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bFig. 10 A 7-week-old infant 
presenting with fever and 
concern for sepsis followed by 
persistent seizure activity. (a) 
Axial T2 shows an 
asymmetrically large right 
hemisphere with an enlarged 
genu of the corpus callosum. T2 
signal throughout the right 
hemisphere white matter is 
abnormally low and there is 
apparent thickening of the cortex 
diffusely. The left temporal and 
occipital lobe looks normal but 
the right frontal lobe is 
concerning for involvement. (b) 
Axial reformation of a sagittal 
MPRAGE has nonuniform signal 
due to the phased-array coils 
making further evaluation of the 
left frontal lobe difficult. (c) 
Axial reformation of the uniform 
intensity image created from the 
MP2RAGE acquisition shows 
subtle differences in white matter 
signal in the left frontal and 
occipital lobe. (d) Axial 
reformation of the T1 map 
created from the MP2RAGE 
acquisition confirms the 
abnormal T1 values in the left 
frontal white matter compared to 
the occipital lobe and more 
similar to the right frontal lobe. 
These findings are consistent 
with right hemimegalencephaly 
with additional involvement of 
the left frontal lobe
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atrophy of the fornix and the ipsilateral mammillary body. In 
the early stages of mesial temporal lobe sclerosis, the imag-
ing findings are subtle and involve loss of the granular cell 
layer symmetry (i.e., the internal architecture of the hippo-
campus) without associated FLAIR signal changes. Hard 
windowing of the FLAIR-weighted sequences will make 
identification of the diseased hippocampus easier. In nearly 
20 % of patients with mesial temporal lobe sclerosis, dual 
pathology is present with a second epileptogenic focus. It is 
believed that in these cases, the other epileptogenic lesion 
triggered the mesial temporal lobe sclerosis (similar to 
febrile seizures as a child can trigger or “kindle” a mesial 
temporal lobe sclerosis). Identification of the second focus is 
of great importance as failure to do so may result in surgical 
failure if only a selective amygdalohippocampectomy is per-
formed, thus leaving the “primary” focus behind. On the 
other hand, failure to identify MTS in patients with other 
lesions may also lead to surgical failure following lesionec-
tomy. Dual pathology may consist also of bilateral mesio-
temporal lobe sclerosis as one hemisphere may trigger the 
other hippocampus to become sclerotic thus constituting 
bilateral abnormalities. As the internal reference (i.e., the 
contralateral hippocampus) is similarly affected, comparison 
of the signal with other regions of archicortex (three-layered 
cortex) can identify whether a mesial temporal lobe sclerosis 
is present bilaterally. Thus, if the T2/FLAIR signal of the 
hippocampus is bilaterally symmetrical but higher as 

 compared to the cingulum or insula, you have to consider 
bilateral mesial temporal lobe sclerosis.

 Malformations of Cortical Development

In order to understand the different types of malformations 
of cortical development, it is important to briefly review the 
embryological development of the cortex: During the 7th 
week of gestation, neuronal proliferation in the subependy-
mal germinal matrix occurs. After the 8th week, these cells 
migrate outward in multiple waves of radial outward migra-
tion aided by radial glial cell guidance in a process coined as 
chemotaxis. The third and last part of the cortical develop-
ment, the lamination, is the organization of the cells within 
different cortical layers a process that is orchestrated by the 
subplate (the lowest layer of cortex). Chromosomal muta-
tions, destructive events (ischemia/infections) or toxins may 
inhibit either of these three processes (proliferation, chemo-
taxis, or cortical organization) which will lead to abnormali-
ties in stem cell development, migration or lamination [14].

Malformations of cortical development are present in up 
to 25 % of patients with intractable childhood epilepsy. They 
are associated with chromosomal alterations, congenital 
infections, or in utero ischemia. In addition to epilepsy, these 
patients will have developmental delay and focal neurologi-
cal deficits.

a b

Fig 5 (a, b) Mesial temporal sclerosis (MTS): (a) coronal T2/FLAIR 
shows increased signal in the left hippocampus; (b) axial T1 IR demon-
strates volume loss in the left hippocampus. The findings shown are 

relatively subtle. MRI fails to recognize pathologically detected mesial 
temporal lobe sclerosis in up to 20 % of the cases
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 Pathologies Associated with ID That May Benefit 
from Resective Surgery

 Focal Cortical Dysplasia

Focal cortical dysplasia (FCD) was first described over 30 years ago [30], and while 
our abilities to detect it have improved significantly with new imaging techniques, 
uncertainties about FCD remain.
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c d

Fig. 9.1  Functional MRI (fMRI). A 45-year-old left-handed man presented with a single tonic- 
clonic seizure. (a) MRI revealed a right temporal lobe arteriovenous malformation (AVM). During 
the evaluation process for surgical excision of the AVM he underwent fMRI for language localiza-
tion. This was carried out with three different language paradigms. (b–d) The verb generation 
paradigm demonstrated bilateral Broca’s and Wernicke area activation, with the Wernicke’s area 
just superior to the nidus of the AVM on the right
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Mesial temporal sclerosis

