
Similar to post-stroke epilepsy, there is a latent
period between the brain trauma and the late-onset
PTS and PTE.

There are several independent risk factors that
favor seizures and epilepsy after traumatic brain
injury (TBI) mostly related to the severity of
trauma, such as acute intracerebral hematoma,
acute subdural hematoma, brain contusion, pene-
trating brain injury, depressed skull fractures, and
coma during the first 24 h. Also repetitive trau-
matic injuries support PTE. The severity of the
trauma and the early-onset PTS are related to drug
resistance of epilepsy.

Epidemiology/Demographic

TBI is the most frequent cause of symptomatic
epilepsy in people from 15 to 24 years of age.
Epilepsy develops in 10–25% of patients with
moderate to severe injuries. The cumulative inci-
dence of PTE is about 9% in the first 3 years after
TBI. PTE debuts in 50% of patients during the
first year and in 80% of patients during the second
year after TBI (Pitkänen and Immonen 2014).

Pathophysiology

Contusions and intracranial hematomas are focal
insults that will produce scars in the cortex or

subcortical regions with the consequent cascade
of inflammation, gliosis, and finally of abnormal
neurogenesis that is believed to generate aberrant
networks. Iron deposition from extravasated
blood and accumulation of glutamate are postu-
lated as causes of excitotoxicity. However, the
exact pathophysiological epileptogenic process
that occurs after brain trauma is still not clearly
elucidated.

Clinical Scenario

Patients can present fits during the first week after
brain trauma with different semiology depending
on the location of the brain injury. Seizures can be
partial, focal secondary generalized, or
generalized.

Temporal lobe lesions are the most commonly
involved in PTE, and typical temporal lobe sei-
zures are common. Seizures are characterized by
an aura that can be autonomic, psychic, or with
olfactory and gustatory hallucination. Alteration
of consciousness will follow the aura and in few
patients will develop to secondary generalization.
If the frontal lobe is involved, secondary general-
ization is common.

Fig. 16 A 16-year-old boy with epilepsy and right
hemiparesis following perinatal vascular injury. A large
multicystic encephalomalacia that involves left middle
cerebral artery territory is seen. There is hyperintensity on
T2WI in the white matter due to gliosis, Wallerian

degeneration of the adjacent cortico-spinal tract, and atro-
phy of the cerebral peduncle. The left cranial vault is
thickened. SISCOM image shows the ictal hyperperfusion
area indicating the seizure-onset location adjacent to the
cavity (a, b, axial T2WI; c, coronal FLAIR; d, SISCOM)
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EEG Pattern

Several scalp EEG patterns have been described:
diffuse slow activity, intermittent rhythmic delta
activity, or periodic lateralized temporal or frontal
epileptic discharges.

Neuroimaging Features and Structured
Reporting

After early-onset PTS, a neuroimaging study is
mandatory. CT scan is utilized to detect intracere-
bral hemorrhages, contusions, and extra-axial
hematomas, most frequently involving the tempo-
ral and frontal lobes. MRI is not usually
performed for study early-onset PTS, but cortical
possibly epileptogenic lesions (contusions and
hemorrhages) can be easily detected.

In case of late-onset PTS and PTE, MRI is the
technique of choice. It is important to use a dedicated
epilepsy protocol adding SWI sequences to detect
small cortical or subpial old blood products. High-
resolution structural sequences such 3D MP-RAGE
or 3D FLAIR could help in detecting small cortical
lesions related to brain injuries (Fig. 17).

It is common to detect several post-traumatic
lesions within the brain parenchyma, and it can be
difficult to establish which of them is the epilep-
togenic one. The ictal SPECT or SISCOM,
together with the semiology of seizures and the

EEG patterns, will provide information about
which lesions are generating seizures.

Treatment

There is no clinical evidence that the use of anti-
epileptic drugs for prophylaxis, after moderate or
severe TBI, could prevent PTE. Of note is that in
patients with PTE, the presence of drug resistance
is common. In these cases, resective surgical treat-
ment can be an option. However it must emphasize
the difficulty to treat these patients that frequently
have multiple lesions because of the difficulty to
localize the epileptogenic one or for the presence of
multi-epileptogenic lesions. Therefore invasive
recordings are often required to precisely define
the EZ that should be resected. When resective
surgery is precluded, palliative options may
include neuromodulatory approaches.

Clinical Cases and Sample Reports

Checklist for Reporting MRI
in Neocortical Epilepsy

Relevant findings:

• Cortical signal changes (focal or diffuse)
• White matter signal changes (subcortical or

deep/periventricular; focal or diffuse)

Fig. 17 Patient with
history of brain trauma that
developed PTE. The SWI
(on the left) shows subpial
and cortical hemosiderin
deposition in the right
lateral central region (black
arrow). The T1WI (on the
right) shows a focal cortical
atrophy and a small old
depressed fracture of the
right parietal bone (black
arrow)
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covariates, or if the sample size is small. In the present study,
we performed VBM comparison of the two groups with three
covariates using statistical parametric mapping software
(SPM12) with FDR cluster correction. Thus, the gray matter
volume reductions we observed in the left postcentral gyrus
and the left supra marginal gyrus of EPS patients may be a
more robust finding.

In the present study, significant differences were found in
the left hemisphere only. It has been reported that patients with
schizophrenia show significant gray matter volume reductions
in the left superior temporal gyrus but not in the right (e.g.,
Kasai et al. 2003). Similarly, Fischer et al. (2016) suggested
that progressive gray matter reductions of cerebellum and left
posterior hemisphere may be involved in delusional develop-
ment in patients with mild cognitive impairment/Alzheimer’s
disease. Thus, left hemisphere gray matter reductions may be
associated with generation of psychoses. Moreover, the left
supra marginal gyrus contributes to Wernicke’s area, and is a
key part of the heteromodal association cortex. Some previous
studies have reported left supra marginal gyrus gray matter

reduction in patients with schizophrenia (e.g., Buchanan
et al. 2004). Recently, Drakesmith et al. (2016) investigated
gray matter volumes in non-clinical subjects with and without
psychotic experiences. They reported significant left supra
marginal gyrus gray matter reductions in subjects with psy-
chotic experiences. The present results revealed that EPS pa-
tients exhibited significantly reduced gray matter volumes in
the left postcentral gyrus and the left supra marginal gyrus
compared with EP patients, suggesting that these regions
may be crucial for EPS.

Several significant limitations of the current study are as
follows: 1) the sample size was also small as previous studies.
Thus, the gray matter reductions we observed in EPS patients
should be confirmed with a larger sample. 2) the current study
lacked healthy controls or patients with schizophrenia for com-
parisons. 3) we did not perform a structured clinical interview,
and other co-morbid conditions cannot be strictly evaluated. 4)
the current study cannot answer the question of whether the
volume reduction we observedwas associatedwith progression
in the course of illness, whether it is neurodevelopmental in
origin, or a combination of both. 5) the current study cannot
allow us to exclude the potential effects of chronic medications
on gray matter abnormalities in patients.

