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Abstract: Epilepsy is a chronic neurological disease with serious impact on patients and society. The causes of epi-
lepsy comprise a heterogeneous group of disorders, rendering epilepsy diagnoses rather difficult and challenging.
The primary role of MRl is to locate and define the probable anatomic epileptogenic lesions. In the developing coun-
tries, where functional MRI (fMRI) is not popular, conventional MRI (cMRI) becomes especially important in epilepsy
diagnoses. Apart from that, an experienced radiologist can increase the diagnostic yield of MRI to epileptogenic
lesions. Thus, we present a pictorial review focusing on the role of cMRI in the screening of epilepsy with structural
abnormalities and highlighting the key findings on cMRI to help radiologists to be familiar with the characteristic
findings. Considering the complexity and diversity of the structural abnormalities, we propse a mnemonic “MAGIC
TVs” approach to reduce false negative diagnosis and improve the diagnosis rate.
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Introduction

Epilepsy is a chronic neurological disease char-
acterized by sudden, repeated and transient
dysfunction of central nervous system due to
abnormal, excessive neuronal activity [1-10].
Epilepsy affects more than 50 million patients
worldwide and imposes substantial global dis-
ease burden [11, 12]. The situation is more
serious in developing countries than in devel-
oped ones. It is reported that the incidence of
epilepsy in low and middle-income countries is
approximately twice that of high-income coun-
tries [13, 14]. In addition, the prevalence is
higher in rural areas than in urban areas of low-
income economies. It is a contradiction prob-
lem between the high incidence of epilepsy and
the resource-constrained health services in
developing countries. Epilepsy control is largely
limited by relatively deficient of imaging and
neurophysiological facilities, a large treatment
gap, costly drugs, limited epilepsy surgery, etc
[45].

The sophisticated technologies, taking mag-
netic resonance imaging (MRI) as an example,

used in epilepsy diagnosis are highly accessible
to most of the population in developed econo-
mies, whereas not or only available in big cities
in some developing countries [15]. The Inter-
national League Against Epilepsy (ILAE) sug-
gests that everyone with epilepsy should have,
in the ideal situation, a high quality MRI [16].
The National Institute of Health and Clinical
Excellence (NICE) guidelines recommend that
MRI of the brain should be the investigation of
choice in children and adults with epilepsy to
screen for structural abnormalities.

With the rapid development of magnetic reso-
nance technology, especially functional MRI
(FMRI), MRI is becoming more and more impor-
tant in the diagnosis and management of
patients with epilepsy. The primary role of MRI
is to locate and define the probable anatomic
epileptogenic lesions. However, the convention-
al MRI (cMRI) is not popularized in developing
countries due to the various limitations as men-
tioned before, let alone the much more expen-
sive fMRI. Under this condition, it would be par-
ticularly important for us to use the limited
resources more effectively, that is to increase
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Figure 1. HS. A. T2FLAIR image shows atrophy and hyperintensity of the left
hippocampus (arrow). B. Coronal T2FLAIR image of another patient shows
atrophy and hyperintensity of the right hippocampus (arrow). Brain atrophy
can be seen in both images, especially ipsilateral temporal lobe atrophy with
the dilatation of the ipsilateral temporal horn and the ipsilateral Sylvian fis-
sure.

the diagnostic yield of MRI. Apart from some
objective factors as the scanner and applied
techniques, which are restricted by economic
reasons, the experience of the radiologists who
obtain and interpret the images is significant to
the success of MRI in detecting abnormalities.
Itis reported that the diagnostic yield increases
when an epilepsy dedicated MRI are performed
and interpreted by an experienced radiologist
[17, 18].

The causes of epilepsy comprise a heteroge-
neous group of disorders, rendering epilepsy
diagnoses rather difficult and challenging. The
primary role of a radiologist is to assess if there
is a structural etiology for the patient’s epilepsy
[19]. The present article focuses on the role of
cMRI in the screening of epilepsy with structur-
al abnormalities. Considering the complexity
and diversity of the structural abnormalities,
we propose a mnemonic “MAGIC TVs” approach
to reduce false negative diagnosis and improve
the diagnosis rate. Each capital letter of “MAGIC
TVs” represent a kind of disease, “M” stands
for mesial temporal sclerosis(MTS), “A” stands
for atrophy/gliosis, “G” stands for hypothalamic
hamartoma with gelastic seizures, “I” stands
for infection, “C” stands for malformations of
cortical development (MCDs), “T” stands for
tumor, “V” stands for vascular malformations,
“s” stands for Sturge-Weber syndrome (SWS).
We will illustrate and depict the characteristic
imaging features of “MAGIC TVs” on cMRI one
by one.
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The characteristics of “MAGIC
TVs” on cMRI

“M”: mesial temporal sclero-
sis (MTS)

MTS refers to the sclerosis of
mesial temporal lobe struc-
tures, such as hippocampus,
amygdala, uncus and so on, of
which hippocampal sclerosis
(HS) is the most common one.
HS is pathologically identified
by neuronal loss and chronic
fibrillary gliosis and is the mo-
st common pathology underly-
ing refractory mesial temporal
lobe epilepsy (MTLE). Patients
with MTLE often have a histo-
ry of an early initial precipitat-
ing injury, such as childhood febrile convul-
sions, central nervous system infections, head
injury, etc. After a seizure-free interval of sev-
eral years, refractory recurrent seizures would
occur [20-23].

