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Summary 

Analysis of seizure semiology may provide a valuable information on the seizure onset zone and 

can be determined by history or video records of ictal event. Seizure semiology as a localizing 

tool could have some limitations and pitfall including inter-rater variability, therefore, we tried 

to assess the accuracy of basic level inter-ictal EEG in comparison to MRI to identify 

epileptiform changes and localization of epileptogenic lesions in less time and cost. Hence, A 

cross-sectional study conducted at the Epilepsy Clinic in Baghdad Teaching Hospital / Medical 

City during 2017 – 2018, included 70 patients referred for evaluation of recurrent seizures. We 

found that Basic level inter-ictal EEG with partial sleep deprivation can be used in localization 

and tracking of epileptogenic pathways, and the concept of being discordant from semiology 

should have a crucial attention, as previously suggested that the irritative zone correlate more 

accurately with epileptogenic zone. 

Keywords: Seizure, Focal Epilepsies, Inter-Ictal EEG, Semiology, MRI 

 

Article information: Received: January, 2021, Accepted and Published  March ,2021  
How to cite this article: AlBaazi S and  Al-Mahdawi A. Correlation of Inter-Ictal EEG localization with 

Semiology and MRI in Symptomatic Focal Epilepsies . Journal of Medical and Surgical Practice 2021; 7 

(1): 228-53 

 

  



AlBaazi S and  Al-Mahdawi A. JMSP , 2021; 7 (1): 228-53 

 

229 
 

1. INTRODUCTION 

An electroencephalogram (EEG) record, is that picture of brain function through which a 

brain lesion, as a painter; can show its drawings by means of its type, location and possibly 

rate of progression. Yet, should an electro-encephalographer has rules in order to read and 

understand these drawings. In addition to magnetic resonance imaging (MRI), EEG 

localization is very important tool for determining the possible etiology in cases of ‘‘lesional 

epilepsies” because what we see in ‘‘Brain MRI is just the tip of the iceberg’’. (1) Most focal 

brain lesions as ‘‘glial brain tumors, abscesses, cysts and scars of previous insults’’ are 

deficient in neuronal tissues, that can't induce seizure manifestations, but they can induce 

changes in their surrounding environment. These changes may occur in the borders of the 

lesion or in similar areas of contralateral hemisphere in the form of ‘‘ischaemia, oedema, 

local neuronal injuries (as in synapses), electrical and biochemical changes’’ which were 

proved by histopathological studies. (2) The epileptogenic zone is the zone that contains an 

epileptogenic lesion, symptomatogenic areas, irritative zone and seizure onset areas. 

Intersection of these areas as detected by clinical, neuroimaging, electrophysiological and 

sometimes neuropsychological means, may increase the possibility of correct detection of 

the dysfunctional brain region. (1). Correlation between ictal EEG and epileptogenic lesions 

using Video EEG monitoring is a widely used method for localization. However, seizures 

not necessarily arise from the lesion site or its boundary, as there may be remote areas from 

which seizures may arise. (1,3). This concept had been extensively studied and further 

confirmed by an increasing rate of success of epilepsy surgeries when considering areas 

demonstrating inter-ictal EDs in their excision. (4) 

Inter-ictal EEG became more reliable to assess epileptogenic zone, however; using long term 

V. EEG to assess inter-ictal EDs is time consuming and expensive. (5). On the other hand, 

timing of routine inter-ictal EEG recording may be extra short for accurate localization. 

However, if extended to involve sleeping time, especially if the patient was sleep deprived; 

may increase sensitivity to detect inter-ictal EDs. The question is that to what extent routine 

inter-ictal EEG can be used as a reliable localization tool?. Focal epileptic seizures are 

proposed to originate within networks in one cerebral lobe, may be focal (when 

epileptogenic focus involves one hemispheric lobe as frontal, temporal, parietal or occipital), 

multilobar (when epileptogenic focus covering two or more contiguous unilateral lobes, e.g. 
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frontal-temporal, temporal-parietal and so on) or multifocal (refers to more than one, 

independent, non-adjacent epileptogenic focus) (6-10). Focal seizures may originate from 

subcortical structures. There may be more than one network and thereby more than one 

seizure type (9,11).Focal epilepsies may be idiopathic, symptomatic or probably 

symptomatic (cryptogenic). (12,13) . Symptomatic epilepsy of an acquired or genetic cause, 

associated with gross anatomic or pathologic abnormalities, and/or clinical features, 

indicative of underlying disease or condition. Developmental and congenital disorders that 

are associated with cerebral pathologic changes, whether genetic or acquired in origin are 

included in this category. Also included are single gene and other genetic disorders in which 

epilepsy is only one feature of a broader phenotype with other cerebral or systemic effects 

