireland observed lower
numbers within the older age categories. In all countries,
epilepsy diagnosis was most often reported (>80%) as a
patient having two or more unprovoked seizures. Epilepsy
diagnosis based on a single seizure, including single sei-
zures within an epilepsy syndrome, accounted for 15.2%
of patients, with the lowest reporting from Denmark and
Ireland. Denmark is distinguished by reporting both the
highest percentage of definitive epilepsy cases at 95.4%
and the highest rates of seizure freedom at 58.3%.
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TABLE 3 Prevalence estimates of (1) individuals with completed case report form validated as definite or probable epilepsy, (2) cases
adjusted to European standard population, and (3) extrapolations to identified but unvalidated cases

Country
Austria Denmark Ireland Romania Total
Crude cases per 1000 with 95% CI of individuals 6.9 (6.3-7.6) 1.7 (1.4-2.1) 2.8(2.4-3.2) 3.8(3.2-4.3) 3.8
validated with definite or probable epilepsy (3.5-4.0)
Adjusted?® cases per 1000 with 95% CI of 7.1 (6.6-7.6) 1.8(1.5-2.0)  3.1(2.8-3.5) 45(4.1-4.9) 41
individuals validated with definite or probable (3.7-4.5)
epilepsy
Adjusted® cases per 1000 with 95% CI 9.0 (8.4-9.6) 7.7 (7.2-8.2) 4.6 (4.2-5.0) 6.4(5.9-6.9) 6.7
extrapolating proportions of validated definite/ (6.1-7.2)
probable cases to identified but unvalidated
cases
Abbreviation: CI, confidence interval.
*Adjusted to EU27 + European Free Trade Association standard population 2013.
Generalized seizures ranged from 22.2% of patientsin 3.3 | Comorbidities

Denmark to 43.8% of patients in Romania, with tonic-
clonic, typical absence, and myoclonic seizures dominat-
ing the seizure subtypes. Focal seizures were identified
as ranging from 44.8% of patients in Romania to 75.7% of
patients in Ireland, with focal evolving to bilateral tonic—
clonic seizures being most commonly reported. Reporting
of unclassified seizures was low across countries (8.4%), as
was reporting of lifetime status epilepticus (14.3%), except
in Austria, where it was observed for 21.3% of patients.

3.2 | Investigations and etiology

Table 5 presents data on investigations and the etiology of
epilepsy as reported in patient medical records across all
four countries.

Whereas >90% of patients in Austria and Denmark
had an EEG, figures were lower for patients in Ireland and
Romania, where more than one quarter of cases in both
countries were returned “unknown.” EEG results typically
reported abnormal results (approximately 70%), with focal
abnormalities being the most commonly reported abnor-
mality in all countries bar Austria, where “abnormality
but not epileptiform” was recorded for 46.1% of those with
an abnormal EEG.

Imaging was reported at >85% in all countries except
Ireland (66.3%). Both magnetic resonance imaging (MRI)
and computed tomography (CT) are commonly used in
Austria and Denmark, but different patterns are observed
in Ireland (93.2%) and Romania (75.7%), where MRI and
CT dominate, respectively.

Etiology of epilepsy was most often reported as struc-
tural/metabolic in all regions. Cerebral infarction and
traumatic brain injury were among the most commonly
reported structural/metabolic etiologies.

Table 6 presents the reporting of developmental dis-
ability, mental health conditions, and somatic disorder
among the four sites. On average, one in two patients
(53.1%) reported a developmental or mental health disor-
der, ranging from 40.9% in Romania to 66.5% in Ireland.
Intellectual disability and mood disorders were the most
common conditions across all sites, bar Romania, where
intellectual disability and alcohol- and drug-related con-
ditions dominated. Comorbid somatic disorders ranged
from 25.0% in Denmark to 32.4% in Ireland, with cardio-
vascular disease, stroke, and brain injury in general being
more commonly reported.

3.4 | Treatment

All sites reported high proportions of patients currently
on antiseizure medication, ranging from 83.5% in Austria
to 94.8% in Ireland. Levetiracetam, lamotrigine, and valp-
roic acid were reported as the most commonly prescribed
antiseizure medication in all countries with the exception
of lamotrigine, which did not appear among the top five
reported antiseizure medications in Romania (Table 7).

