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Abstract
Background and Objectives
Identification of an epileptogenic lesion on structural neuroimaging in individuals with focal
epilepsy is important for management and treatment planning. The objective of this study was
to determine the frequency of MRI-identified potentially epileptogenic structural abnormalities
in a large multicenter study of adolescent and adult patients with newly diagnosed focal
epilepsy.

Methods
Patients with a new diagnosis of focal epilepsy enrolled in the Human Epilepsy Project ob-
servational cohort study underwent 3 T brain MRI using a standardized protocol. Imaging
findings were classified as normal, abnormal, or incidental. Abnormal findings were classified as
focal or diffuse and as likely epilepsy-related or of unknown relationship to epilepsy. Fisher
exact tests were performed to determine whether abnormal imaging or abnormality type was
associated with clinical characteristics.

Results
A total of 418 participants were enrolled. Two hundred eighteen participants (59.3%) had no
abnormalities detected, 149 (35.6%) had abnormal imaging, and 21 (5.0%) had incidental
findings. Seventy-eight participants (18.7%) had abnormalities that were considered epilepsy-
related, and 71 (17.0%) had abnormalities of unknown relationship to epilepsy. Older par-
ticipants were more likely to have imaging abnormalities, while participants with focal and
epilepsy-related imaging abnormalities were younger than those without these abnormalities.
One hundred thirty-one participants (31.3%) had a family history of epilepsy. Epilepsy-related
abnormalities were not associated with participant sex, family history of epilepsy, or seizure
type.

Discussion
We found that 1 in 5 patients with newly diagnosed focal epilepsy has an MRI finding that is
likely causative and may alter treatment options. An additional 1 in 5 patients has abnormalities
of unknown significance. This information is important for patient counseling, prognostication,
and management.
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Identification of an epileptogenic lesion on structural neuro-
imaging in individuals with focal epilepsy is important for
management and prognostication. The frequency of MRI ab-
normalities among patients with drug-resistant focal epilepsy
has been extensively studied because MRI is typically used in
the further investigation of intractable cases.1 By contrast, the
frequency of lesions among newly diagnosed patients is less
well-studied because MRI is not always obtained at disease
onset, and a substantial proportion of patients will respond to
treatment with antiseizure medications.2

Estimates of lesion occurrence range from 14% among patients
with a first seizure to 84%of surgical candidates at a tertiary care
epilepsy center.1,3 One study of patients with newly diagnosed
epilepsy found 1.5 T MRI abnormalities in 35.3% of patients,
although this study included patients with both focal and
generalized epilepsy.4 Small studies using 1.5 T MRI have
identified abnormalities in approximately 1 in 4 patients with
newly diagnosed focal epilepsy, with 24% of 63 adult patients
having abnormalities in 1 study and 26% of 103 adolescent and
adult patients in another.5,6 However, a large (N = 993) Aus-
tralian study using a mix of 1.5 and 3 T MRI scans found
potentially epileptogenic abnormalities in 56% of patients with
focal epilepsy, and a British study using 3 T MRI found po-
tentially epileptogenic abnormalities in only 18% of patients.7,8

The Human Epilepsy Project (HEP), a multicenter pro-
spective observational study of adolescent and adult patients
with a recent diagnosis of focal epilepsy, offers an opportunity
to determine the frequency of imaging abnormalities among a
large sample of patients with newly diagnosed focal epilepsy.
We describe the baseline imaging findings of this cohort and
test the association between imaging findings and clinical
characteristics.

Methods
We included individuals with newly diagnosed focal epi-
lepsy who were enrolled in the HEP between 2012 and 2017
(N = 418). The HEP (humanepilepsyproject.org) is a pro-
spective multicenter study aimed at gathering information on
biomarkers and treatment response in patients with newly
diagnosed focal epilepsy. Participants were recruited from 34
sites: 28 sites inNorth America, 4 in Australia, and 2 in Europe
(eFigure 1, links.lww.com/WNL/C269). Participants were
eligible for enrollment if they were between ages 12 and 60
years, had 2 confirmed spontaneous seizures in the 12 months
preceding enrollment, had not received treatment or had been
treated with antiseizure medications for fewer than 4 months
preceding enrollment, and had either (1) a definitive clinical

history of recurrent seizures with focal onset, (2) an ictal or
interictal EEG showing a focal abnormality, or (3) a focal
lesion on MRI. Patients were ineligible for enrollment if they
had generalized or mixed epilepsy, a history of intracranial
bleeding, recent traumatic brain injury, moderate or greater
developmental delay before seizure onset, or significant
medical, psychiatric, or progressive neurologic comorbidities.