In conclusion, the present study revealed that reduced gray
matter volumes in the left postcentral gyrus and the left supra
marginal gyrus, and these regions may be crucial for EPS.
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Table 4 VBM results for
anatomical regions, seed voxel
coordinates (MNI), Z-scores, and
cluster sizes for significant group
differences (EP > EPS)

Anatomical region Cluster peak MNI coordinate (mm) Z-score Cluster size, k = (1.5 mm)3

x y z

Left postcentral gyrus −58 −22 40 3.98 319
Left supra marginal gyrus −62 −27 32 3.69

Results are thresholded at adjusted p < 0.05, cluster-corrected FDR. MNI: Montreal Neurological Institute

Fig. 2 Decreased gray matter regions in EPS patients compared with EP
patients. EPS patients exhibited significantly reduced gray matter
volumes in the left postcentral gyrus (peak: [−58, −22, 40], t = 4.89)
and the left supra marginal gyrus (peak: [−62, −27, 32], t = 4.41),
compared with EP patients. Color bars represent the t-value of the
contrast (adjusted p < 0.05). The [x, y, z] locations indicate Montreal
Neurological Institute coordinates
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Magnetic resonance imaging (MRI) coronal T2 image of a 30-year-old man with a 

history of drug-resistant focal seizures with impaired awareness. Note right anterior 

temporal cavernoma with hypointense rim.

Case of a 30-year-old man with drug-resistant focal seizures
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Fig. 2.11 MRI coronal T2 
image of a 30-year-old 
man with a history of 
drug-resistant focal 
seizures with impaired 
awareness. Note right 
anterior temporal 
cavernoma with 
hypointense rim

Fig. 2.12 MRI axial T2-weighted images in a 32-year-old man with focal epilepsy. Note the large 
left inferior frontal lobe arteriovenous malformation. Images courtesy of Dr. Lilit Mnatsakanyan

2.6 Neuroimaging and Epilepsy
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Magnetic resonance imaging (MRI) T1 axial (left) and coronal 

(right) images of a patient with drug-resistant focal epilepsy 

and history of congenital stroke. Note dilatation of the left 

lateral ventricle (ex-vacuo hydrocephalus) as a result of brain 

atrophy.

Magnetic resonance imaging of a patient with drug-resistant focal epilepsy and history of 
congenital stroke
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• Location in an arterial distribution is suggestive of a prior stroke
• Congenital strokes of all types are often associated with a porencephalic cyst 

(Fig. 2.10)

2.6.2.5  Vascular Malformations
• Cavernous hemangiomas (Cavernomas) (Fig. 2.11)

 – Most common vascular malformation associated with epilepsy
 – Seizures are thought to result from perilesional hemosiderin
 – “Popcorn” appearance
 – Resection is curative in approximately 75%

• Arteriovenous malformations (AVMs, Fig. 2.12)
 – Abnormal connection of arteries and veins without an intervening capillary 

bed
 – Tangle of flow voids on MRI
 – Sclerotic tissue adjacent or within the AVM will appear hyperintense on 

T2/FLAIR

2.6.2.6  CNS Infections
• Neurocysticercosis (Fig. 2.13)

 – MRI findings vary according to the stage of the parasite
 – Vesicular stage – Scolex; thin-walled cyst with fluid isointense to CSF
 – Colloidal vesicular stage – Ring-enhancing lesion with surrounding edema
 – Calcified nodule – better seen on CT; on MRI, appears hypointense on T1 and T2

Fig. 2.10 MRI T1 axial (left) and coronal (right) images of a patient with drug-resistant focal 
epilepsy and history of congenital stroke. Note dilatation of the left lateral ventricle (ex- vacuo 
hydrocephalus) as a result of brain atrophy

2 Seizures and Epilepsy
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A 22-year-old male patient with intractable left temporal 

epilepsy. Coronal and axial FLAIR (A, B), axial T1 (C), coronal 

T2 (D), T2* (E), and axial T1 with contrast media (F) show a 

mixed cystic and solid cortical mass. The nodular portion 

presents with mild enhancement (arrow).

A 22-year-old male patient with left temporal epilepsy

Authors: Mellerio C., Chassoux F., Legrand L., et al. 
Title: Epilepsy imaging
Book: The Neuroimaging of Brain Diseases: Contemporary Clinical Neuroscience
DOI: 10.1007/978-3-319-78926-2_6
© Springer International Publishing AG, part of Springer Nature 2018

and young adults. These low-grade tumors are composed of neural and glial ele-
ments. They are usually slow growing, and their main clinical feature is epilepsy.

Surgery is the treatment of choice for glioneuronal tumors in most of the cases,
providing good results even in eloquent areas [45]. Complete tumor resection is
crucial for long-term favorable outcome.

Gangliogliomas

Gangliogliomas are glioneuronal tumors defined by the presence of large binuclear
neurons within a glial component comprising inflammatory infiltrates. The associ-
ation with other dysplastic cortical abnormalities is frequent.

Gangliogliomas are mainly supratentorial with a clear temporal predominance,
although they can be found in all the lobes, always located within the cortex. The
classical aspect (Fig. 6.10) consists in a mixed cystic and solid cortical mass, either
mainly nodular with a poorly defined limit or mainly cystic with a mural nodule. The
nodular portion presents with a moderate hyper T2 and FLAIR and is generally
slightly and nonhomogeneously enhanced. The cystic portion, on the other hand, is
homogeneous in highly hypo T1 and hyper T2 without enhancement [46]. Small
calcifications can be found in up to 40% of the cases. Of note, surrounding edema
and mass effect are rare due to the developmental origin of these tumors. Hemor-
rhagic forms are extremely rare. Malignant transformation may rarely occur and lead
to anaplastic ganglioglioma. For this reason, a prolonged and systematic MR follow-
up is required, especially in cases of surgical abstention or incomplete resection.

Fig 6.10 A 22-year-old male patient with intractable left temporal epilepsy. Coronal and axial
FLAIR (a, b), axial T1 (c), coronal T2 (d), T2* (e), and axial T1 with contrast media (f) show a
mixed cystic and solid cortical mass. The nodular portion presents with mild enhancement (arrow)

120 C. Mellerio et al.
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Hippocampal sclerosis (HS) is the most frequent lesion found 

in intractable temporal lobe epilepsy in adults.

Patient with left temporal lobe epilepsy. Coronal view 

perpendicular to the hippocampus long axis in T2 (A), 

FLAIR (B), and T1 (C) shows a left hippocampal atrophy, loss 

of the global architecture, and increased FLAIR signal in 

comparison to the right side, typical of HS.

