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Abstract
Epilepsy is a disorder of the brain characterized by a predisposition
to produce lasting seizures. For diagnosis, imaging methods and
specifically magnetic resonance imaging (MRI) have been used.
Therefore, the aim of this research was to gather information about
possible changes in brain tissue observed using MRI.
Methods: We did a literature search of online databases (Lilacs,
Medline, Pubmed, Bireme and Capes journals Portal) and also
of specific sites, such as Google Scholar and Google Books
to find scientific articles and books related to the following
topics: epilepsy, neuro imaging, MRI and Diagnostic Imaging.
Althougharticles publishedbefore 2010alsohavescientific relevance
in this research wefocused onlyon the latest articles published in
the Englishlanguage about thementionedtopics.
Results: Among the50articles found, which were published
between 2010 and 2015, only 20 metthe inclusion criteria, of which
16 reported changes in the hippocampus, 7 reported brain atrophy,
4 reported tumors, 3 reported thalamus and basal nuclei signs, 2
reported gliosis and 1 reported amygdala change. Compared to the
total sample of patients with a sign on the MRI, this corresponds to
26.2%, 9.6%, 3.4%, 0.1%, 0.1% and 0.1% respectively.
Conclusion: Several signs of epilepsy are possible to study using
MRI, but in some cases, epilepsy does not show the characteristic
signals. Other associated signs presented in this study can improve
the understanding of epilepsy and its diagnosis.
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Introduction
Epilepsy is characterized as a group of neurological disorders
culminating in recurrent seizures [1]. Structural or functional
brain disorders stop cortical activity causing sudden and excessive
neuronal discharges that cause seizures. The International
Classification of Diseases for epilepsy is classified as ICD-10 G40
[1, 2, 3]. This complication was defined as a disease of the brain
characterized by an enduring predisposition to produce seizures
[4]. The Greek physician Galen was the first to recognize that
epilepsy is a disease of the brain and the separation of the three
types: (1) brain epilepsy;(2) epilepsy reflected cardiac disorders in
the brain; and (3) seizures related to body parts that reflect in the
brain [5]. The first epilepsy references dating back three thousand
years and the manuscripts are in the Museum of London [5, 6].
Currently, epilepsy ratings are documented by the International
League Against Epilepsy (ILAE). The update was released by the
BAOJ Neuro, an openaccess

ILAE in 2010 and recognizes the mesial temporal lobe epilepsy
(MTLE) with hippocampal sclerosis (HS), which were not included
previously [7, 8]. The prevalence of epilepsy in developed countries
ranges from 4 to 10 cases per 1000 people and in tropical countries
the prevalence of epilepsy ranges from 14 to 57 cases per 1000
[9]. With the systematization of new approaches to research and
diagnostic clarification in many areas of science, there was and
evolution of therapy with non-invasive imaging studies of brain
scans known as computed tomography (CT) performed in 1971
[10, 11]. The research evolved and in 1976, the first MRI was
presented with axial slices. MRI is one of the best methods for brain
imaging. This method is very widespread in the clinical practice for
several decades. MRI shows progress in different areas of medicine,
particularly to neurology [12, 13]. MRI allows for the observation
of brain structures and evidence of possible abnormalities that may
explain the presence of seizures [14]. Considering this context, this
research aims to gather current information on changes in brain
tissue observed by MRI.

Methods
To achieve the aim of this research, a systematic review was carried
out regarding articles published about changes in the brains of
people with epileptic seizures. We did a literature search of online
databases (Lilacs, Medline, Pubmed, Bireme and Capes journals
Portal) and also of specific sites, such as Google Scholar and
Google Books to find scientific articles and books related to the
following topics: epilepsy, neuroimaging, MRI and Diagnostic
Imaging. Afterwards, the articles that met the inclusion criteria
were organized in chronological order and grouped into table and
graphs and discussed below after careful reading with respect to the
MRI signs observed. The inclusion criteria taken into consideration
are: scientific articles published between 2010 and 2015 in the
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English language in which there is the presence of some change
in MRI images of the brains of people with epilepsy. Although
articles published before 2010 also have scientific relevance, in this
research we focused only the latest articles published in the English
language about the mentioned topics. Thus, among the 50 articles
found, which were published between 2010 and 2015, only 20 met
the inclusion criteria, whereas the other 30 articles were excluded
because they were not published in English or were published in a
period before 2010. After the selection of scientific articles that met
the inclusion criteria, a careful reading was performed in order to
find signs such as hippocampal sclerosis, brain atrophy and cortical
malformation.

