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ABSTRACT

In newly diagnosed seizure patients though the norm is to do an electroencephalogram (EEG), underlying structural abnormalities will be better
depicted on magnetic resonance imaging (MRI), and EEG may turn out to be normal. Since a wide variety of structural abnormalities in the brain
can lead to seizures, studies had shown that MRl was more effective in detecting lesions accurately in addition to an EEG, so it is better to include
MRI as a first line of investigation in seizure patients for early detection, treatment, and better prognosis of underlying structural abnormality.
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INTRODUCTION

A seizure is defined as an “outburst of abnormally synchronized
electrical activity in the brain which can affect either small or large
areas producing clinical manifestations which can be sudden,
transient, and brief.” Approximately 2-5% of the world’s population
is affected by seizures. The most common non-traumatic
neurological disorders in the USA in decreasing order of frequency
are migraine, cerebrovascular disease, Alzheimer’s disease, and
epilepsy (4th common).'

Early diagnosis can play a vital role in the early initiation of
treatment and a better prognosis. During the initial assessment
of seizures, EEG is done as a standard routine investigation, and
MRl is kept optional. However, in newly diagnosed seizures, solely
doing EEG cannot pick up any underlying structural abnormalities
induced by seizures, and mostly EEG turns out to be normal in a
study conducted in the pediatric population.? Magnetic resonance
imaging can detect any structural abnormality and treatment can
be initiated soon. Contrary to its belief, a normal EEG does not
indicate a normal MRI and there are chances of seizure-induced
brain abnormalities being missed. Hence, | would like to review
the findings of EEG and MRI in patients presenting with seizures
to see if EEG is a good indicator of MRI and if using MRI as a first-
line investigational tool can be of an added advantage in better
detection of underlying lesions.

METHODOLOGY

An electronic search strategy was used to select the studies from
different databases like PubMed, PubMed central, Google Scholar,
and Research Gate. A combination of keywords like “correlation
between EEG and MRI in seizures”, “EEG”, and “MRI epilepsy
protocol” were used to select the studies. Detailed study was done
from the results of the standard articles with these keywords. The
selected articles were further assessed for the quality of research
and included in the review.
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Seizures and Epilepsy

In 2014, the International League Against Epilepsy (ILAE) reported
that, one should consider epilepsy if any of the following are present:>

+ At least two unprovoked (or reflex) seizures occurring greater
than 24 hours apart.

+ One unprovoked (or reflex) seizure and a probability of
further seizures similar to the general recurrence risk after two
unprovoked seizures, occurring over the next 10 years.

- Diagnosis of an epilepsy syndrome.

The new classification system of seizures first categorizes based
on where they originate in the brain and three main categories are
present as follows:*

« Generalized onset: Affects the brain bilaterally or a majorarea on
both sides of the brain.

+  Focal onset: Used instead of “partial seizures”. Starts unilaterally
in the brain.

« Unknown onset: Unclear regarding the origin of seizure location.

Kim et al. studied seizure-induced characteristics on MRI (SCM)
in a retrospective study consisting of 69 patients. Epileptiform
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discharges on EEG were compared to MRI. Clinically patients with
first seizures were divided into:’

« First unprovoked seizure: Which occurs without an acute
precipitating neurological deficit, metabolic disease, or previous
central nervous system (CNS) injury.

«  Acute symptomatic seizure: Transient factor temporarily reducing
the threshold limit for seizures affecting the brain.

+ Remote symptomatic seizure: Due to identifiable causes affecting
the brain such as tumors or stroke.

« Status epilepticus: Two or more seizures with loss of con-
sciousness or duration of a seizure lasting more than 5 minutes.

In the book Magnetic Resonance Scanning and Epilepsy, authors
SS Spencer and DD Spencer in their chapter “Correlation of MR
and EEG”® opined that, in patients having refractory epilepsy,
localization of seizures using EEG and MRI correlation had helped
patients be seizure free after surgical removal. Temporal lobe
epilepsy (TLE) patients were studied retrospectively and it was
demonstrated that atrophy of the hippocampal region is in fact
not adirectindicator of underlying TLE as it can be found in people
without seizures.

Role of Electroencephalogram

Electroencephalogram plays a pivotal role in the diagnosis and
management of patients presenting with seizures along with
various other investigations. It is a readily available, cost-effective,
and non-invasive method of demonstrating the physiological
manifestations of abnormal cortical excitability in seizures.
However, EEG has its limitations. Scalp electrodes may not pick
up deeper lying signals from epileptogenic foci. Short duration
of routine EEG may result in patients not showing interictal
epileptiform discharge (IED) in their first EEG study.

Role of Magnetic Resonance Imaging

Although computed tomography (CT) is the investigation of choice
in patients presenting with seizures during an emergency situation,
MRItends to be the modality of choice in diagnosing an underlying
structural abnormality producing a seizure.

A dedicated MRI protocol for Epilepsy:

« High-resolution coronal oblique T2WI (2-3 mm slice thickness,
no interspace gap) acquired along the plane perpendicular to
hippocampal long axis.” Temporal lobe encephaloceles which
are usually overlooked can be identified.

« Coronal T2W FLAIR images (3 mm slice thickness, no interspace
gap) helpstodetect T2W signal abnormalitiesin the hippocampus
and cortical and subcortical signal abnormalities as in case of
focal cortical dysplasia (FCD).

+ Coronal FLAIR + coronal 3D-inversion recovery (IR) sequence
clearly visualizes subtle focal abnormalities, such as in case of
Bottom-of-sulcus dysplasia.