Hippocampal sclerosis (HS) associated temporal lobe epilepsy

Authors: Mellerio C., Chassoux F., Legrand L., et al. 
Title: Epilepsy imaging
Book: The Neuroimaging of Brain Diseases. Contemporary Clinical Neuroscience
DOI: 10.1007/978-3-319-78926-2_6
© Springer International Publishing AG, part of Springer Nature 2018

Choice of Magnetic Field and Head Coil

Higher field magnet is associated with higher signal-to-noise ratio and spatial
resolution and could therefore benefit to brain MRIs in epilepsy, especially when a
subtle cortical lesion is suspected. However, distortion and artifacts are more
prominent. Studies comparing 3 T with 1.5 T MRI in patients with epilepsy
suggested that even if the rate of lesion detected at 3 T is not significantly higher
than at 1.5 T, increasing field is clearly associated with an improvement of lesion
characterization an delineation [12–15]. Similarly, a few authors analyzed the benefit
of 7 T magnets in epilepsy imaging, including a better delineation of anatomical
details such as hippocampal subfields [16]. However, the clinical relevance of these
findings is not established yet.

Increasing the number of channels in phased array coil increases the quality of
images [17] but also increases the risk of inhomogeneity, with a low SNR in central
deep cerebral region, distant to the peripheral head coils.

Overview of the Principle Causes of Refractory Epilepsy

Hippocampal Sclerosis (HS)

Hippocampal sclerosis (HS) is the most frequent lesion found in intractable temporal
lobe epilepsy in adults. The MRI signature of HS relies on a simple pattern,
combining volume loss of hippocampal formation better visualized on coronal
T2w images and 3D T1 increased signal intensity on FLAIR sequences and loss of
the internal hippocampal architecture better found on coronal T2 (Fig. 6.1). These
features refer to the pathology, displaying, respectively, neuronal loss and gliosis,
mainly located in the hilus of the dentate gyrus and in the CA1 and CA3 pyramidal
cell layers.

In doubtful or unclear lesions, a loss of hippocampal head digitation, best
identified in thin T2w slices perpendicular to the axis of the hippocampus

Fig. 6.1 Patient with left temporal lobe epilepsy. Coronal view perpendicular to the hippocampus
long axis in T2 (a), FLAIR (b), and T1 (c) shows a left hippocampal atrophy, loss of the global
architecture, and increased FLAIR signal in comparison to the right side, typical of HS
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(a–e) Patient 1 with LGI1 IgG limbic encephalitis. Brain MRI 

(FLAIR sequence) demonstrating bilateral medial temporal 

hyperintensities on axial (a) and sagittal (b) sections. 

Patient 2 with ANNA-1 IgG limbic encephalitis. Brain MRI 

(FLAIR sequence) demonstrating bilateral medial temporal 

hyperintensities on axial (c) and sagittal (d) sections.  

Patient 3 with Ma-2 IgG limbic encephalitis. Brain MRI (FLAIR 

sequence) demonstrating bilateral medial temporal (right 

greater than left) hyperintensities on axial (e) and sagittal (f) 

sections. ANNA-1 = antineuronal nuclear antibody-1; FLAIR 

= fluid-attenuated inversion recovery; LGI1 = leucine-rich 

glioma-inactivated protein 1

Imaging in a patient with autoimmune epilepsy

Authors: Khalil S. Husari, Divyanshu Dubey
Title: Autoimmune epilepsy
Journal: Neurotherapeutics 
DOI: 10.1007/s13311-019-00750-3
© The American Society for Experimental NeuroTherapeutics, Inc. 2019

Early in the disease course of NMDA-R encephalitis, the
brain MRI may be normal or have nonspecific changes [34,
84]. However, resting-state functional MRI shows disrupted
hippocampal functional connectivity. Moreover, DTI has
demonstrated widespread white matter damage that correlated
with disease severity [79]. FDG-PET/CT shows decreased
occipital lobe metabolism, which is a unique finding in some
of these patients [81]. Resolution of lateral and medial occip-
ital hypometabolismmay correlate with clinical improvement.

In LGI1 encephalitis, brain MRI findings vary depending
on the stage of the disease and the progression [85]. In the
early phase of the disease, brain MRI is typically normal al-
though basal ganglia abnormalities including increased
FLAIR signal, restricted diffusion, and contrast enhancement
have been reported [85]. Patients with FBDS may develop T1
hyperintensity in the region of the basal ganglia [86]. As the
disease progress, unilateral or bilateral T2/FLAIR
hyperintensities of the medial temporal lobes and basal gan-
glia are observed. Long-term follow-up MRI may demon-
strate hippocampal atrophy, at times consistent with mesial
temporal sclerosis [84]. Basal ganglia hypermetabolism on
FDG-PET/CT is another early and specific imaging finding
which may aid in the diagnosis of LGI1 encephalitis [87].

Majority of the patients with autoimmune epilepsy associ-
ated with GAD65 antibody have disproportionate parenchy-
mal (cerebral and cerebellar) atrophy for age and abnormal
cortical/subcortical T2 hyperintensities on brain MRI. A mi-
nority of patients (26%) have hippocampal abnormalities

(including T2 hyperintensities and enlargement of amygdala/
hippocampus) [88].

Patients with GABA-A receptor encephalitis have a unique
pattern of multifocal cortical and subcortical FLAIR
hyperintensity [89]. Most of these cortical and subcortical
abnormalities are not associated with gadolinium
enhancement.

Medial temporal lobe involvement has been reported in
multiple antibody specificities including LGI1 IgG,
AMPA-R [90], GABA-B receptor IgG [91], ANNA-1
IgG [57], Ma-2 IgG [59], mGluR5 [52], and adenylate
kinase 5 [92]. Majority of these cases do not have associ-
ated gadolinium enhancement except for Ma-2 IgG–
associated limbic encephalitis [59].

Cancer Screening

CT of the chest, abdomen, and pelvis with contrast is
recommended as the initial evaluation for cancer associ-
ation. Scrotal ultrasounds should be performed in all
males, when an autoimmune or paraneoplastic etiology
is suspected. In women, mammograms are the gold stan-
dard for evaluation of breast cancer. Transvaginal sonog-
raphy and pelvic MRI are recommended for ovarian ter-
atoma or adenocarcinoma screening. If initial radiological
evaluations did not reveal any malignancies and clinical
suspicion for paraneoplastic neurological syndrome is
high or the patient has neural specific antibody with

Fig. 4 (A–E) Patient 1 with LGI1
IgG limbic encephalitis. Brain
MRI (FLAIR sequence)
demonstrating bilateral medial
temporal hyperintensities on axial
(A) and sagittal (B) sections.
Patient 2 with ANNA-1 IgG lim-
bic encephalitis. Brain MRI
(FLAIR sequence) demonstrating
bilateral medial temporal
hyperintensities on axial (C) and
sagittal (D) sections. Patient 3
with Ma-2 IgG limbic encephali-
tis. Brain MRI (FLAIR sequence)
demonstrating bilateral medial
temporal (right greater than left)
hyperintensities on axial (E) and
sagittal (F) sections. ANNA-1 =
antineuronal nuclear antibody-1;
FLAIR = fluid-attenuated inver-
sion recovery; LGI1 = leucine-
rich glioma-inactivated protein 1
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Post-stroke epilepsy (PSE) is defined as the appearance of 

epilepsy after a cerebrovascular event, especially ischemic or 

hemorrhagic arterial or venous stroke.

