
Significance of Insular Magnetoencephalography (MEG) Dipole Clusters in Patients with Refractory Focal Epilepsy

N i t i s h  C h o u ra s i a  M D  1, M i c h a e l  Q u a c h  M D 1,  J ay G av va l a M D,  M S C I  2

Departments of 1Pediatric Neurology and 2Adult Neurology, Baylor College of Medicine, Houston, Texas, United States

• Insular epilepsies are notoriously difficult to diagnose and frequently imitate frontal, temporal and parietal 
lobe epilepsies.

• MEG has been shown to be an effective diagnostic tool in identifying insular epilepsies.
• However, in the current clinical workflow, it is unclear if the MEG dipole clusters (DC) could represent possible 

benign variants or indicate primary epileptogenic zone vs a secondary epileptogenic network.
• We identify patients with MEG based insular involvement in refractory epilepsy and describe their clinical and 

MSI characteristics to evaluate the following:
• Do insular dipole clusters (DC) in MEG represent normal variants?
• Does the presence of insular MEG DC imply a primary insular onset epilepsy?
• Does an insular MEG DC focus correlate with seizure outcomes after surgical intervention involving the insula?

Background & Objective

• A total of 36 out of the 319 (11.3%) patients had MEG DC localized to the insula (among other regions).
• This included 20 (55.6%) adults and 16 (44.4%) children (age ≤ 18). 
• Mean age was 22 ± 13.44 years with 17 (47.2%) females and 19 (52.8%) males. 
• Nineteen (52.8%) patients had primary insular DC and 17 (47.2%) had secondary insular DC.
• Twenty-four (66.7%) patients had some form of surgical intervention, while twelve (33.3%) were in the 

pre-surgical evaluation phase at the time of this review. 
• Sixteen patients had intracranial epilepsy surgical evaluation (14 SEEG and 2 subdural grids).
• Out of the 14 SEEG cases, 11 had targeted insular coverage while 3 did not. 
• Ten (90.9%) of the 11 patients with insular coverage by SEEG electrodes had interictal insular spikes during 

intracranial electrocorticography monitoring.
• In five (45.5%) of these 11 patients, the insula was identified to constitute the ictal onset zone based on 

intracranial EEG data.

Results

Methods

• The database for magnetic source imaging (MSI) studies for patients with refractory focal epilepsy completed 
at Baylor College of Medicine affiliates St. Luke’s Hospital and Texas Children’s Hospital from 2015-2018 was 
retrospectively evaluated. 

• All patients with MEG insular dipole clusters (> 5 spikes) on MSI reports, including a subset of patients who 
underwent subsequent epilepsy surgery with a minimum follow up of six months were evaluated. 

• Primary dipole clusters were designated as group of MEG spikes most frequently seen.
• Data obtained included age, sex, seizure semiology, age of seizure onset, seizure frequency, MRI brain, EEG 

and MEG findings (primary vs secondary cluster), surgical approach- (stereotactic EEG (SEEG)/ subdural grids), 
inclusion of insular coverage and presence of insular spikes on intracranial EEG, region of resection/laser 
ablation and seizure frequency post-operatively. 
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M = Male, F = Female, HH =Hypothalamic hamartoma, PVNH = Periventricular nodular heterotopia, Y = Yes, N = No, P = Primary, S = Secondary, RNS = Responsive neurostimulation, 
VNS = Vagal nerve stimulation, FCD = Focal cortical dysplasia, GTC = Generalized tonic clonic.  ^Subdural grids

Serial
#

Age
(y) Sex

Seizure
Types EEG MRI

MEG 
Insular cluster

(1° vs 2°)

Phase II
(Insular 

coverage)

Phase II
(Interictal)

