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Diagnostic approach in MCDs should include patient and family history, laborato-
ry examination, and neurological workup as initial workups, then specific biochemi-
cal studies, muscle biopsy, and molecular genetic studies as the further workups. The 
most useful basic test is to check serum lactate level (Kang et al. 2013). In patients 
with mitochondrial encephalopathy, when pyruvate oxidation in mitochondria is dis-
turbed due to abnormalities in pyruvate dehydrogenase complex, Krebs cycle, or 
electron transport chain, excessive pyruvate can be either transformed into alanine 
or reduced to lactate, increasing blood lactate level. The ratio of lactate to pyruvate 
depends on the degree of oxidation–reduction in tissue. Since the increase in serum 
lactate level can be equivocal in patients with mitochondrial encephalopathy, it is 

Fig. 4  MRI of 4 months-girl with Ethylmalonic aciduria. Axial flair- sequence image shows bilat-
eral hypointense lesions of basal nuclei (n. caudati; n. lentiformi)
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Discussion

In the present study, CC hyperperfusion was observed in 
65.4% of acute seizure patients with SCCLs on ASL per-
fusion MR imaging (Fig. 1, 3), and it was more common 

than CC hypoperfusion (26.9%). CCD is a well-known phe-
nomenon in which blood flow and metabolism in the con-
tralateral cerebellum decrease when there is a supratentorial 
lesion. The interruption of CPC pathways causes a remote 
functional deactivation with reduced excitatory input and 

Fig. 3  A 73-year-old man with a complex partial seizure (patient 3). a 
The DWI shows subtle hyperintense lesions in the right frontoparietal 
lobes (arrows). There is also parenchymal tissue loss due to a previ-
ous infarction in the right parietal lobe (arrow head). b On the ADC 
map image, the lesions of the frontoparietal lobes reveal restricted 

diffusion (arrows) and the parietal lobe lesion reveals increased water 
diffusion (arrow head), respectively. c The ASL perfusion image 
shows markedly increased perfusion in the corresponding areas of 
DWI hyperintensity. d The left cerebellum reveals hyperperfusion on 
the ASL image regardless of the tissue loss in the right parietal lobe

provide language lateralization but also an
insight of the functional location of the language
eloquent areas that will help to design the best
surgical approach. This will also be helpful in
case of implantation of stereotactic depth elec-
trodes. In possible candidates to functional hemi-
spherectomy, it is obliged to determine that the
language functions are not in the hemisphere to
be disconnected, as language may transfer to the
preserved hemisphere in patients with extensive
congenital abnormalities or early life brain inju-
ries (Fig. 7).

More detailed information about language and
memory fMRI paradigms, clinical indications,

and interpretation can be found in the chapter
▶ “Surgical and Postsurgical Evaluation of
Epilepsy”.

Ictal fMRI or interictal fMRI is another fMRI
technique that has been used, mostly in the setting
of research studies, to try to localize the seizure
onset and seizure propagation zones. This tech-
nique consists in studying the BOLD signal
changes that occur in brain during seizure activity.
A simultaneous EEG-MR compatible recording is
acquired during the fMRI acquisition in order to
determine when the ictal or interictal electric dis-
charges occur and where the BOLD changes are
observed. Several studies have demonstrated the

Fig. 6 Left-handed patient with MTLE presenting with
dysphasia during the seizures. The neurophysiological
tests show temporal lobe dysfunction of the dominant
hemisphere for language. MR demonstrated right HS. (a):
DIR coronal demonstrating the increase of signal in the

right hippocampus (thin arrow). (b) fMRI for language
lateralization showed the right inferior frontal gyrus
(wide arrow) and the right superior temporal gyrus (star)
activated during the word fluency task and comprehensive
auditory task, respectively

Fig. 7 Right-handed 16-year-old patient with epilepsia
partialis continua caused by Rasmussen encephalitis. (a)
T1 and T2 axial images demonstrate the typical findings of
Rasmussen encephalitis involving the left hemisphere with
atrophy and hypersignal of the left caudate and lentiform
nuclei (arrows) and mild cortical atrophy in the left

hemisphere, particularly in the left frontal and insular
lobes. The patient was a candidate for functional hemispher-
ectomy. (b) fMRI for language lateralization using a word
fluency task demonstrates that the right inferior frontal gyrus
activates indicating that likely there has been a transference
of the language function to the healthy hemisphere
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a. Coronal T2-weighted image. b. gadolinium (coronal 