A 16-year-old boy with epilepsy and right hemiparesis 

following perinatal vascular injury. A large multicystic 

encephalomalacia that involves left middle cerebral artery 

territory is seen. There is hyperintensity on T2WI in the white 

matter due to gliosis, Wallerian degeneration of the adjacent 

cortico-spinal tract, and atrophy of the cerebral peduncle. 

The left cranial vault is thickened. SISCOM image shows 

the ictal hyperperfusion area indicating the seizure-onset 

location adjacent to the cavity (A, B, axial T2WI; C, coronal 

FLAIR; D, SISCOM).

Case of a 16-year-old boy with post stroke epilepsy

Authors: Colombo N., Bargalló N., Redaelli D 
Title: Neuroimaging evaluation in neocortical epilepsies
Book:  Clinical Neuroradiology 
DOI: 10.1007/978-3-319-61423-6_51-1
© Springer International Publishing AG, part of Springer Nature 2018

Similar to post-stroke epilepsy, there is a latent
period between the brain trauma and the late-onset
PTS and PTE.

There are several independent risk factors that
favor seizures and epilepsy after traumatic brain
injury (TBI) mostly related to the severity of
trauma, such as acute intracerebral hematoma,
acute subdural hematoma, brain contusion, pene-
trating brain injury, depressed skull fractures, and
coma during the first 24 h. Also repetitive trau-
matic injuries support PTE. The severity of the
trauma and the early-onset PTS are related to drug
resistance of epilepsy.

Epidemiology/Demographic

TBI is the most frequent cause of symptomatic
epilepsy in people from 15 to 24 years of age.
Epilepsy develops in 10–25% of patients with
moderate to severe injuries. The cumulative inci-
dence of PTE is about 9% in the first 3 years after
TBI. PTE debuts in 50% of patients during the
first year and in 80% of patients during the second
year after TBI (Pitkänen and Immonen 2014).

Pathophysiology

Contusions and intracranial hematomas are focal
insults that will produce scars in the cortex or

subcortical regions with the consequent cascade
of inflammation, gliosis, and finally of abnormal
neurogenesis that is believed to generate aberrant
networks. Iron deposition from extravasated
blood and accumulation of glutamate are postu-
lated as causes of excitotoxicity. However, the
exact pathophysiological epileptogenic process
that occurs after brain trauma is still not clearly
elucidated.

Clinical Scenario

Patients can present fits during the first week after
brain trauma with different semiology depending
on the location of the brain injury. Seizures can be
partial, focal secondary generalized, or
generalized.

Temporal lobe lesions are the most commonly
involved in PTE, and typical temporal lobe sei-
zures are common. Seizures are characterized by
an aura that can be autonomic, psychic, or with
olfactory and gustatory hallucination. Alteration
of consciousness will follow the aura and in few
patients will develop to secondary generalization.
If the frontal lobe is involved, secondary general-
ization is common.

Fig. 16 A 16-year-old boy with epilepsy and right
hemiparesis following perinatal vascular injury. A large
multicystic encephalomalacia that involves left middle
cerebral artery territory is seen. There is hyperintensity on
T2WI in the white matter due to gliosis, Wallerian

degeneration of the adjacent cortico-spinal tract, and atro-
phy of the cerebral peduncle. The left cranial vault is
thickened. SISCOM image shows the ictal hyperperfusion
area indicating the seizure-onset location adjacent to the
cavity (a, b, axial T2WI; c, coronal FLAIR; d, SISCOM)
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Post-traumatic epilepsy (PTE) refers to recurrent and 

unprovoked post-traumatic seizures (PTS).

Patient with history of brain trauma that developed PTE. 

The SWI (on the left) shows subpial and cortical hemosiderin 

deposition in the right lateral central region (black arrow). 

The T1WI (on the right) shows a focal cortical atrophy and a 

small old depressed fracture of the right parietal bone (black 

arrow).

Magnetic resonance imaging of a patient with post-traumatic epilepsy

Authors: Colombo N., Bargalló N., Redaelli D 
Title: Neuroimaging evaluation in neocortical epilepsies
Book:  Clinical Neuroradiology 
DOI: 10.1007/978-3-319-61423-6_51-1
© Springer International Publishing AG, part of Springer Nature 2018

EEG Pattern

Several scalp EEG patterns have been described:
diffuse slow activity, intermittent rhythmic delta
activity, or periodic lateralized temporal or frontal
epileptic discharges.

Neuroimaging Features and Structured
Reporting

After early-onset PTS, a neuroimaging study is
mandatory. CT scan is utilized to detect intracere-
bral hemorrhages, contusions, and extra-axial
hematomas, most frequently involving the tempo-
ral and frontal lobes. MRI is not usually
performed for study early-onset PTS, but cortical
possibly epileptogenic lesions (contusions and
hemorrhages) can be easily detected.

In case of late-onset PTS and PTE, MRI is the
technique of choice. It is important to use a dedicated
epilepsy protocol adding SWI sequences to detect
small cortical or subpial old blood products. High-
resolution structural sequences such 3D MP-RAGE
or 3D FLAIR could help in detecting small cortical
lesions related to brain injuries (Fig. 17).

It is common to detect several post-traumatic
lesions within the brain parenchyma, and it can be
difficult to establish which of them is the epilep-
togenic one. The ictal SPECT or SISCOM,
together with the semiology of seizures and the

EEG patterns, will provide information about
which lesions are generating seizures.

Treatment

There is no clinical evidence that the use of anti-
epileptic drugs for prophylaxis, after moderate or
severe TBI, could prevent PTE. Of note is that in
patients with PTE, the presence of drug resistance
is common. In these cases, resective surgical treat-
ment can be an option. However it must emphasize
the difficulty to treat these patients that frequently
have multiple lesions because of the difficulty to
localize the epileptogenic one or for the presence of
multi-epileptogenic lesions. Therefore invasive
recordings are often required to precisely define
the EZ that should be resected. When resective
surgery is precluded, palliative options may
include neuromodulatory approaches.