4 | DISCUSSION

The primary objective of ESBACE was to develop and
apply a common case ascertainment methodology to de-
termine the prevalence of epilepsy in four countries in
Europe using the new ILAE definition and terminology
of epilepsy.'>'®® Methodological challenges during the
study period significantly hampered this endeavor, and al-
though the dataset provides an interesting glimpse of the
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TABLE 5 Investigations and etiology for 897 patients classified with definite and probable epilepsy in each of the four participating
countries

Country Total
Austria Denmark Ireland Romania
n %o n %o n % n % n Yo
Total patients with definite or 413 108 173 203 897
probable epilepsy
EEG performed
Yes 388 93.9 101 93.5 118 68.2 145 71.4 752 83.8
No, unknown, or missing 25 6.1 7 6.5 55 31.7 58 28.6 145 16.2
EEG result
Abnormal 330 85.0 73 72.3 77 65.3 132 91.0 612 81.4
Normal or missing 58 15.0 28 27.7 41 34.7 13 9.0 140 18.6
EEG result in detail
Generalized abnormality 36 10.9 12 16.4 16 20.8 25 18.9 89 14.5
Focal abnormality or 142 43.0 42 57.5 47 61.0 100 75.8 331 54.1
multifocal
Abnormal but not 152 46.1 19 26.0 14 18.2 7 5.3 192 31.4
epileptiform
Imaging investigation
Yes 363 86.8 101 91.8 118 66.3 181 85.8 763 83.2
No, unknown, or missing 55 13.2 9 8.2 60 33.7 30 14.2 154 16.8
Imaging types (multiple)®
MRI 254 70.0 85 84.2 110 93.2 49 27/ 498 65.3
CT 268 73.8 57 56.4 8 6.8 137 75.7 470 61.6
Others 39 10.7 <5 - <5 - <5 - 40 5.2
Imaging results overall
Normal 95 26.5 42 42.4 50 44.2 53 30.6 240 32.3
Abnormal 263 73.5 57 57.6 63 55.8 120 69.4 503 67.7
Imaging results in detail
Cerebral hemorrhage or 89 33.8 22 38.6 11 17.4 56 46.7 178 354
infarction
Cerebral tumor/neoplasm”® = = = = = = = = 67 13.3
Traumatic brain injuryb - - - - - - - - 41 8.2
Cerebral infection - - - - - - - - 9 1.8
Mesial temporal sclerosis - - - - - - - - 32 6.4
Perinatal insults - - - - - - - - 11 2.2
Malformation of cortical/ - - - - - - - - 29 5.8
brain development
Neurocutaneous syndromes = = = = = = = = 5 1.0
Other 128 48.7 30 52.6 33 52.4 34 28.3 225 44.7
Etiology
Genetic 27 6.5 25 23.1 44 25.4 32 15.8 128 14.3
Structural/metabolic 241 58.4 49 454 68 39.3 103 50.7 461 51.4
Unknown or missing 145 35.1 34 31.5 61 35.2 68 33.5 308 34.3

Genetic etiology®

(Continues)
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TABLE 5 (Continued)
Country Total
Austria Denmark Ireland Romania
n %o n %o n %o n % n Yo
Genetic syndrome 18 66.7 22 .0 16 36.4 25 78.1 81 63.3
Genetic chromosomal <10 - <5 - <5 - <10 - 14 10.9
encephalopathy
Other or missing <5 - <5 - 27 63.6 <5 - 33 25.8
Structural/metabolic*
Cerebral hemorrhage 23 9.5 11 22.4 <5 - <5 - 40 8.7
Cerebral infarction 64 26.6 11 22.4 9 13.2 52 50.5 136 29.5
Cerebral tumor/neoplasm 11 4.6 <5 - <10 - 8 7.8 28 6.1
Traumatic brain injury 31 12.9 10 20.4 21 30.9 12 11.7 74 16.1
Cerebral infection <5 - <5 - 5 7.4 <5 - 12 2.6
Mesial temporal sclerosis 13 5.4 7 14.3 17 25.0 0 .0 37 8.0
Perinatal insults <5 - 6 12.2 5 7.4 <5 - 16 3.5
Malformations cortical/ 11 4.6 <5 - <10 - 8 7.8 28 6.1
brain development
Neurocutaneous syndromes <5 - <5 - <5 - <5 - 5 1.1
Degenerative neurologic 17 - <5 - <5 - <5 - 19 4.1
disease
Metabolic or toxic insult to 8 33 0 .0 0 0 0 0 8 1.7
brain
Inborn errors of metabolism <5 - <5 - <5 - <5 - <5 -
Inflammation 12 5.0 <5 - 0 .0 <5 - 15 3.2
Vascular malformation 7 2.9 <5 - 5 74 <5 - 18 39
Other 49 20.3 11 22.4 <5 - <10 - 70 15.2

Note: In cells with fewer than five persons, we have used “<5.” In rows and columns where it was possible to deduct the number of individuals in cells with
fewer than five persons, we revised the number in the rows/columns; for 5-9 persons we used “<10” and for 10-14 persons we used “<15” to prevent the

deduction of number of the individual cells with fewer than five persons.