Gd)-enhanced T1-weighted image. Lesion involving the 

right mesial temporal structures, with mild swelling of the 

parahippocampal region, hyperintense on T2-weighted 

image (a). Following Gd injection the lesion enhances. No 

cystic components are present.
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  From the neuropathological point of view, the key feature is the presence of 
neoplastic ganglion cells. They differ from normal ganglion cells—large cells with 
vesicular nuclei, central and prominent nucleoli, and abundant cytoplasm—because 
of abnormalities of size, shape, cell processes, irregular accumulation of Nissl sub-
stance and cytoplasmic vacuolization. Cellular gigantism and bi- or multinucleation 
are a common finding (Fig.  3a ). These cells do not achieve any degree of architec-
tural uniformity.      

  Neurofibrillary tangles, granulo-vacuolar degeneration and basic cellular neuro-
nal lesions typical of neurodegenerative diseases may be observed.  

   Neoplastic glial cells, whose presence is a requisite for the diagnosis of GG, have 
a variable morphology, which can make the tumor resemble a pilocytic astrocytoma, 

 Fig. 3     GG a  H&E, 200x. Gangliogliomas are typically non-infiltrating tumors; several multinucle-
ated cells, which immunohistochemistry can prove to be neurons, are seen.  b  H&E. Lymphocytes 
are common  

  

 Fig. 2     GG in a 10-year-old boy. a  Coronal T2-weighted image.  b  Coronal Gd-enhanced 
T1-weighted image. Lesion involving the right mesial temporal structures, with mild swelling of 
the parahippocampal region, hyperintense on T2-weighted image ( a ). Following gadolinium injec-
tion the lesion enhances. No cystic components are present  

  

This copy belongs to 'dutta'



ATLAS OF MRI IN EPILEPSY
2

a. Axial T2-weighted image. b. Axial FLAIR image. c. Axial Gd-

enhanced T1-weighted image. Superficially located tumor 

involving the right postcentral gyrus with remodeling of the 

adjacent calvarium (a). Two small internal pseudocysts are 

visibile on FLAIR image (b). There is no enhancement on post 

contrast T1-weighted image (c).

Dysembryoplastic neuroepithelial tumor in a 9-year-old girl
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 Fig. 6     DNT a  Low-power of a DNT.  b  H&E, 200x. Bundles of axons and capillaries cross a 
mucoid matrix, in which some pyramidal neurons float.  c  H&E, 200x. Columns of cells resem-
bling oligodendrocytes line up around axons.  d  H&E, 200x. Some areas may resemble to an pilo-
cytic astrocytoma or ganglioglioma  

  

 Fig. 5     DNT in a 9-year-old girl. a  Axial T2-weighted image.  b  Axial FLAIR image.  c  Axial Gd-
enhanced T1-weighted image.Superficially located tumor involving the right postcentral gyrus 
with remodeling of the adjacent calvarium ( a ). Two small internal pseudocysts are visibile on 
FLAIR image ( b ). There is no enhancement on post contrast T1-weighted image ( c )  
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Pseudo-polycystic “bubbly” appearance of a left frontal type 

1 dysembryoplastic neuroepithelial tumor in axial FLAIR (A) 

and T1 (B).

Type 1 dysembryoplastic neuroepithelial tumor
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Fig. 6.11 Coronal view in FLAIR (a) and in T2 (b), axial T1 (c), and coronal T1 with contrast
media (d) in a patient with left temporal drug-resistant epilepsy. Pseudocystic lesion of the left
amygdalo-hippocampal complex without any mass effect. The signal in all sequence is similar to
the CSF. Note the thin rim in hyper FLAIR. No enhancement is observed after gadolinium. This
aspect is typical of DNET type 1

Fig. 6.12 Pseudo-polycystic “bubbly” appearance of a left frontal type 1 DNET in axial FLAIR (a)
and T1 (b)

122 C. Mellerio et al.
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Axial T2-weighted images show focal bilateral lesions in the 

brainstem. The MR-spectroscopy show a lactate peak in deep 

gray matter.

