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Interictal Electroencephalogram and MRI of Brain in the
Localization of Focal Epilepsy: An Observational Study in a
Tertiary Care Hospital
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Abstract

Background: Focal epilepsy is commonly associated with focal epileptogenic lesions
and identification of these lesions are vital for management. Electroencephalogram
(EEG) and Magnetic Resonance Imaging (MRI) of brain are commonly used
neurodiagnostic procedures to localize the lesions. Objective: The study aims to observe
the diagnostic yields of interictal EEG and MRI of the brain in the localization of focal
epilepsy. Materials and Methods: This cross-sectional study was carried out in the
Department of Neurology at National Institute of Neurosciences & Hospital (NINS&H),
Dhaka from January, 2021 to June, 2022. A total number of 105 focal epilepsy patients
were included in this study based on inclusion and exclusion criteria with ages above
12 years of both sex. Detailed history, clinical examination, EEG and MRI evaluation
were done and recorded. Chi-Square test was performed to compare the EEG and MRI
data and p value of <0.05 was considered significant. Results: The age range was 13
to 75 years with male female ratio of 1.6:1. Mean age of the patients was 26.65+2.70(SD)
years and the majority from the age group 18-30 years. Frequently found seizure type
was focal to bilateral tonic-clonic (60, 57.10%). Abnormal EEG was found in 50.5% (n =
53) and abnormal MRI in 45.7% (n = 48) respondents. Both MRI and EEG were found
abnormal in 21% of cases and in 24.8% of cases, both MRI and EEG were normal. With
normal EEG findings, 24.8% of patients had abnormal MRI findings and 29.5% had
abnormal EEG findings with normal MRI findings. No significant association was
observed between EEG and MRI findings. Conclusion: A number of MRl abnormalities
were found in patients with normal EEG and vice versa. Our results did not reveal any
correlation between EEG and MRI in the localization of epileptogenic lesions in focal
epilepsy.
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Introduction

Epilepsy is a neurological disorder characterized
by recurrent unprovoked seizures that are transient
symptoms or signs of abnormal excessive and
synchronous neuronal activity in the brain." Itis a
chronic non-communicable disease of the brain
that affects around 50 million people worldwide and
80% of them reside in developing countries.? The

risk of having epilepsy at some point in the average
life span of any individual varies between 2.0 to
5.0 %.3 There are about 2 million epilepsy patients
in Bangladesh and the overall prevalence per 1000
people is 8.4.4,5.

Epilepsy is associated with an increased risk of
morbidity and mortality with adverse socioeconomic
outcomes. Common causes of death in epilepsy
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are sudden unexpected death in epilepsy (SUDEP),
an accident during seizure, underlying neurological
disorder, status epilepticus, suicide and treatment-
related death.? 6

According to the revised classification of the
International League Against Epilepsy (ILAE) based
on seizure onset; epilepsy is classified as focal,
generalized, combined generalized and focal and
unknown.” Study reported that focal epilepsy
comprises about 60% of the total epilepsy
population.8 The seizure focus can be localized
by taking a medical history, seizure semiology,
clinical examination and different investigations. No
single modality can identify the seizure focus,
hence a combination should be used. MRI and
EEG are widely used in the investigation for
assessment of epilepsy to localize the lesion.?

EEG is the most helpful test to see ictal or interictal
discharge and classify epilepsy.10 Abnormal EEG
is an excellent predictor of seizure recurrence.!
Even in patients with a history of seizures, the data
concerning the diagnostic yield of EEG is
confusing. However, the incidence of epileptiform
discharge in routine EEG is 0.5% in healthy adults
and 2-4% in healthy children also normal EEG does
not exclude epilepsy, as around 10% of patients
never show epileptiform discharges.10 Finding out
the structural lesion, MRI is the method of choice
and with Epilepsy protocol gives more precise
information than standard one.12:13

Despite modern anti-epileptic drug treatment,
different study shows, that approximately 30% of
epilepsies remain medically refractory. Epilepsy
surgery is the most effective and widely accepted
treatment option for drug resistant focal epilepsy.
Multiple studies show approximately 60% of
patients become seizure-free after surgery. Data
about the association between EEG andMRI
findings in focal epilepsy are limited and no data is
available in Bangladesh. The purpose of this study
was to systematically describe the nature of EEG
and MRI abnormalities and to compare the
diagnostic yield of them. The relationship between
electrophysiological abnormalities on EEG and
structural abnormalities on MRI could provide
important information to assist in the assessment
of focal epilepsy patients.

