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ABSTRACT

Introduction: The electroencephalogram (EEG) is a technique for detecting and recording electrical 
activity in the brain. It is used to diagnose brain disorders like seizures and cognitive impairments. When 
appropriate imaging techniques, such as brain magnetic resonance imaging (MRI), are combined with EEG, 
more information on structural abnormalities and the pathophysiology of the underlying symptoms can 
be gained. Several studies have found that EEG provides more information and helps predict response to 
pharmacotherapies and prognosis.

Methods: All patients referred to EEG evaluation in the last 5 years at the King Hamad University Hospital 
in the Kingdom of Bahrain owing to cognitive difficulties such as confusion and memory problems were 
included in our study. We chose an age and gender matched group of people who were referred to EEG 
because of suspected epilepsy. We later compared the EEG results of all participants with available brain 
MRI results.

Results: Our study Included 80 patients who had been referred for an EEG. Half of the subjects were 
referred for the test due to cognitive decline results, while the other half were referred for seizure problems. 
Most subjects had a documented brain MRI. The EEG results revealed abnormality more frequently in 
participants with cognitive problems, subjects with seizure disorders. The results showed that a higher 
proportion of older aged patients had abnormal MRI findings. A significant number of abnormal EEG 
findings were related to the results of brain MRI findings.

Conclusion: EEG is a valuable diagnostic tool for seizure and cognitive disorders. Many individuals with 
cognitive problems show abnormal EEG findings, which frequently coexist with abnormal brain MRI.
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Introduction
Electroencephalogram (EEG) was introduced in 1929 [1], as a 

method of detecting and recording electrical activity in the brain. It 
is used to diagnose brain conditions such as seizures and cognitive 
disorders. EEG plays a central role in the diagnosis and management 
of patients with seizure disorder because it is a convenient and rela-
tively inexpensive way to demonstrate the physiological manifesta-
tions of abnormal cortical excitability that underlie epilepsy [2]. The 
characteristic finding of the epileptiform discharge is rarely record-
ed in healthy, young individuals [3]. EEG recording is critical to lo-
calize epileptic zone [4]. Seizures can be either generalized or focal. 
As detected on surface EEG, generalized seizures begin somewhere 
inside the brain and rapidly spread bilaterally. The bilateral networks 
involved in generalized seizures can be subcortical and cortical struc-
tures. They do not have to include the entire cortex, as the term “gen-
eralized” suggests. The patient’s EEG frequently shows generalized 
spike-wave activity [5]. The diagnosis of this condition is made by 
clinical history and supported by EEG. Patients can have generalized 
tonic-clonic seizures but a normal EEG. Interictal Epileptiform Dis-
charges (IEDs) have been observed in around 50% of patients with 
generalized tonic-clonic seizures, while IEDs can be seen in 1 to 13% 
of normal individuals, including those with a first-degree relative 
with generalized epilepsy [2]. Focal epilepsy is a seizure that affects 
only one region of one hemisphere, and it can start in the subcortical 
structures. The EEG may reveal focused epileptiform discharges. 

Temporal lobe epilepsy is the most prevalent cause of focal IEDs, 
followed by frontal lobe epilepsy [6]. EEG has also been shown to be 
a reliable technique in the diagnosis and investigation of cognitive 
diseases, including dementia. Clinically, these problems are described 
as a syndrome that results in a loss of attention, memory, executive 
function, visual-spatial ability, and language [7]. The use of EEG in de-
mentia has sparked a lot of attention. EEG also aids in the differential 
diagnosis and prognosis of disease development. Dementia is divided 
into three types: cortical, subcortical, and mixed. The most common 
type of cortical dementia, Alzheimer’s Disease (AD), accounts for over 
70% of all dementias [8]. Individuals with subcortical dementia have 
generally normal EEGs, whereas individuals with cortical dementia 
have abnormal EEGs [9]. Mixed dementias, including cortical demen-
tias, can also have abnormal EEG characteristics. Furthermore, EEG 
recordings can provide useful information for predicting treatment 
efficacy in cognitive disorders [10]. As an in vivo picture of brain 
regions, imaging technologies such as Magnetic Resonance Imaging 
(MRI) enable a novel approach to the diagnosis of cognitive disorders 
[11].

Development of regional metabolic methods (Positron Emission 
Tomography (PET), Single-Photon Emission Computerized Tomog-
raphy (SPECT), with ability to map oxygen or glucose consumption 
and regional blood flow as well as the functional MRI of the brain are 

thought to have somewhat limited the role of EEG, but it remains a 
reliable and convenient investigation. There have been attempts to 
combine MRI, PET and EEG for advanced neuroscience investigations, 
including its use in dementia [12]. In the early stages of dementia, 
EEG shows a slowing of the background rhythm with a low frequency 
(less than 8 Hz). This pattern is sometimes linked with diminished 
beta (fast waves) activity and intermixed increased theta and delta 
(slow waves) activity, the amount of which varies according to sever-
ity [13]. Where differential diagnosis of cognitive loss offers a barri-
er to clinicians, EEG can be an incredibly valuable, non-invasive, and 
very simple diagnostic tool. According to one study, more than one-
third of people with persistent epilepsy in rural China have epilepto-
genic lesions visible on brain MRI, with two-thirds meeting the crite-
rion of pharmacoresistance [14]. As a result, an abnormal MRI scan in 
persistent epilepsy should serve as a warning sign of pharmacological 
non-responsiveness. A study in pediatric patients with epilepsy found 
that a considerable majority of patients (55.86%) had abnormal MRI 
results [15]; thus, MRI can reveal most structural brain abnormalities 
in pediatric patients presenting with seizures if used properly.