MRI of a boy with Leigh phenotype with complex I deficiency
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may initially be focal and subsequently generalize. Epilepsia partialis continua and 
convulsive status epilepticus are common. The disorder, diagnosed in infants and 
young children, is progressive and often leads to death from hepatic failure or sta-
tus epilepticus before age 3 years. MtDNA in muscle and liver samples of Alpers 
syndrome patients is depleted (Milone and Massie  2010 ). The EEG features of pos-
terior rhythmic high amplitude delta with superimposed polyspikes (RHADS) are 
very helpful although not mandatory in all cases. The course is usually rapidly pro-
gressive; most affected infants die before the age of 3 years (Wolf et al. 2009a, b).  

  Magnetic resonance imaging changes may be nonspecific, such as atrophy (both 
general and involving specific structures, such as cerebellum), more suggestive of 
particular disorders such as focal and often bilateral lesions confined to deep brain 
nuclei, or clearly characteristic of a given disorder such as stroke-like lesions that 
do not respect vascular boundaries in mitochondrial myopathy, encephalopathy, 
lactic acidosis, and stroke-like episode (MELAS). White matter hyperintensities 
with or without associated gray matter involvement may also be observed (Fig.  3 ; 
Friedman et al.  2010 ; Papetti et al.  2013 ).      

   Secondary mitochondrial dysfunction is also seen in a number of different ge-
netic disorders, including  ethylmalonic aciduria  (EE, OMIM # 602473) (Tiranti 
et al.  2009 ). EE is an autosomal recessive metabolic disorder of infancy affecting 
the brain, the gastrointestinal tract and peripheral vessels. It is caused by a defect in 
the ETHE1 gene product, which a mitochondrial dioxygenase involved in hydrogen 
sulfide (H (2) S) detoxification. Patients present in infancy with psychomotor re-
tardation, chronic diarrhea, orthostatic acrocyanosis and relapsing petechiae. High 
levels of lactic acid, ethylmalonic acid (EMA) and methylsuccinic acid (MSA) are 
detected in body fluids. The signs and symptoms of EE are apparent at birth or 
begin in the first few months of life. Seizures start early as tonic seizure, spasms 
and West syndrome (Fig.  2 ; Papetti et al.  2013 ). MRI generally shows symmetrical 
increased signals on T2-weighted images in the basal ganglia which correspond to 
symmetrical necrotic lesions (Fig.  4 ). They occasionally have signal anomalies in 
subcortical areas, white matter, and brainstem (Pigeon et al.  2009 ).      

  

 Fig. 3     MRI of a boy with Leigh phenotype with complex I deficiency. Axial T2-weighted images 
show focal bilateral lesions in the brainstem. The MR-spectroscopy show a lactate peak in deep 
gray matter  
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Axial flair-sequence image shows bilateral hypointense lesions of basal 

nuclei (n. caudati; n. lentiformi).

MRI of 4 months-girl with ethylmalonic aciduria
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   Diagnostic approach in MCDs should include patient and family history, laborato-
ry examination, and neurological workup as initial workups, then specific biochemi-
cal studies, muscle biopsy, and molecular genetic studies as the further workups. The 
most useful basic test is to check serum lactate level (Kang et al.  2013 ). In patients 
with mitochondrial encephalopathy, when pyruvate oxidation in mitochondria is dis-
turbed due to abnormalities in pyruvate dehydrogenase complex, Krebs cycle, or 
electron transport chain, excessive pyruvate can be either transformed into alanine 
or reduced to lactate, increasing blood lactate level. The ratio of lactate to pyruvate 
depends on the degree of oxidation–reduction in tissue. Since the increase in serum 
lactate level can be equivocal in patients with mitochondrial encephalopathy, it is 

 Fig. 4     MRI of 4 months-girl with Ethylmalonic aciduria. Axial flair- sequence image shows bilat-
eral hypointense lesions of basal nuclei (n. caudati; n. lentiformi)  
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Axial T2-weighted image show dilatation of fronto-

insular subarachnoid spaces and enlargement of anterior 

interhemispheric fissure. Axial MR angiography shows 

tortuous intracranial vessels.