 (a) Coronal T2/FLAIR shows increased signal in the left 

hippocampus; (b) Axial T1 IR demonstrates volume loss in 

the left hippocampus. The findings shown are relatively 

subtle. MRI fails to recognize pathologically detected mesial 

temporal lobe sclerosis in up to 20% of the cases.
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atrophy of the fornix and the ipsilateral mammillary body. In 
the early stages of mesial temporal lobe sclerosis, the imag-
ing findings are subtle and involve loss of the granular cell 
layer symmetry (i.e., the internal architecture of the hippo-
campus) without associated FLAIR signal changes. Hard 
windowing of the FLAIR-weighted sequences will make 
identification of the diseased hippocampus easier. In nearly 
20 % of patients with mesial temporal lobe sclerosis, dual 
pathology is present with a second epileptogenic focus. It is 
believed that in these cases, the other epileptogenic lesion 
triggered the mesial temporal lobe sclerosis (similar to 
febrile seizures as a child can trigger or “kindle” a mesial 
temporal lobe sclerosis). Identification of the second focus is 
of great importance as failure to do so may result in surgical 
failure if only a selective amygdalohippocampectomy is per-
formed, thus leaving the “primary” focus behind. On the 
other hand, failure to identify MTS in patients with other 
lesions may also lead to surgical failure following lesionec-
tomy. Dual pathology may consist also of bilateral mesio-
temporal lobe sclerosis as one hemisphere may trigger the 
other hippocampus to become sclerotic thus constituting 
bilateral abnormalities. As the internal reference (i.e., the 
contralateral hippocampus) is similarly affected, comparison 
of the signal with other regions of archicortex (three-layered 
cortex) can identify whether a mesial temporal lobe sclerosis 
is present bilaterally. Thus, if the T2/FLAIR signal of the 
hippocampus is bilaterally symmetrical but higher as 

 compared to the cingulum or insula, you have to consider 
bilateral mesial temporal lobe sclerosis.

 Malformations of Cortical Development

In order to understand the different types of malformations 
of cortical development, it is important to briefly review the 
embryological development of the cortex: During the 7th 
week of gestation, neuronal proliferation in the subependy-
mal germinal matrix occurs. After the 8th week, these cells 
migrate outward in multiple waves of radial outward migra-
tion aided by radial glial cell guidance in a process coined as 
chemotaxis. The third and last part of the cortical develop-
ment, the lamination, is the organization of the cells within 
different cortical layers a process that is orchestrated by the 
subplate (the lowest layer of cortex). Chromosomal muta-
tions, destructive events (ischemia/infections) or toxins may 
inhibit either of these three processes (proliferation, chemo-
taxis, or cortical organization) which will lead to abnormali-
ties in stem cell development, migration or lamination [14].

Malformations of cortical development are present in up 
to 25 % of patients with intractable childhood epilepsy. They 
are associated with chromosomal alterations, congenital 
infections, or in utero ischemia. In addition to epilepsy, these 
patients will have developmental delay and focal neurologi-
cal deficits.

a b

Fig 5 (a, b) Mesial temporal sclerosis (MTS): (a) coronal T2/FLAIR 
shows increased signal in the left hippocampus; (b) axial T1 IR demon-
strates volume loss in the left hippocampus. The findings shown are 

relatively subtle. MRI fails to recognize pathologically detected mesial 
temporal lobe sclerosis in up to 20 % of the cases
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Three cases of focal cortical dysplasia type II 

(a, b) Patient 1; (a) Coronal T2 with large 

subcortical area in the right temporal 

lobe with prolonged T2. The increased 

signal stretches into the temporal horn 

of the right ventricle; (b) Coronal T1 with 

gadolinium. The corresponding area 

has decreased signal on T1-weighted 

image. No enhancement. (c, d) Patient 

2; (c) Axial T1 IR with very subtle signal 

changes at the bottom of a sulcus 

lateral in the frontal lobe; (d) Coronal 

T2/FLAIR shows increased signal in the 

same area with a faint band stretching 

toward the lateral ventricle. (e) Patient 

3, boy, 3 months old, axial T1 IR shows 

a region with thickened cortex in the 

right frontal lobe. Notice the premature 

myelination of the white matter tracts 

involved in the seizures.
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Malformations related to abnormal stem cell  development 
include the focal or transmantle cortical dysplasias (balloon 
cell or type II FCDs) and the hemimegalencephalies.

FCD type II is characterized on histology by enlarged 
(balloon) cells without dendrites or axons and are identi-
cal to cortical hamartomas in tuberous sclerosis. The 
abnormal cells extend from the ventricle to the cortex; 
thus, a linear hyperintensity from the ventricle toward the 
cortex (the radial band or foot) can be seen in association 
with a subcortical FLAIR hyperintensity. The abnormal 
FLAIR hypersignal is again better seen with a hard 
 window that will exaggerate the abnormal T2 signal. The 
junction between the cortex and white matter is indis-
tinct, and the gray matter may be focally thickened 
(Fig. 6).