« Coronal imaging is better than axial in picking up cortical
thickening, gray-white matter interface blurring, and associated
signal abnormalities based on the orientation of sulci.

+ 3D T2W FLAIR cube sequence if acquired in the sagittal
plane can be reformatted in any plane as per requirement. In
extratemporal epilepsy, it is better to acquire images tangential
and perpendicular to the abnormal gyrus.

«  T2*-W gradient recalled echo (GRE) or susceptibility weighted
imaging (SWI) increases sensitivity for focal epileptic foci by
enhancing identification of calcifications, hemorrhages, and
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small vascular malformations. Coronal T2*GRE sequence is used
to detect lesions near skull base.

«  More advanced sequences like 3D-TTW GRE isotopic sequences
like magnetization prepared rapid acquisition (MPRAGE)
GRE and spoiled gradient-recalled acquisition (SPGR) using
high spatial resolution provide good gray-white matter
differentiation and are better at evaluating cortical thickness.
Disturbances in cortical migration also becomes more evident.

+ Sometimes 3D sequences may be used for hippocampal
segmentation and measurement of volume.”

Crocker et al. explained the importance of neuroimaging in
patients with first seizures. Although structural abnormalities can
be picked out in the brain, differentiation between epileptogenic
and incidental lesions were found to be difficult. In addition, the
prognosis could not be determined; however, it aided in the
management of epilepsy by clinicians more effectively. Usage
of standard MRI protocols tailored for diagnosis in epilepsy with
advanced sequences such as diffusor tensor imaging, magnetic
resonance spectroscopy, thinner slices proved to pick up even
subtle structural abnormalities which may go missed otherwise.
In future, clinicians will opt for neuroimaging in all patients with
new-onset seizures, using more sophisticated post-processing
sequences in MRI which will be more widely used by then,
and addition of other modalities like magnetoencephalogram
(MEG).2?

Common Etiologies of Seizures which can Produce
Structural Abnormalities on MRI

In practice, focal epilepsy can be grouped into mesial temporal lobe
epilepsy (MTLE) and neocortical epilepsy. This is done since clinical,
MRI, and pathologic findings in MTLE are usually very specific
and consistent [most common being hippocampal sclerosis (HS)],
whereas in neocortical epilepsy, these findings are more varied, and
the structural abnormality causing it consists of a wider spectrum
of etiologies.'”

Most common structural abnormalities giving rise to neocortical
lesions include low-grade tumour, cortical developmental
malformations, post-traumatic and post-ischaemic lesions,
inflammatory infectious scars, cavernous malformations, and
arteriovenous malformations.

Doescher et al. conducted the first study in a group of school
children with normal intelligence with new-onset seizures.? A
prospective study was conducted in ~ 181 children comparing
EEG and MRI findings in new onset seizures. Usually, EEG is kept as
a standard line of investigation for evaluating seizures, and MRI is
kept optional. However, in this study, it was found that a normal EEG
doesn't imply a normal MR, so an EEG cannot be used as a good
indicator for ordering an MRI, hence, necessitating the need to use
MRI in new-onset seizure patients.'?

Ozkan et al. conducted a retrospective study with 40 patients
over a period of 3 years to accurately diagnose the lesion in patients
with mesial temporal sclerosis (MTS) by correlating EEG and MRI
findings.'® They revealed that the most common MRI abnormality
seen in MTS was hippocampal atrophy which can be detected
better at the corpus level rather than anterior regions. Volumetric
MRI measurements may be obtained as well. If EEG findings and
MRI findings were both found on the ipsilateral side, prognosis
post operatively turned out to be better. Differential diagnosis for
hippocampal volume loss included Alzheimer’s disease, vascular
dementia, and Parkinson’s disease except for MTS."
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Similar studies were conducted recently in pediatric
populations. Mohan et al., in their prospective study, compared
the importance of EEG and MRI findings in 112 children with new-
onset seizures."” They concluded that both MRI and EEG play a
central role in accurately evaluating seizure patients by picking up
structural abnormalities on MRI, the most common being infection
and inflammation in their study, followed by hypoxic ischemic
encephalopathy (HIE).

Xuan et al. conducted a prospective study in 112 children with
partial seizures over a period of 18 months to evaluate correlation
between EEG and MRI findings.'® It was found that children with
partial seizures had underlying structural abnormalities, and EEG
and MRl were not correlating, hence, proving that EEG cannot only
be used as tool for ordering an MRI.

Seizure-induced Signals on MRI

In addition to structural abnormalities which can cause seizures,
seizures per se can also produce some changes on MRI. Seizure-
induced signal changes on MRl are defined as hyperintensities seen
in the brain which do not apply to cerebral arterial territories. Kim
etal, in aretrospective study, explained that SCM were commonly
found in ipsilateral hippocampus, thalamus and cerebral cortex,
unilateral cortex, ipsilateral thalamus, and cerebral cortex or
bilateral hippocampi.’ However, only few studies are available on
transient signal changes induced by seizures leaving it to an area
that needs more research. This will require follow-up as the MRI
findings are transient.

CONCLUSION

In the initial work up of patients presenting with seizures, though
the norm is to do an EEG and keep MRI optional, there was no
significant correlation between EEG and MRI findings indicating that
EEG is not an accurate indicator in ordering an MRI, and previous
studies showed that patients had an abnormal MRI despite having
a normal EEG which suggests that certain structural abnormalities
causing seizures may be missed out. Hence, for an effective
management of patients with seizures, it would be better to do MRI
along with EEG as a first line of investigation for seizures. This will
help in the early initiation of treatment and guide neurosurgeons,
thereby enabling a better prognosis in case of underlying lesions.
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