MRI of 6 months-boy with Menkes disease
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        Copper Metabolism Errors  

   Menkes disease  (MD) is a multisystemic disorder of copper metabolism. Progres-
sive neurodegeneration and connective tissue disturbances, together with the pecu-
liar ‘kinky’ hair are the main manifestations. MD is inherited as an X-linked reces-
sive trait, and is due to mutations in the  ATP7A  gene. The vast majority of  ATP7A  
mutations are intragenic mutations or partial gene deletions. ATP7A is an energy 
dependent transmembrane protein, which is involved in the delivery of copper to 
the secreted copper enzymes and in the export of surplus copper from cells (Tümer 
and Møller  2010 ). Seizures may occur during the first few months of life, although 
there are mild forms of the defect with later onset and include myoclonus, spasms 
and multifocal seizures. Three successive periods in the course of epilepsy have 
been observed: early focal status, then infantile spasms, and then myoclonic and 
multifocal epilepsy after age 2 years (Bahi-Buisson et al.  2006 ).  

  Radiological findings are various and combine cortical and cerebellar atrophy, 
delayed myelinisation, tortuosity and dilatation of the intra- and extracranial ves-
sels, and subdural fluid collections (Fig.  5 ) (Bahi-Buisson et al.  2006 ; Papetti et al. 
 2013 ).      

         Congenital Disorders of Glycosylation (Cdg)  

  Congenital disorders of glycosylation (CDG) are a group of disorders of abnor-
mal glycosylation of Nlinked oligosaccharides caused by deficiency in 21 differ-
ent enzymes in the N-linked oligosaccharide synthetic pathway. Most commonly, 

 Fig. 5     MRI of 6 months-boy with Menkes disease. Axial T2-weighted image show dilatation of 
fronto-insular subarachnoid spaces and enlargement of anterior interhemispheric fissure. Axial 
MR angiography shows tortuous intracranial vessels  
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(4) “transmantle sign” (not always present), i.e. a stripe of T2/FLAIR hyperintensity 
extending from the subcortical area to the margin of the ventricle due to a defect of 
neuronal migration (Fig.  11 ; Colombo et al.  2009 ).          

    CT scan is only able to detect the presence of calcifications associated with FDC 
(possible but rare).  

  The differential diagnosis of FCD includes cortically-based tumors associated 
with seizures such as dysembryoplastic neuroepithelial tumors (DNET), ganglio-
gliomas and oligodendrogliomas.  

  MRS has been proposed as a reliable tool for differentiating FCD from a neo-
plasm, showing a reduced NAA/Cr ratio and no elevation in Cho/NAA (Widjaja and 
Raybaud  2008 ; Caruso et al.  2013 ) in the former.  

  Other advanced techniques can be used in the assessment of FDC: PWI shows 
increased perfusion in the area of FCD (Wintermark et al.  2013 ), while DTI can 
demonstrate microstructural abnormalities of the white matter extending beyond 
the main lesion seen on MRI (Widjaja and Raybaud  2008 ; Fonseca Vda et al.  2012 ).  

         Polymicrogyria and schizencephaly  

  Polymicrogyria (PMG) is a malformation due to abnormal late neuronal migration 
and cortical organization. PMG can be unilateral o bilateral and is located more 
often around the sylvian fissure (particularly in its posterior part), although it has 
been reported in any part of the cerebral cortex (Barkovich  2010 ).  

  MR findings of PMG include at least three possible aspects of the cortex 
(Barkovich  2010 ):  

 Fig. 10     Focal Cortical Dysplasia. Axial FLAIR  a  and T2  b  images show thickening of the cortex 
at the bottom of a frontal sulcus with subcortical white matter hyperintensity (  arrows )  
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Axial FLAIR a and T2 b images show thickening of the cortex 

at the bottom of a frontal sulcus with subcortical white 

matter hyperintensity (arrows).