In hemimegalencephaly, a diffuse hamartomatous over-
growth as a result of abnormal stem cell proliferation is pres-
ent, resulting in broad gyri, shallow sulci, and a blurred 
gray-white matter junction. The ipsilateral ventricle is often 
enlarged and demonstrates an abnormal straight course of 
the frontal horn (Fig. 7). Clinically, patients present with 
macrocephaly, hemiplegia, developmental delay, and sei-
zures. The affected hemisphere has no function and thus 
hemispherectomy can be proposed to these patients. 
However, hemispherectomy is contraindicated if there are 

cortical malformations in the contralateral hemisphere which 
have to be specifically sought after.

Malformations related to abnormal migration are the lis-
sencephalies, the agyria-pachygyrias, and the heterotopias.

In the lissencephalies, there has been a global halt in the 
migration due to an impaired last phase of neural migration 
leading to paucity of the gyral and sulcal development with a 
smooth brain surface and diminished white matter. Patients 
present with global developmental delay and seizures. Two 
different types of lissencephaly can be distinguished: the 
posterior agyria (related to an alteration on chromosome 17) 
and the anterior agyria which is an x-linked disease (Fig. 8).

Female carriers of the affected x-chromosome present 
with band heterotopias that is more present in the frontal 
lobes compared to the parietal lobes. Thus, if females present 
with band heterotopias, genetic counseling may be indicated. 
The band may be thin or thick depending on the amount of 
arrested migration. Patients with a thick band have less nor-
mal cortex (that can be thinned) and present with a more 
severe developmental delay.

In addition to the “band heterotopia,” focal subcortical 
heterotopia can be present. On imaging, swirling, curvilinear 
bands of gray matter as well as thin cortex, and paucity of the 
white matter are seen. The ipsilateral ventricle may be dis-
torted, and there can be an associated callosal hypogenesis.

Fig 6 Three cases of focal cortical dysplasia type II. (a, b) patient 1; 
(a) coronal T2 with large subcortical area in the right temporal lobe 
with prolonged T2. The increased signal stretches in to the temporal 
horn of the right ventricle; (b) coronal T1 with gadolinium. The corre-
sponding area has decreased signal on T1-weighted image. No enhance-
ment. (c, d) patient 2; (c) axial T1 IR with very subtle signal changes at 

the bottom of a sulcus lateral in the frontal lobe; (d) coronal T2/FLAIR 
shows increased signal in the same area with a faint band stretching 
toward the lateral ventricle. (e) patient 3, boy, 3 months old, axial T1 IR 
shows a region with thickened cortex in the right frontal lobe. Notice 
the premature myelination of the white matter tracts involved in the 
seizures
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Fig. 6 (continued)

The third type of heterotopia is called perventricular nodu-
lar heterotopia or subependymal heterotopia. On imaging, an 
exophytic smooth ovoid mass in the residual germinal matrix, 
i.e., along the ventricle, is seen (Fig. 9). Again you may have 
associated anomalies including Chiari malformations, cepha-
loceles, corpus callosum agenesis, or a Dandy- Walker 
 syndrome. In contrast to the other malformations of abnormal 

migration, the periventricular nodular heterotopia may exhibit 
quite mild symptoms with normal development and late onset 
of seizures. If the periventricular heterotopia completely lines 
the walls of both ventricles, a familiar form has to be consid-
ered, and genetic counseling may be indicated.

Malformations related to abnormal cortical organization 
encompass polymicrogyria, schizencephaly, and FCD type  
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X-linked lissencephaly in a 2-week-old boy

(a) Sagittal T2; (b) Coronal T1. Lissencephaly with agyria 

more pronounced in the anterior part of the brain. In 

addition callosal hypogenesis. (c, d) The mother of the boy in 

(a) and (b), Female carrier. (c) Axial T2 (detail); (d) Sagittal T1; 

Subtle subcortical band heterotopia in both frontal lobes.
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(Fig. 13). They are nonneoplastic tumors with disorganized 
collection of neurons and glia.

 Miscellaneous: Vascular Malformations/
Trauma/Infection/Phakomatoses

Similar to the previous paragraph, it is beyond the scope to in 
detail describe imaging features of vascular malformations, 
infections, or trauma that can go along with seizures, and 
most of the entities are described in other chapters of this 
syllabus. We therefore only want to highlight few epilepsy- 

relevant facts and features of these miscellaneous 
conditions.

Brain AVMs can cause seizures due to previous hemor-
rhage and scarring, hemosiderin deposits (especially when 
close to the cortex), or gliosis. AVMs in the temporal lobe 
have a higher likelihood of producing seizure due to interfer-
ence of the normal blood supply and drainage of potentially 
epileptogenic structures such as the hippocampus.