Demographic information including sex, age at seizure onset,
and race was collected for each participant. Participants’
clinical history was reviewed by the HEP clinical core com-
mittee to ascertain a definitive diagnosis of focal epilepsy.
Seizures were classified as focal without impairment of
awareness (including seizures with observable motor or au-
tonomic phenomena and seizures with subjective sensory and
psychic phenomena), focal with impairment of awareness,
focal with evolution to bilateral tonic-clonic, or unclassifiable.

All patients enrolled in the HEP underwent 3T MRI seizure
protocol studies. The image acquisition protocol included a
whole brain T1-weighted MRI with a 1-mm3 voxel size and a
fluid-attenuated inversion recovery (FLAIR) acquisition (ei-
ther a 1-mm isotropic whole brain 3D acquisition or multislice
FLAIR acquisitions in coronal and axial planes).

Image acquisitions were derived from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) GO 3TMRI protocols with
the modification that T1-weighted MRI scans were obtained
with a 1-mm isotropic voxel size rather than 1 × 1 × 1.2 mm as
per the ADNI protocol.9 After implementation of image ac-
quisition protocols at each site with a specific make andmodel
of MRI scanner, the protocol sheets were returned to the HEP
MRI core and then distributed to each subsequent site with
the same make and model of the MRI scanner. Image ac-
quisition protocols were therefore largely standardized across
sites for the HEP study, with some variability in FLAIR ac-
quisitions. Occasionally, additional sequences such as gradi-
ent recalled echo acquisitions were obtained at individual
sites.

Images were visually reviewed by specialists with substantial
experience with epilepsy neuroimaging (R.K, R.C.K., G.D.C.,
G.J.). Image reviewers were aware of each participant’s age
and the diagnosis of focal epilepsy, but no other clinical in-
formation. Inter-rater agreement for the initial review was fair
(Cohen κ = 0.37). This was primarily attributable to dis-
agreements about findings of unknown significance, which
tended to require consensus review to determine whether
they should be classified as abnormal or incidental. Divergent
assessments were resolved by reevaluation and consensus.

Glossary
ADNI = Alzheimer’s Disease Neuroimaging Initiative; FLAIR = fluid-attenuated inversion recovery; HEP = Human Epilepsy
Project.
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Imaging features for each study participant were classified
following the National Institute of Neurological Disorders
and Stroke Common Data Elements for epilepsy neuro-
imaging.10 Participant neuroanatomy was classified as normal,
abnormal, or incidental, and description of the abnormality
type for abnormal scans was obtained. Imaging abnormalities
were classified as focal or diffuse. All diffuse brain abnormalities
were classified as having an unknown relationship to epilepsy.
Focal abnormalities were classified as likely epilepsy-related or
with unknown relationship to epilepsy. All participants with at
least 1 epilepsy-related abnormality were classified as epilepsy-
related in the statistical analysis, even if they also had focal ab-
normalities with unknown relationship to epilepsy or diffuse
abnormalities.

Epilepsy-related abnormalities were those in which the re-
lationship between imaging features and epileptogenicity has
been well established by previous research, such as hippo-
campal sclerosis, malformations of cortical development,
and foreign tissue lesions (i.e., suspected tumors).11 Find-
ings with an unknown relationship to epilepsy included
diffuse brain atrophy and enlarged ventricles, diffuse white
matter changes, and malrotated hippocampi. In these cases,
although the brain appears abnormal relative to healthy
controls of a similar age, the relationship between the spe-
cific abnormality and the underlying epilepsy has not been
definitively established.12-15 Hippocampal abnormalities
were classified as hippocampal sclerosis if there was atrophy,
signal change, and loss of internal architecture, as malfor-
mations if there was only loss of internal architecture and
change in the hippocampal morphology without atrophy,
and as malrotations if both size and internal architecture
were maintained (Figure 1).

