





Deep brain stimulation of the internal capsule for fixed dystonia

tual increase in discharge frequency of the involved muscle
segments (When stimulating the most posteriorly explored
track) with respect to the 2 more anterior tracks, at the
same stimulation parameters.

The electrode was then definitively implanted in the
first target and trajectory that were used at the interven-
tion. Merged images between preoperative MR imaging
tractography and postoperative CT were used to obtain
3D reconstructed images (Dextroscope), which confirmed
the correct placement of the electrode within the posterior
limb of the internal capsule (Fig. 1D).

During general anesthesia, a subclavicular internal
pulse generator (Soletra, Medtronic) was connected to
the deep brain electrode and stimulation parameters were
tested a few hours after surgery. The threshold for the mo-
tor response of the capsular lower limb was determined
to be 1 V for 60 psec at 100 Hz. Continuous stimulation
was initiated at 0.5 V for 60 psec at 100 Hz; such param-
eters did not reach the threshold for eliciting any motor
response. The choice of the electrical parameters was de-
termined by our previous experience with posterior limb
stimulation of the internal capsule.* The patient was un-
aware of the beginning of the electrical stimulation and
no subjective sensation was reported when she was fully
awake and in the following days after the procedure.

Postoperative Course. Beginning the second day af-
ter surgery the patient gradually became able to perform
voluntary outward rotation of the right foot (Fig. 1E),
which was absolutely impossible before surgery with the
foot in the stable fixed condition. In the following days
the patient attempted autonomous gait, leaving the wheel-
chair for short periods. One week later, at discharge from
our institute, the dystonic posture of the right foot had
almost disappeared and voluntary movements became
possible, allowing gait rehabilitation.

After 3 months of follow-up the clinical benefit of the
procedure has continued to be maintained and the patient
does not show any neurological signs associated with a
stimulation-related side effect.

Discussion

This case illustrates the role of the pyramidal motor
system in the pathogenesis of focal fixed postures and dy-
stonia due to small ischemic lesions of the basal ganglia
and thalamus. We believe that the analogy with hand knob
motor cortex stimulation, which relieves the thalamic hand
syndrome,’ is evident. The stimulation of the motor bundle
within the posterior limb of the internal capsule may act
through the antidromic stimulation of the primary motor
cortex or through the modulation of the descending system
that controls voluntary movements at spinal levels.* The
posterior limb of the internal capsule harbors a bidirection-
al network connecting the motor cortex to the final com-
mon pathway at the spinal levels. Overactivity of selected
pools of motor neurons may be due to abnormal signals
traveling on this system and possibly originating from the
imbalance between the extrapyramidal and the pyramidal
system. High-frequency stimulation (100 Hz) delivered in
such a complex system may act as an antidromic inhibition
to hyperactive pools of cortical neurons, which allegedly
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sustain the abnormal posture.® The same effect may hap-
pen in MCS, but it requires a lower frequency of stimula-
tion (50 Hz) directly involving the cortical surface and the
hyperactive neuronal pools.

In this patient the disappearance of the foot dystonic
posture was soon characterized by recovery of voluntary
movements, thereby ruling out the possibility of another
dystonic posture simply opposite to the previous one.
Previous experiences of internal capsule stimulation to
relieve poststroke spasticity and improve gait in hemipa-
retic patients®* reinforce these hypotheses, given the suc-
cessful control of idiopathic fixed dystonia obtained by
MCS.!- It must also be considered that the active contact
of the internal capsule electrode is very close to the GPi
and may interact with the fibers of ansa lenticularis and
other connection systems traveling through the internal
capsule to and from the GPi. The low threshold of motor
responses (< 1 V) and the stereotactic coordinates more
medial (X = 18 mm) and more posterior (Y = —1 mm)
than the GPi coordinates (X =20 mm, Y = +2 mm) rule
out the possibility that we were within the GPi nucleus
(Fig. 2). Moreover, it should be noted that the result of
GPi stimulation was ineffective control of fixed dystonia
in our previous report.® In our opinion, neuromodulation
of the pyramidal system appears more promising, either
at the cortical level for upper limb fixed dystonia® or at
the internal capsule level for fixed dystonia of the foot as
in this case.

In summary, DBS of the internal capsule motor fibers
allows the correction of focal poststroke fixed postures
of the foot in the same way that MCS allows the con-
trol of fixed postures of the hand, arm, and trunk.® This
technique is proposed as an alternative to MCS when the

Fic. 2. Postoperative MR image showing the internal capsule elec-
trode. Note the position of the electrode artifact with respect to the
superimposed projection of the anterior commissure (AC)-posterior
commissure (PC) line.



inferior limb is involved in the disease; the foot cortical
representation on the brain mesial surface cannot be eas-
ily modulated by implanted strip electrodes. Finally, it
is interesting to note that in our experience, therapeutic
MCS acts at a stimulation frequency (50 Hz) considerably
lower than internal capsule stimulation (100 Hz) deliv-
ered in this patient. Only many more cases and double-
blind studies will confirm what this case report suggests,
which is a new potential indication for DBS in a refrac-
tory drug-resistant condition such as poststroke foot fixed
dystonia, using an unconventional target for the treatment
of dystonic postures.
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