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Abstract

Background: There have recently been increasing case re-
ports in the literature of deep brain stimulation (DBS) elec-
trodes used for lesioning with satisfactory clinical success in
the treatment of Parkinson disease and tremor. Methods: Af-
ter preliminary experiments of radiofrequency (RF) lesion-
ing with a quadripolar DBS lead, a paediatric case of general-
ized primary dystonia was treated by RF lesioning of the
globus pallidus internus (Gpi) with an electrode previously
used for chronic stimulation. In order to study electrode
damage related to the RF procedure, an electron microscopy
study (SEM) at different magnifications (x40 and x300) was
performed. Results: Nine months after the unilateral palli-
dotomy, the patient had a good and stable control of dysto-
nia. The MR study showed a T;-weighted hyperintensity sig-
nal corresponding to the electrode contacts used for lesions.
The SEM scans of the DBS electrode used for RF lesioning did
not show alterations of the ultrastructure. Conclusions: The
RF lesioning technique by a DBS electrode allows small and

staged lesions and could also be performed in a bilateral tar-
get. The versatility, efficacy, safety and low cost of the device
make this approach suitable in selected cases.

Copyright © 2009 S. Karger AG, Basel

Introduction

Dystonia is a clinical syndrome characterized by in-
voluntary sustained patterned and often repetitive con-
tractions of opposing muscles that cause twisting or
spasmodic movements or abnormal postures [1, 2]. The
pharmacological armoury for dystonia includes anticho-
linergics, dopamine agonists, dopamine antagonists and
benzodiazepines, often administered in combination
and usually with limited efficacy [3]. Deep brain stimula-
tion (DBS) is a reversible procedure, and the electrical
parameters are adaptable according to the patients. DBS
of the globus pallidus internus (Gpi) has been used for
treatment of dystonia with good and stable results [4-8].
However, DBS carries hardware-related complications
[9], including skin erosion or hardware infection that are
often resolved by the removal of the DBS electrode and
with the consequent onset of dystonic symptoms. Litera-
ture data show [10] that DBS electrodes can be used for
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radiofrequency (RF) lesions. The lesions could be safely
staged and adapted to the symptoms with encouraging
results [11]. We report a case of generalized primary dys-
tonia treated with RF lesioning of the Gpi by means of an
electrode previously used for DBS.

Matherial and Methods

Experimental Data on DBS Electrode Used to Make RF

Lesioning

In our institute preliminary experiments were performed on
egg white to calculate the relationship between RF parameters ap-
plied through a quadripolar DBS lead (3387; Medtronic, Minne-
apolis, Minn., USA) and the size of the lesion. Different voltages
(10-50V) and different lengths of lesioning (10-60 s) were applied
between two adjacent electrodes of the DBS lead inserted into egg
whites. The size of the coagulum increased gradually with voltage
up to a plateau observed after 30 s from the lesioning onset. The
mean size of the coagulum increased gradually with voltages from
20to 50 V. Thirty RF lesions were performed at 40 V; the mean size
of the length of the coagulum was 4 mm (range 2.9-5 mm), and
the mean size of the width was 2.2 mm (range 1.5-3.4 mm).

Case Report

The patient is a 14-year-old boy who began to complain of gait
difficulties for a dystonic posturing of the right foot at the age of
6 years. At the age of 8 years, after a febrile illness, he developed a
generalized dystonia with oromandibular involvement, fixed dys-
tonic postures of the trunk and feet, and superimposed continu-
ous dystonic movements especially involving the lower limbs. Af-
ter extensive investigation the diagnosis of primary DYT1 nega-
tive dystonia was made. Brain magnetic resonance imaging (MRI)
was normal. Treatment with an anticholinergic agent allowed
amelioration of dystonia, and the child was able to walk autono-
mously, but these benefits were only transient. At the age of 9 years,
the neurological conditions worsened severely, leaving the child
wheelchair bound and presenting frequent dystonic spasms unre-
sponsive to boluses of diazepam. Due to the severity of the dysto-
nia and the unresponsiveness to medical treatment, in May 2006
(at the age of 11 years) the child was readmitted to our hospital for
the surgical intervention of bilateral DBS of the Gpi.