Results
(Table 1) shows the selected scientific articles for this review that
are grouped in chronological order, from 2010 to 2015. This table
contains information about each study, such as its purpose, the
number of samples used and the signs found in the MRI, which
are reviewed in this study. The number of patients studied in all the
articles1639 and the total number of patients with imaging signs
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was 824 (Figure 2(B)). (Figure 1) shows 16 articles with signs of
hippocampal sclerosis and corresponds to 54% of the signs shown
in the 20 articles. Of the 20 articles selected, as shown in (Figure
1), 16 articles reported changes in the hippocampus; 7 reported
changes in brain atrophy; 4 reported changes in tumors and in the
white matter; 3 reported changes in the thalamus, basal nuclei,
gray matter, cortical malformation and cysts; 2 reported changes
in gliosis and gray matter; and 1 reported changes in the amygdale,
brainstem and cerebellar atrophy. (Figure 1) shows a distribution
of articles for signs detected by MRI. Note that signs are present in
all the aforementioned articles, but not all patients have described
image signs.The graph of (Figure 2(A)) reported the percentage of
signs related to all patients in the articles studied. It is observed
that the hippocampal sclerosis corresponds with more than 50%
of signs. Change in the hippocampus corresponds to 26.2% of all
patients, brain atrophy corresponds to 9.6% of all patients, tumors
corresponds to 3.4% of all patients, thalamus and basal nuclei
change corresponds to 0.1% of all patients, gliosis corresponds to
0.1% of all patients and amygdale change corresponds to 0.1% of
all patients.

Table-1 Main characteristics in MRI in articles between 2010 and 2015.
Study

Purpose

Lee et al. 2010

The authors compared data before and after of the sur- 1
gery

Signs; Hippocampal sclerosis and cortical displasy
in MRI signs, but after surgery only hippocampal
sclerosis

Conzet al. 2011

The authors evaluated progression of hippocampal at- 68
rophy in patients with sporadic epilepsy at the mesial
temporal lobe

Only 52 patients had hippocampal sclerosis

Amirsalari 2012

The author studied children with epilepsy by MRI and
200
their relationship with clinical and demographic findings

Only 57 patients showed alterations in MRI: 20
brain atrophy, 18 alteration in white matter, 10
cysts, and 9 tumors

Jalaluddin et al.
2012

The authors determined the normal volume of the hippocampus in healthychildren and adolescentsin Malay.

81

The authors did not study dysfunction of the
hippocampus

Kaprelyan et al.
2012

The author evaluated the importance of MRI for detection of brain lesions associated with refractory epilepsy

49

The MRI brain signs were detected only in 27 patients: 20 brain tumors, 3 hippocampal sclerosis,
2 cortical malformation and 2 cysts

Sgarbi, Telis 2012

The authors carried out a trial with findings of MRI in a
group of patients with refractory epilepsy

43

The study showed temporal sclerosis in 4
patients, alteration in grey matter 3 in patients,
gliosis 3 in patients and tumor 6 in patients

Baldissin,Souza
2013

The authors evaluated the texture in regions of interest
of the limbic system and compared them with the same
areas in healthy people

40

This study showed 20 patients with refractory
epilepsy and 20 normal people

Singh et al. 2013

The authors evaluated and compared the hippocampus
in patients with refractory epilepsy

30

Only 17 patients showed hippocampal sclerosis

Winston et al. 2013

The authors evaluated MRi image with field intensity of
1.5T to 3T

505

In 505 patients studied, 101 showed hippocampal sclerosis, 61 Cortical malformation48 brain atrophy, 29 white matter alteration and 20 patients
showed tumors

Cendes 2013

The case report submitted to resection of anteromedial
region in the temporal lobe

1

This study showed hippocampal sclerosis of left
side
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Lain et al. 2013

The authors defined the neuropathological findings of
pulvinar degeneration observed epileptic seizure of
long duration

The MRI image was normal, but in necropsy
study showed hippocampal sclerosis and pulvinar
lesion

Jang et al. 2013

Patient case report submitted to resection of anterome- 1
dial, region in the temporal lobe

The patient had lesions in the brainstem, thalamus, basal nuclei and temporal mesial region
(hippocampus)

Winkler et al. 2013

The authors document MRI changes in people with different types of epilepsy

32

The results showed 11 patients with generalized
atrophy, 9 Hippocampus sclerosis, 5 gliosis and
2 cysts

Ding et al. 2014

Associated the cognitive comportment with subcortical
atrophy in patients with TLE

74

All the patients showed generalized atrophy.