Clinical Cases and Sample Reports

Checklist for Reporting MRI
in Neocortical Epilepsy

Relevant findings:

• Cortical signal changes (focal or diffuse)
• White matter signal changes (subcortical or

deep/periventricular; focal or diffuse)

Fig. 17 Patient with
history of brain trauma that
developed PTE. The SWI
(on the left) shows subpial
and cortical hemosiderin
deposition in the right
lateral central region (black
arrow). The T1WI (on the
right) shows a focal cortical
atrophy and a small old
depressed fracture of the
right parietal bone (black
arrow)

Neuroimaging Evaluation in Neocortical Epilepsies 27
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Magnetic resonance imaging (MRI) scans showing an 

oligodendroglioma. (a) MRI scan showing a large, low-grade 

astrocytoma in the right premotor area in a 51-year-old 

woman with nearly normal neurologic examination findings 

(except for left arm hyperreflexia) and a 9-year history 

of infrequent seizures. Frontal lobe tumors can get quite 

large without causing symptoms other than seizures. (b) 

T1-weighted MRI scan of the right premotor area appears 

hypointense and there is some mass effect, but not as much 

as would be seen with more malignant neoplasms. The 

sulcus at the bottom of the lesion most likely represents the 

central sulcus. Preoperatively, the patient’s seizures consisted 

of secondarily generalized tonic-clonic seizures. MRI 

2.5 years after resection of the tumor showed no recurrence, 

and the patient remained seizure free for 1.5 years. She then 

experienced several simple partial motor seizures of the left 

foot after attempted medication reduction.

Magnetic resonance imaging of a woman with a 9-year history of infrequent seizures 

Author: Van Ness P.C. 
Title: The epilepsies
Book: Atlas of Clinical Neurology 
DOI: 10.1007/978-3-030-03283-8_10
© Springer Nature Switzerland AG 2019
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Fig. 15 MRI scan with gadolinium from a 40-year-old patient 
with an epidermoid tumor. She had two seizures in her life, at 
an interval of 16 years. The second seizure prompted the MRI 
scan. This lesion, an intraventricular epidermoid neoplasm, was 
resected and she has remained seizure free

a b

Fig. 16 MRI scans showing an oligodendroglioma. (a) MRI scan 
showing a large, low-grade astrocytoma in the right premotor area in a 
51-year old woman with nearly normal neurologic examination find-
ings (except for left arm hyperreflexia) and a 9-year history of infre-
quent seizures. Frontal lobe tumors can get quite large without causing 
symptoms other than seizures. (b) T1-weighted MRI scan of the right 
premotor area appears hypointense and there is some mass effect, but 

not as much as would be seen with more malignant neoplasms. The 
sulcus at the bottom of the lesion most likely represents the central sul-
cus. Preoperatively, the patient’s seizures consisted of secondarily gen-
eralized tonic-clonic seizures. MRI 2.5  years after resection of the 
tumor showed no recurrence, and the patient remained seizure free for 
1.5 years. She then experienced several simple partial motor seizures of 
the left foot after attempted medication reduction

P. C. Van Ness
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Magnetic resonance imaging scan from a 35-year-old right-handed 

patient with a ganglioglioma of the left amygdala. He has had seizures 

since he was 14 years old. The seizures consist of an aura of déjà vu or 

a smell of butterscotch followed by speech arrest and, rarely, loss of 

consciousness. An EEG showed left temporal spikes in a left temporal 

ictal pattern. An MRI scan done 6 years earlier showed a similar 

lesion, although it was not recognized at the time. The lesion in the 

left amygdala does not enhance with gadolinium and represents a 

ganglioglioma. A dysembryoplastic neuroepithelial tumor would be 

another diagnostic consideration. These lesions tend to grow very 

slowly, if at all. The patient also has a cavum septum pellucidum.

Patient with a history of seizures followed by speech arrest and rarely loss  
of consciousness: findings on MRI

Author:  Van Ness P.C. 
Title:  The epilepsies
Book: Atlas of Clinical Neurology 
DOI: 10.1007/978-3-030-03283-8_10
© Springer Nature Switzerland AG 2019
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 Tumors

Tumors are a major cause of epilepsy in adults (Table 10). 
Low-grade tumors, such as gangliogliomas, have a tendency 
to present as chronic epilepsy because they are not often seen 
on CT scans. Neuroimaging studies should be done in 
patients who have not had such studies in recent years, par-
ticularly if they have focal epilepsy that has been difficult to 
control. Low-grade neoplasms are treatable with surgical 
resection in many cases and may not require radiation or che-
motherapy. Malignant neoplasms, conversely, often present 
with recent onset of seizures that are not difficult to control, 
but the main clinical issue is mass effect and the tumors’ 
progression; thus these tumors often require a more aggres-
sive approach.

Among the tumors that may present as seizures are gan-
gliogliomas (Figs. 13 and 14), epidermoid tumors (Fig. 15), 
oligodendroglioma (Fig.  16), and brain metastases 
(Fig.  17). Gangliogliomas are low-grade neoplasms with 
mixed neuronal and glial elements. Low-grade neoplasms 
are occasionally associated with cortical dysplasia, sug-
gesting a developmental etiology [78, 79]. These tumors 
are a common cause of epileptic seizures, particularly 
when the  seizures are chronic. Morris et  al. [80] have 
shown that seizures are the main presenting symptom. 
With complete resection, prognosis is excellent for a sei-
zure free outcome [81, 82].

Table 10 Tumors causing epilepsy

Low-grade neoplasms
  Ganglioglioma
  Dysembryoplastic neuroepithelial tumor (DNT)
  Low-grade astrocytoma
Malignant neoplasms
  Anaplastic astrocytoma
  Glioblastoma
  Oligodendroglioma
  Metastatic neoplasms

Fig. 13 MRI scan from a 35-year-old right-handed patient with a gan-
glioglioma of the left amygdala. He has had seizures since he was 
14 years old. The seizures consist of an aura of déjà vu or a smell of 
butterscotch followed by speech arrest and, rarely, loss of conscious-
ness. An EEG showed left temporal spikes in a left temporal ictal pat-
tern. An MRI scan done 6 years earlier showed a similar lesion, although 
it was not recognized at the time. The lesion in the left amygdala does 
not enhance with gadolinium and represents a ganglioglioma. A dysem-
bryoplastic neuroepithelial tumor would be another diagnostic consid-
eration. These lesions tend to grow very slowly, if at all. The patient 
also has a cavum septum pellucidum

a

b

Fig. 14 Ganglioglioma histology. (a) and (b) The key features of gan-
glioglioma consist of neuronal elements in a more benign-appearing 
glial background [77]. (Courtesy of H.  Vinters, UCLA School of 
Medicine, Department of Neuropathology, Los Angeles, CA)

The Epilepsies
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Magnetic resonance imaging (MRI) scans of a 20-year-

old man with medically refractory seizures. (a) A midline 

parasagittal meningioma is visible slightly to the right side, 

but after video EEG monitoring it was clear that the patient 

had right temporal epilepsy, based on the EEG seizure 

patterns and the clinical semiology of the seizure. Other 

MRI techniques in these series of images demonstrate 

right mesial temporal sclerosis. (b) A more anterior coronal 

T1-weighted MRI view shows distortion of the gray-white 

boundaries in the right anterior temporal lobe when 

compared with the left side. (c) A more posterior coronal 

T2-weighted MRI view demonstrates marked hippocampal 

atrophy on the right side compared with the left. The 

undulations of the dentate gyrus can be appreciated in these 

2-mm thick sections.

