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Sonic Hedgehog gene can result in cortical 

maldevelopment and other severe brain malfor-

mations, including schizencephaly [ 11 ].

    As shown in Fig.  4.16 , hemispherectomy can 

be of great value in certain children with extreme 

forms of drug-resistant hemispheric focal epi-

lepsy. Removal of the dysfunctional right hemi-

sphere for this young child at age 4 was very 

benefi cial in relieving constant and intractable 

 seizure activity  . PET at age 9 was negative for 

any obvious seizure focus (Fig.  4.16 ); the sequen-

tial scans were completed at different times in 

two different states of unilateral leg activity 

(patient was cognitively normal and fully ambu-

latory and able to run without obvious defects).

   Patients with generalized seizures that are 

idiopathic and have normal  MRI   examinations 

are generally not surgical candidates, and best 

managed by medication. A fascinating discovery 

about these patients who do fall into this group of 

generalized epilepsy is that many individuals 

have this problem on a genetic basis that affects 

proper ion channel currents within neuronal 

membranes, which predisposes them to aberrant 

epileptogenic discharges. In this regard, absence 

seizures of childhood characterized by brief 

diffuse 3 Hz spike and wave discharge on  EEG   

(which can persist into adulthood) has been 

linked to mutations within the gene encoding a 

certain type of calcium channel (T-type) involved 

in burst fi ring of neurons. Displaying a lower 

  Fig. 4.14    Seizures secondary to parietal schizencephaly. MR revealing closed lip schizencephaly       

  Fig. 4.15     Focal left occipital-temporal cortical maldevel-
opment  : visual prodrome reported by epilepsy patient in 
advance of generalized  seizure activity   corresponding to 
focal left inferior occipital-temporal cortical lesion seen 
on coronal T2  MRI         
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functionally correspond to depressed metabolism 
inter-ictally between seizures, and a post-ictal 
hyperemia with higher levels of perfusion captured 
by PET imaging very shortly after a spontaneous 
recurrent seizure.

MR obtained in the coronal plane is the most 
sensitive way to detect abnormally high T2 signal 
within the hippocampus of complex-partial sei-
zure patients who harbor a highly focal area of 
hippocampal scarring, other known as mesial 

temporal sclerosis (MTS) as shown above in the 
preoperative evaluation that included 18F-FDG 
imaging as well to confirm site of suspected 
inter-ictal metabolic depression (Fig. 4.6; PET 
confirms inter-ictal left temporal hypometabo-
lism concordant with the left hippocampal area 
of MTS seen on MRI).

Quantitative PET is another helpful clinical 
tool where imaging is performed in the dynamic 
mode to construct time–activity curves for uptake 

Fig. 4.6 Left mesial temporal sclerosis: coronal MR versus PET findings
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Left mesial temporal sclerosis: coronal magnetic resonance (MR) versus 

positron emission tomography (PET) findings. MR obtained in the coronal 

plane is the most sensitive way to detect abnormally high T2 signal within the 

hippocampus of complex-partial seizure patients who harbor a highly focal 

area of hippocampal scarring, other known as mesial temporal sclerosis (MTS) 

as shown above in the preoperative evaluation that included 18F-FDG imaging 

as well to confirm site of suspected inter-ictal metabolic depression (PET 

confirms inter-ictal left temporal hypometabolism concordant with the left 

hippocampal area of MTS seen on MRI).
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Magnetic resonance imaging (MRI) revealing closed lip 

schizencephaly. MRI is a very sensitive tool in evaluating 

seizure patients with closed lip schizencephaly, as shown in 

the figure. MRI can more accurately diagnose subtle cortical 

malformations in epilepsy patients that may be missed on 

axial computerised tomography (CT) brain examinations.

Seizures secondary to parietal schizencephaly
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Sonic Hedgehog gene can result in cortical 

maldevelopment and other severe brain malfor-

mations, including schizencephaly [11].

As shown in Fig. 4.16, hemispherectomy can 

be of great value in certain children with extreme 

forms of drug-resistant hemispheric focal epi-

lepsy. Removal of the dysfunctional right hemi-

sphere for this young child at age 4 was very 

beneficial in relieving constant and intractable 

seizure activity. PET at age 9 was negative for 

any obvious seizure focus (Fig. 4.16); the sequen-

tial scans were completed at different times in 

two different states of unilateral leg activity 

(patient was cognitively normal and fully ambu-

latory and able to run without obvious defects).