Abbreviations: CT, computed tomography; EEG, electroencephalography; MRI, magnetic resonance imaging.

*Multiple answers can be recorded for these items; hence, totals may exceed 100%.

"Too few cases to provide details by country.

profile of patients with epilepsy and disparities in epilepsy
health care across Europe, it was not possible to determine
an accurate estimate of prevalence from validated cases.
There were two main challenges comprising firstly, con-
fusion surrounding the introduction of new data protection
regulations in Europe and secondly, a lack of resources in
case ascertainment sites to support participation. Europe's
GDPR came into force on May 25, 2018, when data col-
lection was underway. Case ascertainment sites reported
both uncertainty and conflicting views on their obligations
under GDPR. Feedback from research ethics committees
and other approval bodies varied both within and between
participating countries. In Denmark, for example, 482 in-
dividuals were identified as potential cases of epilepsy. Of
these, medical chart reviews of just 113 (23.4%) were ap-
proved for inclusion in this study. The low conversion rate

from identification to completed CRFs was primarily due
to a decision by regional officials that accessing medical re-
cords where patients had not returned consent would con-
travene GDPR. Challenges also arose in Ireland, where the
research team was restricted to accessing pseudonymized
data drawn from medical records, a process that resulted
in high levels of missing data. It may be that the call by the
funding body, which required that individuals who were
identified as cases in the present study would then be en-
rolled into a quality and costs outcomes study, exacerbated
the concerns of case ascertainment sites, notably as partici-
pants would be required to provide explicit consent for this
second objective of the study.

The variation in GDPR interpretation by stakeholders in
this research study has been observed elsewhere.” The Health
Research Regulations supplementary to GDPR introduced in
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TABLE 6 Comorbidities for 897 patients classified with definite and probable epilepsy in each of the four participating countries

Country Total
Austria Denmark Ireland Romania
n %o n %o n % n Yo n Yo
Total patients with definite or 413 108 173 203 897
probable epilepsy
Developmental disabilities and mental health conditions
No or missing 183 44.3 60 55.6 58 33.5 120 59.1 421 47.0
Yes 230 55.7 48 44.4 115 66.5 83 40.9 476 53.1
Types of developmental disabilities and mental health conditions®
Dementia 34 8.2 <5 - <5 - 22 10.8 62 6.9
Alcohol and drug-related 27 6.5 <5 - <5 - 30 14.8 60 6.7
Schizophrenia and psychosis 7 1.7 <5 - <5 - <5 - 16 1.8
Mood disorders 66 16.0 38 35.2 14 8.1 17 8.4 135 15.1
Neurotic and somatoform 10 2.4 <5 - <5 - 23 11.3 35 39
Eating disorder <5 - 6 5.6 <5 - <5 - 9 1.0
Anxiety disorder <5 - 19 17.6 <10 - 24 11.8 54 6.0
Personality disorder 6 1.5 <5 - <5 - 13 6.4 22 2.5
Intellectual disability 40 9.7 21 19.4 24 13.9 31 15.3 116 12.9
Autism spectrum disorder 35 8.5 <5 - <10 - 6 3.0 49 5.5
Attention-deficit/ 5 1.2 <5 - <5 - 13 6.4 23 2.6
hyperactivity disorder
Other 13 3.1 <10 - 17 9.8 <5 - 39 4.3

Somatic disorder

No or missing 280 67.8 81 75 117 67.6 144 70.9 622 69.3
Yes 133 32.2 27 25.0 56 32.4 59 29.1 275 30.7
Types of somatic disorder®
Brain tumor 41 9.9 5 4.6 7 4.0 12 5.9 65 7.2
Migraine 5 1.2 19 17.6 7 4.0 14 6.9 45 5.0
Hearing and vision loss <10 - 20 18.5 <5 - 16 7.9 44 4.9
Stroke 68 16.5 16 14.8 11 6.4 50 24.6 145 16.2
Cardiovascular disease 133 32.2 21 19.4 6 3.5 90 44.3 250 27.9
Respiratory system 33 8.0 11 10.2 14 8.1 13 6.4 71 7.9
Gastrointestinal disorder 37 9.0 <10 - <5 - 24 11.8 70 7.8
Osteoporosis and osteopenia 25 6.1 15 13.9 12 6.9 14 6.9 66 7.4
Diabetes mellitus 20 4.8 7 6.5 7 4.0 20 9.9 54 6.0
Brain injury 16 3.9 13 12.0 18 10.4 40 19.7 87 9.7
Other 173 41.9 31 28.7 95 54.9 20 9.9 319 35.6

Note: In cells with fewer than five persons, we have used “<5”. In rows and columns where it was possible to deduct the number of individuals in cells with
fewer than five persons, we revised the number in the rows/columns; for 5-9 persons we used “<10” and for 10-14 persons we used “<15” to prevent the
deduction of number of the individual cells with fewer than five persons.