The cMRI is crucial in evaluating the structural
abnormalities of hippocampus. The standard
MRI protocol uses coronal slices perpendicular
to the long hippocampal axis for evaluation of
temporal lobe abnormalities. The typical cMRI
features of HS include reduced hippocampal
volume, increased signal intensity on T2WI, and
disturbed internal architecture [20, 21, 24]. Itis
established that reduced hippocampal volume
correlate with lower neuron cell counts and the
increased T2 signal in the HS was mainly influ-
enced by gliosis in the dentate gyrus [25, 26].
Internal architecture changes defined as blur-
ring of the low signal intensity streak which
pathologically considered being stratum radia-
tum. Associated findings include temporal lobe
atrophy, amygdala atrophy, dilatation of the
temporal horn, loss of the gray-white matter
demarcation in the anterior temporal lobe,
entorhinal cortex atrophy, atrophy of the ipsilat-
eral fornix and mammillary body and atrophy of
the parahippocampal gyrus due to degenera-
tion of afferent or efferent projections of the
hippocampus (Figure 1) [21, 27].

“Dual pathology”, refers to the coexistence of
MTS with lesions located outside the hippo-
campus, is observed in 15% of patients with
surgery TLE [28]. MCDs, early ischemic lesions,
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Figure 2. Atrophy. (A) Axial TAWI; (B) Axial T2WI; (C) Axial T2FLAIR and (D) axial DWI show the focal atrophy of bilater-
al frontoparietal lobes (arrows), appearing as low signal intensity on T1WI, high intensity on T2WI, and low intensity
on T2 FLAIR, with high intensity on T2 FLAIR around the lesion and unrestricted diffusion on DWI. (E) Sagittal TAWI
shows the negative mass effect of the atrophy, appearing as the deformation and displacement of the corpus cal-
losum and the enlargement of the lateral ventricle. (F) Axial TAWI; (G) Axial T2WI and (H) axial T2FLAIR show another
case of left frontal lobe atrophy (arrows) because of localized contusions and intracranial hemorrhage due to brain
trauma. There is a hemosiderin ring around the lesion representing stale hemorrhage.

low-grade tumors (such as dysembryoplastic
neuroepithelial tumours (DNET), ganglioglio-
mas (GQ)), and vascular malformations can be
associated with HS and are mostly ipsilateral
[28, 29]. MCDs are the most common extrahip-
pocampal lesions. Possibly the HS may have
been “kindled” by this second pathology. Thus,
an exhaustive search for additional epilepto-
genic lesions must be performed to avoid miss-
ing another possible lesion which plays impor-
tant role in the course and prognosis. It is sug-
gested that the best surgical approach of dual
pathology is to remove both the lesion and the
HS [30, 31].

It is important to pay attention to bilateral HS,
which occurs in approximately 10-20% of cases
and may be difficult to detect on cMRI [21, 22].
Under these conditions, quantitative methods
and carefully view images are useful for the
diagnoses of bilateral HS.

“A”: atrophy/gliosis
Atrophy is the final common pathway for many
neurologic processes including trauma, infarc-

tions, infections and so on, and the commonest
focal atrophy associated with epilepsy is due to
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trauma. Atrophy appears as low signal intensity
on TAWI, high intensity on T2WI, and low inten-
sity on T2FLAIR, standing for the focal or dif-
fuse volume loss of the brain, with high inten-
sity on T2FLAIR around the lesion, standing for
the gliosis of the peripheral tissues. The accom-
panying signs are negative mass effect, includ-
ing the deeper of the neighboring sulci and fis-
sures, the enlargement of the neighboring sub-
arachnoid space, the dilation of the ipsilateral
lateral ventricle and the shift of middle line
structure sometimes. HS is a common appear-
ance among chronic traumatic brain injury sur-
vivors, presumably because of diffuse injury
mechanisms that lead to damage of vulnerable
neurons or axons in mesial temporal struc-
tures. Other refractory epilepsies can occur
from focal gliosis resulting from localized con-
tusions and intracranial hemorrhages (Figure
2) [32].

“G”: hypothalamic hamartoma (HH) with gelas-
tic seizures

HH is a congenital non-neoplastic lesions char-
acterized by the typical symptoms as gelastic
seizures and precocious puberty and the char-
acteristic imaging findings. The typical appear-
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Figure 3. HH. (A) Sagittal TAWI; (B) Axial TAWI; (C) Axial T2WI; (D) Sagittal and (E) coronal enhancement scans show
a small round nodule at the hypothalamus region (arrows), appearing as uniformly isointense to gray matter on
TA1WI, isointense on T2WI, and without contrast enhancement.

Figure 4. Multiple brain abscesses. (A) Axial TAWI; (B) Axial T2WI; (C) Axial T2FLAIR and (D) axial enhancement scan
show three abscesses in the frontal and parietal lobes (arrows). They appear as low intensity on TAWI, high intensity
on T2WI and ring enhancement of the lesions in the right frontal and parietal lobes while the one in the left parietal
lobe shows patchy enhancement. There are enormous edema areas around the lesions. The arrow heads show the
typical ring sign with multiple concentric rims. The lesions with ring enhancement show high signal intensity on DWI
(E). The (F) and (G) show the other three lesions with high signal intensity on DWI (arrows). (H) Shows the follow-up
examination 5 months later. The lesions are smaller with focal atrophy and gliosis after effective treatment.

ances on cMRI are uniformly isointense to gray
matter on TAWI, slightly hyperintense or isoin-
tense on T2WI, and without contrast enhance-
ment (Figure 3). Atypical findings of HH on cMRI
include the large size and cystic change [33].