32

Materials and methods

This single-center hospital-based cross-sectional
study was conducted at the Department of
Neurology, National Institute of Neurosciences and
Hospital, Dhaka from January 2021 to December
2021. We investigated patients over 12 years of both
sexes with focal epilepsy and patients with provoked
seizure, generalized and unclassified epilepsy were
excluded. The study was conducted after receiving
approval from the Ethical Committee and written
informed consent was obtained from all the
participants. A surface EEG was recorded to detect
interictal discharge with a digital EEG system (Nihon
Kohden EEG-1200, Japan). T1 weighted sequence
(T1W), an axial T2 Standard protocol was followed
as per American Clinical Neurophysiology Society
(2016) guideline.14 MRI study was performed on
1.5 Tesla (Siemens MAGNETOM Avanto MRI
system, Germany) with standardized epilepsy
protocol. The protocol consists of a sagittal weighted
sequence (T2W), an axial fluid attenuation inversion
recovery sequence (FLAIR), diffusion-weighted
imaging (DWI) and an axial gradient echo (GRE).15
SPSS version 22.0 software (SPSS Inc., USA) was
used to analyze the data. The results were
expressed as frequency, percentage and mean +
SD. Chi-Square test was performed to compare
qualitative data between the diagnostic yields of EEG
and MRI. P value <0.05 was considered for
significant results.

Results

A total number of 105 subjects were included in
this study based on inclusion and exclusion criteria
with ages ranging from 13 to 75 years. The
meantSD age of the study subjects was
26.65+12.70 years and the majority were €”18
years (79; 79%). Sixty one percent (64) of
respondents were male with a male-to-female ratio
1.6:1; 50.5% (53) study subjects came from the
urban majority and 42 (40%) of the study subjects
had their education upto secondary level. The
majority (45; 42.9%) of the respondents were
students. The majority (46; 43.8%) of the study
subjects came from lower-middle-income families.
Clinical diagnosis revealed the majority (60; 57.1
%) of the study subjects had focal to bilateral tonic
clonic seizure onset (Table I).



Distribution of study subjects according to

demographic data and clinical diagnosis (n=105)

Variable Frequency (n) Percentage
Age group (Years)<18 26 24.8
18-30 49 46.60
31-50 26 24.80
50-70 2 1.90
>70Mean + SD26.65+12.70 2 1.90
Range(13-75)
Sex
Male 64 61
Female 41 39
Residence
Urban 53 50.5
Rural 52 495
Level of education
No education 0 0
Primary 18 171
Secondary 42 40
Higher Secondary 29 27.6
Above 16 15.2
Occupation
Services 8 7.6
Business 16 15.2
Homemaker 15 14.3
Student 45 429
Unemployed 5 4.8
Others 16 15.2
Yearly Income level
Lower 32 30.5
Lower-middle 46 43.8
Upper-middle 25 23.8
High-income 2 1.9
Clinical diagnosis
Focal aware seizure 4 3.8
Focal impaired aware seizure 1 1
Focal motor onset seizure 29 27.6
Focal non motor onset seizure 11 10.5
Focal to bilateral tonic clonic 60 57.1

lesions were reported in 19 (39.60%), 16 (33.30%)
and 13 (27.10%) respondents. The majority had
multifocal (23; 47.92%) lesions and after that, 14
(29.16%) had temporal lobe lesions. Among
different epileptogenic brain lesions, the most
frequent were gliosis (45.80%) others are mesial
temporal sclerosis (18.80%), others lesion
(16.70%), cystic lesion (6.30%), cortical