Patients with generalized seizures that are 

idiopathic and have normal MRI examinations 

are generally not surgical candidates, and best 

managed by medication. A fascinating discovery 

about these patients who do fall into this group of 

generalized epilepsy is that many individuals 

have this problem on a genetic basis that affects 

proper ion channel currents within neuronal 

membranes, which predisposes them to aberrant 

epileptogenic discharges. In this regard, absence 

seizures of childhood characterized by brief 

diffuse 3 Hz spike and wave discharge on EEG 

(which can persist into adulthood) has been 

linked to mutations within the gene encoding a 

certain type of calcium channel (T-type) involved 

in burst firing of neurons. Displaying a lower 

Fig. 4.14 Seizures secondary to parietal schizencephaly. MR revealing closed lip schizencephaly

Fig. 4.15 Focal left occipital-temporal cortical maldevel-
opment: visual prodrome reported by epilepsy patient in 
advance of generalized seizure activity corresponding to 
focal left inferior occipital-temporal cortical lesion seen 
on coronal T2 MRI
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Magnetic resonance imaging (MRI) can more accurately diagnose subtle 

cortical malformations in epilepsy patients that may be missed on axial 

computerised tomography (CT) brain examinations. Focal left occipital-

temporal cortical maldevelopment: visual prodrome reported by epilepsy 

patient in advance of generalized seizure activity corresponding to focal left 

inferior occipital-temporal cortical lesion seen on coronal T2 MRI.
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Magnetic resonance imaging (MRI) after surgery of an 

‘‘oligodendroglioma’’ in 1991. Posteriorly to the surgical 

defect, there is a 28 x 12 mm cystic lesion with slightly 

higher signal intensity than cerebrospinal fluid (CSF) on T1-

weighted images (a, c, e). Diagnostic hallmark are tiny cysts 

within the dysembryoplastic neuroepithelial tumour (DNT), 

which are best appreciated on high resolution T2-weighted 

images (b: arrows). Larger cysts are hypointense on FLAIR-

images (d: arrow).

Epilepsy-associated oligodendroglioma

4.2 Clinical Presentation

Children and young adults with focal seizures, # = $.

4.3 Pathology

Radial arrangement of GFAP-positive, fusiform and bipo-
lare astrocytic cells around blood vessels. Variable infil-
trative pattern.

4.4 Imaging

Cortical and subcortical tumor with a stalk-like extension
towards the lateral ventricle. Predilection for the posterior
(parietal and occipital) brain segments. A ribbon-like
hyperintensity within the cortex on unenhanced T1-weigh-
ted spin echo images is considered pathognomonic. No
calcifications. No contrast enhancement (Lellouch-Tubiana
et al. 2005; Wang et al. 2005; Majores et al. 2007; Shakur
et al. 2009) (Fig. 5).

Fig. 4 MRI after surgery of an
‘‘oligodendroglioma’’ in 1991.
Posteriorly to the surgical defect,
there is a 28 x 12 mm cystic
lesion with slightly higher signal
intensity than CSF on T1-
weighted images (a, c, e).
Diagnostic hallmark are tiny
cysts within the DNT, which are
best appreciated on high-
resolution T2-weighted images
(b: arrows). Larger cysts are
hypointense on FLAIR-images
(d: arrow)
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Pilocytic astrocytoma World Health Organization (WHO) 

grade I: a 17-year-old woman with a single tonic-clonic 

seizure. MRI shows a three-cm large tumor with a large cyst, 

a solid, contrast enhancing tumor portion at the border 

of the cyst (a–d: arrow) and perifocal edema. The size of 

the cyst, a single seizure, and perifocal edema go against 

a ganglioglioma but for a pilocytic astrocytoma. However, 

the superficial contrast enhancement fits to a pleomorphic 

xanthoastrocytoma (PXA).

A 17-year-old woman with a single tonic-clonic seizure

background. The tumor stroma is highly vascular with
glomeruloid features and has a low MIB-1 index of around
1%. An admixture of ganglion cells is occasionally
observed. However, if located in the mesial tempral lobe,
a ganglioglioma is more likely since the glial component of
a ganglioglioma can be pilocytic in appearance.

5.4 Imaging

Pilocytic astrocytomas appear as cystic, round to oval
lesions with a larger cystic and a smaller contrast enhancing
tumor portion (Fig. 6). Cysts walls occasionally enhance.
Pilocytic astrocytomas may spread through subarachnoid

space in rare cases (although there a still WHO grade I
tumors) (Fig. 7).

They may be difficult to distinguish from gangliogliomas,
however, pilocytic astrocytomas tend to be larger than gan-
gliogliomas, especially with respect to the cystic portion.