Linear regression was performed to analyze the association
between abnormal imaging and participant age and between
abnormality type and participant age. Fisher exact tests were
performed between abnormal imaging and participant sex,
race, seizure type, and family history of epilepsy and between
abnormality type and participant sex, race, seizure type, and
family history of epilepsy.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was approved by the Institutional Review Board at
the participating institutions. Written informed consent was
obtained from all participants.

Data Availability
Anonymized data not published within this article will be
made available on request to any qualified investigator.

Results
Participants
A total of 418 participants completed a good-quality stan-
dardized HEP MRI. Demographic and clinical characteristics
are shown in Table 1. One participant had imaging performed
at age 11 years (before HEP enrollment). Four participants
were older than age 60 years at the time of enrollment because
of protocol exceptions at 2 participating sites due to low en-
rollment; these participants were between ages 63 and 65
years.

Imaging Findings
One hundred forty-nine of 418 participants (35.6%) had ab-
normal imaging, and 21/418 participants (5.0%) had findings
considered to be incidental to the diagnosis of epilepsy. Two
hundred forty-eight of 418 participants (59.3%) had no ab-
normal findings detected (Figure 2). Among the participants
with abnormal imaging, 75/149 (50.3%) had exclusively focal
abnormalities, 48/149 (32.2%) had diffuse abnormalities, and
26/149 (17.4%) had both focal and diffuse abnormalities.
Specific abnormalities are shown in Table 2. Seventy-eight of
418 participants (18.7% of the overall sample) had abnor-
malities that were considered epilepsy-related. Seventy-one of
418 participants (17.0% of the overall sample) had abnor-
malities in which the relationship to epilepsy is unknown.

We found a relationship between age and MRI abnormalities,
with an increased likelihood of observing abnormalities in
older participants (p = 1.5 × 10−9). This finding remained if
participants with foreign tissue lesions were excluded from the

Figure 1 Examples of Hippocampal Imaging Abnormalities
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analysis (p = 1.47 × 10−9). Participants with focal abnormal-
ities were 4.6 years older than participants with normal im-
aging (p = 3.9 × 10−3). Participants with enlarged ventricles
and diffuse atrophy were 10.4 years older (p = 1.6 × 10−9), and
participants with both diffuse and focal abnormalities were
11.4 years older (p = 4.9 × 10−5). For participants with ab-
normal imaging, participants with epilepsy-related abnor-
malities were 8.8 years younger than participants with
abnormalities with an unclear relationship to the underlying
epilepsy (p = 7.2 × 10−5).

Seventy-three of 165 male participants (44.2%) and 76/253
female participants (30.0%) had imaging abnormalities (p = 0.001;
note N = 21 participants with incidental findings were
excluded from this statistical analysis). Forty-six of 165 male
participants (27.9%) and 51/253 female participants (20.2%)
had focal abnormalities (p = 0.076). Forty-five of 165 male
participants (27.3%), and 32/253 female participants (12.6%)
had diffuse abnormalities (p = 0.0003). Among partici-
pants with imaging abnormalities, 37/76 female participants

(48.7%) and 34/73 male participants (46.6%) had epilepsy-
related abnormalities (p = 0.87).

One hundred thirty-one of 418 participants (31%) had a
family history of epilepsy. Among the patients with a family
history of epilepsy, 49/131 (37.4%) had imaging abnor-
malities, 33/131 (25.2%) had focal abnormalities, 21/131
(16.0%) had diffuse abnormalities, and 30/131 (22.9%) had
epilepsy-related abnormalities. Family history of epilepsy
was not associated with imaging abnormalities (p = 0.65), focal
abnormalities (p = 0.62), diffuse abnormalities (p = 0.49), or
epilepsy-related abnormalities (p = 0.22).

Sixty-four of 418 participants (15.3%) were between ages 11
and 18 years. Among these pediatric patients, 26/64 (40.6%)
had a family history of epilepsy. Pediatric patients were not
more likely than adult patients to have a family history of
epilepsy (p = 0.076).

Seizure type was not associated with imaging abnormalities
(p = 0.72) or epilepsy-related abnormalities (p = 0.85).
(Note participants with incidental imaging findings (N = 21)
and unclassified (N = 11) or uncollected (N = 19) seizure
types were excluded from these statistical tests.) The asso-
ciation between participant race and imaging abnormalities
could not be analyzed because of low numbers of non-White
participants.