(14,15). There are numerous causes of symptomatic epilepsies and an individual may have 

more than one etiology as in cases of combination of genetic factors and structural 

abnormalities, of which genetic predisposition may lower an individual's threshold to have 

epileptic seizures induced by structural abnormality. (10,15). The etiology of symptomatic 

epilepsies could be ;  benign and malignant tumors , viral or other infectious and parasitic 

disease, cerebrovascular disorders, malformations of cortical development,  genetically 

determined brain and metabolic disorders,  trauma and other injuries. Lesions behave 

differently with regard to their consistency, aggressiveness and size. (16-20). 

 Seizure Semiology describes the subjective and objective signs and symptoms of a seizure. 

These signs can be used to classify seizures and may have a localizing and lateralizing value 

about the source of the seizures. The clinical manifestations of a seizure define the 

symptomatogenic zone (the area of cortex when activated by the epileptic discharge or by 

intracranial electrical stimulation can produce the clinical symptoms of the epileptic seizure) 

(21). Therefore, the analysis of seizure semiology may provide a valuable information on the 

seizure onset zone and can be determined by history or video records of ictal event (1,22).  

Seizure semiology as a localizing tool could have the following limitations; significant inter-

rater variability, ictal symptoms could originate from distant and silent areas and manifest 

only after their spreading (1), it may not always permit differentiation between focal and 

generalized epilepsies (23,24). The interictal EEG is an electroencephalographic recording 

that does not contain seizures or ictal manifestations and is therefore obtained in between 

clinical attacks. It is the most frequent recording type used in clinical practice (25,26).  
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Utility of interictal EEG هn skilled hands, can provide vital information that aids in diagnosis 

and management of epileptic patients and enhances our understanding of their condition, it is 

useful to confirm a clinical diagnosis of epilepsy, exclude certain epilepsy syndromes, 

classify epilepsy type and syndrome, detect or confirm the existence of photosensitivity, 

detect antiepileptic drug intoxication, detect potential epileptogenic cerebral lesions, and 

help to assess patients for epilepsy surgery (5,26). However it couldn’t be a reliable tool  

with some limitations such as absent with definite epilepsy in about 20% of cases and  short 

duration of recording or single EEG record (27-29), misleading , Bilateral or multifocal 

widespread.  There are different types of inter-ictal epileptiform discharges. (30-32).  EEG 

features that point to symptomatic focal epilepsy include ; Intermittent focal slowing, 

variability of localization on different EEG recording, Polymorphic slow waves and EDs do 

not react to external stimuli, presence of unusual fast activity, spikes with or without  focal 

slowing related to lesional topography, rarely SBS and background EEG abnormalities. 

There are  two levels of EEG recording (33-35); basic and advanced. Sleep deprivation, 

sleep recordings, hyperventilation and intermittent photic stimulation (IPS) are widely used 

methods for increasing the chance of detecting IEDs. Regarding  Neuroimaging in 

symptomatic epilepsy, MRI is a crucial for the diagnosis and treatment of symptomatic 

epileptic patients. MRI allows the determination of the nature of the lesion and whether it is 

progressive or static Nonetheless, not all MRI abnormalities can cause seizures and not all 

seizures arise from well identified structural cerebral abnormalities (36-40). 

 

2. PATIENTS and METHODS 

A cross-sectional study conducted at the Epilepsy Clinic in Baghdad Teaching Hospital / 

Medical City during 2017 – 2018, included 70 patients referred for evaluation of recurrent 

seizures. They comprised of 37 females and 33 males with an age range between 4 and 66 

years. Symptomatic focal epilepsy was their final diagnosis according to ILAE classification 

2001 (12). The diagnosis was made by clinical history and examination, routine brain MRI 

(1-1.5 Tesla with epilepsy protocol) (41) and high resolution MRI (3 Tesla) when needed and 

were reviewed and classified by specialist radiologists. Biochemical investigations  in 

addition to neuropsychological assessment were done whenever needed. 
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Inclusion criteria 

1. Patients with well-defined brain MRI lesion. 

2. Classified seizure phenotypes according to ILAE 2017  (8) 

3. Inter-ictal EEG with well-defined focal EDs or no EDs. 

Exclusion criteria 

1. Previous history of epilepsy compatible with the diagnosis of IGE or benign focal epilepsy 

of childhood, not resolving till the time of arrival to the epilepsy clinic.  