“I”: infection

The most common cause of epilepsy worldwide
is infection. An infectious etiology refers to a
patient with epilepsy, rather than with seizures
occurring in the acute period of infection such
as meningitis or encephalitis [19]. In most situ-
ations, infectious epilepsy occurs in the after-
math of the acute infection, due to gliosis or
atrophy which has been mentioned above.
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Atypical organisms such as parasitic infection
as neurocysticercosis, sparganum can be epi-
leptogenic in all disease phases (Figure 4) [22,
23].

“C”: malformations of cortical development
(MCDs)

MCDs, which were recognized as a major cause
of drug-resistant epilepsy and developmental
delay, are a heterogeneous group of abnormali-
ties that result from the interruption of the
major cerebral cortical developmental steps.
MCDs can be classified into three major groups:
Group I, malformations due to abnormal neuro-
nal and glial proliferation or apoptosis, e.g.
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Figure 5. FCD type Il. (A) Axial TAWI shows the decreased signal intensity of the right frontal lobe (arrow). (B) Axial
T2WI and (C) axial T2FLAIR shows focal thickening of the cortex, blurring of the gray/white matter junction and
increased subcortical white matter signal intensity (arrows). (D) Coronal T2FLAIR shows the transmantle sign, ap-
pearing as white matter signal abnormalities tapering towards the ventricle (arrow).

Figure 6. TS. (A) Head CT shows multiple calcified subependymal nodules (arrows). (B) Axial TAWI and (C) Axial T2WI
show the T1-hyperintense and T2-hypointense subependymal nodules (arrows). (D) Axial T2FLAIR and (E) coronal
T2FLAIR show the hyperintense subcortical tubers (arrows).

focal cortical dysplasia (FCD) type Il, tuberous
sclerosis (TS), neoplastic; Group Il, malforma-
tions due to abnormal neuronal migration, e.g.
heterotopia; and Group lll, malformations due
to abnormal late neuronal migration and corti-
cal organization, e.g. polymicrogyria (PMG) and
schizencephaly [34-38].

MCDs: FCD

FCD are the most common group of MCDs in
patients presenting with medically intractable
epilepsy [34, 36]. It comprises a broad range of
architectural and cytoarchitectural disorders
which were divided into several subtypes
reflecting the degree of severity: mMCD type |
and type Il, FCD type IA and IB, FCD type IIA and
1IB [39, 40]. FCD type I, first described as a dis-
tinctive disturbance of cortical structure by
Taylor and his colleagues in 1971 [41], was sub-
sequently divided into two subtypes based on
the presence or absence of balloon cell (type
IIA and type IIB). The characteristic findings of
FCD type Il on cMRI include: focal thickening of
the cortex, blurring of the gray/white matter
junction, increased subcortical white matter
signal intensity on T2WI and T2FLAIR and
decreased signal intensity on TAWI. The trans-

130

mantle sign, appearing as white matter signal
abnormalities tapering towards the ventricle, is
a radiological marker of FCD type Il (Figure 5)
[34, 40, 42]. Besides, abnormal cortical gyra-
tion and sulcation, focal enlargement of the
subarachnoid spaces may assist in the diagno-
sis of FCD type Il [34]. Apart from FCD type I,
the other type of FCDs such as mFCD and FCD
type | may be completely cryptic or may be
revealed by atrophy of the dysplastic cortex and
by mild blurring of the gray/white matter demar-
cation on cMRI [34]. FCD type | most frequently
occur in the temporal lobe associated with ipsi-
lateral HS, representing the so called “dual
pathology” [43, 44]. On the contrary, FCD type
Il is most commonly found in extratemporal
locations, especially the frontal lobe. FCDs,
particularly type |, sometimes can occur accom-
panying with developmental tumors, such as
DNET and GG [34].

MCDs: TS

TS is an autosomal dominant, neurocutaneous
syndrome that results in multi organ hamarto-
mas. Mental retardation, epilepsy, and adeno-
ma sebaceum are characteristic features of TS.
Classically, the central nervous system involve-
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Figure 7. Heterotopia. The (A-C) show PVH. (A) Axial TAWI; (B) Axial T2WI and (C) coronal T2FLAIR show bilateral PVH
(arrows) in the trigone of the lateral ventricles which are isointense to the normal gray matter. The figures (D and
E) show band heterotopia. (D) Axial TAWI and (E) axial T2WI show bilateral, symmetric, smooth, thick bands of gray
mater outlined by thin layers of white matter and seem like a 3-layer cake.

Figure 8. PMG. (A) Saggital TAWI; (B) Axial TAWI; (C) Axial T2WI and (D) axial T2FLAIR show the excessive number
of abnormally small prominent convolutions separated by shallow sulci with an irregular appearance of the cortical

surface and cortical-white matter junction in the frontoparietal region (arrows).

ment of TS is characterized by multiple cortical
and subcortical tubers and subependymal nod-
ules along the lateral ventricles [16, 22, 45].
Tubers, most commonly located in the frontal
lobes, expand the gyri they originate and are
hyperintense on T2WI and iso- or hypointense
on T1WI [45]. The lesions typically have a trian-
gular configuration with the apex pointing
toward the ventricle [46]. When there is calcifi-
cation, the signal can differ, i.e., a lower T2 sig-
nal and a higher T1 signal. Subependymal nod-
ules usually are calcified and seen as T1 hyper-
and T2 hypointense nodules (Figure 6). TAWI is
a most valuable sequence in the detection of
tubers among babies who are younger than 6
months old. Tubers appears as obvious hyper-
intensity on T1WI, whereas can be difficult to
recognize on T2WI or FLAIR sequences due to
the native high T2 signal of the unmyelinated
white matter [16, 45].