While cavernomas that are deeply located in the white mat-
ter rarely cause seizures, those that are cortically located and 
have hemosiderin staining reaching the cortex, and in particular 
the mesial temporal lobe structures, are very often associated 

a b

c d

Fig. 8 (a, b) X-linked lissencephaly, boy, 2 weeks old. (a) sagittal T2; 
(b) coronal T1. Lissencephaly with agyria more pronounced in the 
anterior part of the brain. In addition callosal hypogenesis. (c, d) the 

mother of the boy in (a) and (b), female carrier. c: axial T2 (detail); (d) 
sagittal T1; Subtle subcortical band heterotopia in both frontal lobes

Imaging the Patient with Epilepsy

This copy belongs to 'dutta'



ATLAS OF MRI IN EPILEPSY
4

Tuberous sclerosis

(a) Axial T2 and (b) Coronal T2/FLAIR show subependymal hamartomas and widespread 

cortical and subcortical signal changes; (c) Axial T1 with gadolinium with a large giant 

cell astrocytoma in a classical position, close to the foramen of Monro in the left lateral 

ventricle.
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a

c

b

Fig. 15 (a–c) Tuberous sclerosis; (a) axial T2 and (b): coronal T2/
FLAIR show subependymal hamartomas and widespread cortical and 
subcortical signal changes; (c) axial T1 with gadolinium with a large 

giant cell astrocytoma in a classical position, close to the foramen of 
Monro in the left lateral ventricle
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Functional MRI of a 45-year-old left-handed man with a single tonic-clonic seizure

(a) MRI revealed a right temporal lobe arteriovenous malformation 

(AVM). During the evaluation process for surgical excision of the AVM 

he underwent fMRI for language localization. This was carried out 

with three different language paradigms. (b–d) The verb generation 

paradigm demonstrated bilateral Broca’s and Wernicke area activation, 

with the Wernicke’s area just superior to the nidus of the AVM on the 

right.
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 Pathologies Associated with ID That May Benefit 
from Resective Surgery

 Focal Cortical Dysplasia

Focal cortical dysplasia (FCD) was first described over 30 years ago [30], and while 
our abilities to detect it have improved significantly with new imaging techniques, 
uncertainties about FCD remain.

a b

c d

Fig. 9.1  Functional MRI (fMRI). A 45-year-old left-handed man presented with a single tonic- 
clonic seizure. (a) MRI revealed a right temporal lobe arteriovenous malformation (AVM). During 
the evaluation process for surgical excision of the AVM he underwent fMRI for language localiza-
tion. This was carried out with three different language paradigms. (b–d) The verb generation 
paradigm demonstrated bilateral Broca’s and Wernicke area activation, with the Wernicke’s area 
just superior to the nidus of the AVM on the right
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Sturge-Weber syndrome

Postcontrast MRI shows the characteristic features of Sturge-Weber syndrome with 

abnormal enhancement, suggesting calcification in the cortical veins, together with 

right hemisphere atrophy.
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The ideal timing for hemispherectomy is uncertain. Earlier intervention will 
reduce the adverse cognitive effects of years of poorly controlled seizures and the 
sedative effects of AEDs and subsequently improve quality of life. However, it is 
uncertain whether surgical intervention should be delayed until neurological deficits 
such as hemiparesis or dysphasia become established, or to perform the procedure 
as early as possible. Although there is evidence for a better cognitive outcome in 
cases of Sturge-Weber syndrome (SWS) if hemispherectomy is performed during 
the first year of life [135], there is also fMRI evidence that sensory and motor func-
tions may transfer to the contralateral hemisphere at different stages of cerebral 
maturation [136] and that postponement of surgery until completion of transfer of 
functions from the diseased to intact hemisphere leads to better fine and motor func-
tion [137]. A fine balance clearly is required to consider both of these factors in each 
individual being considered for hemispherectomy.

One of the major indications for hemispherectomy is Sturge-Weber syndrome 
(SWS)  (Fig. 9.5), a neurocutaneous syndrome characterized by a  facial capillary 
angioma (port-wine stain) seen predominantly in the distribution of the first branch 
of the trigeminal nerve; however, it may be more extensive, with an underlying 
leptomeningeal angioma that can occasionally be bilateral. The leptomenigeal angi-
oma may be detected by skull X-ray, CT, or MRI. Typically SWS is associated with 
a moderate to severe ID (a normal IQ occurs in only 25–30 %) [138] and refractory 

Fig. 9.5  Sturge-Weber syndrome. Postcontrast MRI shows the characteristic features of Sturge- 
Weber syndrome with abnormal enhancement, suggesting calcification in the cortical veins, 
together with right hemisphere atrophy
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An 11-month-old girl presenting with epilepsia partialis continua

(a) Axial T2-weighted imaging was normal apart from subtle loss of gray white 

distinction in the right parasagittal occipital lobe. (b) Axial MIP from the 3D TOF MRA 

shows relative prominence of the right PCA compared to the right. (c) Subtle decreased 

ADC is evident in the right parasagittal occipital lobe. (d) Right parasagittal occipital 

lobe hyperperfusion is clearly visible on axial PASL. EEG revealed rhythmic high-

amplitude delta with superimposed spikes (RHADS), a hallmark of Alpers’ syndrome. The 

imaging findings are consistent with hyperfusion and mild metabolic compromise from 

ongoing seizure activity. The child was confirmed to have a POLG1 mutation.
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artifacts. ASL is a T1-based technique and therefore must be 
performed prior to contrast administration. Further details on 
ASL methods can be found in review articles [19, 20].