2. Brain MRI with diffused cerebral atrophy or widespread white matter lesions. 

3. Inter-ictal EEG with exclusively generalized or multifocal EDs. 

4. Patients with non-convulsive status epilepticus during the study of EEG. 

Inter-ictal EEG: 

All the patients were examined using Basic level (level 2) EEG. (35)  Electrodes 

placement was according to 10-20 international system (41) using 29 channels (21 

standards with the addition of 6 electrodes to cover the inferior temporal regions on each 

sides designated as F9, T9, P9 and F10, T10, P10 in addition to 2 EKG electrodes). Device 

setting met the ACNS guidelines (42) with inter-electrode impedances kept below 5 KOhms, 

low frequency filter at 1 Hz and high frequency filter at 35-70 Hz, voltage display 

(sensitivity) at 70 µV (adjusted when needed) and paper speed at 30 mm/sec. EEG recording 

was extended for 60 minutes, involving an awake state with 2.5 minutes of eyes opening, 2.5 

minutes of eyes closure, IPS, 3 minutes of hyperventilation and at least 20 minutes of sleep 

record. (42,43) 

Provocation methods 

a) Partial sleep deprivation 

All the patients were given appointments for having EEG examination to ensure 

that appropriate preparations were achieved. We asked them to change their sleeping 

schedule the night prior to the test, with decreasing their sleep hours by getting to bed 1-2 

hours later and awakening 1-2 hours earlier than their routine sleep practice and stay awake 

till the time of examination. (15,44,45) 

b) Hyperventilation 

The patients were instructed to breathe deeply and quickly (deep breathing is 

more important) at a rate of 20 deep breaths/min for 3 minutes. Young children were 
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encouraged to hyper ventilate by asking them to blow on a brightly colored pinwheel or a 

balloon. (15,46).  

c) Intermittent photic stimulation: 

Applied while the patients awake, in dim light using a flash light of 1 joule 

intensity at a distance of 30 cm. IPS sensitivity was determined during eyes closure, eyes 

closed, and eyes opened states using a train of flash frequencies separated by 5 seconds 

duration for each 1– 2 – 8 – 10 – 15 – 18 – 20 – 25 – 40 – 50 – 60 Hz. If there was a 

generalized response at a certain frequency, then the train should be stopped and repeated in 

a descending order starting from 60 Hz to define the lower and upper threshold for the 

response. (43) 

Identification of epileptic discharges 

The EDs were identified according to the following criteria: (5) 

1. The discharge should be paroxysmal and a peak amplitude greater than a threshold value 

based on the background IEEG. 

2. The discharge typically shows an abrupt change in polarity occurring over several 

illiseconds resulting in a sharp contour or spikiness. 

3. The duration should be less than 200 ms. Spikes last between 20 and 70 ms, and sharp 

waves last between 70 and 200 ms. Spikes or sharp waves are typically negative in polarity. 

The distinction is morphologic in nature, and there is no clinical reason to distinguish 

between them. The discharge must have a physiologic field, with the discharge recorded 

from more than one electrode and a voltage gradient should be present. Most spikes are 

followed by an after going slow wave ranging from 100-500 ms. (28). EEG was reviewed 

using longitudinal Bipolar and average referential montage with/without transverse Bipolar 

and Laplacian montages. (47,48) Activity involving multiple electrodes over multiple lobes 

of a single hemisphere having a 2:1 or greater amplitude predominance than that seen over 

the contralateral hemisphere, were termed lateralized. While activity maximal at a single 

electrode with no more than 2 contiguous electrodes within 80% to 100% of the maximal 

amplitude were referred to as localized. (49)The frequency of EDs were enumerated 

manually in  terms of occurrence per 1 hour. (51,52). The frequency of EDs were 

enumerated manually in terms of occurrence per 1 hour. (50,51).  

 



AlBaazi S and  Al-Mahdawi A. JMSP , 2021; 7 (1): 228-53 

 

234 
 

Seizure semiology 

Patients' history was reviewed by specialist neurologists to determine ictal 

semiologic features supported by home video records when available. Seizures selection and 

localization were performed according to the following criteria: (24) 

a) It has to be the first or one of the earlier components of the seizure for the purpose of 

having a reliable localizing value as later symptoms or signs are more likely to be due to ictal 

spread and may have only a lateralizing value. 

b) Easy to be identified and classified with a high interrater reliability. 

