The electric field induced by a new coll specifically designed
for activation of deep brain regions
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1. Objective

There are studies that indicate that structures located deeply In the
prefrontal cortex may play an important role in the mediation of reward and
motivation mechanisms ([1]). Transcranial magnetic stimulation (TMS) Is a
technique that allows non-invasive stimulation of brain regions by inducing
an electric field created by the discharge of a current pulse through a coll
located near the scalp.

Standard coils used in TMS don’t allow for stimulation of deeply located
brain regions because the field they induce decays rapidly with increasing
depth. This fast decay-rate Is due to two main factors. The first is the
proximity of elements that induce a field in the opposite direction of interest
(return paths). The second factor results from the accumulation of charge In
the boundaries that separate regions with different electrical conductivity.
This charge accumulation induces an electric field that tends to decrease the
field induced by the coil, thereby contributing to a faster decay-rate. The
field due to charge accumulation is mainly induced by those elements of the
coil that are radial to the head surface. The H coil design (see [1]) was
optimized so as to minimize the contribution of these two factors and resulted
In a field that decayed very slowly with increasing depth.

In order to efficiently activate any specific deep brain structure an adjusted
version of the H coil was built. This new coil was termed the H1b coil. It was
this work’s objective to numerically simulate the field induced by this new
coil on a realistically shaped head model.

2. Materials and methods

The H1b coil (figure 1la and b) was constructed from two basic loop types
(figure 1c for loop 1 and figure 1d for loop 2).

Loop 1 was designed to stimulate the left hemisphere In the posterior-
anterior direction. The field induced over the right hemisphere is weaker
because the return path over that hemisphere is lifted by element BC. The
decay-rate of the field over the left hemisphere is expected to be slow,
because the return path (element CD) and the radial components (elements
BC and FE) are far away from the region of interest.

oop 2 induces a strong field in the lateral-medial direction over the pre-
frontal cortex. Again, the return path from wire AB is lifted by elements CD
and FE thus inducing a weaker field over the posterior region of the brain.
Due to the same arguments presented for loop 1, the field over the pre-
frontal cortex Is expected to decay slowly with increasing depth.

—

Figure 1: a) Right hemisphere view of the H1b coil over a realistically shaped
head model. b) Left hemisphere view of the H1lb coil. ¢) Loop 1 over a
spherical model for the head (the sphere has a radius of 9.2cm). d) Loop 2
over the spherical head model. The realistically shaped head model is
composed of two different regions. An isotropic upper region with an
electrical conductivity of 0.4S/m and a dielectric constant of 10000
(simulating the brain) and an isotropic lower region with an electrical
conductivity of 0S/m and a dielectric constant of 1 (simulating the skull and
air).

References: [1] Roth, Yiftach; Zangen, Abraham; Hallet, Mark (2002), A coil design for transcranial magnetic stimulation of deep brain regions. Journal of Clinical neurophysiology.
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The H1b coil is composed of six elements similar to loop 2 (numbered 1-6
In figures 1a and 1b) and 8 elements similar to loop 1 (humbered 7-14 In
figure 1b). The field induced by the H1b coil should have features similar
to the ones induced by loops 1 and 2. Hence, we should expect a strong,
slowly decaying field in the posterior-anterior direction over the left
hemisphere and in the lateral-medial direction over the pre-frontal cortex.

The field induced by the H1b coil was calculated in a head model created
using MRI images of a realistically shaped phantom. The calculations were
performed using the finite elements package ComSol (Comsol 3.2b,
Www.comsol.com).

3. Results
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Figure 2: Total electric field (V/m) induced by the H1b coil over an axial
slice located approximately 5cm below the head vertex (d). a) X component
(posterior-anterior) of the total electric field. The field is strong in both
right and left hemispheres. The field over the left hemisphere can be made
more intense by decreasing the wire spreading. b) Y component (lateral-
medial) of the total electric field. The field is maximum in the forebrain and
It decays as it approaches more posterior regions. c) Total electric field
norm. The field norm is maximum In the pre-frontal cortex. These values
were obtained with a stimulator output of 46A/us.
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Figure 3: Total electric field norm decay-rate for the Magstim figure of
eight coil (a) and the H1b coil (b). The decay-rate was calculated along the
red line, which is the same in the two images. At a distance of 5cm along the
line, the field for the figure of eight coil has already decayed to only 6.6% of
the value of the field near the coil, while the field for the H1lb coil has
decayed to 32.6%. Along other lines even slower decay rates may be found.
The maximum of the electric field norm along this line is of 174.5V/m for
the figure of eight coil (stimulator output of 51A/us) and 121V/m for the
H1b coil (stimulator output of 46A/us).

4. Conclusion

These simulation results show that the H1b coil induces an electric field
that decays very slowly with depth as compared to the colils traditionally
used In TMS. Hence, it Is likely to allow stimulation of cortical structures
located deeply in the pre-frontal cortex and in the posterior-anterior and
lateral-medial directions.
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