MCDs: gray matter heterotopia

Gray matter heterotopia are accumulations of
normal appearing neurons in abnormal loca-
tions anywhere from the subependymal region
of the lateral ventricles to the cerebral cortex
secondary to arrest of radial migration of neu-

131

rons [42, 47]. Heterotopia is divided into peri-
ventricular (subependymal) heterotopias (PVH),
subcortical heterotopias (SCH), and band (lami-
nar) heterotopias (BH) on the basis of the loca-
tion and configuration of the ectopic gray mat-
ter tissue [48]. PVH are frequently bilateral and
located in close proximity to the ventricular
wall, commonly in the region of the trigone and
occipital horns. The typical appearances of
PVH are small, round or oval nodules isointense
to the normal gray matter on all MRI sequenc-
es, located in the ventricle wall or project into
the ventricular lumen or lie within the periven-
tricular white matter, and without contrast
enhancement (Figure 7) [42, 47, 48]. PVH is
often associated with other malformations
such as cerebellar dysgenesis, corpus callo-
sum anomalies, etc [49]. SCH are located with-
in the subcortical or deep white matter between
the ventricular ependymal surface and the
cerebral cortex with various forms including
nodular, curvilinear or mixed. Thin overlying cor-
tex and shallow sulci are typical findings for
SCH. BH is a rare developmental malformation
seen primarily in female and may be familial
with X-linked dominant inheritance. The charac-
teristic appearance of BH is a 3-layer cake, that
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Figure 9. Schizencephaly. (A) Axial TAWI; (B) Axial T2WI and (C) axial T2FLAIR
show the right parietal closed-lip cleft associated with polymicrogyria (ar-
rows). The (D-F) Show another patient with bilateral schizencephaly. (D) Axial
T2WI and (E) axial T2FLAIR show the bilateral clefts located in the frontopa-
rietal region, with the wall of the clefts lined with dysmorphic gray matter. (F) moner in bilateral schizen-

Saggital TAWI shows the right open-lip cleft extending to the lateral ventricle,
which is associated with the corpus callosum agenesis.

is two parallel layers of gray matter separated
by a thin white matter layer [42, 47, 48].

MCDs: PMG

PMG is characterized by an excessive number
of abnormally small prominent convolutions
separated by shallow sulci with an irregular
appearance of the cortical surface and cortical-
white matter junction. The anomaly can be uni-
lateral or bilateral; focal, multifocal or diffuse,
symmetric or asymmetric. The most frequent
anatomic localization (about 60%-70%) is in
regions adjacent to the Sylvian fissures, partic-
ularly the posterior perisylvian area [42, 47, 50,
51]. It may be associated with other malforma-
tions such as corpus callosum agenesis or
hypogenesis, cerebellar hypoplasia, periventri-
cular or subcortical heterotopias [41, 42]. The
combination of three characteristics on MR
images has been used to identify PMG: abnor-
mal gyral pattern; increased cortical thickness;
and irregularity of the cortical-white matter
junction due to packing of microgyri (Figure 8)
[52]. Anomalous venous drainage is common in
areas of dysplastic cortex, seen in up to 51% of
patients with PMG [42, 51, 53].

MCDs: schizencephaly

Schizencephaly appears as a cleft filled with
cerebrospinal fluid (CSF) from the subarach-
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noid space to the lateral ven-
tricle. The wall of the cleft is
lined with dysmorphic gray
matter. The cleft most fre-
quent locates in the frontal
and parietal lobes, particularly
in the areas adjacent to the
central fissure, and may be
small or large, unilateral or
bilateral. The anomaly may be
of the open-lip type, which has
separated lips and a cleft of
CSF extending to the underly-
ing ventricles, or closed-lip
type, in which the walls of the
cleft are in contact with each
other [42, 54]. Closed- and
open-lip clefts are equally fre-
quent in the unilateral cases,
while open-lip clefts are com-

cephaly [54]. The associated
brain malformations include
PMG, agenesis of the septum
pellucidum, atrophy of the optic nerve, agene-
sis or thinning of the corpus callosum, hippo-
campal malformations, etc (Figure 9) [42, 54,
55].

“T”: epilepsy associated tumors

Epilepsy associated tumors constitute a dis-
tinct group of tumors that are often revealed by
seizures in young patients. These neoplasms
are located in the cortex (typically in the tempo-
ral lobe), slow-growing, well-defined, non-necr-
otic lesions and can be difficult to differentiate
from MCDs [47, 48]. The common image fea-
tures of these tumors include a cortical well-
defined lesion, a cystic component, no peritu-
moral edema, no mass effect, no necrosis, and
a scalloped adjacent bone [16]. Tumors can
have associated FCD. Reversed triangle sign
may show sometimes. The spectrum of epilep-
sy associated tumors comprises gangliocyto-
ma, DNET (Figure 10), GG, pleomorphic xantho-
astrocytoma (PXA), pilocytic astrocytoma and
oligodendroglioma [16, 22, 23, 56].