*Multiple answers can be recorded for these items; hence, totals may exceed 100%.

Ireland, for example, have created significant problems for a broader interpretation of the current regulations of retro-
research, including chart review studies, prompting research- spective chart review studies, there is concern that epidemi-
ers to argue whether, without intervention, Ireland may face ological studies, of low risk to participants and high public
exclusion from European-wide research consortia.> Without benefit, will be severely hampered.*
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TABLE 7 AED treatment for 897 patients classified with definite and probable epilepsy in each of the four participating countries

Country Total
Austria Denmark Ireland Romania
n % n % n %o n %o n %
Total patients with definite 413 108 173 203 897
or probable epilepsy
AED treatment
Current AED treatment 345 83.5 102 94.4 164 94.8 174  85.7 785 87.5
Previous AED treatment 31 7.5 <10 = <10 = 7 34 51 5.7
No treatment 8 1.9 <5 = <5 = 14 6.9 24 2.7
Unknown or missing 29 7.1 <5 - <5 - 8 3.9 37 4.2
Most commonly prescribed AEDs in each country, n (%)
1st Levetiracetam Lamotrigine Levetiracetam Valproic acid
203 (58.8) 64 (62.7) 79 (48.2) 77 (44.3)
2nd Valproic acid Levetiracetam Lamotrigine Carbamazepine
69 (20.0) 26 (25.5) 49 (29.9) 56 (32.2)
3rd Lamotrigine Valproic acid Valproic acid Levetiracetam
58 (16.8) 18 (17.6) 30(18.3) 36 (20.7)
4th Carbamazepine Clobazam Clobazam Phenytoin
33(9.6) 9(8.8) 27 (16.5) 27 (15.5)
5th Lacosamide Carbamazapine Oxcarbazepine Clonazepam
21 (6.1) 7(6.9) 14(8.5) 19(10.9)
5th (tied) Oxcarbazepine Zonisamide
7(6.9) 14 (8.5)
5th (tied) Topiramate
7(6.9)

Note: In cells with fewer than five persons, we have used “<5.” In rows and columns where it was possible to deduct the number of individuals in cells with
fewer than five persons, we revised the number in the rows/columns; for 5-9 persons we used “<10” and for 10-14 persons we used “<15” to prevent the

deduction of number of the individual cells with fewer than five persons.

Abbreviation: AED, antiepileptic medication.

Challenges were also experienced in terms of resources
required by case ascertainment sites to engage in the
study. Both hospitals and GPs approached by the study
team commented on the lack of dedicated staff to engage
in research projects. Within hospitals, researchers experi-
enced difficulties in accessing time-poor personnel who
could advise on participation and champion the study
through research ethics committees. It was also challeng-
ing to get confirmation on the exact catchment area of
some hospitals to determine whether these sites provided
care to patients within teams' study regions. Finally, re-
searchers experienced difficulties in identifying personnel
who could navigate access to medical records in a manner
compliant with local governance structures. Despite these
challenges, recruitment from hospitals was successful in
all countries except Romania, where just two of 10 hospi-
tals in the surrounding geographical area were recruited.
Reasons for nonparticipation were related to a lack of in-
house resources.

In contrast, the recruitment of GPs was low across the
full study, generating <10% of cases. Recruitment of GPs
was particularly low in Denmark and Austria and may re-
flect that these research teams were unable to use their
personal contacts to leverage access in the manner they
successfully used within the hospital sector. In Austria,
no participants were recruited through primary care de-
spite 11 GPs distributing invitations to their patients to
participate. Across all research teams, one key facilitator
to the recruitment of GPs may have been absent, that is,
the ability to demonstrate that participation in a study
confers a direct benefit to their patients.”* In Austria, for
example, GPs do not identify patients by ICD codes, and
consequently would need to hand search their registers
for cases. It may also be that the condition itself, epilepsy,
may have deterred some primary care physicians from
taking part. In both Austria and Denmark, for example,
people with epilepsy are typically treated at specialist hos-
pital clinics, and it may be that the low rate of engagement
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by Danish and Austrian primary care physicians in this
study reflects their perception that epilepsy is a condition
that is treated elsewhere.** Attempts to garner the sup-
port of professional associations for GPs in Ireland were
unsuccessful, which may again reflect the low priority of
epilepsy in primary care. One potential solution to these
recruitment challenges is to incentivize the expansion of
voluntary surveillance systems within general practice be-
yond notifiable disease surveillance to include epidemio-
logical research.”