6 Pleomorphic Xanthoastrocytoma

6.1 Epidemiology

Rare, Epilepsy-associated astrocytic tumours with superfi-
cial location in the cerebral hemispheres and involvement of
the meninges.

Fig. 6 Pilocytic astrocytoma
WHO grade I: 17 year old
woman with a single tonic-clonic
seizure. MRI shows a three 3 cm
large tumor with a large cyst,
a solid, contrast enhancing tumor
portion at the border of the cyst
(a–d: arrow) and a perifocal
oedema. The size of the cyst,
a single seizure, and perifocal
oedema are in favor against
a ganglioglioma and for a
pilocytic astrocytoma.
However, the superficial
contrast enhancement
fits to a pleomorphic
xanthoastrocytoma (PXA)
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A 30-year-old woman (a–c) and a 36-year-old man (d–f) 

suffered from drug-resistant seizures difficult to localize. 

Magnetic resonance imaging (MRI) showed frontobasal 

‘‘midline’’ dermoids, which are hyperintense on T1-weighted 

(a, c, d, e), T2-weighted (f) and diffusion-weighted images 

(b). Note dermoid droplets in the subarachnoid space 

(e: arrows) and chemical shift artefact (f). The chemical 

shift artefact is caused by different resonance frequencies 

of hydrogen nuclei bound to fat and water molecules. 

The dermoid contains fat-bound hydrogen nuclei and is 

displaced in the frequency-encoding direction with a low 

signal band anteriorly and a high-signal band posteriorly (f: 

arrows).

A 30-year-old woman with drug-resistant seizures 
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Magnetic resonance imaging (MRI) of a 13-month-old girl 

with cytotoxic edema of the left hemisphere (a–c) including 

the thalamus and occipital lobe. No vessel occlusion on 

TOF-MRA (not shown). d. Follow-up MRI after 1 year shows 

profound left-sided hemiatrophia cerebri et cranii.  e–f. A 

5-year-old boy presented with a prolonged complex febrile 

seizure with persisting left-sided hemiparesis. MRI after 2 

months showed right-sided hemiatrophy and hippocampal 

sclerosis (f: arrow).

A 13-month-old girl with cytotoxic edema

Fig. 1 MRI of a 13 months old
girl with cytotoxic edema of the
left hemisphere (a–c) including
the thalamus and occipital lobe
(a–c). No vessel occlusion on
TOF-MRA (not shown). Follow-
up MRI after 1 year shows
profound left-sided hemiatrophia
cerebri et cranii (d). e–f A 5 year
old boy presented with a
prolonged complex febril seizure
with persisting left-sided
hemiparesis. MRI after 2 months
showed right-sided hemiatrophy
und hippocampal sclerosis
(f: arrow)
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Magnetic resonance imaging (MRI) in a 51-year-old man, 

who presented with myoclonic seizures of the left leg. MRI 

showed a right-sided cortical pre- and postcentral lesion (b, 
c: arrow) and periventricular lesions (a, d: arrow). Contrast 

enhancement of a periventricular lesion at the right trigone 

disappeared on follow-up MRI after 6 months.

A 51-year-old man with myoclonic seizures 

vocalizations, dysarthria, and involuntary tongue- and lip-
biting (Jung et al. 2011). In at least one-third of patients,
seizures are the first manifestation of disease (Jung et al.
2011). Seizures are of different types and temporal lobe
seizures are common (Al-Asmi et al. 2005; Scheid et al.
2009; Bader et al. 2011). Most patients have elevated levels
of creatine phosphokinase (Jung et al. 2011).

4.4 Imaging

Consider chorea–acanthocytosis if there is caudate head and
to a lesser degree putaminal atrophy. Caudate head and
putaminal atrophy are related to disease duration, easily

missed on visual inspection, and highlighted with volu-
metric analyses (Huppertz et al. 2008) ( Fig. 6).

Developing hippocampal sclerosis related to the disease
or as a consequence of frequent seizures has been described
(Scheid et al. 2009).

5 ‘‘Reversible’’ Splenium Lesions

5.1 Epidemiology

Rare, but pathognomonic imaging finding likely caused by
rapid reduction of antiepileptic drugs (AEDs). A common
situation is AED withdrawal during presurgical work-up in

Fig. 3 MRI in a 51 year old man, who presented with myoclonic
seizures of the left leg. MRI showed a right-sided cortical pre and
postcentral lesion (b, c: arrow) and periventricular lesions (a, d:

arrow). Contrast enhancement of a periventricular lesion at the right
trigone disappeared on follow-up MRI after 6 months
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Magnetic resonance imaging (MRI) in a 31-year-old patient 

with a generalized tonic–clonic seizure as first manifestation 

of multiple sclerosis (MS). MRI shows multiple periventricular 

and juxtacortical demyelinating lesions (a–e). Many lesions 

are contrast-enhancing with some of the larger lesions 

displaying a so-called open-ring sign (b, f: hollow arrows). If 

MS patients present with epileptic seizures, a pattern with 

(confluent) lesions lining the temporal horns is often found 

(a, d, e: arrows).

