DEVELOPMENT OF A DEPTH ELECTRODE PLACEMENT SYSTEM FOR DIRECT CORTICAL STIMULATION
1

1

1

Leopoldo Cendejas , Robert Dawe , Diego Garibay , Marvin A. Rossi

1

1

Rush University Medical Center, Chicago, IL, USA

Methods & Results

Objective
Predict preoperatively the extent to which direct stimulation therapy
TM
(NeuroPace ) can propagate through the maximum extent of an
epileptic circuit through pathological white matter.

5. Simulate Electric Stimulation to Calculate
the Electric Potential (EP) and E-Fields

General Workflow

The FEM mesh was used to compute a static EP when a
bipolar stimulation of 4.3mA was applied in an isotropic
conductivity medium composed of the 3 segmented compartments. Isotropic conductivities were assigned:
WM=0.15S/m GM=0.06S/m CSF=1.79S/m
mV/mm

V

7. Calculate the Activation Function to Determine Regions of Depolarization and Hyperpolarization

Patient
The patient is a 19 year-old left handed woman who experienced a left temporal hemorrhage in utero, secondary to maternal blood incompatibility. A left posterior temporal VP shunt was placed at age 10 months. Infantile spasms were noted at six months old, with subsequent frequent nocturnal seizures since that time. Semiology includes quickly sitting up in bed with right head deviation followed by loud vocalization.
Triggers include menstruation and stress. During wakefulness, she describes an aura of feeling something in her stomach.

1. MRI and DTI Sequences

3. 3D Segmented Model

Interictal and post-ictal DTI sequences were obtained in a 3T scanner using consecutive 2mm-thick oblique axial slices. Diffusion measurements
were performed in 60 non-collinear directions with a diffusion weighting
2
factor of 900s/mm . Six b-values were used.

A. The SPGR MRI was used to create a 3D
brain model.
B. Three segmented compartments were
considered within this model: Grey matter,
White matter and CSF.

2.SISCOM and spiDTI (Visualize Epileptic Circuit)

A

A

Relationship is observed between simulated EP [V] and EField streamlines during a bipolar stimulation in a sagittal slice
at the level of the temporal
depth electrode.

9. OR Navigation System

Stereotactic implantation of the right temporal (A) and left frontal (B) depth leads
were guided by our pre-implantation depth lead planning model.

B
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10. Post-implant Validation
A. Post-implant CT image dataset verified the final anatomic position of the leads.
B. Post-implant inter-ictal ECoG using bipolar recording
verified the active epileptic circuit.
Validation of the predicted stimulated tracts will be per1
formed using Stimulation Activated SPECT (SAS).

Sagittal slice is seen at the level of the temporal depth electrode showing the E-Field
magnitude [mV/mm] and streamlines.

6. Activation Function

Each voxel in a DTI has an associate tensor which in turn has main
eigenvalues and eigenvectors that
represent water diffusion.

SDD results
C

A
Diffusion Field obtained from DTI
3D representation of ROIs

The neural response to E-Fields is related to the second
2, 3
derivative of the EP and to the axon direction.

7.1 Effect of Axon Orientation in SDD
B
LF: Left Frontal lead

When E-Field lines exit an
axon, depolarization occurs.

B

RT: Right Temporal lead

The red arrow represents the axon directionality that was used to calculate
the SDD in a concept model to illustrate
the effect of axon orientation in the generation of regions of depolarization and
hyperpolarization.

CH1
LF
CH2

CH3

B
3D model from SPGR MRI

Brain segmentation: blue (CSF)
grey (grey matter) white (white matter)

4. Depth Lead Placement
A CAD electrode model that consisted of 4 conductive cylinders separated by insulators was
placed in white matter near the white-grey matter
interface, in regions identified by spiDTI.

When E-Field lines enter
an axon, hyperpolarization
occurs.

Areas of hyperpolarization and depolarization can be
identified, by computing the second directional derivative
of EP in the direction of axons (Activation Function),

8. Identify Influenced Tracts (MCT Maps)
Regions of depolarization and hyperpolarization were used
to identify influenced tracts using tractography.

The first directional derivative (FDD) is equal to the
scalar product of the gradient of EP and the axon direction.

Coronal slice showing the calculated ROIs
from the SDD calculation and possible depolarized and hyper
polarized fibers.

Placing lead near the right
temporal lobe signal in
white matter.

Placing a second lead in
the left baso-lateral frontal
signal in white matter.

A FEM mesh with tetrahedral elements was then
created using the composite brain-electrode model.

The second directional derivative (SDD) is equal to the
scalar product of the gradient of FDD and the axon direction.
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Conclusions
This dataset demonstrates the ability to generate a pre- A
implant depth electrode planning map for predicting ‘bestimplant' sites for NeuroPaceTM depth leads. Furthermore,
the application of the activation function (A) is an improve- Activation Function ROI
ment over previously reported activation regions produced
B
by the magnitude of E-Fields1 (B). This new model considers not only the magnitude of the field, but also directionalE-Field ROI
ity effects in relation with the axon bundle orientation.

Sagittal slice showing the calculated
ROIs from the SDD calculation.

Depth electrode
model

B

A

A. Axon orientation was determined by constructing the water diffusion field from DTI by calculating the dominant eigenvectors from the tensors. The axon direction was considered to be the same as the direction of main diffusion.
B. Regions of depolarization (red) and hyperpolarization
(blue) were visualized after computing the SDD.
C. A 3D representation of the regions of interest was created
using the value of SDD.
A.1

A. SISCOM was used to locate the ictal-onset zone.
B. Fractional Anisotropy (FA) was computed in inter-ictal and
post-ictal sequences. The results were subtracted. A threshold of 3 std dev from the mean was used to identify regions
with significant changes in FA (see boxes).
SISCOM
spiDTI
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Modulated Circuit Tractography
(MCT) maps are useful to improve the placement of depth
electrodes to achieve the stimulation of the maximum extent of
the epileptic circuit.
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