Notwithstanding these challenges, the present study
has generated a comprehensive dataset of 897 definite
and probable cases of epilepsy in four regions in Europe
using a harmonized approach inclusive of the new ILAE
definition and terminology of epilepsy. It is important to
note that operational classifications from ILAE'™ were
introduced at the planning phase of this study and that
a period of adjustment for research purposes was antici-
pated in their implementation.?® In the present study, the
adoption of ILAE's new classification system resulted in
the identification of 10.7% of cases as meeting the crite-
rion of a single seizure with a recurrence risk of at least
60% occurring over the next 10 years and another 4.5%
the criterion of a single seizure within an epilepsy syn-
drome. The distribution of the single seizure cases across
the four countries was, however, highly skewed, with the
majority being diagnosed in Austria. These data indicate
that although the ILAE's new definition and terminology
will, by definition, increase prevalence estimates, this may
be observed sooner in more affluent countries, which are
likely to be quicker adoptees of these new conventions.

Differences across the four countries undoubtedly re-
flect the case ascertainment sites from which they were
recruited, with high representation of adults and those
prescribed antiseizure medication likely reflecting the
higher recruitment from tertiary hospital sites. The data
also provide an indication of the quality of medical records
available for research and of clinical practice in these ju-
risdictions. Notable here is that some Irish data were pro-
vided in a pseudonymized form, resulting in the inability
to capture seizure type, which is a cause for concern.
Interventions to improve the documentation practices of
physicians working in epilepsy have been developed by
the American Academy of Neurology and report positive
gains that would be beneficial to enhance the quality of
these records and related chart review research.””*®

Where reporting of seizure types was complete, vari-
ations among countries included low numbers of typi-
cal absences and myoclonic seizures being reported in
Romania, and a high number of cases of status epilepti-
cus in Austria. Austria is also distinguished in the report-
ing of “abnormality but not epileptiform” EEG results,
which were proportionately nine times higher in Austria

Epilepsia*

(46%) than Romania (5%). These variations among coun-
tries may reflect the interests of individual clinicians in
particular case ascertainment sites but may also reflect
broader diagnostic techniques within different settings,
and therefore any comparison across countries should
be made with caution. The reporting of MRI use during
the study period, for example, is lower in Romania than
for other countries. Variations in the reporting of etiology
are similarly observed; genetic etiology was low in Austria
and Denmark, a pattern that may reflect the movement of
“idiopathic generalized” seizures to “genetic generalized”
seizures in the new ILAE classifications. These findings
may suggest important differences in clinical practice
and/or differences in the classification of "genetic cases”
indicating the need for more support by ILAE in ensuring
a harmonized approach across European jurisdictions.

Limitations of this study include the large reliance on
cases from hospitals, which have a known bias toward
more severe cases, and the lack of certainty regarding
whether eligible patients were treated at sites unknown
to researchers, notably in Romania, albeit this weakness
is observed in similar studies.”” In contrast, strengths of
this study include the development of an operational cri-
terion to identify epilepsy cases using the new ILAE defi-
nition and terminology and the validation of all cases by
epileptologists in each country, which when combined
address known high rates of misdiagnosis in epilepsy.***'
The study design incorporated sources of heterogeneity,
including the developmental level of countries, sample
size of study population, and age of participants, that had
yet to be applied within pan-European epidemiological
research.!

In conclusion, this study points to the need for con-
siderably greater guidance and more uniformity at both
European and national levels on the appropriate appli-
cation of data protection regulations lest patient privacy
come at the cost of epidemiological research. To have
impact, all stakeholders must be involved, such as re-
searchers, research ethics committees, and data control-
lers. Pressure from ILAE Europe and Epilepsy Alliance
Europe could raise this issue within the epilepsy field.
In the absence of a coordinated approach, understand-
able caution leads to a risk-averse culture where data are
withheld. National datasets, such as the Danish National
Patient Register,32 permit the enumeration of individuals
with medical conditions and are ideally suited to epidemi-
ological research; unfortunately, such databases are rare
outside of Nordic countries.

Despite the inability to precisely determine epilepsy
prevalence, this study highlights variation in the quality
of epilepsy medical reports throughout Europe that may
reflect true differences in clinical practice and access to
medical care. Further exploration of these differences may
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ameliorate some of the health inequities experienced by
persons with epilepsy throughout Europe.