The pre-operative total score at the Burke-Fahn and Marsden
Dystonia rating scale (BFMDRS) was 116.5 (the disability score
was 25 and the severity score 91.5). The treatment was well toler-
ated and the postoperative period was uneventful. Symmetric un-
ipolar stimulation was started and the parameters were progres-
sively adjusted according to the clinical response. Two years after
surgery (April 2008), the total BEMDRS score was 75 (the disabil-
ity score was 15 and the severity score 60) and stimulation param-
eters were 4.5V, 120 s and 185 Hz.

In August 2008, the stimulation device on the right side be-
came infected (skin erosion of the head, along the path of the con-
nector); the operation of right pallidotomy by the DBS electrode
and the removal of the whole right DBS system were then
planned.

Pallidotomy by Using DBS. In August 2008, pallidotomy by the
DBS electrode was performed under general anaesthesia. The left
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pulse generator was powered off, and the right electrode was iso-
lated and connected by a custom-made cable to the RF generator
Cosman RFG-1A (Cosman Medical Inc., Burlington, Mass.,
USA). Based on the best clinical response achieved, before infec-
tion onset, by unipolar stimulation with contacts 1, 2 and 3 active
(-), 2 bipolar RF lesions were performed as follows: lesion 1, con-
tact 1(+) and contact 2(-), 40 V for 30 s; lesion 2, contact 3(+) and
contact 2(-), 40 V for 30 s. An impedance of 1,000 () was record-
ed in both sessions. At the end of surgery the right electrode was
easily removed, and the early postoperative CT excluded right Gpi
complications including bleeding.

Brain MRI was performed 2 months after lesioning according
to the guidelines of the DBS producer (Medtronic; 1.5 T with hor-
izontal magnet; specific absorption rate of 0.1 W/kg; gradient dB/
dt field of 20 T7s, pulse generator off and voltage 0).

Electron Microscopy Study. Scanning electron microscopy
(SEM) was performed with Jeol JSM 84, equipped with a magnetic
field cancelling system (Magnetic Field Cancelling System, SC20,
Spicer Consulting). The images were acquired at 5 kV at low mag-
nifications. The contact features of the electrode, used for RF le-
sions (3389; Medtronic), were analysed and matched with the 4 con-
tacts of a DBS electrode not used for RF lesions (3387; Medtronic).

Results

Early postoperative complications including bleeding
were not observed. After the right pallidotomy, a long-
lasting stable control of dystonia was observed, and 9
months from lesioning procedure, with the left DBS elec-
trode still active, the BEMDRS was the same as that re-
corded with bilateral stimulation (total score 75; disabil-
ity score 15, severity score 60). The left Gpi was still under
stimulation with the following parameters: 4.5V, 120 s
and 185 Hz.

The MRI performed 2 months from lesioning (fig. 1)
showed a small area covering the right posterolateral Gpi
characterized by a Ti- and T,-weighted hyperintensity
signal corresponding to the electrode contacts used for
lesions.

The SEM scans of the DBS electrode used for RF le-
sioning showed no alteration of the ultrastructure at dif-
ferent magnifications (x40 and X 300). In contacts 3 and
2, the SEM scan showed the presence of a clot related to
the RF lesion; it was bigger in contact 2 (used for the 2
consecutive RF stages; fig. 2).

Discussion
DBS is an effective and reversible procedure but intro-

duces hardware-related complications not observed after
RF lesions [10, 12]. Literature data showed [13] that DBS
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electrodes could be used for RF lesions, safely staged and
adapted to the symptoms [14]. Oh et al. [13] reported 2
cases that had undergone DBS implantation for essential
tremor and PD, respectively, and assessed the relation-
ship between RF parameters and lesion size in vitro. In
this report several variables were observed that influ-
enced the coagulum size and shape including the imped-
ance of the system, and damage of the DBS lead used for
repeated lesioning. The lesion features are related to the
RF current, with the highest current the most reproduc-
ible for the size and shape of the lesion. In both patients
the electrode was not removed, and 6 months after a sin-
gle RF lesion long-lasting results were observed [13]. In
vitro lesions (i.e. using egg whites) are generally consid-
ered as a suitable model for studying lesions produced by
RE. Our preliminary results were similar to those previ-
ously reported, and there was no evidence of macroscop-
ic damage to the DBS electrodes, although used 5-10
times for experimental RF lesions (fig. 3).