Statistical analysis 

Data tabulation, input and coding was done by the use of IBM© SPSS© 

(Statistical Package for the Social Sciences) Statistics Version 22. For descriptive statistics, 

percentage were applied. Chi-Square test was used for categorical data. Discrepancy and 

concordance rates were calculated using correlation (Spearman rank-correlation analysis (ρ)) 

and test of agreement (Cohen κ). Values of κ between 0.20–0.39 interpreted as minimal 

(mild) agreement. Positive values of ρ between 0.30–0.50 were considered as weak 

correlation.  

 

3. RESULTS 

The mean age of the patients was 26.56 ±15.35 years (range 4-66 years). Of total sample, 

32.9% were below 18 years. Males were 33 (47.1%), and females 37 (52.9%), and one 

fourth of the patients had family history of epilepsy 18 (25.7%) while 52 (74.3%) without. 

Of those who have family history of epilepsy, 10 (55.6%) have extra-lesional EDs and 8 

(44.4%) with localized EDs. Most patients had their lesions located in their Temporal lobe 

28 (40.0%), followed by Frontal 20 (28.6%), then Parieto-occipital lobes 12 (17.1%), and 

lest with multilobar involvement 10 (14.3%) as shown in (Figure 1). 

The two most common types of EEG abnormalities were exclusive EDs with 30 (42.86%), 

and EDs plus focal slowing 29 (41.43%), and least with normal EEG 6 (8.57%) and EDs 

plus others (Fast activity or PLED) 5 (7.14 %). (Figure 2). The main finding of the 

epileptiform discharges was a mean latency of 6.92 ± 10.51 minutes, and a mean frequency 

of 165.88 ± 262.80 per hour, which constituted of 41.10 ± 81.93 in wakefulness, 5.01 ± 

12.79 evoked with hyperventilation, 2.40 ± 8.48 evoked by intermittent photic stimulation, 

and the majority was while the patients enter the NREM sleep (stage I and II) with 
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117.17±185.68 discharges (Table 1).  

Table 2 illustrate a statistically significant association between interictal EEG and sites of 

epileptogenic lesion, and most frontal and temporal lobe lesions were localized to the 

lesional lobe, 10 (50.0%) and 16 (57.1%) respectively, while Parieto-occipital lesions had 

interictal EEG with extralesional abnormalities 8(66.7%) and the majority of multilobar 

lesion had their EEG abnormalities lateralized to the same side of the lesions 9 (90.0%). 

Classifying the lesions according to their types showed that most frequent lesions were 

tumors 20 (28.5%) from which meningioma and gliomas were 6 (30.0%) for each, then 

encephalomalacia following stroke/trauma 13 (18.6%), also hippocampal sclerosis was 

diagnosed in the same frequency of 13(18.5%), vascular malformation in 9 (12.8%), cysts in 

8 (11.4 %), cortical malformations in 4 (5.7%) and CNS inflammation in 3 (4.3%) as 

demonstrated in (Table 3). 

Interictal EEG localization of lesions regarding hippocampal sclerosis showed that it was 

localized in 6 (46.2%), extralesional with or without localization each 3 (23.1%), and 1 

(1.4%) normal EEG results. Most meningiomas were localized 4 (66.7%). Glioma was 

localized in 3(50.0%) and extralesional in 3(50.0%). Majority of DNET lesions were 

localized. Gangliogliomas were either localized or extralesional. 

Of the total 7 cavernous sinus lesions, 3(42.9%) were localized, 2(28.6%) were normal, and 

1(14.3%) were either extralesional with or without localization. AVMs showed extralesional 

activities in 1(50.0%) and extralesional with localization with the other 1(50.0%). FCDs 

were either lateralized or extralesional. Tuber malformation showed localized activity. Focal 

pachygyria showed extralesional activity. Most encephalomalacia following stroke/trauma 

were lateralized to the side of lesions 8 (61.5%), two localized and two extralesional. CNS 

inflammation showed three different activities; localized, lateralized and extralesional. 

Cysts showed all types of EEG activities (Table 4). Semiologic localization of lesions 

regarding hippocampal sclerosis showed that the majority were localized 12 (92.3%) and 1 

(7.7%) with one generalized result. Meningiomas were either localized 3 (50.0%) or 

generalized in the other 3 (50.0%). Gliomas were localized in 4 (66.6%), extralesional in 1 

(16.6.0%), and generalized in 1 (16.6.0%). Majority of DNET lesions were localized. 

Gangliogliomas were either localized or extralesional. 

Of the total 7 cavernous sinus lesions 4 (57.1%) were localized, 2 (28.6%) were 
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extralesional, and 1 (14.3%) was generalized. AVMs showed localized activities in 1 

(50.0%) and generalized in the other 1 (50.0%). FCDs were either localized or lateralized. 