The use of appropriate imaging modalities in conjunction with 
EEG has also resulted in increased understanding of the pathophys-
iology of the underlying symptomatic epilepsies. In clinical practice, 
the objective for using neuroimaging in epilepsy is to detect specific 
diseases that require specific therapy, as well as to aid in the forma-
tion of syndromic and etiological diagnoses to provide patients and 
their families with an accurate prognosis [16]. The objectives of our 
study were to determine whether EEG scans have any added utility 
in detecting dementia in patients with signs and symptoms of cogni-
tive impairments, and how this compares to diagnosing seizure dis-
orders/epilepsy. We also investigated whether abnormal EEG results 
in epilepsy and dementia correlate with brain imaging studies (MRI).

Materials and Methods
We included all male and female patients who were referred to 

EEG examination at the King Hamad University Hospital, Kingdom of 
Bahrain due to cognitive problems including confusion and memo-
ry problems and other cognitive symptoms. We selected an age and 
gender matched group, who were referred to have EEG for epilepsy 
and seizure disorders. The comparable group was selected from the 
register of EEG referrals. For each patient referred for cognitive con-
cerns, we selected the next matching person on the register of the EEG 
department, who was referred for seizure disorders complaints. Sub-
jects who had history of substance abuse and those who already had 
an established diagnosis of dementia or epilepsy were excluded. We 
reviewed all subjects’ electronic records to find out if they had imag-
ing studies of Brain including CT scan or MRI. We analyzed the normal 
and abnormal results of EEG. We performed a regression analysis of 
age, gender, marital status, and EEG results in those who had a record-
ed brain imaging study. Statistical Analysis was done using SPSS ver-
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sion 25.0. Descriptive statistics were used to compute the frequencies 
and percentages. Chi-square test was used to compare significant dif-
ferences between two groups with categorical data. All the statistical 
tests were 2-tailed, and a p value of <0.05 was considered significant.

Results
The study included a total of 80 participants who had EEG test at 

King Hamad University Hospital. Males made up 53 (66.3%) of our 
sample, while females made up 27 (33.7%). The majority of partic-
ipants (62= 77.5%) were over the age of 50. The average age was 
60.03 years (range: 18-84 years, standard deviation: 18.12 years). 
The youngest participant was 18 years old and was referred for EEG 
owing to memory issues. There were 53 (66.3) married participants, 
21 (26.25%) never married, and the rest (6, 7.5%) were divorced, 
widowed, or separated. Table 1 contains a summary of the demo-
graphic data. The majority (72) of the participants (38 in the cogni-

tive decline group and 34 in the seizure disorders group) obtained a 
recorded brain MRI. The remaining 8 subjects had no reported brain 
MRI or CT scans in their electronic medical records. EEG results were 
abnormal in 23 (57.5%) of the cognitively disordered participants, 
but normal in 17 (42.5%) of the same group. While 18 (45.0%) of 
those with seizure disorder symptoms had abnormal EEG findings, 
and 22 (55.0%) had normal findings. The brain MRI results of the 40 
subjects referred to EEG for cognitive symptoms were abnormal in 25 
(65.78%), normal in 13 (32.5%), and no brain MRI was recorded in 2 
(5%) subjects. While imaging findings were abnormal in 19 (47.5%) 
of the people referred to EEG for seizure disorders symptoms, nor-
mal in 15 (37.5%), and no brain MRI was recorded in 6 (15%) of the 
participants. Table 1 presents the EEG and brain MRI results in both 
groups, those referred for EEG due to cognitive disorder symptoms 
and those referred due to seizure disorder symptoms. 

Table 1: Recorded EEG and Brain MRI Results.

Reason for referral Abnormal EEG results Normal EEG Results Missing ECG 
Results

Abnormal-
Brain MRI

Normal Brain 
MRI

Missing/not record-
ed Brain MRI

Cognitive Disorders 23 (57.5%) 17 (42.5%) 0 (0%) 25 (62.5%) 13 (32.5%) 2 (5%)

Seizure Disorders 18 (45%) 22 (55.0%) 0 (0%) 19 (47.5%) 15 (37.5%) 6 (15%)

Only 37 subjects had clear documentation of neurological and 
mental state examinations in their electronic health records. It in-
cluded 22 (55%) individuals with cognitive disorder symptoms and 
15 (37.5%) individuals with seizure disorder symptoms. As shown in 
Table 2, the Chi-square test results revealed a statistically significant 
relationship between brain MRI findings and age of the subjects (χ2 

=15.558, df=3, P=0.001) but not with other variables. The Fisher’s Ex-
act Test results for EEG data demonstrated a statistically significant 
association between brain MRI findings and EEG findings (P=0.021), 
as shown in Table 2. Table 3 summarizes the MRI results in patients 
with dementia and those with seizures.