Magnetic resonance imaging scan of a patient with medically refractory seizures

Author:  Van Ness P.C. 
Title: The epilepsies
Book: Atlas of Clinical Neurology 
DOI: 10.1007/978-3-030-03283-8_10
© Springer Nature Switzerland AG 2019
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MRI has become an essential tool in the evaluation of epi-
lepsy [42–52]. Figure 5 shows three scans of a 20-year-old man 
with a history of febrile seizures as an infant, a latent period, 

and recurrence of seizures as a 17-year-old. The patient’s sei-
zures have been medically refractory. These scans demonstrate 
the complexities of evaluating patients for epilepsy surgery.

a

c

b

Fig. 5 MRI scans of a 20-year-old man with medically refractory sei-
zures. (a) A midline parasagittal meningioma is visible slightly to the 
right side, but after video EEG monitoring it was clear that the patient 
had right temporal epilepsy, based on the EEG seizure patterns and the 
clinical semiology of the seizure. Other MRI techniques in these series 
of images demonstrate right mesial temporal sclerosis. (b) A more ante-

rior coronal T1-weighted MRI view shows distortion of the gray-white 
boundaries in the right anterior temporal lobe when compared with the 
left side. (c) A more posterior coronal T2-weighted MRI view demon-
strates marked hippocampal atrophy on the right side compared with 
the left. The undulations of the dentate gyrus can be appreciated in 
these 2-mm thick sections

P. C. Van Ness
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Clinical work-up of the patient. (A) Diagnostic MRI at 

3 T (including 3D-FLAIR with 1 mm voxel edge length) 

showed the right frontal focal cortical dysplasia (FCD) IIB 

(full arrow) but was negative for the second FCD (dotted 

arrow). Morphometric MRI-analysis (B) led to a suspicion 

of the existence of two FCDs in the junction analysis. 

After transforming the junction analysis abnormalities 

into regions of interest (ROIs) (C) a minimal invasive, 

confirmative implantation strategy was chosen to 

document interictal activity and seizure onset in either 

suspected FCD. Panel D shows the ROI-based implantation 

of each one depth electrode into the right and left frontal 

FCD (D1 MRI documentation of the right frontal depth 

electrode; D2 according to overlay with CT the depth 

electrodes penetrate the ROI perfectly; D3 and D4: same 

for the left frontal FCD). Note radiological convention on MR 

images: patient’s right is viewer’s left. Interictal EEG showed 

the typical discharge pattern often seen in FCD IIB in both 

lesions. Seizure onset, however, was documented only in the 

left FCD IIB. Panel E: blue traces represent the right frontal 

FCD, red traces the left frontal FCD, traces 1–3 represent the 

intralesional contacts; note that the short seizure is running 

in the left frontal FCD while the interictal discharge pattern 

in the right frontal FCD continues unaffected. 

Multimodal approach for optimizing presurgical epilepsy work-up

Authors: Aydin, Ü., Rampp, S., Wollbrink, A. et al. 
Title: Zoomed MRI guided by combined EEG/MEG source analysis: a multimodal approach for optimizing presurgical epilepsy 
work-up and its application in a multi-focal epilepsy patient case study
Journal: Brain Topogr 
DOI: 10.1007/s10548-017-0568-9
© The Author(s) 2017

419Brain Topogr (2017) 30:417–433 
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but led to a suspicion of a possible second left frontal focal 
cortical dysplasia (Fig. 1b). However, visual reinspection of 
the MRI (3D-FLAIR at 3 T with voxels of 1 × 1 × 1 mm3) 
could not confirm this suspicion (Fig. 1a).

Interictal and ictal surface EEG (standard 10/20 mon-
tage) did not show reproducible epileptic discharges. FDG-
PET failed to reveal a focal hypometabolism at the sites of 
the two suspected FCD, only left temporo-mesial struc-
tures showed a little less glucose uptake than contralateral. 
Because of non temporo-mesial seizure semiology this was 
regarded as unspecific. For intracranial EEG recordings 
each one depth electrode (AD-tech, Racine, WI U.S.A) 
was stereotactically inserted into the regions-of-interest 

derived from morphometric MRI-analysis (MRIcro (Chris 
Rorden, Version 1.37) imported into Iplan software, Brain-
lab, Feldkirchen, Germany; Wellmer et al. 2010) (Fig. 1c, 
d). The recording of strong interictal epileptic discharge 
activity confirmed the suspicion of FCD IIB in both locali-
zations. Seizure onset, however, was documented only in 
the left hemispheric lesion—few seconds before clinical 
seizure onset (Fig. 1e). Responsibility of the left FCD IIB 
was further confirmed by the result of surgical treatment of 
the left, but not the right frontal FCD. Following stereotac-
tic, lesion focused radiofrequency thermocoagulation the 
patient had a truncation of symptoms of her seizures (post-
operatively only short arousal tonic and right arm but no 

Fig. 1  Clinical work-up of the patient. A Diagnostic MRI at 3  T 
(including 3D-FLAIR with 1 mm voxel edge length) showed the right 
frontal FCD IIB (full arrow) but was negative for the second FCD 
(dotted arrow). Morphometric MRI-analysis (B) led to a suspicion 
of the existence of two FCDs in the junction analysis. After trans-
forming the junction analysis abnormalities into ROIs (C) a minimal 
invasive, confirmative implantation strategy was chosen to document 
interictal activity and seizure onset in either suspected FCD. Panel D 
shows the ROI-based implantation of each one depth electrode into 
the right and left frontal FCD (D1 MRI documentation of the right 

frontal depth electrode; D2 according to overlay with CT the depth 
electrodes penetrate the ROI perfectly; D3 and 4: same for the left 
frontal FCD). Note radiological convention on MR images: patient’s 
right is viewer’s left. Interictal EEG showed the typical discharge pat-
tern often seen in FCD IIB in both lesions. Seizure onset, however, 
was documented only in the left FCD IIB. Panel E: blue traces rep-
resent the right frontal FCD, red traces the left frontal FCD, traces 
1–3 represent the intralesional contacts; note that the short seizure is 
running in the left frontal FCD while the interictal discharge pattern 
in the right frontal FCD continues unaffected. (Color figure online)
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Decreased gray matter regions in interictal chronic epilepsy 

psychosis (EPS) patients compared with epilepsy only (EP) patients. 