Tuber malformation and Focal pachygyria single lesions showed localized semiology. Most 

encephalomalacia following stroke/trauma showed lateralization 6 (46.2%). CNS 

inflammations showed two localized and one lateralized semiology. Cysts showed all types 

of semiology (Table 5). There was a statistically significant association between semiology 

and sites of epileptiform lesions, as most all lesions' sites showed localized semiology to 

their respective lesions (Table 6). Lesions that were showed to be localized by interictal 

EEG were also localized in semiology in 24 (58.5%), but there were 10 (24.4%) and 7 

(17.1%) extralesional and generalized, respectively on interictal EEG. Both showed equal 

lesions with lateralization to lesional hemisphere. Only 4 (44.4%) extralesional interictal 

EEG was also shown to be extralesional by semiology while 1 (11.1%) was lateralized, 1 

(11.1%) generalized, and 3 (33.3%) were normal on interictal EEG. Just 2 (16.7%) were 

similarly shown to be of broad field in both interictal EEG and semiology, and this was the 

lowest agreement between the two tests, however, a statistically significant correlation 

between the two tests was reported as shown in (Table 7). Furthermore, some examples of 

findings of our patients are demonstrated in (Figures 3,4,and 5) 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Topographic distribution of the lesions 
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Figure 2: Types of EEG abnormalities 

 

 

 

 

Table 1. Characteristics of epileptiform discharge (n=70) 

Variable Mean SD 

First epileptiform discharge (onset) latency (minute) 6.92 10.51 

Frequency of epileptiform discharge (in 1 hour) 165.88 262.8 

a) Wakefulness 41.1 81.93 

b) Hyperventilation 5.01 12.79 

c) IPS 2.4 8.48 

d) NREM (stage I and II) 117.17 185.86 
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Table 2: Correlation of inter-ictal EEG and lesion site by MRI 

Interictal EEG 

Site of epileptiform lesion 

Frontal Temporal 
Parieto-

occipital 
Multilobar Total 

No.(%) No.(%) No.(%) No.(%) No.(%) 

Localized to lesional lobe 10(50.0) 16(57.1) 1(8.3) 0(0.0) 27(38.6) 

Lateralized to lesional hemisphere 0(0.0) 1(3.6%) 2(16.7) 9(90.0) 12(17.1) 

Extralesional 2(10.0) 5(17.9) 8(66.7) 0(0.0) 15(21.4) 

Localized + extralesional 5(25.0) 5(17.9) 0(0.0) 0(0.0) 10(14.3) 

Normal 3(15.0) 1(3.6) 1(8.3) 1(10.1) 6(8.6) 

Total 20(28.57) 28(40.0) 12(17.14) 10(14.28) 70(100.0) 

P. value < 0.001 

 

Table 3.Types of brain lesion 

Type of lesion Frequency % 

Hippocampal sclerosis 13 18.5 

Tumors 20 28.5 

Meningioma 6 30 

Glioma 6 30 

DNET 5 25 

Ganglioglioma 2 10 

Lymphoma 1 5 

Vascular malformations 9 12.8 

Cavernous 7 77.8 

AVM 2 22.2 

Cortical malformations 4 5.7 

FCD 2 50 

Tuber 1 25 

Focal pachygyria 1 25 

Encephalomalacia following stroke/trauma 13 18.6 

CNS inflammation 3 4.3 

Cysts 8 11.4 
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Table 4. EEG localization by lesion types 

Type of lesion 
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Hippocampal sclerosis 6 0 3 3 1 13 

Meningioma 4 0 0 1 1 6 

Glioma 3 0 3 0 0 6 

DNET 4 0 0 0 1 5 

Ganglioglioma 1 0 1 0 0 2 

Lymphoma 0 0 0 1 0 1 

Cavernous 3 0 1 1 2 7 

AVM 0 0 1 1 0 2 

FCD 0 1 1 0 0 2 

Tuber malformation 1 0 0 0 0 1 

Focal pachygyria 0 0 1 0 0 1 

Encephalomalacia following 

stroke/trauma 
2 8 2 0 1 13 

CNS inflammation 1 1 1 0 0 3 

Cysts 2 1 2 3 0 8 

Total 27 12 15 10 6 70 
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Table 5. Semiologic localization by types of lesion 

Type of lesion 
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Hippocampal sclerosis 12 0 0 1 13 

