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Relationship of white matter hyperintensities
with clinical features of seizures in patients
with epilepsy

A relacao das hiperintensidades da substancia branca com as caracteristicas clinicas das
crises em pacientes com epilepsia
Ferda llgen USLU', Elif CETINTAS?, Ismail YURTSEVENS?, Alpay ALKAN?, Mehmet KOLUKISA'

ABSTRACT

Background: Although epilepsy is primarily known as a cortical disorder, there is growing body of research demonstrating white matter
alterations in patients with epilepsy. Objective: To investigate the prevalence of white matter hyperintensities (WMH) and its association
with seizure characteristics in patients with epilepsy. Methods: The prevalence of WMH in 94 patients with epilepsy and 41 healthy controls
were compared. Within the patient sample, the relationship between the presence of WMH and type of epilepsy, frequency of seizures,
duration of disease and the number of antiepileptic medications were investigated. Results: The mean age and sex were not different
between patients and healthy controls (p>0.2). WMH was present in 27.7% of patients and in 14.6% of healthy controls. Diagnosis of
epilepsy was independently associated with the presence of WMH (8=3.09, 95%CI 1.06-9.0, p=0.039). Patients with focal epilepsy had
higher prevalence of WMH (35.5%) than patients with generalized epilepsy (14.7%). The presence of WMH was associated with older age
but not with seizure characteristics. Conclusions: WMH is more common in patients with focal epilepsy than healthy controls. The presence
of WMH is associated with older age, but not with seizure characteristics.
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RESUMO

Antecedentes: Embora a epilepsia seja principalmente conhecida como um disturbio cortical, ha um crescente corpo de pesquisas que
demonstra alteracdes na substancia branca em pacientes com epilepsia. Objetivo: Investigar a prevaléncia de hiperintensidades da
substancia branca (WMH) e sua associacao com caracteristicas das crises em pacientes com epilepsia. Métodos: A prevaléncia de WMH em
94 pacientes com epilepsia e 41 controles saudaveis foi comparada. Na amostra de pacientes, foi investigada a relacéo entre a presenca de
WMH e o tipo de epilepsia, a frequéncia das crises, a duracao da doenca e o nUmero de medicamentos antiepilépticos. Resultados: A média
de idade e 0 sexo nao diferiram entre pacientes e controles saudaveis (p>0,2). WMH estava presente em 27,7% dos pacientes, enquanto em
14,6% dos controles saudaveis. O diagndstico de epilepsia foi independentemente associado a presenca de WMH (8=3,09,1C95% 1,06-9,0,
p=0,039). Pacientes com epilepsia focal apresentaram maior prevaléncia de WMH (35,5%) do que pacientes com epilepsia generalizada
(14,7%). A presenca de WMH foi associada a idade avancada, mas nédo a caracteristicas das crises. Conclusdes: Pacientes com epilepsia
focal tém WMH mais comum do que controles saudaveis. A presenca de WMH esté associada a idade avancada, mas nao a caracteristicas
das crises epilépticas.

Palavras-chave: Epilepsia; Substancia Branca; Epilepsias Parciais; Epilepsia Generalizada.

INTRODUCTION latest classification system of the International League
Against Epilepsy (ILAE), epilepsies are mainly classified as
Epilepsy is a common disorder that affects over 60 mil-  focal, generalized, and unknown epilepsies®. Neuroimaging is

lion people worldwide and in an important contributor to ~ an important tool in the setting of diagnosis and classifi-
the global burden of neurological disease'?. According to  cation of epilepsies along with detailed medical history,
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physical examination, and application of electroencephalog-
raphy (EEG). Although structural magnetic resonance imag-
ing (MRI) does not usually show any visual abnormalities in
patients with generalized epilepsies, it is helpful for the identi-
fication of common epileptogenic lesions such as hippocampal
sclerosis, tumors, vascular lesions, gliosis/encephalomalacia,
and congenital/developmental abnormalities in patients with
focal epilepsies**. However, studies have demonstrated that
MRl reveals potentially epileptogenic lesions only in about half
of the adult patients with new-onset focal seizures®®.