Focal cortical dysplasia
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Axial T2 weighted images showing right 

hemimegalencephaly.

Hemimegalencephaly
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     4.      abnormal white matter, frequently hypodense on CT scans and heterogeneous on 
T2w MRI images, due to heterotopia and dysplastic neurons;  

     5.      resultant midline shift.      

   In the late stage, the involved hemisphere may be atrophic due to constant seizure 
activity.  

  MRS shows reduction of NAA and glutamate peaks in the affected white matter, 
correlated to a diminished metabolic activity on FDG-PET (Flores-Sarnat  2002 ).  

         Ganglioglioma  

   Gangliogliomas      are rare tumors, accounting for 3 % of all pediatric brain neoplasms, 
and 6–7 % of supratentorial tumors in children. Affected patients usually present in 
their second decade of life (Barkovich and Raybaud  2012 ).  

  Ganglioglioma typically involves the cortex of the cerebral lobes, especially the 
temporal lobe (85 % of cases), and is the most common tumor associated with tem-
poral lobe epilepsy (Barkovich and Raybaud  2012 )      .  

  The most typical imaging findings are (Barkovich and Raybaud  2012 ):  

     1.      presentation as a cyst with enhancing mural nodule (although it may be entirely 
solid);  

     2.      calcifications in up to 50 %.      

  On CT scan, gangliogliomas appear as hypodense, well circumscribed lesions with 
calcifications and little edema, tipically located within the cerebral cortex. Solid 
portions of the tumor may appear isodense, hypodense or mixed, with variable con-
trast enhancement. Erosion of the adjacent inner table of the calvarium may occur 
when the ganglioglioma is located peripherally (Gelabert-González et al.  2011 ).  

  On MRI, the ganglioglioma may have sharply or poorly defined margins. It may 
be solid, cystic, cystic with mural nodule or multi-cystic. It is usually hyperintense 
on T2w sequences and heterogeneous on T1w. The solid portion of the lesion may 
enhance (Barkovich  2012 ).  

 Fig. 17     Axial T2 weighted images showing right hemimegalencephaly  
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Bilateral perisylvian polymicrogyria (A) and frontoparietal 

polymicrogyria in another patient (B) with a scalloped 

aspect of the cortex composed by numerous excessive small 

convolutions.

Bilateral perisylvian polymicrogyria and frontoparietal polymicrogyria
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heterotopia, and nodular subcortical heterotopia. There is a continuum between
laminar heterotopia and lissencephaly (absence or decrease of cortical convolutions).

Periventricular nodular heterotopias can be found on the entire surface of the
lateral ventricles. They are isolated or multiple, sometimes bilateral, and can be
confluent with a scalloped appearance of the ventricle wall. The subcortical nodular
heterotopia can be directly in contact with the cortex, with a pseudo-thickening of
the gyrus.

Fig. 6.16 Bilateral perisylvian polymicrogyria (a) and frontoparietal polymicrogyria in another
patient (b) with a scalloped aspect of the cortex composed by numerous excessive small
convolutions

Fig. 6.17 Abnormal sulcal pattern in a patient with left perisylvian polymicrogyria. The lateral
fissure (double asterisk) is in continuity with the central sulcus (asterisk)

126 C. Mellerio et al.
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a The axial FLAIR and b diffusion-weighted imaging (DWI) 

show a focal hyperintense lesion in the left frontal lobe, 

which is presumed to be cortical dysplasia. c The signal 

intensity of the lesion is isointense on the apparent diffusion 

coefficient (ADC) map image. d The arterial spin labelling 

(ASL) perfusion image reveals increased perfusion in the 

corresponding area. e The colour and f greyscale ASL images 

show increased perfusion in the right cerebellum compared 

to the left. Region of interest (ROI) circles are located in both 

cerebella (f). The calculated asymmetry index was a positive 

value.