Controversy exists over ability of ASL methods to pro-
vide accurate quantitation of cerebral perfusion due to the 
need to know the T1 of blood, the labeling efficiency, and 
label delay, as well as the need to control for magnetization 
transfer effects [19]. In pediatric imaging many of these fac-
tors vary making quantitation even more challenging than in 
adults. However, despite these issues, numerous articles 
describing the potential clinical utility exist [20–25], and in 

addition a consensus article providing guidance to optimiz-
ing ASL across vendors is available [26].

Due to the above noted issues with absolute quantitation, 
clinical applications of ASL are most robust when assessing 
regional changes in cerebral perfusion. Such changes in 
cerebral perfusion are extremely useful in identifying altera-
tions in cerebral perfusion in symptomatic patients when no 
structural abnormalities are identified or in further character-
izing an abnormality visible on other sequences. Abnormal 
increases or decreases in regional cerebral perfusion can be 
driven by (1) alterations in regional demand, typically due to 

a

c d

bFig. 7 An 11-month-old girl pre-
senting with epilepsia partialis con-
tinua. (a) Axial T2-weighted 
imaging was normal apart from 
subtle loss of gray white distinction 
in the right parasagittal occipital 
lobe. (b) Axial MIP from the 3D 
TOF MRA shows relative promi-
nence of the right PCA compared to 
the right. (c) Subtle decreased ADC 
is evident in the right parasagittal 
occipital lobe. (d) Right parasagit-
tal occipital lobe hyperperfusion is 
clearly visible on axial PASL. EEG 
revealed rhythmic high-amplitude 
delta with superimposed spikes 
(RHADS), a hallmark of Alpers’ 
syndrome. The imaging findings 
are consistent with hyperfusion and 
mild metabolic compromise from 
ongoing seizure activity. The child 
was confirmed to have a POLG1 
mutation
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A 7-week-old infant presenting with fever and concern for sepsis followed by persistent  
seizure activity

(a) Axial T2 shows an asymmetrically large right hemisphere with an enlarged genu of the 

corpus callosum. T2 signal throughout the right hemisphere white matter is abnormally 

low and there is apparent thickening of the cortex diffusely. The left temporal and occipital 

lobe looks normal but the right frontal lobe is concerning for involvement. (b) Axial 

reformation of a sagittal MPRAGE has non-uniform signal due to the phased-array coils 

making further evaluation of the left frontal lobe difficult. (c) Axial reformation of the 

uniform intensity image created from the MP2RAGE acquisition shows subtle differences in 

white matter signal in the left frontal and occipital lobe. (d) Axial reformation of the T1 map 

created from the MP2RAGE acquisition confirms the abnormal T1 values in the left frontal 

white matter compared to the occipital lobe and more similar to the right frontal lobe. 

These findings are consistent with right hemimegalencephaly with additional involvement 

of the left frontal lobe.
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a

c d

bFig. 10 A 7-week-old infant 
presenting with fever and 
concern for sepsis followed by 
persistent seizure activity. (a) 
Axial T2 shows an 
asymmetrically large right 
hemisphere with an enlarged 
genu of the corpus callosum. T2 
signal throughout the right 
hemisphere white matter is 
abnormally low and there is 
apparent thickening of the cortex 
diffusely. The left temporal and 
occipital lobe looks normal but 
the right frontal lobe is 
concerning for involvement. (b) 
Axial reformation of a sagittal 
MPRAGE has nonuniform signal 
due to the phased-array coils 
making further evaluation of the 
left frontal lobe difficult. (c) 
Axial reformation of the uniform 
intensity image created from the 
MP2RAGE acquisition shows 
subtle differences in white matter 
signal in the left frontal and 
occipital lobe. (d) Axial 
reformation of the T1 map 
created from the MP2RAGE 
acquisition confirms the 
abnormal T1 values in the left 
frontal white matter compared to 
the occipital lobe and more 
similar to the right frontal lobe. 
These findings are consistent 
with right hemimegalencephaly 
with additional involvement of 
the left frontal lobe
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Magnetic resonance imaging scan of an 18-year-old woman with a history of seizures  
presenting in nonconvulsive status epilepticus

Coronal fluid attenuated inversion recovery (FLAIR)-

weighted images show high signal intensity in the right 

hippocampus (a). Coronal spoiled gradient echo images 

show atrophy of the right anterior hippocampus (b).
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Title:  Imaging in Status Epilepticus
Book:  Status Epilepticus. Current Clinical Neurology
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monitoring) who require urgent imaging must be confirmed
as having MRI-compatible electrodes first. Others patients
have MRI performed prior to or after monitoring.