Table 2: The association between Brain MRI findings and related factors (n=72).

Characteristic
Imaging Finding

P-value
Abnormal n (%) Normal n (%)

Gender

Male 29 (60.4) 19 (39.6)
0.864

Female 15 (62.5) 9 (37.5)

Marital status

Single 6 (42.9) 8 (57.1)

0.124Married 31 (66) 16 (34)

Divorced or widowed 6 (14) 1 (4)

Age Group

< 25 Years 1 (2.3) 4 (14.3)

0.001
25-45 Years 2 (4.5) 9 (32.1)

46-60 Years 9 (20.5) 3 (10.7)

> 60 Years 32 (72.7) 12 (42.9)

Finding for EEG

Normal 16 (47.1) 18 (52.9)
0.021

Abnormal 28 (73.7) 10 (26.3)
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Reason for referral

Dementia/Cog. Reason 25 (65.8) 13 (34.2)
0.389

Epilepsy/Seizures 19 (55.9) 15 (44.1)

Table 3: The association between Brain MRI findings and related factors according to reason for referral.

Characteristic

Dementia

P-value

Epilepsy/Seizures

P-valueImaging Finding Imaging Finding

Abnormal n (%) Normal n (%) Abnormal n (%) Normal n (%)

Gender

Male 16 (64) 9 (36)
0.747

13 (56.5) 10 (43.5)
0.914

Female 9 (69.2) 4 (30.8) 6 (54.4) 5 (45.5)

Marital status

Single 5 (55.6) 4 (44.4)

0.340

1 (20) 4 (80)

0.179Married 17 (70.8) 7 (29.2) 14 (60.9) 9 (39.1)

Divorced or widowed 3 (100) 0(0) 3 (75) 1 (25)

Age Group

< 25 Years 1 (33.3) 2 (66.7)

0.051

0 (0) 2 (100)

0.043
25-45 Years 1 (20) 4 (80) 1 (16.7) 5 (83.3)

46-60 Years 5 (83.3) 1 (16.7) 4 (66.7) 2 (33.3)

> 60 Years 18 (75) 6 (25) 14 (70) 6 (30)

Finding for EEG

Normal 9 (56.3) 7 (43.8)
0.290

7 (38.9) 11 (61.1)
0.034

Abnormal 16 (72.7) 6 (27.3) 12 (75) 4 (25)

Discussion
Clinicians refer patients with cognitive decline signs and symp-

toms, as well as epilepsy and seizure disorders, to EEG. Our data sug-
gest that those referred for cognitive problems are more likely to have 
abnormal EEG findings than those referred for epilepsy-like issues, 
but there is no statistical difference in predicting abnormal results 
based on the reason for referral. We discovered that most individuals 
referred for EEG studies will also have a brain MRI. The combination 
of both investigations may have additional value. However, in our 
study we just examined normal and abnormal results rather than de-
scriptive EEG or brain MRI reports. The regression analysis revealed 
that abnormal brain MRI has a significant association with abnormal 
EEG result but the P- value was only 0.48. Investigating a larger sam-
ple, possibly in more than one Centre, may help to assess whether 
more significant values can be achieved. An analysis of the reports, 
particularly those with similar abnormal results, may reveal more 
information on the brain disorder’s topographic anomaly. It would 
also be possible to predict who would not respond to medication by 
ordering brain imaging such as MRI earlier in the disease course, so 
avoiding the development of chronic epilepsy, as seen in rural China. 
Furthermore, the practice of including brain MRI for clinical work-
up varies across nations and within countries, however research has 

demonstrated that brain MRI is beneficial in detecting focal lesion 
epilepsies.

The advancement of imaging and machine learning techniques in 
MRI investigations, especially those of the brain, will increase lesion 
visibility and give predictors of clinical epilepsy outcomes [17]. Ac-
cording to some research, neurological examination can detect more 
than 60% of focal cerebral lesions that do not have obvious focal 
signs. As a result, for all patients referred for EEG, whether as part 
of epilepsy or cognitive disorders investigations, a full neurological 
examination should be performed and recorded [18].

Conclusion
EEG is a valuable diagnostic tool for seizures and cognitive dis-

orders. Most people with cognitive impairment have abnormal EEG 
findings even before acquiring a brain MRI. Obtaining brain imaging 
for persons with abnormal EEG may aid in medication response pre-
diction and limit progression to a chronic course.

Limitations
Our study has limitations because it is a retrospective study based 

on patient electronic records. A large sample of patients from a mul-
ticenter study is also required to increase the predictive power and 
correlation of integrating EEG with imaging.
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