dysplasia (4.20%), vascular lesion (4.20%)
tubercular lesion (2.10%) and demyelinating lesion
(2.10%) (Table 1l1). Among different epileptogenic
brain lesions, the most frequent were gliosis
(45.80%) others are mesial temporal sclerosis
(18.80%), others lesion (16.70%), cystic lesion
(6.30%), cortical dysplasia (4.20%), vascular lesion
(4.20%) tubercular lesion (2.10%) and
demyelinating lesion (2.10%) (Table IlI).

Table-ll
Distribution of study subjects according to EEG
findings (n=105)

EEG showed abnormal EEG in 53 (50.5%)
respondents. Among them, 24 (45.3%) had right-
sided, 23 (43.4%) had left-sided and 6(11.3%) had
both-sided epileptiform discharge. Those discharges
were mostly from the temporal (20; 37.7%) lobe and
frequently found the pattern of discharge was sharp
and wave (23; 43.4%) (Table II).

Abnormal MRI was found in 48 (45.70%) patients.
Among them, right-sided, left and both-sided

EEG findings Frequency (n) Percentage
Normal 52 49.5
Abnormal 53 50.5
Side of abnormal EEG found

Right 24 45.3
Left 23 43.4
Both 6 11.3
Anatomical location of abnormal EEG

Temporal 20 37.7
Frontal 10 18.9
Parietal 1 1.9
Occipital 1 1.9
Multifocal 19 35.8
Hemispheric 3.8
Pattern of EEG changes

Sharp and wave 23 43.4
Spike and wave 20 37.7
Focal slowing 3.8
Both sharp and wave 15.1
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Table-lll
Distribution of study subjects according to MRI
findings (n=105)

MRI findings Frequency (n) Percentage
Normal 57 54.30
Abnormal 48 45.70
Side of lesion

Right 16 33.30
Left 19 39.60
Both 13 27.10
Anatomical LocationTemporal 14 29.16
Frontal 6 12.51
Parietal 3 6.25
Occipital 1 2.08
Multifocal 23 47.92
Hemispheric 1 2.08

Pattern of changesMesial temporal sclerosis 9

18.80

Cortical dysplasia 2 4.20
Cystic lesion 3 6.30
Demyelinating 1 210
Vascular lesion 2 4.20
Tubercular lesion 1 210
Gliosis 22 45.80
Others 8 16.70

Others lesion included temporal horn dilatation, Focal
encephalitis and HypomyelinationTable 4: Comparison
of EEG and MRI findings of the study subjects (n=105)
Comparison of EEG and MRI findings showed, both
EEG and MRI was abnormal in 22 (21%) cases and
normal in 26 (24.8%) patients. MRI findings were
normal and EEG findings were abnormal in 31
(29.5%) cases, and MRI findings were classified as
abnormal and EEG findings were classified as
normal in 26 (24.8%) cases. Furthermore, the
association between EEG and MR findings was not
significant (P= 0.383) (Table IV).

34

Table-IV
Comparison of EEG and MRI findings of the
study subjects (n=105)

EEG MRI P value
Abnormal Normal Total
Abnormal 22 (21%) 31 (29.5%) 53 (50.5%) 0.383
Normal 26 26 52
(24.8%) (24.8%) (49.5%)
Total 48 57 105
(45.7%) (54.3%) (100%)

Data were expressed as frequency and
percentage. Percentages are over grand total. Chi-
Square test was performed to compare qualitative
data between the groups.