Insula

Phase II
(Ictal)
Insula Intervention

Intervention
involving

Insula
Engel

Outcome

1 6 F Behavioral arrest; 
Myoclonic; Tonic

Left hemisphere 
(temporal-parietal) Left PVNH Y (P) Y Y N Left frontal 

resection N IV

2 10 F Gelastic; Behavioral 
arrest w focal motor

Generalized
spike wave

HH
(prior ablation) Y (S) Y Y Y None

(Broad network) N -

3 14 F
Behavioral arrest; 
focal right motor
to b/l tonic-conic

Left frontal-central Multiple
cortical tubers Y (S) N^ N N Left fronto-temporal 

resection N II

4 6 M Gelastic,
Behavioral arrest

Left posterior
temporal-occipital HH Y (S) Y Y N Left temporal 

w HH ablation N I

5 3 M Focal motor tonic Right anterior
temporal, frontal

Multiple
cortical tubers Y (P) Y Y Y Ablation of insular-

opercular tuber focus Y II

6 45 M Focal sensory Right temporal Right mesial temporal 
s/p resection Y (S) Y Y Y Resection (Right 

orbitofrontal w insula) Y II

7 24 M Focal sensory
w hypermotor motor Non-localizing Normal Y (P) Y Y Y RNS middle and 

posterior insula Y I

8 22 F Focal sensory, 
autonomic Left frontal Normal Y (P) N^ N N Left frontal

resection N II

9 32 M Behavioral arrest,
Focal automatisms Right temporal Right MTS Y (S) Y Y N RNS right

hippocampus N IV

10 32 F Autonomic
hypermotor Right lateralized Right frontal-parietal

encephalomalacia Y (S) Y Y Y Right frontal
resection Y I

11 33 F Behavioral arrest Right anterior
temporal Normal Y (P) Y Y N Right temporal 

lobectomy N I

12 34 F Focal sensory,
behavioral arrest

Right anterior
temporal

Prior partial right 
temporal resection Y (S) Y Y N Right temporal 

lobectomy N II

13 58 F Behavioral arrest Left frontal,
temporal

Left temporal pole 
encephalomalacia Y (S) Y N N Left orbitofrontal focus 

w temporal lobectomy N II

14 33 M Behavioral arrest Right fronto-polar
and left temporal

Right inferomedial
temporal lobe w gliosis Y (S) N N N None

(Broad network) N -

15 8 M Behavioral arrest,
left motor

Right fronto-central; 
right occipital

Multifocal
cortical tubers Y (S) N N N Focal tuber ablation 

frontal and occipital N -

16 36 M Behavioral arrest
w automatisms Left temporal Left PVNH Y (S) N N N Bi-temporal RNS N III

• Out of 11 patients with MEG DC in the insula who underwent intracranial EEG monitoring, 5 were determined 
to have an ictal onset zone including the insula (45.5%)

• Insular DC identified on surface MEG were also noted with intracranial stereotactic EEG depth electrode 
contacts in the insula.

• The presence of insular MEG DC however, may not definitively imply a primary insular onset epilepsy but likely 
reflect the extent of epileptogenicity within the ictal network. 

• Patients with MEG DC that underwent resection/ablation that did not include the insula had no worse of an 
outcome as compared to ones where insula was included in the resection or ablation.

• Targeted evaluation of the insula with sEEG may help understand the role of insula within the epileptogenic 
network.

Highlights & Conclusions

Table 2. Clinical characteristics of patients with MEG insular DC and intracranial evaluationFigure 1. Illustrative example of MEG dipole cluster localization and intracranial EEG

Table 1. Surgical outcomes in insula vs non-insula intervention

Engel Outcomes
Intervention (Resection, Ablation)

Involving Insula Not Involving Insula
I 3 4
II 2 4
III 1
IV 1
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Significance of Insular Magnetoencephalography (MEG) Dipole Clusters in Patients with Refractory Focal Epilepsy

Nitish Chourasia MD 1, Michael Quach MD 1, Jay Gavvala MD, MSCI 2

Departments of 1Pediatric Neurology and 2Adult Neurology, Baylor College of Medicine, Houston, Texas, United States

Insular epilepsies are notoriously difficult to diagnose and frequently imitate frontal, temporal and parietal lobe epilepsies.