A 31-year-old patient with a generalized tonic-clonic seizure 

order to provoke seizures. However, reversible splenium
lesions are also rarely found in patients with infections,
chemotherapy, or other diseases affecting fluid balance
systems.

5.2 Pathogenesis

Abrupt disorder of fluid balance systems due to central
sodium channel blockade or disturbance of the arginine–
vasopressin system. A typical withdrawn AED carbamaze-
pine, for example, enhances the antidiuretic effect of the
arginine–vasopressin system.

5.3 Clinical Presentation

None.

5.4 Imaging

Non space-occupying symmetric lesion in the center of the
splenium with reduced diffusion. There is no contrast
enhancement. Complete or near-complete regression on fol-
low-up MRI within 1–2 weeks (Nelles et al. 2006) (Fig. 7).

Some authors consider high-altitude cerebral edema
(HACE) a reversible splenium lesion, although MRI in
HACE typically show a splenium lesion with increased

Fig. 4 MRI in a 31 year old patient with a generalized tonic–clonic
seizure as first manifestation of multiple sclerosis. MRI shows multiple
periventricular and juxtacortical demyelinating lesions (a–e). Many
lesions are contrast-enhancing with some of the larger lesions displaying

a so-called open-ring sign (b, f: hollow arrows). If MS patients present
with epileptic seizures, a pattern with (confluent) lesions lining the
temporal horns is often found (a, d, e: arrows)

Other Epilepsy-Associated Diseases and Differential Diagnoses 251



ATLAS OF MRI IN EPILEPSY
10

Magnetic resonance imaging (MRI) in a 49-year-old 

woman with relapsing–remitting multiple sclerosis and 

a generalized tonic–clonic seizure. MRI shows multiple 

periventricular demyelinating lesions (a, c) and a large 

temporo-occipital contrast-enhancing lesion with open-ring 

sign, which extends from the periventricular region to the 

U-fibers (b: arrow).

A 49-year-old woman with a generalized tonic-clonic seizure

diffusion and additional corpus callosum and white matter
microbleeds (Kallenberg et al. 2008).

6 MRI Changes in Antiepileptic Drug
Therapy

Numerous AEDs are prescribed either as mono- or as
combined drug therapy (Nicholas et al. 2012; Hamer et al.
2012). Of those, AED that may elicit MRI changes are
briefly mentioned here.

6.1 Carbamazepine

Carbamazepine is the most often prescribed drug in the
treatment of focal epilepsies. The exact mechanism of
action is unknown; general suppression of EEG activity is
likely (Jokeit et al. 2001). Typical side effects are nystag-
mus, dizziness, and ataxia, which are dose-dependent and
related to the degree of pre-existing cerebellar atrophy
(Specht et al. 1997). Most common MRI changes are so-
called reversible splenium lesions which are likely due to
rapid carbamazepine withdrawal (Fig. 7).

6.2 Phenytoin

Phenytoin is widely used for the treatment of focal and
generalized seizures and convulsive status epilepticus.
Prescription frequency, however, is decreasing (Nicholas
et al. 2012; Hamer et al. 2012). Side effects of long-lasting
phenyoin therapy are cerebellar atrophy, causing ataxia,
tremor, nystagmus, diplopia, reversible splenium lesions,
cranial vault thickening, and gingival overgrowth (Fig. 8).
Cerebellar atrophy is likely caused by direct toxic effects
(Laxer et al. 1980; Luef et al. 1994). Cases with reversible
splenium lesions or with leucoencephalopathy likely due
to deficiency of the enzyme methylenetetrahydrofolate
reductase (MTHFR) have been described (Kim et al. 1999;
Arai and Osaka 2011).