Discussion

Focal epilepsy usually occurs due to focal
epileptogenic lesion. EEG and MRI are widely
accepted investigations for the recognition of
functional and structural abnormalities to localize
the lesion. But sometimes incompatible results are
found between those investigations. Our study
originated from this idea to evaluate the comparison
between EEG and MRI findings in focal epilepsy

The MeanzSD age of the study subjects was
26.65+12.70 years with the majority being in the
age group of 18 to 30 years. Different study showed
the mean age of patients was 32.9 + 14.1 years
and 31.97+£15.44 years.16,17 Dissimilarities
between those study findings may be due to
including different age group and both generalized
and focal epilepsy. 61% of the respondents were
male with a male-to-female ratio of 1.6:1. Different
studies showed similar results with male
predominance.17,18,19 A systematic review
showed that males had a higher incidence of
epilepsy compared with women which may be
explained by the fact that males are more
vulnerable to common risk factors.20

In the present study, 50.5% of study subjects came
from urban areas. Different studies performed in
Bangladesh showed

56%and 72.3% of patients belonged to rural
areas.>2! As the study had a small sample size
and was conducted in a singlecenter in the capital



of the nation, the true scenario might not have been
reflected in the study.

The majority (40%) of the study subjects had their
education up to secondary level. Among the study
subjects, the majority (42.9%) of the respondents
were students. Occupations of remaining
respondents included businessmen (15.2%),
homemakers (14.3%) and others (15.2%) including
day laborers, industrial workers, farmers, rickshaw/
van pullers, drivers, field workers, shopkeepers and
weavers. Khan et al. reported that the majority
(43%) of respondents were students which is
similar to our study.?"

Economic status was classified according to New
World Bank country classifications by income level:
2020-2021 and found that the majority (43.8%) of
the study subjects came from lower-middle-income
families.?? Similar study was not found to compare
our findings but as per WHO nearly 80% of epilepsy
patients live in low and middle-income countries.

Clinical diagnosis revealed the majority (57.1 %)
of the study subjects had focal to bilateral tonic-
clonic seizure onset. No study was observed to
compare all the clinical characteristics and findings
due to differences in methodology, age group and
Electrophysiological evaluation by EEG showed
abnormal EEG in 53 (50.5%) respondents. Among
them, the majority had a right (45.3%) sided
epileptiform discharge. Locations of those
discharges were mostly from the temporal (37.7%)
lobe and frequently found a pattern of discharge
was sharp and wave (43.4%). Multiple studies
found EEG were abnormal from 35.5% to 75.9%
which is similar to our study.16,18,19,23 Another
study observed 40% spikes or spikes with slow
waves on their EEG."?

They established that the presence of spikes or
spikes with slow waves predicts the seizure and is
associated with a higher risk of recurrence. All the
findings above were comparable with our study
though they included their patient after the first
seizure of both focal and generalized epilepsy.

Abnormal MRI was found in 48 (45.70%)
respondents. Among them, 19 had left-sided, 16
had right-sided and 13 had both-sided lesions. The

majority of the respondents had multifocal (47.92%)
lesions and after that, 29.16% had temporal lobe
lesions. Multiple studies found MRI were abnormal
from 23% to 67% which is similar to our study
though they included different epilepsies after the
first seizure.2%- 2! Among different epileptogenic
brain lesions, frequently found lesions were gliosis
(45.80%). Similar results were demonstrated by
previous studies. '8 Different studies found different
epileptogenic lesions as their frequent findings.
Infection and inflammation were found as major
causes (28%) of epileptogenic lesions.24 Another
study found the majority of cases to be cortical
lesions like cortical dysplasia, heterotopias and
hippocampal lesions.2® These indicate different
populations of different countries are vulnerable to
different risk factors. The incidence of mesial
temporal sclerosis (18.80%) is similar to the
previous studies, which have reported the
incidence from 8% to 30%.20-24

Comparison between EEG and MRI data showed,
significant number of MRI findings were normal in
EEG abnormal cases 31 (29.5%) and EEG findings
were normal in MRI abnormal 26 (24.8%) cases.
Possible causes of these discordant results are
10% epilepsy patients do not show interictal
epileptiform discharges (IED), antiepileptic drugs
can suppress IED, and small epileptogenic lesions
may not be detected in conventional MRI. The
association between EEG and MRI findings was
non-significant (P= 0.383). Previous studies
reported similar findings though they included
different age groups and epilepsies.23

Drug-resistant epilepsy with negative MRI is
frequently seen in patients considered for epilepsy
surgery; however, clinical evaluation and surgical
treatment are very complex and challenging.
Advanced imaging techniques and intracranial
EEG recording are required to detect the location
of the epileptogenic zone.