“V”: vascular malformations
Cavernomas and arteriovenous malformations
(AVMs) are the most frequent intracranial vas-

cular malformations associated with epilepsy
[57-59].
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Figure 10. DNET. (A) Axial TAWI and (B) axial T2WI show a well-defined lesion which is located in the right frontal
lobe, with low signal intensity on TAWI and high signal on T2WI (arrows). (C) Axial T2FLAIR and (D) coronal T2FLAIR
show the “hyperintense ring sign” appearing as the hyperintensity at the rim of the lesion (arrows). Reversed triangle
sign was showed on the coronal T2FLAIR image. (E) Axial DWI shows the low signal intensity lesion (arrow).

Figure 11. Cavernomas. (A) Saggital TAWI; (B) Axial T2WI; (C) Axial T2FLAIR and (D) coronal T2FLAIR show a “pop-
corn-like” cavernomas with a combination of high and low T1 and T2 signals with surrounding hemosiderin (arrows).

Figure 12. SWS. (A) Head CT shows the cortical atrophy and subcortical calcifications in the left parietal lobe (ar-
rows). (B-D) Axial, coronal and saggital TAWI after gadolinium injection demonstrating leptomeningeal enhance-

ment of the parietal lobe (arrows).

Cavernomas are encountered more commonly
in the fourth and fifth decades of life, and found
most frequently in the white matter of supra-
tentorial compartment. Cavernomas is typically
a small mulberry or “popcorn-like” lesion con-
sisting of intertwined clusters of sinusoidal vas-
cular channels. On cMRI, cavernomas appears
as a combination of high and low T1 and T2 sig-
nals with surrounding hemosiderin (Figure 11)
[58].

About 22.7% patients harboring AVMs present

with focal or generalized seizures. The lack of
prior hemorrhage, large nidus diameter, corti-
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cal location of AVMs are particularly prone to
seizure presentation [60]. The typical findings
of AVMs on cMRI include flow voids, hemosid-
erin deposition, tangle of vessels, feeding arter-
ies and draining veins, and accompanying
aneurysm [58]. Surgical resection is recom-
mended to AVMs patients with seizures
because epilepsy control is typically excellent
after surgical resection [58].

“s”: SWS

SWS is characterized by facial port wine stains
in the trigeminal nerve distribution, leptomenin-
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geal angiomatosis, glucoma, epilepsy and men-
tal retardation. The typical finding is the lepto-
meningeal enhancement on T1WI, showing the
extension of the pial capillary malformation.
Other classic features include enlargement of
the choroid plexus, cortical calcifications, and
cerebral atrophy [61, 62]. Abnormal signals in
the white matter and the blurred gray and white
matter interface can be observed on T2WI [62].
The characteristic findings appears as a linear
low signal on MRI associated with atrophy of
the involved hemisphere (Figure 12) [22].

Discussion

This article focuses on the structural etiology of
epilepsy for the following reasons. From the
moment that the patient presents with a first
epileptic seizure, the clinician should be aiming
to determine the etiology, with emphasis on
those that have implication for treatment,
among which structural etiology is the most
important one. A structural etiology refers to
structural abnormalities visible on structural
neuroimaging that has a substantially increased
risk of epilepsy. The imaging abnormalities
assessed together with the electroclinical fea-
tures could lead to a reasonable inference that
the imaging findings are the likely cause of the
patient’s seizures. It's very important to detect
the structural abnormalities of epilepsy by cMRI
when the patient undergoes the MR scan for
the first time, especially for intractable epilep-
sy. To analyze the structural abnormality togeth-
er with electroclinical features can tell clinician
whether the structural abnormality is the epi-
leptogenic lesion or not. If it is the responsible
focus, indicates the patient may be a candidate
for surgery, because the majority of epileptic
patients with structural abnormalities are
refractory to medical therapy, rendering sur-
gery the most effective method for controlling
seizures in this subset of patients.

Structural etiologies may be acquired such as
trauma, infection, or genetic such as many
MCDs. Thus, they comprise a heterogeneous
group of disorders, rendering the diagnoses
rather difficult and challenging. Besides, the
diagnoses sensitivity of structural abnormali-
ties associated epilepsy might be low when we
do not read the images systematically, espe-
cially when the lesions are subtle, the existence
of dual pathology, or the radiologists are inex-
perienced [63]. Thus, we propose the “MAGIC
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TVs” approach, hoping that these “MAGIC”
“TVs” can teach us how to assess the MR imag-
es of epileptic patients systematically so as to
reduce false negative diagnosis and improve
the diagnosis rate. Follow this stepwise “MAGIC
TVs” approach, we can read the images com-
prehensively and logically to reduce omission.
For example, when we assess the images of an
epileptic patient, we should not be satisfied by
the signs of HS, for the remainder “AGIC TVs”
also should be scrutinized carefully. However, it
does not mean that we should treat every “let-
ter” equally without discrimination. We can
focus on one or two diseases according to the
electroclinical appearances, at the meantime,
not omit other structural abnormalities that
might coexist.

Conclusion

The role of cMRI in the screening of epilepsy
with structural abnormalities is very important.
Due to the kinds of causes and large variety of
presentation, the subtle precise characteriza-
tion of these images is important for the cor-
rect diagnosis and management of these pati-
ents with epilepsy. The “MAGIC TVs” approach
might be helpful in reducing false negative
diagnosis and improving the diagnosis rate.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Wenzhen Zhu,
Department of Radiology, Tongji Hospital of Tongji
Medical College, Huazhong University of Science
and Technology, Wuhan 430030, Hubei, P. R. China.
E-mail: zhuwenzhen8612@163.com; Dr. Hongbing
Xiang, Department of Anesthesiology and Pain
Medicine, Tongji Hospital of Tongji Medical College,
Huazhong University of Science and Technology,
Wuhan 430030, Hubei, P. R. China. E-mail: xhbtj-
2004@163.com

References

[1] Chen M, He ZG, Liu BW, Li ZX, Liu SG and Xiang
HB. Parafascicular nucleus-heart neural cross-
talk: implications for seizure-induced myocar-
dial stunning. Epilepsy Behav 2016; 63: 135-
137.