Epilepsy is primarily considered a disease result-
ing from disorders of the cortical network organization’.
However, there is accumulating evidence that both focal
and generalized epilepsies represent widespread white
matter alterations even in the absence of visible structural
lesions®*1*1M1213 Thig raises the critical question of whether
visible white matter lesions would be more common in
patients with epilepsy, but this has not been well studied.
White matter hyperintensities (WMH) are commonly seen
imaging markers especially in elderly population and they are
attributed to cerebral small vessel diseases. However, WMH
can also be seen in different clinical settings such as genetic
disorders, inflammatory diseases, toxic/metabolic condi-
tions, and migraine'*'.

In this study, we aimed to compare the presence and
extent of WMH between patients with epilepsy and healthy
controls. We also investigated the association of WMH with
type of epilepsy, duration of disease, frequency of seizures,
and the number of antiepileptic medications used in patients
with epilepsy.

METHODS

The data of this study were obtained from a prospec-
tive single center study performed between June 1, 2019
and January 31, 2020. The inclusion criteria for this study
were as follows: a) being >18 years old; b) diagnosis of epi-
lepsy according to the ILAE criteria (3); ¢) being followed-
up at the Outpatient Clinic for Epilepsy at least for 1 year;
d) having a brain MRI that was done in accordance with
the ‘epilepsy-specific MRI protocol’. Patients were classi-
fied as focal, generalized, and unclassified epilepsy using
medical history, characteristics of seizures, EEG, and MRI.
Patients with unclassified epilepsy were excluded from the
analysis. Other exclusion criteria of the study were as fol-
lows: a) patients who have acute symptomatic seizures;
b) patients who have had a single unprovoked seizure;
c) unreliable seizure history or suspicion of psychogenic
nonepileptic seizure; d) patients with vascular risk factors
such as hypertension, diabetes mellitus, and cardiac dis-
eases; e) patients with neurodegenerative diseases such as
Alzheimer's disease and Parkinson’s disease; f) patients with
a history of central nervous system diseases such as brain

tumor, inflammatory and demyelination diseases; g) patients
who had lesions other than WMH on MRI such as lacunar
infarcts or vascular lesions; h) history of psychiatric diseases;
i) being pregnant or lactating; j) patients not willing to par-
ticipate in the study. Demographics, age at the seizure onset,
duration of epilepsy (<10 years vs. >10 years), frequency of
seizures (seizure-free in the previous year vs. at least 1 sei-
zure in the previous year), and the number of antiepileptic
medications (1 vs. >1) were recorded for all patients. Healthy
controls were selected from participants who did not have
a diagnosis of epilepsy or any other neurological diseases,
who had a normal neurological examination, and who ful-
filled the above-mentioned exclusion criteria. This study
was performed with the approval of and in accordance with
the guidelines of the institutional review board of The Ethics
Committee of Bezmialem Vakif University. All participants
provided written informed consent.