EPS patients exhibited significantly reduced gray matter volumes 

in the left postcentral gyrus (peak: [−58, −22, 40], t = 4.89) and the 

left supra marginal gyrus (peak: [−62, −27, 32], t = 4.41), compared 

with EP patients. Color bars represent the t-value of the contrast 

(adjusted p < 0.05). The [x, y, z] locations indicate Montreal Neurological 

Institute coordinates.

Chronic psychosis in epilepsy: MRI findings

Authors: Hirakawa, N., Kuga, H., Hirano, Y. et al. 
Title: Neuroanatomical substrate of chronic psychosis in epilepsy: an MRI study
Journal: Brain Imaging Behav
DOI: 10.1007/s11682-019-00044-4
© The Author(s) 2019

covariates, or if the sample size is small. In the present study,
we performed VBM comparison of the two groups with three
covariates using statistical parametric mapping software
(SPM12) with FDR cluster correction. Thus, the gray matter
volume reductions we observed in the left postcentral gyrus
and the left supra marginal gyrus of EPS patients may be a
more robust finding.

In the present study, significant differences were found in
the left hemisphere only. It has been reported that patients with
schizophrenia show significant gray matter volume reductions
in the left superior temporal gyrus but not in the right (e.g.,
Kasai et al. 2003). Similarly, Fischer et al. (2016) suggested
that progressive gray matter reductions of cerebellum and left
posterior hemisphere may be involved in delusional develop-
ment in patients with mild cognitive impairment/Alzheimer’s
disease. Thus, left hemisphere gray matter reductions may be
associated with generation of psychoses. Moreover, the left
supra marginal gyrus contributes to Wernicke’s area, and is a
key part of the heteromodal association cortex. Some previous
studies have reported left supra marginal gyrus gray matter

reduction in patients with schizophrenia (e.g., Buchanan
et al. 2004). Recently, Drakesmith et al. (2016) investigated
gray matter volumes in non-clinical subjects with and without
psychotic experiences. They reported significant left supra
marginal gyrus gray matter reductions in subjects with psy-
chotic experiences. The present results revealed that EPS pa-
tients exhibited significantly reduced gray matter volumes in
the left postcentral gyrus and the left supra marginal gyrus
compared with EP patients, suggesting that these regions
may be crucial for EPS.

Several significant limitations of the current study are as
follows: 1) the sample size was also small as previous studies.
Thus, the gray matter reductions we observed in EPS patients
should be confirmed with a larger sample. 2) the current study
lacked healthy controls or patients with schizophrenia for com-
parisons. 3) we did not perform a structured clinical interview,
and other co-morbid conditions cannot be strictly evaluated. 4)
the current study cannot answer the question of whether the
volume reduction we observedwas associatedwith progression
in the course of illness, whether it is neurodevelopmental in
origin, or a combination of both. 5) the current study cannot
allow us to exclude the potential effects of chronic medications
on gray matter abnormalities in patients.

In conclusion, the present study revealed that reduced gray
matter volumes in the left postcentral gyrus and the left supra
marginal gyrus, and these regions may be crucial for EPS.

Acknowledgments We thank Benjamin Knight, MSc., from Edanz
Group (www.edanzediting.com/ac) for editing a draft of this manuscript.

Funding This work was supported in part by a Grant-in-Aid for
Scientific Research [16 K10217 and C23591712 to T.O., 16H02666
and B25293252 to S.K., B22791129 and 15 K09836 to Y.H.], and the
Program for Advancing Strategic International Networks to Accelerate
the Circulation of Talented Researchers from the Ministry of Education,
Culture, Sports, Science, and Technology, Japan [S2208 to S.K. and
T.O.]; a Research Grant from the Brain Science Foundation (Y.H.),
Takeda Science Foundation (Y.H.) and SENSHIN Medical Research
Foundation (Y.H. and T.O).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the

Table 4 VBM results for
anatomical regions, seed voxel
coordinates (MNI), Z-scores, and
cluster sizes for significant group
differences (EP > EPS)

Anatomical region Cluster peak MNI coordinate (mm) Z-score Cluster size, k = (1.5 mm)3

x y z

Left postcentral gyrus −58 −22 40 3.98 319
Left supra marginal gyrus −62 −27 32 3.69

Results are thresholded at adjusted p < 0.05, cluster-corrected FDR. MNI: Montreal Neurological Institute

Fig. 2 Decreased gray matter regions in EPS patients compared with EP
patients. EPS patients exhibited significantly reduced gray matter
volumes in the left postcentral gyrus (peak: [−58, −22, 40], t = 4.89)
and the left supra marginal gyrus (peak: [−62, −27, 32], t = 4.41),
compared with EP patients. Color bars represent the t-value of the
contrast (adjusted p < 0.05). The [x, y, z] locations indicate Montreal
Neurological Institute coordinates
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Similar to post-stroke epilepsy, there is a latent
period between the brain trauma and the late-onset
PTS and PTE.

There are several independent risk factors that
favor seizures and epilepsy after traumatic brain
injury (TBI) mostly related to the severity of
trauma, such as acute intracerebral hematoma,
acute subdural hematoma, brain contusion, pene-
trating brain injury, depressed skull fractures, and
coma during the first 24 h. Also repetitive trau-
matic injuries support PTE. The severity of the
trauma and the early-onset PTS are related to drug
resistance of epilepsy.

Epidemiology/Demographic

TBI is the most frequent cause of symptomatic
epilepsy in people from 15 to 24 years of age.
Epilepsy develops in 10–25% of patients with
moderate to severe injuries. The cumulative inci-
dence of PTE is about 9% in the first 3 years after
TBI. PTE debuts in 50% of patients during the
first year and in 80% of patients during the second
year after TBI (Pitkänen and Immonen 2014).

Pathophysiology

Contusions and intracranial hematomas are focal
insults that will produce scars in the cortex or

subcortical regions with the consequent cascade
of inflammation, gliosis, and finally of abnormal
neurogenesis that is believed to generate aberrant
networks. Iron deposition from extravasated
blood and accumulation of glutamate are postu-
lated as causes of excitotoxicity. However, the
exact pathophysiological epileptogenic process
that occurs after brain trauma is still not clearly
elucidated.

Clinical Scenario

Patients can present fits during the first week after
brain trauma with different semiology depending
on the location of the brain injury. Seizures can be
partial, focal secondary generalized, or
generalized.