Discussion
We report the MRI findings from a prospective sample of 418
adolescent and adult patients with newly diagnosed focal
epilepsy ranging in age from 11 to 65 years. We used a
standardized 3T acquisition protocol with T1 and FLAIR
sequences across 34 sites. We found a lesion with an estab-
lished relationship to focal epilepsy in 18.7% of participants.
An additional 17% of participants had a lesion with an un-
known relationship to epilepsy.

In 1 previous retrospective study of standardized 3 T MRI in
120 patients with new focal epilepsy (age range 19–69 years),
the authors8 found potentially epileptogenic lesions in 18% of
patients. Our findings provide further evidence that approxi-
mately 1 in 5 adolescent and adult patients with a new di-
agnosis of epilepsy will have a potentially etiologic lesion
identified on 3 T MRI.

By contrast, the authors of another study7 found that 155/275
(56%) of patients presenting to a first-seizure clinic who met
criteria for a diagnosis of focal epilepsy had a potentially ep-
ileptogenic lesion. We suspect that their frequency of epi-
leptogenic lesions, which is much higher than the frequency in
our study, is largely because of age differences between the 2
study populations. The mean patient age in their sample was
42.2 years, and the maximum age was 94.3 years, both of
which are higher than the mean of 33.5 years and maximum of

Table 1 Demographic and Clinical Characteristics of
Human Epilepsy Project Participants

Age, y, mean ± SD (range) 33.5 ± 13.9 (11–65)

Sex, n (%)a

Female 253 (60.5)

Male 165 (39.5)

Family history of epilepsy, n (%)

Yes 131 (31.0)

No 271 (65)

Unknown 16 (4)

Race, n (%)

American Indian/Alaska Native 1 (0.2)

Asian 14 (3.4)

Black/African American 42 (10.1)

Native Hawaiian/Pacific Islander 0 (0)

White 335 (80.1)

Unknown or not reported 14 (3.4)

Multiple 12 (2.9)

Seizure type, n (%)

Focal with impaired awareness 115 (27.5)

Focal without impaired awareness 77 (18.4)

Focal with evolution to bilateral tonic-clonic 196 (46.9)

Unclassified 11 (2.6)

Not available 19 (4.6)

a p = 2 × 10−5 (1-sample proportion test).
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65 years in the HEP study. Older patients with epilepsy are
more likely to have imaging abnormalities, with 1 study
finding epileptogenic lesions in 67% of newly diagnosed ep-
ilepsy patients older than 60 years.16 In addition, in their
study, 49 participants (27% of those with potentially epilep-
togenic lesions) had poststroke gliosis or encephalomalacia,
while a focal infarct was only present in 1 patient in our
sample. We suspect that the higher prevalence of potentially
epileptogenic lesions among their focal epilepsy cohort may
be at least partially attributable to poststroke focal epilepsy,
which is one of the most common causes of focal epilepsy in
older patients.17

The proportion of participants with hippocampal sclerosis
(11 cases overall or 2.6% of the study population) was low.
Previous studies of patients with newly diagnosed focal epi-
lepsy have found comparably low rates of 1.5%–3.9%, al-
though 1 study found hippocampal sclerosis in 10% of
patients.4-6 The low incidence in our study may be due to the
exclusion of children younger than 11 years; 1 study of pa-
tients with temporal lobe epilepsy due to mesial temporal
sclerosis found that 39.8% presented before age 10 years.18

The relationship between hippocampal sclerosis and temporal
lobe seizures remains controversial and is likely multifactorial,
with heterogeneity among patients.

Magnet strength, imaging protocols, and reviewer experience
can all result in underappreciation of MRI abnormalities.
However, patients in this study had 3 TMRI scans interpreted
by specialists experienced in epilepsy imaging.

Patients with epilepsy-related abnormalities were significantly
younger than patients with incidental or diffuse abnormalities.
This is an expected finding because diffuse abnormalities such
as diffuse atrophy, ventricular enlargement, and microvascular
white matter changes are more common in older patients.