Structural magnetic
resonance imaging and analyses

All patients underwent an MRI at 1.5 T (Siemens Avanto,
Erlangen, Germany). The MRI protocol included axial
T2-weighted (time of repetition (TR) TR/time of echo (TE):
4.280/91 ms; matrix: 384x211; number of signal averages
(NSA): 1; slice thickness: 5 mm), axial T1-weighted (TR/TE:
500/87 ms; matrix: 256x125; NSA: 1; slice thickness: 5 mm),
axial fluid attenuated inversion recovery (FLAIR) (TR/TE/
T1: 8.000/118/23.687 ms; matrix: 256x140; NSA: 1; slice thick-
ness: 5 mm), coronal FLAIR (TR/TE/TI: 8.000/118/23.695
ms; matrix: 256x144; NSA: 1; slice thickness: 5 mm], and
T2-weighted sagittal (TR/TE: 4.810/90; matrix: 320x247;
NSA: 1; slice thickness: 5 mm) and sagittal 3D T1- weighted
(TR/TE: 476/86; matrix: 256x154; NSA: 1; slice thickness:
1 mm) images. Healthy controls underwent a structural
MRI with similar protocol. All MRIs were examined by the
same radiologist who was blind to the diagnosis. WMH are
defined as lesions =5 mm hyperintense on T2-weighted and
FLAIR, and isointense or mild hypointense on T1-weighted
sequences. The locations were grouped as periventricu-
lar when the lesions were adjacent to the ventricular sys-
tem and deep (subcortical) when they were located in deep
areas of cerebral white matter. Hemispheric (right/left)
and lobar (frontal/parietal/temporal/occipital) locations
of deep WMHs were also recorded. Finally, total burden of
WMH was graded according to the age-related white matter
changes (ARWMC) scale’. In the ARWMC scale, the degree
of white matter changes is rated on a 4-point scale (0: no
lesion, 1: focal lesion, 2: onset of lesions fusion, 3: diffuse
changes) in five different regions (frontal, parietal-occipital,
temporal, basal ganglia, and infratentorial) of the two hemi-
spheres. The total ARWMC score is the sum of the score for
each region in both hemispheres and ranges between 0 to
30. The global ARWMC score, on the other hand, is the score
of the region with the most severe WMH. Hence, this global
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score provides only four grading of WMC severity, with
scores ranging from 0 to 3.

Electroencephalography

A standardized EEG examination was done in all patients
within at least 7 days apart from the last seizure. EEG elec-
trodes were placed according to the 10-20 international elec-
trode system, and recording was done with a digital EEG-
acquisition and analysis system (Medelec) with 21 electrodes.
During the examinations, the time constant was normalized
to 0.3 sec, the low-frequency filter to 0.5 Hz, and the high-fre-
quency filter to 70 Hz. The Cz electrode was used as the ref-
erence electrode. The protocol of EEG included eye opening-
and-closing tests (7 times), intermittent photic stimulation
(IFS; 5-30 Hz), and 5-minute hyperventilation (HV) tests.
All EEGs were evaluated for background activity (frequency,
response to eye opening-closing, hemisphere symmetry in
terms of quantity, frequency, and amplitude), pathological
slow waves, paroxysmal abnormalities (localization, lateral-
ization, morphology, continuity, frequency), and activation
methods (HV, IFS). The presence of any epileptiform abnor-
mality is considered as ‘pathological EEG.

Statistical analysis

First, patients with epilepsy and healthy controls were
compared for demographics and for the presence and bur-
den of WMH. Then, patients with WMH and those without
WMH were compared for demographics, disease character-
istics (frequency of seizures, disease duration, number of
antiepileptic medications, type of epilepsy), and EEG abnor-
malities. Discrete variables were presented as count (%) and
continuous variables as mean (£SD) or median (interquar-
tile range [IQR]), as appropriate based on data distribution.
Group comparisons were carried out using independent
Student’s ¢-test ( for normal distributions) or Wilcoxon rank-
sum test (for non-normal distribution) for continuous vari-
ables. Pearson chi-square or Fisher’s exact tests were applied
when evaluating associations among discrete variables.
Separate logistic regression analyses were used to investigate
the independent associations between the presence of WMH
and diagnosis of epilepsy (versus healthy controls) as well as
type of epilepsy (focal versus generalized). All statistical anal-
yses were conducted using Statistical Package for the Social
Sciences (SPSS), version 20, software. A p value less than 0.05
was considered statistically significant.

RESULTS

During the study period, 316 patients were evaluated
at the outpatient clinic. Of these, 94 patients with epilepsy
were included in the study while 222 were excluded for vari-
ous reasons (Figure 1). Forty-one healthy controls were also
recruited for the current study.

Arg Neuropsiquiatr 2021;79(12):1084-1089

Excluded patients n: 222
Those who cannot have MRI: 10
Non-vascular and non-WMHs lesion on MRI: 20
PNES: 14
Acute symptomatic seizures: 11
Single unprovoked seizure: 13
Unclassifiable seizures: 25
Refuse to participate: 7

Hypertension dyslipidemia, diabetes mellitus,

hyperthyroidism, cardiac disease: 46,
Neurodegenerative diseases: 11

Vascular CNS pathology (stroke squealed): 16

N: 357 (316 patients and 41 controls).