Temporal lobe lesions are the most commonly
involved in PTE, and typical temporal lobe sei-
zures are common. Seizures are characterized by
an aura that can be autonomic, psychic, or with
olfactory and gustatory hallucination. Alteration
of consciousness will follow the aura and in few
patients will develop to secondary generalization.
If the frontal lobe is involved, secondary general-
ization is common.

Fig. 16 A 16-year-old boy with epilepsy and right
hemiparesis following perinatal vascular injury. A large
multicystic encephalomalacia that involves left middle
cerebral artery territory is seen. There is hyperintensity on
T2WI in the white matter due to gliosis, Wallerian

degeneration of the adjacent cortico-spinal tract, and atro-
phy of the cerebral peduncle. The left cranial vault is
thickened. SISCOM image shows the ictal hyperperfusion
area indicating the seizure-onset location adjacent to the
cavity (a, b, axial T2WI; c, coronal FLAIR; d, SISCOM)
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EEG Pattern

Several scalp EEG patterns have been described:
diffuse slow activity, intermittent rhythmic delta
activity, or periodic lateralized temporal or frontal
epileptic discharges.

Neuroimaging Features and Structured
Reporting

After early-onset PTS, a neuroimaging study is
mandatory. CT scan is utilized to detect intracere-
bral hemorrhages, contusions, and extra-axial
hematomas, most frequently involving the tempo-
ral and frontal lobes. MRI is not usually
performed for study early-onset PTS, but cortical
possibly epileptogenic lesions (contusions and
hemorrhages) can be easily detected.

In case of late-onset PTS and PTE, MRI is the
technique of choice. It is important to use a dedicated
epilepsy protocol adding SWI sequences to detect
small cortical or subpial old blood products. High-
resolution structural sequences such 3D MP-RAGE
or 3D FLAIR could help in detecting small cortical
lesions related to brain injuries (Fig. 17).

It is common to detect several post-traumatic
lesions within the brain parenchyma, and it can be
difficult to establish which of them is the epilep-
togenic one. The ictal SPECT or SISCOM,
together with the semiology of seizures and the

EEG patterns, will provide information about
which lesions are generating seizures.

Treatment

There is no clinical evidence that the use of anti-
epileptic drugs for prophylaxis, after moderate or
severe TBI, could prevent PTE. Of note is that in
patients with PTE, the presence of drug resistance
is common. In these cases, resective surgical treat-
ment can be an option. However it must emphasize
the difficulty to treat these patients that frequently
have multiple lesions because of the difficulty to
localize the epileptogenic one or for the presence of
multi-epileptogenic lesions. Therefore invasive
recordings are often required to precisely define
the EZ that should be resected. When resective
surgery is precluded, palliative options may
include neuromodulatory approaches.

Clinical Cases and Sample Reports

Checklist for Reporting MRI
in Neocortical Epilepsy

Relevant findings:

• Cortical signal changes (focal or diffuse)
• White matter signal changes (subcortical or

deep/periventricular; focal or diffuse)

Fig. 17 Patient with
history of brain trauma that
developed PTE. The SWI
(on the left) shows subpial
and cortical hemosiderin
deposition in the right
lateral central region (black
arrow). The T1WI (on the
right) shows a focal cortical
atrophy and a small old
depressed fracture of the
right parietal bone (black
arrow)
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covariates, or if the sample size is small. In the present study,
we performed VBM comparison of the two groups with three
covariates using statistical parametric mapping software
(SPM12) with FDR cluster correction. Thus, the gray matter
volume reductions we observed in the left postcentral gyrus
and the left supra marginal gyrus of EPS patients may be a
more robust finding.

In the present study, significant differences were found in
the left hemisphere only. It has been reported that patients with
schizophrenia show significant gray matter volume reductions
in the left superior temporal gyrus but not in the right (e.g.,
Kasai et al. 2003). Similarly, Fischer et al. (2016) suggested
that progressive gray matter reductions of cerebellum and left
posterior hemisphere may be involved in delusional develop-
ment in patients with mild cognitive impairment/Alzheimer’s
disease. Thus, left hemisphere gray matter reductions may be
associated with generation of psychoses. Moreover, the left
supra marginal gyrus contributes to Wernicke’s area, and is a
key part of the heteromodal association cortex. Some previous
studies have reported left supra marginal gyrus gray matter

reduction in patients with schizophrenia (e.g., Buchanan
et al. 2004). Recently, Drakesmith et al. (2016) investigated
gray matter volumes in non-clinical subjects with and without
psychotic experiences. They reported significant left supra
marginal gyrus gray matter reductions in subjects with psy-
chotic experiences. The present results revealed that EPS pa-
tients exhibited significantly reduced gray matter volumes in
the left postcentral gyrus and the left supra marginal gyrus
compared with EP patients, suggesting that these regions
may be crucial for EPS.

Several significant limitations of the current study are as
follows: 1) the sample size was also small as previous studies.
Thus, the gray matter reductions we observed in EPS patients
should be confirmed with a larger sample. 2) the current study
lacked healthy controls or patients with schizophrenia for com-
parisons. 3) we did not perform a structured clinical interview,
and other co-morbid conditions cannot be strictly evaluated. 4)
the current study cannot answer the question of whether the
volume reduction we observedwas associatedwith progression
in the course of illness, whether it is neurodevelopmental in
origin, or a combination of both. 5) the current study cannot
allow us to exclude the potential effects of chronic medications
on gray matter abnormalities in patients.

In conclusion, the present study revealed that reduced gray
matter volumes in the left postcentral gyrus and the left supra
marginal gyrus, and these regions may be crucial for EPS.
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Table 4 VBM results for
anatomical regions, seed voxel
coordinates (MNI), Z-scores, and
cluster sizes for significant group
differences (EP > EPS)

Anatomical region Cluster peak MNI coordinate (mm) Z-score Cluster size, k = (1.5 mm)3

x y z

Left postcentral gyrus −58 −22 40 3.98 319
Left supra marginal gyrus −62 −27 32 3.69

Results are thresholded at adjusted p < 0.05, cluster-corrected FDR. MNI: Montreal Neurological Institute

Fig. 2 Decreased gray matter regions in EPS patients compared with EP
patients. EPS patients exhibited significantly reduced gray matter
volumes in the left postcentral gyrus (peak: [−58, −22, 40], t = 4.89)
and the left supra marginal gyrus (peak: [−62, −27, 32], t = 4.41),
compared with EP patients. Color bars represent the t-value of the
contrast (adjusted p < 0.05). The [x, y, z] locations indicate Montreal
Neurological Institute coordinates
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the current study cannot answer the question of whether the
volume reduction we observedwas associatedwith progression
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on gray matter abnormalities in patients.
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