MEG has been shown to be an effective diagnostic tool in identifying insular epilepsies.

However, in the current clinical workflow, it is unclear if the MEG dipole clusters (DC) could represent possible benign variants or indicate primary epileptogenic zone vs a secondary epileptogenic network.

We identify patients with MEG based insular involvement in refractory epilepsy and describe their clinical and MSI characteristics to evaluate the following:

Do insular dipole clusters (DC) in MEG represent normal variants?

Does the presence of insular MEG DC imply a primary insular onset epilepsy?

Does an insular MEG DC focus correlate with seizure outcomes after surgical intervention involving the insula?

Background & Objective

A total of 36 out of the 319 (11.3%) patients had MEG DC localized to the insula (among other regions).

This included 20 (55.6%) adults and 16 (44.4%) children (age  18). 

Mean age was 22  13.44 years with 17 (47.2%) females and 19 (52.8%) males. 

Nineteen (52.8%) patients had primary insular DC and 17 (47.2%) had secondary insular DC.

Twenty-four (66.7%) patients had some form of surgical intervention, while twelve (33.3%) were in the 
pre-surgical evaluation phase at the time of this review. 

Sixteen patients had intracranial epilepsy surgical evaluation (14 SEEG and 2 subdural grids).

Out of the 14 SEEG cases, 11 had targeted insular coverage while 3 did not. 

Ten (90.9%) of the 11 patients with insular coverage by SEEG electrodes had interictal insular spikes during intracranial electrocorticography monitoring.

In five (45.5%) of these 11 patients, the insula was identified to constitute the ictal onset zone based on intracranial EEG data.

Results

Methods

The database for magnetic source imaging (MSI) studies for patients with refractory focal epilepsy completed at Baylor College of Medicine affiliates St. Luke’s Hospital and Texas Children’s Hospital from 2015-2018 was retrospectively evaluated. 

All patients with MEG insular dipole clusters (> 5 spikes) on MSI reports, including a subset of patients who underwent subsequent epilepsy surgery with a minimum follow up of six months were evaluated. 

Primary dipole clusters were designated as group of MEG spikes most frequently seen.

Data obtained included age, sex, seizure semiology, age of seizure onset, seizure frequency, MRI brain, EEG 
and MEG findings (primary vs secondary cluster), surgical approach- (stereotactic EEG (SEEG)/ subdural grids), inclusion of insular coverage and presence of insular spikes on intracranial EEG, region of resection/laser ablation and seizure frequency post-operatively. 
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M = Male, F = Female, HH =Hypothalamic hamartoma, PVNH = Periventricular nodular heterotopia, Y = Yes, N = No, P = Primary, S = Secondary, RNS = Responsive neurostimulation, 

VNS = Vagal nerve stimulation, FCD = Focal cortical dysplasia, GTC = Generalized tonic clonic.  ^Subdural grids

		
Serial
#		
Age
(y)		

Sex		
Seizure
Types		

EEG		

MRI		MEG 
Insular cluster
(1° vs 2°)		Phase II
(Insular coverage)		Phase II
(Interictal)
Insula		Phase II
(Ictal)
Insula		

Intervention		Intervention
involving
Insula		
Engel
Outcome

			1			6		F		Behavioral arrest; Myoclonic; Tonic		Left hemisphere (temporal-parietal)		Left PVNH		Y (P)		Y		Y		N		Left frontal 
resection		N		IV

			2			10		F		Gelastic; Behavioral arrest w focal motor		Generalized
spike wave		HH
(prior ablation)		Y (S)		Y		Y		Y		None
(Broad network)		N		-

			3			14		F		Behavioral arrest; 
focal right motor
to b/l tonic-conic		Left frontal-central		Multiple
cortical tubers		Y (S)		N^		N		N		Left fronto-temporal resection		N		II