Malignancy: 23

Number of participant during the study period

Psychiatric disease: 7

Pregnant or lactating: 8

Mental retardation: 8
Progressive myoclonic epilepsy-3
Patients eligible for the study: 94

Controls: 41

Figure 1. Flowcharts of patient inclusion and exclusion.

The mean age of patients with epilepsy was 30.45+11.5
years and 59.6% were female. The mean age of healthy con-
trols was 33.11%11.7 years and 63.4% were female. Neither age
nor sex differed between patients and controls (p=0.222 and
p=0.773, respectively).

Of patients, the mean age of seizure onset was 21.4+11.9
years, and the duration of epilepsy was 8.9£7.7 years. Sixty-five
patients (69.1%) had seizures for <10 years, while 29 patients
(30.9%) had seizures for >10 years. Sixty patients (63.8%) were
seizure-free in the previous year, while 34 patients (36.2%)
were not. Sixty-eight (72.3%) patients were taking 1 antiepi-
leptic drug while the remaining 26 (27.7%) were taking more
than 1 antiepileptic drug. Sixty patients (63.8%) were catego-
rized as focal epilepsy and 34 patients (36.2%) as generalized
epilepsy. The mean age did not significantly differ between
patients with focal and with generalized epilepsy (p=0.133).
Of EEGs, 70 (74.5%) were within normal limits, 16 (17%)
showed focal epileptic abnormalities, and the remaining 8
(8.5%) showed generalized epileptic abnormalities.

WMH were present in 26 (27.7%) patients with epi-
lepsy and in 6 (14.6%) healthy controls (p=0.126). WMH
were located only in one hemisphere in 22 (84.6% of all



patients) patients with epilepsy, while they were bilateral in
the remaining 4 (15.4%) patients (Figure 2). Of healthy con-
trols with WMH, 4 (66.6%) had bilateral and the remaining 2
(33.3%) had unilateral WMHs. In both patients and healthy
controls, all WMH were seen as focal lesions in all regions,
therefore global ARWMC scores were 1 in both patients
and healthy controls. Total ARMMC scores did not change
between groups either (p=0.312). Considering lobar locations
of WMH, 14 patients had WMH in frontal, 4 in frontal and
parietal, 5 in parietal, 1 in temporal and occipital, 1 in tem-
poral and 1 patient in occipital region. In healthy controls, on
the other hand, all WMH were located in frontal lobes.

The mean age was significantly higher in patients with
WMH than those without WMH (36.3+15.4 vs 28.1+8.8,
p=0.022). Age was also significantly different between healthy
controls with WMH and those without WMH (43.6x17 vs
31.319.8, p=0.015). Sex was not associated with the presence
of WMH, either in patients (p=0.641) or in healthy controls
(p=0.651). In a logistic regression analysis with the presence
of WMH as dependent variable and age, sex, and diagnosis
of epilepsy (vs healthy controls) as independent variables,
increase in age (£3=1.07, 95%CI 1.02-1.11, p=0.001) as well as
the diagnosis of epilepsy (£3=3.09, 95%CI 1.06-9.0, p=0.039)
were independently associated with the presence of WMH.

Within the patient sample, the presence of WMH was not
associated with the frequency of seizure (p=0.444), duration
of epilepsy (p=0.610), number of antiepileptic medications
used (p=0.148) or with the presence of EEG abnormalities
(p=0.848).

According to the type of epilepsy, 21 (35%) patients with
focal epilepsy and 5 (14.7%) with generalized epilepsy had
WMH. The presence of WMH was significantly higher in
patients with focal epilepsy than in patients with general-
ized epilepsy (p=0.035). In a logistic regression analysis with
the presence of WMH as dependent variable and age, sex and
type of epilepsy (focal vs. generalized) as independent vari-
able, increase in age was independently associated with the
presence of WMH (£8=1.06, 95%CI 1.01-1.11, p=0.011) while
diagnosis of focal epilepsy showed a trend toward associa-
tion with the presence of WMH (p=0.064).