A 47-year-old woman with a generalized tonic–clonic seizure
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   Statistical analysis 

 To assess the interobserver agreement for CCP (hypop-
erfusion, isoperfusion, hyperperfusion) in the qualitative 
analysis, the kappa statistic was used [ 15 ]. The κ values 
of < 0.20, 0.20–0.40, 0.41–0.60, 0.61–0.80 and > 0.81 indi-
cated poor, fair, moderate, good and excellent agreement, 
respectively. Intraobserver reproducibility for the AIs was 
assessed by calculating intraclass correlation coeffi  cients 
(ICCs) [ 18 ]. The ICCs of < 0.40, 0.40–0.59, 0.60–0.74 
and > 0.75 indicated poor, fair, good or excellent reproduc-
ibility, respectively [ 19 ]. The diff erences in the AI values 
according to the CCP status were analysed by using the 
analysis of variance (ANOVA) test. 

 Regarding the location of the SCCLs, the patients were 
divided into frontal-positive and frontal-negative groups 
according to the presence or absence of frontal lobe involve-
ment. Statistical analysis was performed to determine the dif-
ference in the frequency of CC hyperperfusion and AI values 
between the groups by using the Fisher’s exact test and the 
Mann–Whitney  U  test. The signifi cance level for the test was 
 p  < 0.05. 

 Fig. 1       A 47-year-old woman with a generalized tonic–clonic seizure 
(patient 16).  a  The axial FLAIR and  b  DWI show a focal hyperin-
tense lesion in the left frontal lobe, which is presumed to be corti-
cal dysplasia.  c  The signal intensity of the lesion is isointense on the 
ADC map image.  d  The ASL perfusion image reveals increased per-

fusion in the corresponding area.  e  The colour and  f  greyscale ASL 
images show increased perfusion in the right cerebellum compared to 
the left. ROI circles are located in both cerebella ( f ). The calculated 
asymmetry index was a positive value  
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a The diffusion-weighted imaging (DWI) shows subtle hyperintense lesions in 

the right frontoparietal lobes (arrows). There is also parenchymal tissue loss due 

to a previous infarction in the right parietal lobe (arrow head). b On the apparent 

diffusion coefficient (ADC) map image, the lesions of the frontoparietal lobes reveal 

restricted diffusion (arrows) and the parietal lobe lesion reveals increased water 

diffusion (arrow head), respectively. c The arterial spin labelling (ASL) perfusion 

image shows markedly increased perfusion in the corresponding areas of DWI 

hyperintensity. d The left cerebellum reveals hyperperfusion on the ASL image 

regardless of the tissue loss in the right parietal lobe.

 A 73-year-old man with a complex partial seizure 
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Title: Crossed cerebellar hyperperfusion in patients with seizure-related cerebral cortical lesions:  
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   Discussion 

 In the present study, CC hyperperfusion was observed in 
65.4% of acute seizure patients with SCCLs on ASL per-
fusion MR imaging (Fig.  1 ,  3 ), and it was more common 

than CC hypoperfusion (26.9%). CCD is a well-known phe-
nomenon in which blood fl ow and metabolism in the con-
tralateral cerebellum decrease when there is a supratentorial 
lesion. The interruption of CPC pathways causes a remote 
functional deactivation with reduced excitatory input and 

 Fig. 3       A 73-year-old man with a complex partial seizure (patient 3).  a  
The DWI shows subtle hyperintense lesions in the right frontoparietal 
lobes (arrows). There is also parenchymal tissue loss due to a previ-
ous infarction in the right parietal lobe (arrow head).  b  On the ADC 
map image, the lesions of the frontoparietal lobes reveal restricted 

diff usion (arrows) and the parietal lobe lesion reveals increased water 
diff usion (arrow head), respectively.  c  The ASL perfusion image 
shows markedly increased perfusion in the corresponding areas of 
DWI hyperintensity.  d  The left cerebellum reveals hyperperfusion on 
the ASL image regardless of the tissue loss in the right parietal lobe  
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The neurophysiological tests show temporal lobe 

dysfunction of the dominant hemisphere for language. 

MR demonstrated right hippocampal sclerosis (HS). (A): 

Double inversion recovery (DIR) coronal demonstrating the 

increase of signal in the right hippocampus (thin arrow). (B) 

fMRI for language lateralization showed the right inferior 

frontal gyrus (wide arrow) and the right superior temporal 

gyrus (star) activated during the word fluency task and 

comprehensive auditory task, respectively.

