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COI

• NOTHING TO DISCLOSE



Brain Summit 2020 Virtual Symposium October 31, 2020

3

CONTENT OUTLINE

-What is DRE or Drug Resistant Epilepsy
-Principles: physiology and MEG basics
-What is MEG/MSI (Magnetic Source Imaging)
-EEG vs MEG and how they work together
-Indications for MEG 
-MEG and epilepsy surgical outcomes
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DRUG RESISTANT EPILEPSY

• -WHAT DEFINES DRE?

• -WHAT OPTIONS DO WE HAVE FOR THESE 1/3 OF PATIENTS?
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MAGNETOENCEPHALOGRAPHY (MEG)
-1929: Hans Berger recorded the occipital alpha rhythm as proof of principle  

-MEG: Non-invasive technique for measuring brain activity with a millisecond time scale

-1968: David Cohen records the first human MEG brain signal at MIT using one sensor; First 
measurement was taken in 1971
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• Post-synaptic potentials create electrical currents known as intracellular currents

BRAIN ELECTROPHYSIOLOGY
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Today: High-density MEG

306 Superconducting Quantum Interference Devices (SQUIDs)
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MEG System Components

SQUIDs 102 chips 
inside helmet

3 sensors 
per chip

sensor 
design
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Right hand rule of magnetism  (Maxwell’s Equation) 

• Electric currents produce magnetic fields

• Magnetic field lines make a ring around the direction of current flow
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• PSP of tens of thousands of neurons can be detected by the MEG

• About a 5x5mm patch of cortex

MAGNETOENCEPHALOGRAPHY (MEG)
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Magnetic Fields of Neurons

• Brain’s magnetic fields are 

super weak (10-15)

• In reality, we are measuring the magnetic fields of 

populations of neurons (10,000+)
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Why measure the neuromagnetic fields?

• Magnetic fields pass unperturbed through the skull and intervening tissues

• Electric currents are susceptible to smearing of signal

• By measuring the field (MEG) and not the charge (EEG), we enhance the spatial resolution 

by an order of magnitude

• 2-3 cm with EEG vs. 2-3 mm with MEG
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Postsynaptic Dendritic Currents

• Postsynaptic dendritic currents, NOT action potentials, generate the field

~ 2 ms

~ 10 ms 

Action 
Potential:

Post-synaptic
current:
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Sensitivity of Whole Head MEG

• The strength of a magnetic field falls off 

exponentially with distance from the 

source

• Neuromagnetic fields are very weak and 

the MEG sensors are ~2-3 cm away from 

the brain surface

• MEG has greatest sensitivity to the 

cortex

Hillebrand & Barnes (2002)
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• MEG measures magnetic fields

• EEG measures electric fields

• Magnetic fields are perpendicular to 

the electric current, per the 

right-hand rule

BRAIN ACTIVITY

EEG

MEG
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• PSP of neurons can be detected by the MEG using

• Superconducting quantum interference device (SQUID) sensors

MEG
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MEG System

• 306 sensors submerged in liquid helium

• Liquid helium = -452° F

SQUIDs
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• Liquid helium takes resistance of super conducting metals to near absolute zero.

SUPER CONDUCTING

Liquid Helium
Voltage 
Variation

Pickup Coil Input Coil

SQUID
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• There are three types of sensors:

• Magnetometers

• Gradiometers

• Planar

• Axial

MEG SENSORS

Figure: Furl, N. et al., Neuroimage 2017
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ANSIR LAB MEG PROCESSING PIPELINE
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MEG

• Temporal resolution <1ms

• Channels >= 300

• Not mobile

• More sensitive to neocortical spike sources

• Better agreement with invasive EEG recordings

• Only detects tangential sources

• Standard spherical head shape model

• MEG dipole analysis is approved for clinical use

EEG

• Temporal resolution <1ms

• Channels ~100

• Long term video recordings

• Good agreement with invasive EEG recordings

• Detects both radial and tangential activity

• Complicated/computationally expensive head model

• Advanced surface EEG analytic techniques not typically 

approved for clinic

MEG VS. EEG
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• MEG and EEG are theoretically equal when:

• Advanced head models are used

• Same number of channels are used (~300)

• However

• Advanced head models are not always approved for 

clinical use/reporting.

• An EEG with 300 leads is time consuming

MEG VS. EEG CONTINUED

(Vatta, Meneghini et al. 2010)
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Magnetically Shielded Room

• MEG is performed in a highly shielded room to help block out other magnetic fields in the 

environment
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CURRENT PROGRESS
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