While most standard screening MRI examinations of the
brain are sufficient to evaluate gross pathology, subtle
pathology (which is now more often recognized in epilepsy
patients) is seen only with high-resolution MRI studies that
include thin-section isotropic 3-D spoiled gradient
T1-weighted images, ideal for evaluating cortical morphol-
ogy and the gray-white matter interface.

The exquisite resolution of images and multiplanar
capabilities of MRI provide a significant advantage in
evaluating seizure patients. Tumors, infection, or inflam-
matory lesions can cause seizures and epilepsy and are often
seen readily by MRI, and the extent of surrounding edema
and mass-effect can be seen easily as well. Developmental or
structural disorders are best detected by MRI, including large
structural deformities such as schizencephaly and lissence-
phaly, as well as more subtle heterotopias and cortical
malformations (although visualizing the latter abnormalities
may not be possible during an episode of SE). Many
advantages of MRI are compromised in the setting of SE by
clinical emergencies delaying time-consuming scans—and
they cannot usually be done at all during GCSE.

Many epileptogenic lesions can be detected by changes in
signal intensities; fluid attenuated inversion recovery
(FLAIR) and T2-weighted images have increased sensitivity
for detecting such lesions. Some acute insults lead to
restriction of water diffusion in the brain and are detected
best with diffusion-weighted imaging (DWI) sequences,
which provide information regarding the microstructure of

the brain and diffusivity of water in the local environment.
Some of these findings were evident in a patient with hip-
pocampal sclerosis who presented in NCSE (Fig. 6.2).

With MRI becoming a more accessible diagnostic tool
across many sites, there are now several retrospective studies
demonstrating regional and global abnormalities associated
with convulsive SE [2], most commonly including restricted
DWI signals, reduced T1-weighted signals, and sometimes,
contrast enhancement [3–6]. Usually, at least one
post-contrast imaging sequence should be obtained to detect
contrast-enhancing lesions. There are fewer studies evalu-
ating MRI changes in NCSE, but imaging findings are
generally similar to those in convulsive SE. Bauer and col-
leagues reported T1-weighted changes and edema in the
right frontal lobe in the patient who, at that point, had been
in NCSE for 5 days [1]. In three patients with complex
partial SE, Lansberg and colleagues demonstrated reversible
cortical DWI and FLAIR abnormalities, similar to those seen
in strokes, but not respecting vascular territories [7]. The
abnormalities resolved, but some atrophy resulted in the
same areas. Similarly, Chu and colleagues reported the case
of a 52-year-old patient in NCSE whose MRI demonstrated
marked cortical DWI hyperintensity throughout the brain,
with an apparent diffusion coefficient (ADC) decreased in
the corresponding areas [8].

Kawai and colleagues described a patient who presented
in hypoglycemic coma with focal motor SE whose MRI
showed multiple areas of signal hyperintensities broadly
over the right hemisphere [9]. PET showed intense glucose
hypermetabolism. After seizures ceased, the hyperintensities
resolved, and atrophy was noted in some of those areas.

Fig. 6.2 Magnetic resonance imaging (MRI) scan of an 18-year-old
woman with a history of seizures presenting in nonconvulsive status
epilepticus. Coronal fluid attenuated inversion recovery (FLAIR)-

weighted images show high signal intensity in the right hippocampus
(a). Coronal spoiled gradient echo images show atrophy of the right
anterior hippocampus (b)
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Ganglioglioma in left posterior parietal lobe

T2 (left)- and T1 (right)-weighted MRI images showing 

epileptogenic lesion (ganglioglioma) in left posterior parietal 

lobe as indicated by the arrows.
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phy which allows direct recording from the brain 
to identify areas of abnormal electrical activity 
near the lesion that may be epileptogenic.

13.7.2  Temporal Lobectomy

Temporal lobe epilepsy (TLE) is one of the most 
common epilepsy syndromes amendable to sur-
gical treatment. While it accounts for up to 75% 
of all surgically treated epilepsy in adults and 
adolescents, it accounts for only 15–20% in chil-
dren (Englot et al. 2013). Surgery for TLE dates 
back to 1886. Because of this and its commonal-
ity, it is one of the most studied forms of epilepsy 
surgery (Ramey et al. 2013; Rzezak et al. 2014; 
Velasco and Mather 2011). As research has pro-
gressed, and more has been learned about under-
lying pathology, it has become clear that pediatric 
and adult TLE are quite different. Mesial tempo-
ral sclerosis (MTS), particularly hippocampal 
sclerosis, is the most frequent pathology found in 
intractable TLE in adults (Deleo et al. 2016; 
Guan et al. 2016; Velasco and Mather 2011). 
Mesial temporal structures include the hippo-
campus, parahippocampal gyrus, and the amyg-
dala. Sclerosis is scarring and atrophy secondary 