ACKNOWLEDGMENTS

We would like to acknowledge the support of all of the
participants and health professionals who contributed
to this study, in particular Albu Gabriela, Alexiu Sandra
Adalgiza, Barbat Adriana, Cotae Greta Silvia, Crisan
Florina, Gutiu Anton, Iliuta Aurelia, Matei Cristina, Matei
Marcela, Stefanescu Daniela, Strajean Silvia, Tanase Liana
Elena, and Vlad Viorel Mihai.

CONFLICT OF INTEREST

E.T. reports personal fees from EVER Pharma, Marinus,
Argenix, Arvelle, Medtronic, Bial-Portela & C?, NewBridge,
GL Pharma, GlaxoSmithKline, Hikma, Boehringer
Ingelheim, LivaNova, Eisai, UCB, Biogen, Genzyme Sanofi,
GW Pharmaceuticals, and Actavis outside the submitted
work; his institution has received grants from Biogen, UCB
Pharma, Eisai, Red Bull, Merck, Bayer, the European Union,
FWF Osterreichischer Fond zur Wissenschaftsforderung,
Bundesministerium fiir Wissenschaft und Forschung, and
Jubilaumsfond der Osterreichischen Nationalbank outside
the submitted work. J.C. reports honoraria from serving on
the scientific advisory board of UCB Nordic and Eisai, has
received honoraria for giving lectures from UCB Nordic and
Eisai, and has received funding for a trip from UCB Nordic.
A.M. reports a research grant from UCB Pharma paid to
University of Liverpool. T.T. reports grants from Eisai, GSK,
UCSB, Bial, Stockholm County Council, and CURE and per-
sonal fees from Eisai, Sanofi, Sun Pharma, and UCB outside
the submitted work. None of the other authors has any con-
flict of interest to disclose. We confirm that we have read the
Journal's position on issues involved in ethical publication
and affirm that this report is consistent with those guidelines.

ORCID

Christine Linehan © https://orcid.
org/0000-0002-9083-3457

Jakob Christensen (1 https://orcid.
org/0000-0002-9385-6435

Torbjorn Tomson © https://orcid.
org/0000-0003-0554-5352

Eugen Trinka © https://orcid.org/0000-0002-5950-2692
Julie Werenberg Dreier (2 https://orcid.
org/0000-0002-9339-4170

Teia Kobulashvili (© https://orcid.
org/0000-0001-9213-1355

REFERENCES
1. Ngugi AK, Bottomley C, Kleinschmidt I, Sander JW, Newton
CR. Estimation of the burden of active and life-time epilepsy: a
meta-analytic approach. Epilepsia. 2010;51(5):883-90.

10.

11.

12.

13.

14.

15.

16.

17.

World Health Organization. Global Actions on epilepsy and
other neurological disorders. Seventy-Third World Health
Assembly: agenda item 11.6:A73/A/CONF./2. 2020. https://
apps.who.int/gb/ebwha/pdf_files/WHA73/A73_ACONF2-en.
pdf. Accessed 26 Jan 2021.

European Parliament. WEU written declaration on epilepsy.
2011. https://www.epilepsyallianceeurope.org/european-parli
ament/eu-written-declaration-on-epilepsy/. Accessed 26 Jan
2021.

World Health Organization, Global Campaign against Epilepsy,
Programme for Neurological Diseases, Neuroscience (World
Health Organization), International Bureau for Epilepsy, World
Health Organization. Department of Mental Health, Substance
Abuse, International Bureau of Epilepsy, International League
against Epilepsy. Atlas: epilepsy care in the world. Geneva,
Switzerland: World Health Organization; 2005.

World Health Organization. Epilepsy in the WHO European
Region: fostering epilepsy care in Europe. Cruquius, the
Netherlands: World Health Organization; 2011.

Baulac M, de Boer H, Elger C, Glynn M, Kelviainen R, Little
A, et al. Epilepsy priorities in Europe: a report of the ILAE-IBE
Epilepsy Europe Task Force. Epilepsia. 2015;56(11):1687-95.
Andlin-Sobocki P, Jonsson B, Wittchen HU, Olesen J. Cost of
disorders of the brain in Europe. Eur J Neurol. 2005;12:1-27.
Rocca WA, Savettieri G, Anderson DW, Meneghini F, Grigoletto
F, Morgante L, et al. Door-to-door prevalence survey of ep-
ilepsy in three Sicilian municipalities. Neuroepidemiology.
2001;20(4):237-41.

Granieri E, Rosati G, Tola R, Pavoni M, Paolino E, Pinna L, et al.
A descriptive study of epilepsy in the district of Copparo, Italy,
1964-1978. Epilepsia. 1983;24:502-14.