When analyzing the two types of epilepsy separately, age
was significantly higher in WMH+ patients with focal epi-
lepsy than WMH- patients with focal epilepsy (38.0+16.5 vs

28.419.6, p=0.006). On the other hand, the presence of WMH
was not associated with age in patients with generalized epi-
lepsy (p=0.720). Sex was not associated with the presence
of WMH, either in patients with focal epilepsy (p=0.587) or
in patients with generalized epilepsy (p=1.0). Frequency of
seizures, duration of disease, presence of pathological EEG,
and number of antiepileptic medications were also not asso-
ciated with the presence of WMH in separate analyses of
patients with focal and generalized epilepsy (p>0.2 for all
comparisons).

Of the 21 patients with focal epilepsy and WMH, seizures
were in the temporal lobe in 13 and in the frontal lobe in eight
patients. In 13 patients with temporal seizures, one patient
had WMH in the temporal region, but the EEG abnormal-
ity of this patient was seen in the contralateral hemisphere.
In eight patients with frontal lobe epilepsy, five patients had
WMH in the frontal, one patient in the frontal and tempo-
ral, one patient in the parietal, and one patient in the occipi-
tal region. One of these patients with frontal WMH and fron-
tal localization showed EEG abnormality in the same region
while others did not.

DISCUSSION

In this study, we found that the prevalence of WMH in
patients with epilepsy were comparable that with healthy
controls. Within patients with epilepsy, the presence of WMH
was more common in patients with focal epilepsy compared
to patients with generalized epilepsy. In focal epilepsy, the
presence of WMH was associated with higher age, but not
with frequency of seizures, duration of disease, or number
of antiepileptic drugs. The location of WMH did not seem to
correspond with the location or lateralization of seizures.

WMH are commonly seen as imaging markers partic-
ularly in the elderly population, and the main mechanism
leading to these lesions is chronic ischemia due to cerebral
small vessel diseases'”. However, they can also be seen in
other neurological diseases and even in the healthy popula-
tion'*®. In our study, WMH were present in about one third
of the patients with epilepsy and in about one seventh of
the healthy participants. Consistent with the evidence from
previous studies, older age was significantly associated

Figure 2. (A) 25 years old female, focal epilepsy; (B) 46 years old male, focal epilepsy; (C) 35 years old female, focal epilepsy.
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with the presence of WMH in both patients and healthy
controls'®*.

Patients with focal epilepsies had higher rates of WMH
compared to patients with generalized epilepsy. The preva-
lence of WMH in generalized epilepsy (14.7%) was compara-
ble to health controls (14.6%). These results suggest that the
risk of WMH is increased in patients with focal epilepsy, but
not in patients with generalized epilepsy. In the subgroup of
patients with focal epilepsy, a relationship between the pres-
ence of WMH and characteristics of epilepsy was not found.
There was no obvious relationship between the location of
WMH and localization/lateralization of epilepsy either.

Over the past years, several brain imaging studies using
diffusion MRI have demonstrated white matter alterations in
patients with epilepsy. Studies on focal epilepsy have reported
that white matter abnormalities are more pronounced in the
hemisphere of the epileptic focus® while studies in patients
with generalized epilepsy have reported widespread micro-
structural alterations, particularly in the frontal and parietal
regions®. These findings have been confirmed in a very recent
multicenter study including 1249 patients with epilepsy and
1069 healthy controls®. It has also been reported that these
alterations were more pronounced in patients with a younger
age of onset and longer duration of epilepsy, supporting the
idea that these alterations are consequences of epilepsy
rather than a potential causal relationship??*. WMH can be
defined as gross radiological markers of white matter alter-
ations as previous longitudinal reports have demonstrated
that WMH develop in normal appearing white matter that
show microstructural alterations at baseline*. Therefore, we
also hypothesize that microstructural white matter altera-
tions, which are potential markers of secondary injury from
epilepsy, become visible with time as WMH in patients with
epilepsy. Our study did not find any relationship between the
presence of WMH and frequency of seizures or duration of
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