to neuronal loss that can be caused by such insults 
as infection, traumatic injury, or hypoxic events. 
In pediatric TLE, the pathology is more likely to 
be  low- grade tumors (ganglioglioma or DNET) 
or cortical malformations, primarily dysplasia. 
Another difference in pediatric TLE is the high 
prevalence of dual pathology. Dual pathology 
refers to seizures arising from mesial temporal 
structures as well as from the surrounding tempo-
ral cortex and adjacent structures (Ryvlin and 
Rheims 2016). Dual pathology, or “temporal plus 
epilepsy,” is much more common in children than 
in adults (Guan et al. 2016; Ryvlin and Rheims 
2016). Dual pathology may not always be readily 
evident during the presurgical workup. Seizures 
arising within the temporal lobe spread quickly 
to involve all of the temporal lobe, medial struc-
tures, adjacent lobes (frontal and parietal), and 
the contralateral temporal lobe, making the exact 
identification of ictal onset difficult. Different 
techniques are used for temporal lobectomy. 
Resection can involve just the mesial structures 
(amygdalohippocampectomy) with or without 
varying degrees of temporal lobe resection, from 
full to partial (Guan et al. 2016; Ramey et al. 
2013). The extent of resection can also vary 
depending on whether or not dominance has been 

Fig. 13.13 T2 (left)- and T1 (right)-weighted MRI images showing epileptogenic lesion (ganglioglioma) in left poste-
rior parietal lobe as indicated by the arrows
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Rasmussen’s encephalitis 

MRI FLAIR image showing right-sided atrophy as evidenced by a widened Sylvian fissure. 

Also note the increased signal in the area indicating inflammation (indicated by arrow).
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in infancy with 75% of patients having seizures 
by 1 year and 90% by age 2 (Comi 2015; 
Sudarsanam and Arden-Holmes 2014).

Pharmacological control of seizures has been 
reported in up to 40% of patients with SWS, but 
many will be medically intractable. Seizure onset 
in the first year of life has been associated with a 
higher risk of intractability (Di Rocco and 
Tamburrini 2006). In patients with unilateral 

hemispheric involvement and intractable epi-
lepsy, surgical intervention should be considered. 
The decision should be made as soon as possible, 
since there is some evidence that the angiomato-
sis can be progressive. These patients are also at 
risk for ischemic brain injury, strokes, and devel-
opment of calcifications (Comi 2015). Early 
intervention can not only treat the seizures but 

Fig. 13.17 Rasmussen’s encephalitis. MRI FLAIR 
image showing right-sided atrophy as evidenced by a wid-
ened Sylvian fissure. Also note the increased signal in the 
area indicating inflammation (indicated by arrow)

Fig. 13.18 Patient with Sturge-Weber syndrome. Most 
nevi are unilateral but can be bilateral

Fig. 13.19 MRI of SWS patient showing right occipital 
hypervascularity as indicated by arrow

Fig. 13.20 Intraoperative photo of patient with 
SWS. Note abnormal blood vessels over the surface of the 
cortex (indicated by arrows)

P.L. Batchelder
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Focal cortical dysplasia 

Focal cortical dysplasia of the frontal lobe (indicated 

by arrow).
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et al. 2011). The different classifications have 
been associated with differing seizure outcomes 
(Ryvlin and Rheims 2016; Rowland et al. 2012; 
Blumcke et al. 2011). The pathology, location, 
and association with other epileptic syndromes 
greatly affect both the surgical approach and the 
outcomes following resection.

Extratemporal resections are more challeng-
ing than temporal. The seizure focus is more dif-
ficult to localize given the large surface area, 
deep structures, and abundance of eloquent cor-
tex (Guan et al. 2016; Englot et al. 2013; Diaz 
et al. 2008). Furthermore, areas of malformation 
can be difficult to see on MRI, and functional 
studies do not always correlate to these abnor-

malities. Even when a focal area of cortical 
abnormality is seen, it is not always clear how 
much of the surrounding brain is also epilepto-
genic. When seizures have been ongoing, it is 
likely that some degree of surrounding neocortex 
has been irritated or damaged and contributes as 
a seizure focus. Seizure foci in extratemporal epi-
lepsy are more likely to overlap with eloquent 
cortex, which is more difficult to map in the pari-
etal and occipital lobes (Ramey et al. 2013; 
Englot et al. 2013; Rowland et al. 2012). Because 
of these challenges, most patients with extratem-
poral onset will usually require phase II monitor-
ing to help define the full area of seizure onset 
and its relation to eloquent cortex.