Strandberg 2014

The author evaluated the use of MRI in the improvement of epilepsy surgery results

25

The study showed 10 cases with cortical malformation, 3 hippocampal sclerosis, 1 gray matter, 1
white matter and 1 generalized atrophy

Saute et al. 2014

The authors correlated the neuroanatomical findings in
children with epilepsy and attention deficit

100

The study showed 1 child with hippocampus
changes, 1 with basal nuclei, 1 white matter, 1
brainstem and 1 showed lesion in thalamus and
cerebellum

Coan et al. 2014a

The authors studied the changes in the brain of patients 29
with mesial temporal lobe epilepsy and hippocampal
sclerosis with functional MRI or only MRI

Only 14 patients showed hippocampal sclerosis
and sclerosis of temporal lobe

Goldberg et al.
2014

The authors evaluated and compare the brain atrophy
in patients with epilepsy and healthy people

41

Only 1 patient showed hippocampal sclerosis, 1
amygdala and 1 basal nuclei alteration

Coan et al. 2014b

The authors studied hippocampal sclerosis by MRI

203

Only 125 patients had hippocampal sclerosis

Keller et al. 2015

The authors analyzed the cortical thickness of patients
with temporal lobe sclerosis

115

Only 80 patients showed hippocampal sclerosis

Figure-1 : Number of signs found in the articles reviewed. Relationship between the number of patients and the signs observed in their
images acquired using MRI.
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Figure-2: Percentage of each sign found in MRI of patients with epilepsy relative to that observed in all documents selected
for this study.The numbers take into account the sample size with respect to (A) the total number of patients (1639 patients),
and (B) the total number of patients whose MRI showed variation signs i.e. a total of 824 patients.

Discussion
We conducted a bibliographic study comprising about 50 articles,
of which only 20 were selected after applying the inclusion and
exclusion criteria. These articles were grouped in table 1 and
contain features consistent with the research, i.e., at least a sign
of interest. The graph of Figure 2 reported the percentage of signs
related to all patients in the articles studied. It is observed that the
hippocampal sclerosis corresponds with more than 50% of signs,
corroborating with the literature as a common sign, but other signs
also need attention by significant incidence as brain atrophy and
cortical malformation. The graph in (Figure 1) allows us to observe
the imaging results by number of patients. It is possible to check
the incidence of hippocampal changes as the largest sign detected
in MRI, i.e., has the highest occurrence at 26.2% relative to the total
number of samples and includes 430 patients. The high incidence of
signs related to the hippocampus was expected because it is an organ
belonging to the limbic system and memory functions in addition
to being brain region that can activate or develop different patterns
of behavior [35]. The hippocampal sclerosis is much described in
the literature as a sign of the presence of epileptic seizures. This sign
as seen by MRI is essential for the diagnosis and treatment protocol
which consists of coronal sections [24]. In this cut it is possible to
study the volume of the hippocampus and surrounding structures
but one should not exclude other sections because these provide
image signs as Lee et al. [15] showed abnormal sign intensity in the
left temporal lobe considering the coronal and axial sections.With
the same cuts, Sgarbi et al. [20] observed tumors in 6 of 43 patients.
The tumors appeared in the 4th highest position in the rank order of
the signs reported (Figure 2).
These changes are evidenced by coronal and axial slices [29]. Lain
BAOJ Neuro, an openaccess

et al. [25] did not find changes on MRI, but after the evaluation of
the autopsy was possible to observedpulvinar changes.According
to Machado [36] the pulvinar is the largest nucleus in the human
thalamus and has connections to the association area of the
temporoparietal cortex. Brain atrophy was reported in 6 studies
(Figure 1) and is ranked in the 2nd highest position of image signs
in MRI as shown in (Figure 2). Brain atrophy is present in 138
patients representing 9.6% of the total number of samples.Among
the articles which related to brain atrophy, Ding et al. [28] reported
generalized atrophy and extra-hippocampal atrophy in regions that
contribute to memory problems. Saute et al. [30] reported atrophy
of the brainstem in children with epilepsy associated with attention
deficit. Jang et al. [26] reported changes in the cerebellum. Many
scientific studies correlate the cerebellum as motor functions, but
Koziol et al. [37] suggested the importance of the cerebellum in
behavior modulation. Therefore, the changes of the cerebellum can
be an important sign of the presence of epilepsy. The basal nuclei
have importance in motor control, emotional and cognitive aspects
[38]. The graph of Figure 1shows that 3 articles discussed relate
changes in the basal nuclei [26, 30, 32]. These changes correspond
to 0.2% of the total number of sign samples with 3 patients as
reported in (Figure 2(A)). This suggests that basal nuclei lesions
may trigger epileptic seizures. This statement is reinforced by
Tedrus et al. [39] who did a retrospective study using CT images on
the calcification of the basal nuclei and reported a patient subjected
to the test for seizures. These changes on basal nuclei should also
receive attention when investigating the causes of epilepsy in MRI.

Conclusion
Based on the analyzed articles in this study we highlight that
the most reported signs of epilepsy present a change in the
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hippocampal region. The recognition that this is one of the brain
regions showing more changes in images indicates an area of
attention when investigating the origin of epilepsy. However, we
must consider the other signs shown in this review, since many
cases of epilepsy have no image signs [25, 40] and any sign in the
areas shown in (Figure 1) may be indicative of changes in brain
structures that develop epilepsy. The results suggest that various
forms of epilepsy are possible of study by MRI and other signs
observed can help professionals and students to have an overview
of the theme of epilepsy, in order to promote the diagnosis with
more security.
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