			4			6		M		Gelastic,
Behavioral arrest		Left posterior
temporal-occipital		HH		Y (S)		Y		Y		N		Left temporal 
w HH ablation		N		I

			5			3		M		Focal motor tonic		Right anterior
temporal, frontal		Multiple
cortical tubers		Y (P)		Y		Y		Y		Ablation of insular-opercular tuber focus		Y		II

			6			45		M		Focal sensory		Right temporal		Right mesial temporal s/p resection		Y (S)		Y		Y		Y		Resection (Right orbitofrontal w insula)		Y		II

			7			24		M		Focal sensory
w hypermotor motor		Non-localizing		Normal		Y (P)		Y		Y		Y		RNS middle and posterior insula		Y		I

			8			22		F		Focal sensory, autonomic		Left frontal		Normal		Y (P)		N^		N		N		Left frontal
resection		N		II

			9			32		M		Behavioral arrest,
Focal automatisms		Right temporal		Right MTS		Y (S)		Y		Y		N		RNS right
hippocampus		N		IV

			10			32		F		Autonomic
hypermotor		Right lateralized		Right frontal-parietal encephalomalacia		Y (S)		Y		Y		Y		Right frontal
resection		Y		I

			11			33		F		Behavioral arrest		Right anterior
temporal		Normal		Y (P)		Y		Y		N		Right temporal lobectomy		N		I

			12			34		F		Focal sensory,
behavioral arrest		Right anterior
temporal		Prior partial right temporal resection		Y (S)		Y		Y		N		Right temporal lobectomy		N		II

			13			58		F		Behavioral arrest		Left frontal,
temporal		Left temporal pole encephalomalacia		Y (S)		Y		N		N		Left orbitofrontal focus w temporal lobectomy		N		II

			14			33		M		Behavioral arrest		Right fronto-polar
and left temporal		Right inferomedial temporal lobe w gliosis		Y (S)		N		N		N		None
(Broad network)		N		-

			15			8		M		Behavioral arrest,
left motor		Right fronto-central; right occipital		Multifocal
cortical tubers		Y (S)		N		N		N		Focal tuber ablation frontal and occipital		N		-

			16			36		M		Behavioral arrest
w automatisms		Left temporal		Left PVNH		Y (S)		N		N		N		Bi-temporal RNS		N		III



Out of 11 patients with MEG DC in the insula who underwent intracranial EEG monitoring, 5 were determined to have an ictal onset zone including the insula (45.5%)

Insular DC identified on surface MEG were also noted with intracranial stereotactic EEG depth electrode contacts in the insula.

The presence of insular MEG DC however, may not definitively imply a primary insular onset epilepsy but likely reflect the extent of epileptogenicity within the ictal network. 

Patients with MEG DC that underwent resection/ablation that did not include the insula had no worse of an outcome as compared to ones where insula was included in the resection or ablation.

Targeted evaluation of the insula with sEEG may help understand the role of insula within the epileptogenic network.

Highlights & Conclusions

Table 2. Clinical characteristics of patients with MEG insular DC and intracranial evaluation









Figure 1. Illustrative example of MEG dipole cluster localization and intracranial EEG

Table 1. Surgical outcomes in insula vs non-insula intervention

		Engel Outcomes		Intervention (Resection, Ablation)		

				Involving Insula		Not Involving Insula

		I		3		4

		II		2		4

		III				1

		IV				1
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1

To do:

Look up what other category consisted of and how many in terms of n were in each category

Confidence interval for odds ratio (0.98, 5.22), ask statistician what appropriate measure for significance is for odds ratio (CI, chi squared, one or two sided fischer’s)

Calculate mean/median length of survival for seizure/no seizure groups, progression/no progression groups, pathological classification

Put appropriate error bars on graph

Consider calculating effect of interaction between seizure and progression on survival
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