Conclusions

EEG and MRI give ideal information for finding
epileptogenic brain lesions, which are the usual
cause of focal seizures. This study showed several
discordant results between EEG and MRI findings
in patients with focal epilepsy. Although EEG and

35



MRI are excellent diagnostic tools, our results did
not reveal any correlation between EEG and MRI
in the localization of epileptogenic lesions in focal
epilepsy.

Ethical Clearance: Ethical clearance was taken
from the institutional review board.

Conflicts of interest: There are no conflicts of
interest.

References

1.

36

Fisher RS, Boas WV, Blume W, Elger C,
Genton P, Lee P, Engel Jr J. Epileptic seizures
and epilepsy: definitions proposed by the
International League Against Epilepsy (ILAE)
and the International Bureau for Epilepsy
(IBE). Epilepsia. 2005 Apr; 46(4):470-2.2.
WHO. Epilepsy.[Internet].2022[Updated
2022 February 9; cited 24 September
2022]. Available from: https://www.who.int-
news-room-fact-sheets-detail-epilepsy.

Mac TL, Tran D-S, Quet F, Odermatt P, Preux
P-M, Tan CT. Epidemiology, Aetiology, and
clinical management of epilepsy in Asia: A
systematic review. The Lancet Neurology.
2007, 6(6):533—43.

Mian MF, Jobayer M, Afroz Z, Chowdhury AH,
Chowdhury RN, Habib M, Mohammad QD.
Demographic profiles of epileptic patients and
their awareness towards epilepsy with the
influence on compliance. Bangladesh Medical
Journal. 2016 Jul 30;45(1):20-4.

Mohammad QD, Saha NC, Alam MB, Hoque
SA, Islam A, Chowdhury RN, Hussain ME,
Chowdhury YS, Hossain S, Chowdhury MA,
Rahman M. Prevalence of epilepsy in
Bangladesh: Results from a national
household survey. Epilepsia Open. 2020 Dec;
5(4):526-36.

Forsgren L, Hauser WA, Olafsson E, Sander
JW, Sillanpda M, Tomson T. Mortality of
epilepsy in developed countries: a review.
Epilepsia.2005 Dec; 46:18-27.

Scheffer IE, Berkovic S, Capovilla G, Connolly
MB, French J, Guilhoto L, Hirsch E, Jain S,
Mathern GW, Moshé SL, Nordli DR. ILAE

10.

11.

12.

13.

14.

15.

classification of the epilepsies: position paper
of the ILAE Commission for Classification and
Terminology. Epilepsia. 2017 Apr; 58(4):512-21.

Picot M-C, Baldy-Moulinier M, Daurs J-P,
Dujols P, Crespel A. The prevalence of
epilepsy and pharmacoresistant epilepsy in
adults: A population-based study in a Western
European country. Epilepsia. 2008;
49(7):1230-8.

Kast, S. and Gupta, A. Role of Magnetic
Resonance Imaging in the Evaluation of
Partial Seizures. Vascular, 2018; 2, p.7.

Smith SJ. EEG in the diagnosis, classification,
and management of patients with
epilepsy.Journal of Neurology, Neurosurgery
& Psychiatry. 2005 Jun 1; 76(suppl 2):ii2-7.

Pohlmann Eden B, Newton M. First seizure:
EEG and neuroimaging following an epileptic
seizure. Epilepsia.2008 Jan;49:19-25.

Koepp MJ, Woermann FG. Imaging structure
and function in refractory focal epilepsy. The
Lancet Neurology. 2005;4(1):42-53.