[2] Feng MH, He ZG, Liu BW, Li ZX, Wu DZ, Liu SG
and Xiang HB. Parafascicular nucleus circuits:
implications for the alteration of gastrointesti-
nal functions during epileptogenesis. Epilepsy
Behav 2016; 64: 295-298.

Am J Nucl Med Mol Imaging 2017;7(3):126-137


mailto:zhuwenzhen8612@163.com
mailto:xhbtj2004@163.com
mailto:xhbtj2004@163.com

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

135

Epilepsy with structural abnormalities on cMRI

Xu AJ, Liu TT, He ZG, Hong QX and Xiang HB.
STN-PPTg circuits and REM sleep dysfunction
in drug-refractory epilepsy. Epilepsy Behav
2015; 51: 277-280.

Hao Y, Liu TT, He ZG, Wu W and Xiang HB.
Hypothesis: CeM-PAG GABAergic circuits may
be implicated in sudden unexpected death in
epilepsy by melanocortinergic signaling. Epile-
psy Behav 2015; 50: 25-28.

Xu AJ, Liu TT, He ZG, Wu W and Xiang HB. CeA-
NPO circuits and REM sleep dysfunction in
drug-refractory epilepsy. Epilepsy Behav 2015;
51: 273-276.

Feng L, Liu TT, Ye DW, Qiu Q, Xiang HB and
Cheung CW. Stimulation of the dorsal portion
of subthalamic nucleus may be a viable thera-
peutic approach in pharmacoresistant epilep-
sy: a virally mediated transsynaptic tracing
study in transgenic mouse model. Epilepsy
Behav 2014; 31: 114-116.

Hao Y, Guan XH, Liu TT, He ZG and Xiang HB.
Hypothesis: the central medial amygdala may
be implicated in sudden unexpected death in
epilepsy by melanocortinergic-sympathetic sig-
naling. Epilepsy Behav 2014; 41: 30-32.

Liu TT, He ZG, Tian XB and Xiang HB. Neural
mechanisms and potential treatment of epi-
lepsy and its complications. Am J Transl Res
2014; 6: 625-630.

Liu TT, He ZG, Tian XB, Liu C, Xiang HB and
Zhang JG. Hypothesis: Astrocytes in the central
medial amygdala may be implicated in sudden
unexpected death in epilepsy by melanocortin-
ergic signaling. Epilepsy Behav 2015; 42: 41-
43.

Ke B, Liu TT, Liu C, Xiang HB and Xiong J. Dorsal
subthalamic nucleus electrical stimulation for
drug/treatment-refractory epilepsy may modu-
late melanocortinergic signaling in astrocytes.
Epilepsy Behav 2014; 36: 6-8.

Behr C, Goltzene MA, Kosmalski G, Hirsch E
and Ryvlin P. Epidemiology of epilepsy. Rev
Neurol (Paris) 2016; 172: 27-36.

Nevalainen O, Simola M, Ansakorpi H, Raitanen
J, Artama M, Isojarvi J and Auvinen A. Epilepsy,
excess deaths and years of life lost from exter-
nal causes. Eur J Epidemiol 2015; 31: 445-
453.

Bell GS, Neligan A and Sander JW. An unknown
quantity--the worldwide prevalence of epilepsy.
Epilepsia 2014; 55: 958-962.

Ngugi AK, Kariuki SM, Bottomley C, Kleinsch-
midt I, Sander JW and Newton CR. Incidence of
epilepsy: a systematic review and meta-analy-
sis. Neurology 2011; 77: 1005-1012.

Mac TL, Tran DS, Quet F, Odermatt P, Preux PM
and Tan CT. Epidemiology, aetiology, and clini-
cal management of epilepsy in Asia: a system-
atic review. Lancet Neurol 2007; 6: 533-543.

(16]

(17]

(18]

(19]

[20]

(23]

[24]

[25]

[26]

[27]

0Oguz KK. Magnetic resonance imaging in epi-
lepsy. Adv Tech Stand Neurosurg 2012; 39:
61-83.

Von Oertzen J, Urbach H, Jungbluth S, Kurthen
M, Reuber M, Fernandez G and Elger CE.
Standard magnetic resonance imaging is inad-
equate for patients with refractory focal epi-
lepsy. J Neurol Neurosurg Psychiatry 2002; 73:
643-647.

Toledo M, Sarria-Estrada S, Quintana M, Auger
C, Salas-Puig X, Santamarina E, Vert C and
Rovira A. 3 TESLA MR imaging in adults with
focal onset epilepsy. Clin Neurol Neurosurg
2013; 115: 2111-2116.

