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Introduction

AMedical Images and devices for monitoring and diagnosis
ARX, MRI, CT, PET Imaging (Good Spatial Resolution)
AMRI
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ELECTROENCEPHALOGRAPY (EEG)

AVoltage fluctuations on ionic currents within the neurons

AEEG used to diagnose epilepsy, sleep disordeph ofanesthesia, coma,
encephalopathies, brain death, tumors and stroke.

Electroencephalography
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Epileptic spike and wave discharges monitored
with EEG
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Advantages

AEEGhas very high temporal resolution, on the order of milliseconds
rather than seconds. EEG is commonly recorded at sampling rates
between 250 and 2008iz in clinical and research settings, but
modern EEG data collection systems are capable of recording at
sampling rates above 20,06{r ifdesired
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Disadvantages

ALow spatial resolution on thscalp

AEEG poorly measures neural activity that occurs below the upper layers
the brain (the cortex).

ACannotidentify specific locations in the brain at which various
neurotransmitters, drugs, etc. can be found

ASignalto-noise ratio is poor, so sophisticated data analysis and relatively
large numbers of subjects are needed to extract useful information fromr
EEG
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Laufs H;et al., (2003. "EE&orrelated fMRI of human alpha activitfNeurolmage19 (4): 146376
DifrancescoMark W; et al.(2008)."Simultaneous EEG/Functional Maquetic Resonance Imaging at 4 Tesla:
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AThe radiofrequency (RF) power from MRI deposited in the tissues can
cause excess heat In the tissue and causes tissue.burns

AA measure of this heating effect is known as specific absorption rate
(SAR), defined as the power absorbed per mass of tissue. Its measure
IS units of watt per kilogram (W/kg). Usually, SAR Is averaged over
either the whole body or a small sample volume (typically 1 g or 10 g
of tissue).SAR can be measured as an average value in the whole head

or in the wholebody
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AIn 2014, the FDA regulated the maximum whtely SAR values in
various parts of the human body per unit time. These SAR limits
stipulate that the maximum whoteody SAR is 4 W/kg averaged over
15 minutes in the whole body, and 3.2 W/kg averaged over 10
minutes In thehead

A However, the 2014 standard does not provide any limits to the 10g
SAR which is relevant for heating
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Implants and SAR

AMetallic implants or medical devices can interact with MRI
radiofrequency field resulting in elevat&RfRand tissue burns as well
as image artifact.

ASimultaneous EEfMRI is one case in which metallic traces of the
EEG net can interact with MRI RF field resulting in elevated SAR and
Imageartifacts
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image artifacts.

EEG leads
artifact on
MRI and CT

(a-b) Two days old male with Hypoxic Ischemic Encephalopathy (HIE) and complex congenital heart disease on
extracorporeal membrane oxygenation (ECMO) to provide heart and lung support. EEG leads are in place as part of
routine HIE monitoring. Emergent CT ordered because of sudden onset of status epilepticus. a) CT with EEG soft
tissue algorithm. b) CT 6 hours later without EEG revealed a hematoma originally missed due to artifacts on the prior
CT. (c-e) MRI from a 3-day old term neonate with severe perinatal depression requiring resuscitation at birth after a
STAT C-section thus needing EEG monitoring: c) axial reformation of magnetization-prepared rapid gradient-echo (MP-
RAGE) d) Turbo Spin Echo (TSE) e) Susceptibility Weighted Imaging (SWI) f) SWI phase map and g) Apparent
diffusion coefficient (ADC) map. Artifacts from EEG leads limit ability to detect brain abnormalities.
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Numerical Modeling and simulation for MRI Heating Safety Evalue
of Implants
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Accurate

Models for
Simulation

A (a) 256-channel dEEG cap with lead wires printed with
conductive ink (InkNed [1] (b) CAD model of the Ink-Cap
showingl) leadsand 2) pedestals(c) anatomicalmodel of 37
yearold malesubjectwearingthe dEEGapmodel(d) loadedin
MRI 3) transmit and 4) receive coils (e) body model and
anatomicalstructuresin the torso including5) muscle,6) right-
side ribs, 7) right-side nerves, 8) larynx, 9) trachea, 10)
oesophagusll) spinalcord, 12) left-sidenerves,13) brainstem,
14) carotid arteries,15) G4 bone,16) & bone,17) T1 bone, 18)
muscleplat right, 19) muscleplat left, 20) left trapeziusmuscle,
21) right trapezius muscle, (f) head model including 22)
epidermis/dermis23) white matter, 24) blood, 25) grey matter,
26) cerebellum, 27) adipose 28) spinal cord nerve, 29)
Cerebrospindluid (CSF)30) mastoidbone,31) carotid arteries, M art | nos wassacruserrs
32) skull, 33) ears, 34) vertebral column,35) air sinus,36) eye A
with lensand humor, 37) orbital fat, 38) nose,39) facial bone, center_ s
40) muscle 41) subcutaneousissueincludingmusclecartilage For Biomedical Imaging
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