While male patients were more likely to have abnormal
imaging findings overall, this difference was attributable to
an increased prevalence of diffuse abnormalities, rather than
a higher prevalence of potentially epileptogenic lesions.
There was no association between sex and epilepsy-related
abnormalities. This differs from a previous small study
showing that while focal epilepsy was equally prevalent in
both sexes, lesional focal epilepsy was more common in male
patients.19 Sex differences in the structural and molecular
properties of epileptogenic brain tissue remain an active area
of research.20,21

Nearly one-third of patients had a family history of epilepsy,
which is much higher than previously reported estimates of

Figure 2 MRI Findings of Human Epilepsy Project Participants
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around 10%.22,23 Pediatric patients were no more likely than
adult patients to have a family history of epilepsy. There was no
association between family history of epilepsy and epilepsy-
related abnormalities. This may reflect a sampling bias if pa-
tients with familial focal epilepsies, which are often nonlesional,
were more likely to enroll in the study.24,25 It may also be
related to the upper age limit for enrollment in the HEP be-
cause the exclusion of older patients with acquired epilepsy
etiologies such as strokes or tumors may have resulted in dis-
proportionately high representation of patients with genetic
epilepsies. In either case, our findings underscore the signifi-
cance of a genetic load on patients with focal epilepsy.26

There was no association between seizure type and epilepsy-
related imaging abnormalities. While focal evolving to

bilateral tonic-clonic seizures are more disabling and more
distressing for patients, our results suggest that they are not a
predictor of underlying structural lesions.

The primary limitation of this study is that it was not a
population-based study, and recruitment resources varied
among sites. Thus, the study sample may not be a represen-
tative sample of patients with focal epilepsy and may not be
generalizable to all patients. Female participants were over-
represented, making up 60% of the study sample, while non-
White participants were underrepresented, which prevented
us from analyzing the association between imaging abnor-
malities and race or ethnicity.

Another limitation is the presence of some variability in the
FLAIR sequence acquisition because not all participating in-
stitutions had scanners with 1-mm isotropic FLAIR voxel
capability. This may have limited the sensitivity to detect small
lesions.

Our results suggest that approximately 1 in 5 patients with
focal epilepsy have an MRI-identifiable epilepsy-related
imaging abnormality at the time of diagnosis, while another 1
in 5 have an abnormality with an unknown relationship to
epilepsy. Hippocampal sclerosis was an uncommon finding
in this study. A family history of epilepsy was common in
both adolescent and adult patients. Younger patients were
more likely to have epilepsy-related imaging abnormalities,
while older patients were more likely to have incidental
abnormalities or those with an unknown relationship to
epilepsy. While most adolescent and adult patients with
newly diagnosed focal epilepsy will have normal neuro-
imaging, many patients will have epilepsy-related or poten-
tially epilepsy-related lesions, potentially altering
prognostication and management.

Study Funding
No targeted funding reported. Creation of Human Epilepsy
Project (HEP) was sponsored by the Epilepsy Study Consor-
tium. Funding forHEPwas provided by industry, philanthropy,
and foundations (UCB Pharma, Eisai, Pfizer, Lundbeck,
Sunovion, the Andrews Foundation, the Vogelstein Founda-
tion, Finding a Cure for Epilepsy and Seizures [FACES], and
Friends of Faces). The funders of HEP had no role in the
design or conduct of this study; collection, management,
analysis, or interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit the manu-
script for publication.
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org/N for full disclosures.
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Table 2 MRI Abnormalities Among Human Epilepsy
Project Participants

Epilepsy-related abnormalities (n = 78)

Hippocampal malformation 17

Tumor 15

Other focal temporal lobe abnormalities 12

Hippocampal sclerosis 11

Malformation of cortical development, nonhippocampal 7

Focal lesion of unclear etiology 6

Heterotopia 4

Corpus callosum agenesis 1

Chronic infarct 1

Encephalomalacia 1

Multiple epilepsy-related abnormalities 3

Corpus callosum agenesis + colpocephaly 1

Hippocampal malformation + heterotopia 1

Malformation of cortical development + heterotopia 1

Abnormalitieswith unclear relationship to underlying epilepsy
(n = 71)

Enlarged ventricles and cortical atrophy 48

Multiple abnormalities 14

White matter changes 5

Hippocampal malrotation 3

Basal ganglia calcification 1

Incidental abnormalities (n = 21)

Cyst 8

Asymmetric ventricles 6

Cavum septum/cavum vergae 4

Dilated perivascular spaces 3
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