Scheffer IE, Berkovic S, Capovilla G, Connolly
MB, French J, Guilhoto L, Hirsch E, Jain S,
Mathern GW, Moshe SL, Nordli DR, Perucca E,
Tomson T, Wiebe S, Zhang YH and Zuberi SM.
ILAE classification of the epilepsies: position
paper of the ILAE commission for classification
and terminology. Epilepsia 2017; 58: 512-521.
Berkovic SF, Andermann F, Olivier A, Ethier R,
Melanson D, Robitaille Y, Kuzniecky R, Peters T
and Feindel W. Hippocampal sclerosis in tem-
poral lobe epilepsy demonstrated by magnetic
resonance imaging. Ann Neurol 1991; 29:
175-182.

Malmgren K and Thom M. Hippocampal scle-
rosis—-origins and imaging. Epilepsia 2012; 53
Suppl 4: 19-33.

Abud LG, Thivard L, Abud TG, Nakiri GS, Santos
AC and Dormont D. Partial epilepsy: a pictorial
review of 3 TESLA magnetic resonance imag-
ing features. Clinics 2015; 70: 654-661.

van Heerden J, Desmond PM, Tress BM, Kwan
P, O'Brien TJ and Lui EH. Magnetic resonance
imaging in adults with epilepsy: a pictorial es-
say. J Med Imaging Radiat Oncol 2014; 58:
312-319.

Mitsueda-Ono T, Ikeda A, Sawamoto N, Aso T,
Hanakawa T, Kinoshita M, Matsumoto R,
MikuniN, Amano S, Fukuyama H and Takahashi
R. Internal structural changes in the hippo-
campus observed on 3-Tesla MRI in patients
with mesial temporal lobe epilepsy. Intern Med
2013; 52: 877-885.

Van Paesschen W, Revesz T, Duncan JS, King
MD and Connelly A. Quantitative neuropathol-
ogy and quantitative magnetic resonance im-
aging of the hippocampus in temporal lobe
epilepsy. Ann Neurol 1997; 42: 756-766.
Briellmann RS, Kalnins RM, Berkovic SF and
Jackson GD. Hippocampal pathology in refrac-
tory temporal lobe epilepsy: T2-weighted sig-
nal change reflects dentate gliosis. Neurology
2002; 58: 265-271.

Chan S, Erickson JK and Yoon SS. Limbic sys-
tem abnormalities associated with mesial tem-
poral sclerosis: a model of chronic cerebral

Am J Nucl Med Mol Imaging 2017;7(3):126-137



[28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

136

Epilepsy with structural abnormalities on cMRI

changes due to seizures. Radiographics 1997;
17: 1095-1110.

Cendes F, Cook MJ, Watson C, Andermann F,
Fish DR, Shorvon SD, Bergin P, Free S, Dubeau
F and Arnold DL. Frequency and characteris-
tics of dual pathology in patients with lesional
epilepsy. Neurology 1995; 45: 2058-2064.
Hofman PAM, Fitt GJ, Harvey AS, Kuzniecky RI
and Jackson G. Bottom-of-Sulcus dysplasia:
imaging features. AJR Am J Roentgenol 2011;
196: 881-885.

Li LM, Cendes F, Andermann F, Watson C, Fish
DR, Cook MJ, Dubeau F, Duncan JS, Shorvon
SD, Berkovic SF, Free S, Olivier A, Harkness W
and Arnold DL. Surgical outcome in patients
with epilepsy and dual pathology. Brain 1999;
122: 799-805.

Kim DW, Lee SK, Nam H, Chu K, Chung CK,
Lee SY, Choe G and Kim HK. Epilepsy with dual
pathology: surgical treatment of cortical dys-
plasia accompanied by hippocampal sclerosis.
Epilepsia 2010; 51: 1429-1435.

Gupta PK, Sayed N, Ding K, Agostini MA, Van
Ness PC, Yablon S, Madden C, Mickey B,
D’Ambrosio R and Diaz-Arrastia R. Subtypes of
post-traumatic epilepsy: clinical, electrophysi-
ological, and imaging features. J Neurotraum
2014; 31: 1439-1443.

Prasad S, Shah J, Patkar D, Gala B and Patan-
kar T. Giant hypothalamic hamartoma with cys-
tic change: report of two cases and review of
the literature. Neuroradiology 2000; 42: 648-
650.

Colombo N, Salamon N, Raybaud C, Ozkara C
and Barkovich AJ. Imaging of malformations of
cortical development. Epileptic Disord 2009;
11: 194-205.

Kuzniecky R. Epilepsy and malformations of
cortical development: new developments. Curr
Opin Neurol 2015; 28: 151-157.

Liu W, An D, Xiao J, Li J, Hao N and Zhou D.
Malformations of cortical development and
epilepsy: a cohort of 150 patients in western
China. Seizure 2015; 32: 92-99.

Barkovich AJ, Kuzniecky RI, Jackson GD, Gu-
errini R and Dobyns WB. A developmental and
genetic classification for malformations of cor-
tical development. Neurology 2005; 65: 1873-
1887.

Barkovich AJ, Guerrini R, Kuzniecky RI, Jackson
GD and Dobyns WB. A developmental and ge-
netic classification for malformations of corti-
cal development: update 2012. Brain 2012;
135: 1348-1369.

Blumcke |, Vinters HV, Armstrong D, Aronica E,
Thom M and Spreafico R. Malformations of
cortical development and epilepsies: neuro-
pathological findings with emphasis on focal
cortical dysplasia. Epileptic Disord 2009; 11:
181-193.

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

(52]

(53]

(54]

Colombo N, Tassi L, Galli C, Citterio A, Lo Russo
G, Scialfa G and Spreafico R. Focal cortical dys-
plasias: MR imaging, histopathologic, and clin-
ical correlations in surgically treated patients
with epilepsy. AINR Am J Neuroradiol 2003;
24: 724-733.