Meningioma 3 0 0 3 6 

Glioma 4 0 1 1 6 

DNET 4 0 1 0 5 

Ganglioglioma 1 0 1 0 2 

Lymphoma  1 0 0 0 1 

Cavernous 4 0 2 1 7 

AVM 1 0 0 1 2 

FCD 1 1 0 0 2 

Tuber malformation 1 0 0 0 1 

Focal pachygyria 1 0 0 0 1 

Encephalomacia following stroke/trauma 2 6 1 4 13 

CNS inflammation 2 1 0 0 3 

Cysts 4 0 3 1 8 

Total  41 8 9 12 70 

 

Table 6. correlation between seizure semiology and lesion site by MRI 

Semiology 

Site of epileptiform lesion 

Frontal Temporal 
Parieto-

occipital 
Multilobar Total 

No.(%) No.(%) No.(%) No.(%) No.(%) 

Localized to lesional lobe 11 (55.0) 24 (85.7) 6(50.0) 0(0.0) 41(58.6) 

Lateralized to lesional hemisphere 0 (0.0) 0 (0.0) 1 (8.3) 7 (70.0) 8 (11.4) 

Extralesional 3 (15.0) 3 (10.7) 2 (16.7) 1 (10.0) 9 (12.9) 

Generalized 6 (30.0) 1 (3.6) 3 (25.0) 2 (20.0) 12 (17.1) 

Total 20(28.57) 28(40.0) 12(17.14) 10 (14.28) 70(100.0) 

P. value < 0.001 
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Table 7. Relationship between semiology and inter-ictal EEG results 

Interictal EEG 

Semiology 

Localized 

to 

lesional 

lobe 

Lateralized 

to lesional 

hemisphere 

Extralesional Generalized Total 

No.(%) No.(%) No.(%) No.(%) No.(%) 

Localized to lesional lobe 24(34.3) 0(0.0) 0(0.0) 3(4.3) 27(38.6) 

Lateralized to lesional hemisphere 0(0.0) 8(11.4) 1(1.4) 3(4.3) 12(17.1) 

Extralesional 10(14.3) 0(0.0) 4 (5.7) 1(1.4) 15(21.4) 

Localized + extralesional 7(10.0) 0(0.0) 1(1.4) 2(2.9) 10(14.3) 

Normal 0(0.0) 0(0.0) 3(4.3) 3(4.3) 6(8.6) 

Total 41(58.6) 8(11.4) 9(12.9) 12(17.1) 70(100.0) 

Correlation and agreement of semiology with inter-ictal EEG   

Ρ = 0.357 

K = 0.332 

Discordance 31/70 (44.3%) 

Concordance: 39/70 (55.7%) 

P. value < 0.001 

ρ: Spearman's rank-correlation coefficient, k: Cohen's Kappa 
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Figure 3. A 30-year old female presented with frequent brief attacks of spacing out with depressive 

facial expression and versive Rt. sided head and eyes deviation, sometimes ended with GTC 

seizures. She had ash leaf patches in the back and forearm. Brain MRI (3 Tesla) revealed Lt. 

lateral middle frontal hyperintense T2 lesion (Tuber). Inter-ictal EEG revealed very frequent SWDs 

and polyspikes with phase reversal at F3 and F7 (bipolar montage) enhanced during stage II of 

sleep with preserved sleep architecture. 
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Figure 4. 52-year-old female patient had recurrent attacks of visual illusion in form of macropsia, 

followed by rising epigastric burning pain with preserved awareness, sometimes ended with GTC 

seizures. Brain MRI revealed Rt. Basal temporal meningioma of 3*3.5 cm. Inter-ictal EEG revealed 

intermittent focal polymorphic delta slowing associated with F8, T10, P10 SWDs with phase reversal 

(longitudinal bipolar montage), referential average montage reveals a radial dipole with negative 

maxima at T10, P10 and positive maxima at T4. 
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Figure 5. A 27year-old male patient, complained from frequent brief nocturnal attacks of awakening with 

frequent spitting, sometimes had unpleasant olfactory hallucination and lip smacking with impaired 

awareness, infrequently ended with GTC seizures. Brain MRI revealed Lt. Parietal Glioma. Inter-ictal EEG 

demonstrated frequent SWDs with phase reversal at F7 and preserved background. Both semiology and 

inter-ictal EEG suggesting TLE which was discordant with MRI lesion localization. 
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4. DISCUSSION 