Left-handed patient with mesial temporal lobe epilepsy presenting with  
dysphasia during the seizures

Authors: Nuria Bargalló, Xavier Setoain, Mar Carreño
Title: Neuroradiological evaluation of patients with seizures
Journal: Clin Radiol.
DOI: 10.1007/978-3-319-61423-6_49-1
© Springer Nature Switzerland AG 2019
provide language lateralization but also an
insight of the functional location of the language
eloquent areas that will help to design the best
surgical approach. This will also be helpful in
case of implantation of stereotactic depth elec-
trodes. In possible candidates to functional hemi-
spherectomy, it is obliged to determine that the
language functions are not in the hemisphere to
be disconnected, as language may transfer to the
preserved hemisphere in patients with extensive
congenital abnormalities or early life brain inju-
ries (Fig. 7).

More detailed information about language and
memory fMRI paradigms, clinical indications,

and interpretation can be found in the chapter
▶ “Surgical and Postsurgical Evaluation of
Epilepsy”.

Ictal fMRI or interictal fMRI is another fMRI
technique that has been used, mostly in the setting
of research studies, to try to localize the seizure
onset and seizure propagation zones. This tech-
nique consists in studying the BOLD signal
changes that occur in brain during seizure activity.
A simultaneous EEG-MR compatible recording is
acquired during the fMRI acquisition in order to
determine when the ictal or interictal electric dis-
charges occur and where the BOLD changes are
observed. Several studies have demonstrated the

Fig. 6 Left-handed patient with MTLE presenting with
dysphasia during the seizures. The neurophysiological
tests show temporal lobe dysfunction of the dominant
hemisphere for language. MR demonstrated right HS. (a):
DIR coronal demonstrating the increase of signal in the

right hippocampus (thin arrow). (b) fMRI for language
lateralization showed the right inferior frontal gyrus
(wide arrow) and the right superior temporal gyrus (star)
activated during the word fluency task and comprehensive
auditory task, respectively

Fig. 7 Right-handed 16-year-old patient with epilepsia
partialis continua caused by Rasmussen encephalitis. (a)
T1 and T2 axial images demonstrate the typical findings of
Rasmussen encephalitis involving the left hemisphere with
atrophy and hypersignal of the left caudate and lentiform
nuclei (arrows) and mild cortical atrophy in the left

hemisphere, particularly in the left frontal and insular
lobes. The patient was a candidate for functional hemispher-
ectomy. (b) fMRI for language lateralization using a word
fluency task demonstrates that the right inferior frontal gyrus
activates indicating that likely there has been a transference
of the language function to the healthy hemisphere

Neuroradiological Evaluation of Patients with Seizures 11
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Diagnostic approach in MCDs should include patient and family history, laborato-
ry examination, and neurological workup as initial workups, then specific biochemi-
cal studies, muscle biopsy, and molecular genetic studies as the further workups. The 
most useful basic test is to check serum lactate level (Kang et al. 2013). In patients 
with mitochondrial encephalopathy, when pyruvate oxidation in mitochondria is dis-
turbed due to abnormalities in pyruvate dehydrogenase complex, Krebs cycle, or 
electron transport chain, excessive pyruvate can be either transformed into alanine 
or reduced to lactate, increasing blood lactate level. The ratio of lactate to pyruvate 
depends on the degree of oxidation–reduction in tissue. Since the increase in serum 
lactate level can be equivocal in patients with mitochondrial encephalopathy, it is 

Fig. 4  MRI of 4 months-girl with Ethylmalonic aciduria. Axial flair- sequence image shows bilat-
eral hypointense lesions of basal nuclei (n. caudati; n. lentiformi)
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diffusion (arrows) and the parietal lobe lesion reveals increased water 
diffusion (arrow head), respectively. c The ASL perfusion image 
shows markedly increased perfusion in the corresponding areas of 
DWI hyperintensity. d The left cerebellum reveals hyperperfusion on 
the ASL image regardless of the tissue loss in the right parietal lobe
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