Taylor DC, Falconer MA, Bruton CJ and Corsellis
JA. Focal dysplasia of the cerebral cortex in
epilepsy. J Neurol Neurosurg Psychiatry 1971;
34: 369-387.

Abdel Razek AA, Kandell AY, Elsorogy LG,
Elmongy A and Basett AA. Disorders of cortical
formation: MR imaging features. AJNR Am J
Neuroradiol 2009; 30: 4-11.

Raymond AA, Fish DR, Stevens JM, Cook MJ,
Sisodiya SM and Shorvon SD. Association of
hippocampal sclerosis with cortical dysgenesis
in patients with epilepsy. Neurology 1994; 44:
1841-1845.

Diehl B, Najm |, LaPresto E, Prayson R, Ruggieri
P, Mohamed A, Ying Z, Lieber M, Babb T,
Bingaman W and Luders HO. Temporal lobe
volumes in patients with hippocampal sclero-
sis with or without cortical dysplasia. Neurology
2004; 62: 1729-1735.

Krishnan A, Kaza RK and Vummidi DR. Cross-
sectional imaging review of tuberous sclerosis.
Radiol Clin North Am 2016; 54: 423-440.
Manoukian SB and Kowal DJ. Comprehensive
imaging manifestations of tuberous sclerosis.
AJR Am J Roentgenol 2015; 204: 933-943.
Battal B, Ince S, Akgun V, Kocaoglu M, Ozcan E
and Tasar M. Malformations of cortical devel-
opment: 3T magnetic resonance imaging fea-
tures. World J Radiol 2015; 7: 329-335.
Donkol RH, Moghazy KM and Abolenin A.
Assessment of gray matter heterotopia by
magnetic resonance imaging. World J Radiol
2012; 4: 90-96.

Barkovich AJ, Dobyns WB and Guerrini R.
Malformations of cortical development and
epilepsy. CSH Perspect Med 2015; b5:
a022392-a022392.

Barkovich AJ. Current concepts of polymicro-
gyria. Neuroradiology 2010; 52: 479-487.

De Ciantis A, Barkovich AJ, Cosottini M, Barba
C, Montanaro D, Costagli M, Tosetti M, Biagi L,
Dobyns WB and Guerrini R. Ultra-high-field MR
imaging in polymicrogyria and epilepsy. AJNR
Am J Neuroradiol 2014; 36: 309-316.
Barkovich AJ, Hevner R and Guerrini R.
Syndromes of bilateral symmetrical polymicro-
gyria. AJINR Am J Neuroradiol 1999; 20: 1814-
1821.

Barkovich AJ. Abnormal vascular drainage in
anomalies of neuronal migration. AINR Am J
Neuroradiol 1988; 9: 939-942.

Granata T, Freri E, Caccia C, Setola V, Taroni F
and Battaglia G. Topical review: schizencepha-
ly: clinical spectrum, epilepsy, and pathogene-
sis. J Child Neurol 2005; 20: 313-318.

Am J Nucl Med Mol Imaging 2017;7(3):126-137



(55]

(56]

(57]

(58]

[59]

137

Epilepsy with structural abnormalities on cMRI

Hayashi N, Tsutsumi Y and Barkovich AJ.
Morphological features and associated anom-
alies of schizencephaly in the clinical popula-
tion: detailed analysis of MR images. Neurora-
diology 2002; 44: 418-427.

Luyken C, Blumcke I, Fimmers R, Urbach H,
Elger CE, Wiestler OD and Schramm J. The
spectrum of long-term epilepsy-associated tu-
mors: long-term seizure and tumor outcome
and neurosurgical aspects. Epilepsia 2003;
44: 822-830.

Prayson RA and O’'Toole EE. Coexistent arterio-
venous malformation and hippocampal sclero-
sis. J Clin Neurosci 2016; 28: 180-182.

Brown RD Jr, Flemming KD, Meyer FB, Cloft HJ,
Pollock BE and Link ML. Natural history, evalu-
ation, and management of intracranial vascu-
lar malformations. Mayo Clin Proc 2005; 80:
269-281.

Josephson CB, Rosenow F and Al-Shahi Sal-
man R. Intracranial vascular malformations
and epilepsy. Semin Neurol 2015; 35: 223-
234.

[60]

[61]

[62]

[63]

Ding D, Starke RM, Quigg M, Yen CP, Przybylo-
wski CJ, Dodson BK and Sheehan JP. Cerebral
arteriovenous malformations and epilepsy,
Part 1: predictors of seizure presentation.
World Neurosurg 2015; 84: 645-652.

Pinto A, Sahin M and Pearl PL. Epileptogenesis
in neurocutaneous disorders with focus in
Sturge Weber syndrome. F1000Res 2016; 5:
F1000 faculty Rev-370.

Pinto AL, Chen L, Friedman R, Grant PE, Poduri
A, Takeoka M, Prabhu SP and Sahin M. Sturge-
Weber syndrome: brain magnetic resonance
imaging and neuropathology findings. Pediatr
Neurol 2016; 58: 25-30.

Bronen RA, Fulbright RK, Kim JH, Spencer SS
and Spencer DD. A systematic approach for in-
terpreting MR images of the seizure patient.
AJR Am J Roentgenol 1997; 169: 241-247.

Am J Nucl Med Mol Imaging 2017;7(3):126-137