Fig. 13.14 Focal cortical dysplasia of the frontal lobe (indicated by arrow)
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a

c d

bFig. 10 A 7-week-old infant 
presenting with fever and 
concern for sepsis followed by 
persistent seizure activity. (a) 
Axial T2 shows an 
asymmetrically large right 
hemisphere with an enlarged 
genu of the corpus callosum. T2 
signal throughout the right 
hemisphere white matter is 
abnormally low and there is 
apparent thickening of the cortex 
diffusely. The left temporal and 
occipital lobe looks normal but 
the right frontal lobe is 
concerning for involvement. (b) 
Axial reformation of a sagittal 
MPRAGE has nonuniform signal 
due to the phased-array coils 
making further evaluation of the 
left frontal lobe difficult. (c) 
Axial reformation of the uniform 
intensity image created from the 
MP2RAGE acquisition shows 
subtle differences in white matter 
signal in the left frontal and 
occipital lobe. (d) Axial 
reformation of the T1 map 
created from the MP2RAGE 
acquisition confirms the 
abnormal T1 values in the left 
frontal white matter compared to 
the occipital lobe and more 
similar to the right frontal lobe. 
These findings are consistent 
with right hemimegalencephaly 
with additional involvement of 
the left frontal lobe
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atrophy of the fornix and the ipsilateral mammillary body. In 
the early stages of mesial temporal lobe sclerosis, the imag-
ing findings are subtle and involve loss of the granular cell 
layer symmetry (i.e., the internal architecture of the hippo-
campus) without associated FLAIR signal changes. Hard 
windowing of the FLAIR-weighted sequences will make 
identification of the diseased hippocampus easier. In nearly 
20 % of patients with mesial temporal lobe sclerosis, dual 
pathology is present with a second epileptogenic focus. It is 
believed that in these cases, the other epileptogenic lesion 
triggered the mesial temporal lobe sclerosis (similar to 
febrile seizures as a child can trigger or “kindle” a mesial 
temporal lobe sclerosis). Identification of the second focus is 
of great importance as failure to do so may result in surgical 
failure if only a selective amygdalohippocampectomy is per-
formed, thus leaving the “primary” focus behind. On the 
other hand, failure to identify MTS in patients with other 
lesions may also lead to surgical failure following lesionec-
tomy. Dual pathology may consist also of bilateral mesio-
temporal lobe sclerosis as one hemisphere may trigger the 
other hippocampus to become sclerotic thus constituting 
bilateral abnormalities. As the internal reference (i.e., the 
contralateral hippocampus) is similarly affected, comparison 
of the signal with other regions of archicortex (three-layered 
cortex) can identify whether a mesial temporal lobe sclerosis 
is present bilaterally. Thus, if the T2/FLAIR signal of the 
hippocampus is bilaterally symmetrical but higher as 

 compared to the cingulum or insula, you have to consider 
bilateral mesial temporal lobe sclerosis.

 Malformations of Cortical Development

In order to understand the different types of malformations 
of cortical development, it is important to briefly review the 
embryological development of the cortex: During the 7th 
week of gestation, neuronal proliferation in the subependy-
mal germinal matrix occurs. After the 8th week, these cells 
migrate outward in multiple waves of radial outward migra-
tion aided by radial glial cell guidance in a process coined as 
chemotaxis. The third and last part of the cortical develop-
ment, the lamination, is the organization of the cells within 
different cortical layers a process that is orchestrated by the 
subplate (the lowest layer of cortex). Chromosomal muta-
tions, destructive events (ischemia/infections) or toxins may 
inhibit either of these three processes (proliferation, chemo-
taxis, or cortical organization) which will lead to abnormali-
ties in stem cell development, migration or lamination [14].

Malformations of cortical development are present in up 
to 25 % of patients with intractable childhood epilepsy. They 
are associated with chromosomal alterations, congenital 
infections, or in utero ischemia. In addition to epilepsy, these 
patients will have developmental delay and focal neurologi-
cal deficits.

a b

Fig 5 (a, b) Mesial temporal sclerosis (MTS): (a) coronal T2/FLAIR 
shows increased signal in the left hippocampus; (b) axial T1 IR demon-
strates volume loss in the left hippocampus. The findings shown are 

relatively subtle. MRI fails to recognize pathologically detected mesial 
temporal lobe sclerosis in up to 20 % of the cases
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 Pathologies Associated with ID That May Benefit 
from Resective Surgery

 Focal Cortical Dysplasia

Focal cortical dysplasia (FCD) was first described over 30 years ago [30], and while 
our abilities to detect it have improved significantly with new imaging techniques, 
uncertainties about FCD remain.

a b

c d

Fig. 9.1  Functional MRI (fMRI). A 45-year-old left-handed man presented with a single tonic- 
clonic seizure. (a) MRI revealed a right temporal lobe arteriovenous malformation (AVM). During 
the evaluation process for surgical excision of the AVM he underwent fMRI for language localiza-
tion. This was carried out with three different language paradigms. (b–d) The verb generation 
paradigm demonstrated bilateral Broca’s and Wernicke area activation, with the Wernicke’s area 
just superior to the nidus of the AVM on the right
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