Beghi E, Giussani G, Nichols E, Abd-Allah F, Abdela J,
Abdelalim A, et al. Global, regional, and national burden of ep-
ilepsy, 1990-2016: a systematic analysis for the Global Burden
of Disease Study 2016. Lancet Neurol. 2019;18(4):357-75.

Fiest KM, Sauro KM, Wiebe S, Patten SB, Kwon CS, Dykeman
J, et al. Prevalence and incidence of epilepsy: a systematic re-
view and meta-analysis of international studies. Neurology.
2017;88(3):296-303.

Prischich F, De Rinaldis M, Bruno F, Egeo G, Santori C,
Zappaterreno A, et al. High prevalence of epilepsy in a vil-
lage in the Littoral Province of Cameroon. Epilepsy Res.
2008;82(2-3):200-10.

Sander JW. The epidemiology of epilepsy revisited. Curr Opin
Neurol. 2003;16:165-70.

Ip Q, Malone DC, Chong J, Harris RB, Labiner DM. An up-
date on the prevalence and incidence of epilepsy among older
adults. Epilepsy Res. 2018;139:107-12.

Fisher RS, Acevedo C, Arzimanoglou A, Bogacz A, Cross JH,
Elger CE, et al. ILAE official report: a practical clinical defini-
tion of epilepsy. Epilepsia. 2014;55(4):475-82.

World Bank. World Bank Country and Lending Groups. https://
datahelpdesk.worldbank.org/knowledgebase/articles/90651
9-world-bank-country-and-lending-groups. Accessed 26 Jan
2021.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde
JG. Research electronic data capture (REDCap)—a metadata-
driven methodology and workflow process for providing
translational research informatics support. J Biomed Inform.
2009;42(2):377-81.


https://orcid.org/0000-0002-9083-3457
https://orcid.org/0000-0002-9083-3457
https://orcid.org/0000-0002-9083-3457
https://orcid.org/0000-0002-9385-6435
https://orcid.org/0000-0002-9385-6435
https://orcid.org/0000-0002-9385-6435
https://orcid.org/0000-0003-0554-5352
https://orcid.org/0000-0003-0554-5352
https://orcid.org/0000-0003-0554-5352
https://orcid.org/0000-0002-5950-2692
https://orcid.org/0000-0002-5950-2692
https://orcid.org/0000-0002-9339-4170
https://orcid.org/0000-0002-9339-4170
https://orcid.org/0000-0002-9339-4170
https://orcid.org/0000-0001-9213-1355
https://orcid.org/0000-0001-9213-1355
https://orcid.org/0000-0001-9213-1355
https://apps.who.int/gb/ebwha/pdf_files/WHA73/A73_ACONF2-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA73/A73_ACONF2-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA73/A73_ACONF2-en.pdf
https://www.epilepsyallianceeurope.org/european-parliament/eu-written-declaration-on-epilepsy/
https://www.epilepsyallianceeurope.org/european-parliament/eu-written-declaration-on-epilepsy/
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

LINEHAN ET AL.

18. Fisher RS, Cross JH, D'Souza C, French JA, Haut SR,
Higurashi N, et al. Instruction manual for the ILAE 2017
operational classification of seizure types. Epilepsia.
2017;58(4):531-42.

19. Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E,
Jansen FE, et al. Operational classification of seizure types
by the International League Against Epilepsy: position paper
of the ILAE Commission for Classification and Terminology.
Epilepsia. 2017;58(4):522-30.

20. Timmers M, van Dijck JT, van Wijk RP, Legrand V, van Veen E,
Maas Al et al. How do 66 European institutional review boards
approve one protocol for an international prospective observa-
tional study on traumatic brain injury? Experiences from the
CENTER-TBI study. BMC Med Ethics. 2020;21:1-4.

21. Kirwan M, Mee B, Clarke N, Tanaka A, Manaloto L, Halpin E,
et al. What GDPR and the Health Research Regulations (HRRs)
mean for Ireland: “explicit consent”—a legal analysis. Irish J
Med Sci. 2021;190(2):515-21.

22. Clarke N, Vale G, Reeves EP, Kirwan M, Smith D, Farrell M,
et al. GDPR: an impediment to research? Irish J Med Sci.
2019;188(4):1129-35.

23. Tan AC, Clemson L, Mackenzie L, Sherrington C, Roberts
C, Tiedemann A, et al. Strategies for recruitment in general
practice settings: the iSOLVE fall prevention pragmatic clus-
ter randomised controlled trial. BMC Med Res Methodol.
2019;19(1):236.

24. Rytter D, Vestergaard CH, Vestergaard M, Christensen J, Bech
BH. Use of primary healthcare for persons with epilepsy.
Epilepsy Behav. 2018;1(80):285-90.