6.3 Valproate

Valproate is a broad-spectrum AED and primarily used in
idiopathic generalized epilepsies. The mechanism of action
is not fully clear; effects include GABAergic inhibition
and attenuation of glutamergic excitation. Significant side
effects are liver toxicity and teratogenicity. Neurological

Fig. 5 MRI in a 49 year old woman with relapsing–remitting
multiple sclerosis and a generalized tonic–clonic seizure. MRI shows
multiple periventricular demyelinating lesions (a, c) and a large

temporo-occipital contrast-enhancing lesion with open-ring sign,
which extends from the periventricular region to the U-fibers (b:
arrow)
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Sequelae of long-lasting phenytoin therapy in a 38-year-old 

woman who presented with epileptic seizures 22 years ago 

and was taking phenytoin since this time. Marked cerebellar 

atrophy (b, c: arrows) and distinct cranial vault thickening (a, 
b: hollow arrows) are distinct imaging features.

A 38-year-old woman with epileptic seizures 

changes have occasionally been described and consist of
bilateral symmetric lesions with usually reversible cytotoxic
edema in the thalami, tegementum of the midbrain, globi
pallidi, and dentate nuclei. Despite these changes, patients are
usually asymptomatic (Iyer et al. 2011; Simao et al. 2011;
Pearl et al. 2009).

No specific MRI changes have been described for the
newer AED including Levetiracetam, Lamotrigine, Topir-
amate, and Gabapentin.
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‘‘Reversible’’ splenium lesions: non space-occupying cytotoxic 

edema within the center of the splenium after antiepileptic 

drug withdrawal for presurgical evaluation (a–d: arrow) and 

due to lymphocytic encephalitis (e, f: arrow), respectively.

‘‘Reversible’’ splenium lesions

Fig. 7 ‘‘Reversible’’ splenium
lesions: non space-occupying
cytotoxic edema within the center
of the splenium after antiepileptic
drug withdrawl for presurgical
evaluation (a–d: arrow) and
due to lymphocytic encephalitis
(e, f: arrow), respectively
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Sonic Hedgehog gene can result in cortical 

maldevelopment and other severe brain malfor-

mations, including schizencephaly [ 11 ].

    As shown in Fig.  4.16 , hemispherectomy can 

be of great value in certain children with extreme 

forms of drug-resistant hemispheric focal epi-

lepsy. Removal of the dysfunctional right hemi-

sphere for this young child at age 4 was very 

benefi cial in relieving constant and intractable 

 seizure activity  . PET at age 9 was negative for 

any obvious seizure focus (Fig.  4.16 ); the sequen-

tial scans were completed at different times in 

two different states of unilateral leg activity 

(patient was cognitively normal and fully ambu-

latory and able to run without obvious defects).

   Patients with generalized seizures that are 

idiopathic and have normal  MRI   examinations 

are generally not surgical candidates, and best 

managed by medication. A fascinating discovery 

about these patients who do fall into this group of 

generalized epilepsy is that many individuals 

have this problem on a genetic basis that affects 

proper ion channel currents within neuronal 

membranes, which predisposes them to aberrant 

epileptogenic discharges. In this regard, absence 

seizures of childhood characterized by brief 

diffuse 3 Hz spike and wave discharge on  EEG   

(which can persist into adulthood) has been 

linked to mutations within the gene encoding a 

certain type of calcium channel (T-type) involved 

in burst fi ring of neurons. Displaying a lower 

  Fig. 4.14    Seizures secondary to parietal schizencephaly. MR revealing closed lip schizencephaly       

  Fig. 4.15     Focal left occipital-temporal cortical maldevel-
opment  : visual prodrome reported by epilepsy patient in 
advance of generalized  seizure activity   corresponding to 
focal left inferior occipital-temporal cortical lesion seen 
on coronal T2  MRI         
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advance of generalized seizure activity corresponding to 
focal left inferior occipital-temporal cortical lesion seen 
on coronal T2 MRI
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functionally correspond to depressed metabolism 
inter-ictally between seizures, and a post-ictal 
hyperemia with higher levels of perfusion captured 
by PET imaging very shortly after a spontaneous 
recurrent seizure.

MR obtained in the coronal plane is the most 
sensitive way to detect abnormally high T2 signal 
within the hippocampus of complex-partial sei-
zure patients who harbor a highly focal area of 
hippocampal scarring, other known as mesial 

temporal sclerosis (MTS) as shown above in the 
preoperative evaluation that included 18F-FDG 
imaging as well to confirm site of suspected 
inter-ictal metabolic depression (Fig. 4.6; PET 
confirms inter-ictal left temporal hypometabo-
lism concordant with the left hippocampal area 
of MTS seen on MRI).

Quantitative PET is another helpful clinical 
tool where imaging is performed in the dynamic 
mode to construct time–activity curves for uptake 

Fig. 4.6 Left mesial temporal sclerosis: coronal MR versus PET findings
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