Our study demonstrates that the occurrence and localization of inter-ictal epileptiform 

discharges differ according to the site and type of the lesions. We have also encountered two 

distractions in inter-ictal EEG recording: the presence of discharges outside the site of the 

lesions and normal EEG. The results are suspected from knowing the natural architecture of 

each lobe, with the temporal lobe is known to have well defined borders and connections in 

between and with its sub-structures. However, mesial temporal structures and that adjacent 

or involving the insula, found to have connections with frontal lobe, which may explain its 

potential to have extratemporal seizure and EEG manifestations. (50-53) While frontal lobes 

and because of their larger size, massive connections between both hemispheres and have 

mesial and orbitofrontal regions that are not accessible to scalp EEG, unless being 

propagated to superficial regions, then it's common to find a high proportion of FLE with 

mis-localized IEDs. (54,55). However, in this study; one half (50%) of FL lesions were well 

localized. This may be due to the site of lesions as those located at the convexities are more 

localizing than mesial lesions, other factors may include, the diversity of patients' ages 

rather than for example choosing children exclusively as children are found to have diffused 

and mis-localized EDs more than adults. (56). Also the age of the lesions can play a role, 

that being older, increases the possibility of having more impact on its environment with 

buildup of new synapses and connections. (54,57). Parieto-occipital lobes have poorly 

defined boundaries and extensive connections with other lobes. Occipital lobes connect to 

temporal lobes through inferior longitudinal fasciculus or indirectly through polysynaptic U 

fibers. (58) Therefore, rendering their scalp EEG less localizing with high proportion of 

extra-lesional EEG manifestations. The findings of present study agree to a large extent with 

the above concept and because of their convergent architecture, they have been considered 

as one group as many authors did. (59,60). Despite the short term of recording inter-ictal 

EEG, the study  demonstrated results relatively comparable to a previous study conducted in 

the period from 1991-2009 including 997 patients with diverse pathologies, which have 

utilized long term VEEG monitoring for the same purpose but with exclusion of multilobar 

lesions.(61) It also agree with another study conducted in the period from 1994-2010 

comprising 63 patients with same methodology as that mentioned above but included 

multilobar lesions of variable pathologies. (62) 
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Multilobar lesions have been included in the present study to have a complete picture about 

all possible lesional localization. In the previous mentioned studies, Temporal lobe lesions 

were localized in (58.6%), frontal lobe with (27.5%) and P/O lobe with (12.1%), multilobar 

lesions were lateralized in (43%) while exclusively extralesional in temporal lobe lesions 

with (2.3%), frontal lesions (23.2%), P/O (48.5%). Using sleep deprivation as a provocation 

method may be one of the explanations beyond such convergence in results, means SDEEG 

can buffer the property of long term monitoring (63). The above concept had further 

demonstrated previously in a study conducted in 1992-1995 included 90 cases of temporal 

lobe epilepsies which used an approach nearly similar to ours with SDEEG record lasted for 

2 hours' duration. They found a concordance rate of (61%) between MRI and IEEG 

localization. (64). In the present study, the frequency of EDs during NREM sleep was 

greater than wakefulness, HV and IPS. This finding may be related to the potentiating effect 

of sleep. However, its known that HV and IPS had less effect on focal than generalized 

EDs. (44,45,65) Our study agreed with that. However, the onset of first EDs was earlier than 

commencement of sleep in some of the cases with a median of 6.92 minutes, at about the 

beginning of hyperventilation according to our study's protocol. This may be related to 

seizure frequencies, type of epilepsy being structural one and the fact that SDEEG 

activation is already present during the waking phase as supported by previous studies. 

(66,67,68). In addition to SD, the type of predominant lesion and its location may play a 

role in localization. For that reason, we had investigated the types of the lesions and their 

lobar location in addition to their relation to inter-ictal EEG. It was clear from the results 

that most of the lesions (52.9%) are well localized to their sites. Most of them having 

produced focal slowing (49%), indicating their destructive nature which can be predicted by 

the prevalence of the lesions, including brain tumors, vascular insults and CNS 

inflammations collectively (with known aggressive nature). Supporting their role in 

epileptogenesis as a symptomatic cause rather than accidental findings. (16,17,18,19,20). 