25. Souty C, Turbelin C, Blanchon T, Hanslik T, Le Strat Y, Boélle
PY. Improving disease incidence estimates in primary care sur-
veillance systems. Popul Health Metr. 2014;12:19.

26. Falco-Walter JJ, Scheffer IE, Fisher RS. The new definition
and classification of seizures and epilepsy. Epilepsy Res.
2018;1(139):73-9.

27. Cisneros-Franco JM, Diaz-Torres MA, Rodriguez-Castafieda JB,
Martinez-Silva A, Gutierrez-Herrera MA, San-Juan D. Impact
of the implementation of the AAN epilepsy quality measures
on the medical records in a university hospital. BMC Neurol.
2013;13(1):112.

28. Nelson GR, Filloux FM, Kerr LM. Educational intervention
improves compliance with AAN guidelines for return epi-
lepsy visits: a quality improvement project. J Child Neurol.
2016;31(11):1320-3.

29. Syvertsen M, Nakken KO, Edland A, Hansen G, Hellum MK,
KohtJ. Prevalence and etiology of epilepsy in a Norwegian coun-
ty—a population based study. Epilepsia. 2015;56(5):699-706.

30. Oto MM. The misdiagnosis of epilepsy: appraising risks and
managing uncertainty. Seizure. 2017;1(44):143-6.

31. Christensen J, Vestergaard M, Pedersen MG, Pedersen CB,
Olsen J, Sidenius P. Incidence and prevalence of epilepsy in
Denmark. Epilepsy Res. 2007;76(1):60-5.

32. Andersen T, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH.
The Danish National Hospital Register. A valuable source of data
for modern health sciences. Danish Med Bull. 1999;46(3):263-8.

SUPPORTING INFORMATION
Additional Supporting Information may be found online
in the Supporting Information section.

Epilepsia*

How to cite this article: Linehan C, Benson A,
Gunko A, Christensen J, Sun Y, Tomson T, et al.
Exploring the prevalence and profile of epilepsy
across Europe using a standard retrospective chart
review: Challenges and opportunities. Epilepsia.
2021;62:2651-2666. https://doi.org/10.1111/epi.17057

APPENDIX 1

European Study on the Burden
and Care of Epilepsy (ESBACE)
consortium
Associate Professor Jakob Christensen, Aarhus University
Hospital, Denmark

Professor Gus Baker, University of Liverpool, UK

Ms Eve Bolger, Chancel, Ireland

Professor Poul Jorgen Jennum, Glostrup Hospital,
Denmark

Professor Lars Forsgren, Umea University, Sweden

Professor Eugen Trinka, Christian Doppler Clinic,
Austria

Associate Professor Catrinel Ilescu, Carol Davila
University of Medicine and Pharmacy, Romania

Associate Professor Christine Linehan, University
College Dublin, Ireland

Professor Kristina Malmgren, University of Gothenburg,
Sweden

Professor Anthony Marson, University of Liverpool, UK

Professor Torbjorn Tomson, Karolinska Institute,
Sweden

Mr Jakob Kjellberg, Danish National Institute for Local
& Regional Government Research, Denmark

ESBACE collaborators
Norman Delanty, Beaumont Hospital, Ireland

Colin Doherty, St James's Hospital, Ireland

Michael Kerr, School of Medicine, Cardiff University,
UK

Anthony Staines, Dublin City University, Ireland

Athanasios Covanis, Agia Sophia Children's Hospital,
Greece

Francisco Sales, University Hospital of Coimbra,
Portugal

Ruta Mameniskiene, Vilnius University Hospital,
Lithuania

Mattias Ekman, AstraZeneca (Nordic-Baltic), Sweden

Philippe Ryvlin, Department of Clinical Neuroscience,
University of Lausanne, Switzerland

Ailbhe Benson, University College Dublin, Ireland

Alex Gunko, University College Dublin, Ireland

Yuelian Sun, Aarhus University Hospital, Denmark


https://doi.org/10.1111/epi.17057

2666 EpilepSia@ LINEHAN ET AL.

Marie Normark Holmgaard, Aarhus University Madalina Leanca, Carol Davila University of Medicine
Hospital, Denmark and Pharmacy, Romania

Julie Werenberg Dreier, Aarhus University Hospital, Lucas Rainer, Christian Doppler Clinic, Austria
Denmark Teia Kobulashvili, Christian Doppler Clinic, Austria

Carmen Sandu, Carol Davila University of Medicine Claudia Granbichler, Christian Doppler Clinic,

and Pharmacy, Romania Austria