Ho K, Lawn N, Bynevelt M, Lee J, Dunne J.
Neuroimaging of first-ever seizure:
Contribution of MRI if CT is normal.
Neurology: Clinical Practice. 2013; 3(5):398—
403.

Sinha SR, Sullivan LR, Sabau D, Orta DS,
Dombrowski KE, Halford JJ, Hani AJ, Drislane
FW, Stecker MM. American clinical
neurophysiology society guideline 1: minimum
technical requirements for performing clinical
electroencephalography. The
Neurodiagnostic Journal. 2016 Oct 1;
56(4):235-44.

Bernasconi A, Cendes F, Theodore WH, Gill
RS, Koepp MJ, Hogan RE, Jackson GD,
Federico P, Labate A, Vaudano AE, Bliimcke
I. Recommendations for the use of structural
magnetic resonance imaging in the care of
patients with epilepsy: a consensus report
from the International League Against
Epilepsy Neuroimaging Task Force.
Epilepsia. 2019 Jun;60(6):1054-68.



16.

17.

18.

10.

20.

Najafi, M. R., Malekian, M., Akbari, M.,
&Najafi, M. A. Magnetic resonance imaging
and electroencephalography findings in a
sample of Iranian patients with epilepsy.
Journal of research in medical sciences,
pp.The official journal of Isfahan University
of Medical Sciences, 2018; 23.pp.1-5.

Pokharel BR, Upadhaya P, Sharma GR,
Budathoki SJ, Maharjan AM, Kharel G, Phuyal
S. Magnetic Resonance Imaging Brain and
Electroencephalogram (EEG) in the
Evaluation of New-Onset Seizures in a
Tertiary Care Centre of Nepal. Journal of
Advances in Internal Medicine. 2021 Dec 31;
10(2):67-70.

Hakami T, Mcintosh A, Todaro M, Lui E, Yerra
R, Tan KM, French C, Li S, Desmond P,
Matkovic Z, O’Brien TJ. MRI-identified
pathology in adults with new-onset
seizures.Neurology. 2013 Sep 3; 81(10):920-
7.

Minh Xuan N, KhanhTuong TT, QuangHuy H,
Huu Son N. Magnetic Resonance Imaging
findings and their association with
electroencephalogram data in children with
partial epilepsy. Cureus. 2020;

Banerjee PN, Filippi D, Hauser WA. The
descriptive epidemiology of epilepsy—a

21.

review.Epilepsy research. 2009 Jul 1;
85(1):31-45.

Khan SU, Habib M, Hoque MA, Alam MB,
Hasan AH, Chowdhury RN, Rahman11 KM,
Haque B, Chowdhury AH, Ghose

SK, Mohammad QD.Characteristics of epilepsy

22.

23.

patients at a tertiary care hospital in
Bangladesh.Research. 2014 Apr 27; 1:74.

Serajuddin U and Hamedah N. New World
Bank country classifications by income level:
2020-2021[Internate].2020[Updated 01
July 2020; cited 25 September 2022].
Available from: https://blogs. worldbank.org/
opendata/new-world-bank-country-
classifications-by-income-level-2020-2021.

Doescher JS, deGrauw TJ, Musick BS, Dunn
DW, Kalnin AJ, Egelhoff JC, Byars AW,
Mathews VP, Austin JK. Magnetic resonance
imaging (MRI) and electroencephalographic
(EEG) findings in a cohort of normal children
with newly diagnosed seizures. Journal of
child neurology. 2006 Jun; 21(6):490-5.

24. Ponnatapura J, Vemanna S, Ballal S, Singla A.

Utility of magnetic resonance imaging brain
epilepsy protocol in new-onset seizures: how
is it different in developing countries?Journal
of Clinical Imaging Science.2018; 8.

37



	INNER - 39 (1)  January. 2023   n.sci..pdf (p.1-4)
	01 - Vol. 39, No. 1, january  2023  n. sci.pdf (p.5-51)