One of the distractions in our study is the presence of epileptiform activity at a distance 

from lesional site. In fact, this is not the first study to demonstrate such a finding and this 

subject became a field of extensive researches nowadays. There are several explanations for 

that. First, brain lesions may produce changes in their surrounding environment, in their 

borders or may be similar areas of contralateral hemisphere, in form of ‘‘ischemia, edema, 
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local neuronal injuries (synaptic), electrical and biochemical changes’’, making them prone 

to be epileptogenic as proved by histopathological studies. (1,2) Second, the fact that brain 

areas are interconnected in networks, these networks can provide low seizure threshold 

pathways through which seizures can spread. In the inter-ictal periods, these pathways may 

manifest by demonstrating EDs.  In another word, this may support the hypothesis of 

potential epileptogenic areas, means that there are silent cerebral foci with low seizure 

threshold which may produce seizures at any times. This has been widely accepted, 

especially with the proved findings that extended surgical excision of areas outside the 

lesional site resulting in more favorable prognosis regarding post-operative seizure freedom 

than excisions limited to lesion removal (1,2,4,69,70) . Third, family history of epilepsy 

may influence EEG findings of patients with symptomatic focal epilepsies and even found 

to have less likely to be seizure free post-operatively (2,71). To investigate the third 

possibility, it was necessary to evaluate those patients with family history of epilepsy for the 

distribution of EDs in their EEGs, 55.6 % of those with positive FHE have EDs extended 

beyond their MRI lesions. This may support previous studies concerned with the influence 

of FH on EEG of patients with symptomatic focal epilepsies (71), however; being a true 

association or coincidental findings may require further studies. The other distraction is the 

presence of normal EEGs. This may be related to EEG factors, as short time of recording 

despite provocation methods, or lesion factors as their deep or sulcal locations, small sized 

epileptogenic lesions that couldn’t be detected by EEG (< 10 cm2), the direction of dipoles, 

e.g. horizontal to cortical surface rather than radial rendering the EEG unable to detect them 

(2,18,28,29). In order for seizures to manifest, there should be a strong enough electrical 

activity to cross an ‘‘eloquent cortex’’. (2,70) Therefore, it is proposed that the 

‘‘symptomatogenic zones’’ and ‘‘seizure onset zones’’ need to intersect at time of seizure 

manifestation and ictal EEG changes. This had been supported by previous study in TLE 

combining semiologic and ictal EEG findings which was found to have boosted the 

localization value when being combined with a concordance rate at around 90%. (72) The 

‘‘symptomatogenic zone’’, may or may not intersect with that of ‘‘irritative zone’’, as the 

latter not necessarily represent active epileptogenic areas, therefore; both may have different 

pathways. (2,70) How often inter-ictal EEG correlate with seizures semiology was 

investigated in our study. The initial rather than propagating symptoms were selected and 
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classified accordingly and found to have reliable localizing and lateralizing values as 

compared with the literature. (23,73) Inter-ictal EEG (52.9%) was slightly less localizing 

than semiology (58.6%) but with same lobar distribution, also they have same relation to 

lesion type, means that same mechanisms may work like in relation with inter-ictal EEG. 

When considering the fact that it's one EEG record, while seizure semiology reflects a 

history of many seizures having same description or may be more than one manifestation, in 

addition to the relative short duration of EEG record. Then, we may be able to explain that 

minor difference. By combining the above semiologic and inter-ictal EEG localization, 

there was 44.4% localizing value (including the category of localized + extralesional in 

inter-ictal EEG). Although, it was lower than IEEG alone and semiology alone, it seems 

reliable because as mentioned above, ‘‘irritiative zone’’ is larger than seizure onset and 

‘‘symptomatogenic zones’’, and may include areas of ‘‘potential epileptogenisity’’ that do 

not involve same route of seizure origin and spread but may manifest with seizures in 

future. Therefore, irritataive zone need not to intersect with symptomatogenic one to 

manifest in EEG, however; it reflects both ongoing and potential epileptogenic areas of 

brain. On the other hand, seizure symptoms and ictal EEG would largely reflect same 

pathways which represent ongoing epileptogenic areas. This concept has recently supported 

by increased success rates of epilepsy surgeries when lesionectomies had extended to 

include these areas containing inter-ictal EDs rather than restricted to seizure onset or 

symptomatogenic zones (2,4,28,74). The overall concordance (agreement) between 

semiology and IEEG was 55.7 %. Restricted selection of the initial symptoms rather than 

the whole semiologic picture, which can track the highly excitable pathway; may be one of 

the reasons of discordance in addition to the differences in concept of both zones.  

 

5. CONCLUSIONS 

We  conclude that Basic level inter-ictal EEG with partial sleep deprivation can be used in 

localization and tracking of epileptogenic pathways, and the concept of being discordant 

from semiology should have a crucial attention, as previously suggested that the irritative 

zone correlate more accurately with epileptogenic zone. However, the localizing value can 

be increased by combining inter-ictal EEG with semiology in lesional epilepsies. Therefore, 

we recommended that further studies to be conducted for further assessment and evaluation 
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