A more recent study based on the use of a DBS elec-
trode for RF lesions demonstrated the possibility to ob-
tain lesions with a mean length of 5 mm at 40 V in egg
white and brain cadavers [15]. The same study reported
the possibility of repeating a large number of procedures
without damage to the electrode. Consequently we de-
cided to use a DBS electrode for RF lesions. According to
previous experience we report for the first time in the lit-
erature a successful procedure on a paediatric case in
which the electrode was removed soon after the RF le-
sioning. The impedance recorded during the procedure
was 1,000 () and after 2 stages of 40 V for 30 s, the size of
each lesion, observed in postoperative MRI, was in accor-
dance with that planned (fig. 1).

The patient is still under left continuous high-frequen-
cy stimulation, and 9 months after the right Gpi RF lesion
the control of dystonic symptoms is stable. The control of
symptoms is related to the left stimulation and to the
right RF lesion. This result is in accordance with a previ-
ous experience observed in the same patient in whom 18
months after bilateral DBS surgery a new onset of severe
dystonia appeared after the expiration of the right pulse
generator (Soletra, Medtronic). The efficacy of the com-
bination of high-frequency stimulation and RF lesioning
is reported [16, 17].

DBS has become the standard of care for appropriate
drug-refractory syndromes previously treated by RF le-
sioning; there remain situations where lesion therapy
provides a reasonable alternative. Hooper et al. [14] ret-
rospectively analysed a large series of patients and sug-
gested several conditions that in the DBS era are still eli-
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Fig. 1. MRI performed 2 months from RF lesioning. The MR im-
age shows a small area in the right Gpi with a T;-weighted hyper-
intensity signal corresponding to the electrode contacts 1, 2 and
3 used for the RF lesions. a Axial Ti-weighted image. b Axial T}-
weighted image with gadolinium. ¢ Axial T,-weighted image.
d Coronal Ti-weighted image with gadolinium.

gible for lesioning including immunocompromised pa-
tients, patients who cannot have a frequent follow-up,
patients who could develop skin erosion (elderly subjects
and children younger than 8 years) and patients to be
submitted to a unilateral procedure.

The Nantes group reported an interesting clinical ex-
perience based on 3 patients in whom the RF lesion by
DBS electrode was planned ab initio. The rationale of the
study was based on the possibility to leave the electrode
implanted, to verify the correct placement of the elec-
trode and to obtain clinical results with small lesions
without side effects. The study design considered the in-
crease in the lesion size at symptom recurrence. The au-
thors concluded that the safety, the efficacy, the possibil-
ity of performing many RF lesions, the far lower cost than
that of DBS and the small number of outpatient visits
made this procedure very attractive [18].
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Fig. 2. SEM micrographs of electrode con-
tact. Bar: X44 =200 pm, X300 = 50 pm.
a Contact 0 of the lesioning electrode
(Medtronic 3389) not used for the RF le-
sion at X44. b Same contact at X300.
c Contact 2 of the lesioning electrode used
in both RF lesion stages: a large surface is
wrapped by the coagulated brain tissue
(X44). d The same clot visualized at
X300.

Our results showed that coagulum size gradually in-
creases within 30 s of the lesioning onset. Within the
same time frame, the best size and shape of the lesion
were observed at 40 V. The SEM analysis of the electrode
excluded damage to the DBS electrode contacts and also
demonstrated an increasing amount of coagulated tissue
related to the numbers of RF stages. This feature does not
seem to be related to the safety of electrode removal soon
after the first stages of RF lesions; the adhesion of the co-
agulated brain tissue to the electrode contacts should be
considered an additional risk factor for bleeding in cases
of delayed removal of the DBS electrode.

In our opinion, this procedure has to be considered for
patients in whom thinness and severity of symptoms in-
crease the chance of infection or erosion. Children af-
fected by severe dystonia could benefit from this proce-
dure, particularly those affected by status dystonicus,
which by lesioning alone or combined with DBS in dif-
ferent targets (Gpi or nucleus subthalamicus [pers. expe-
rience]) could control dystonic symptoms. Staged RF le-
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Fig. 3. Photograph of coagulum in egg whites mimicking the le-
sion performed in our case with the following contacts: 1(+) and
2(-) in the first session, and 3(+) and 2(-) in the second at 40 V for
30 s for each stage.
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sioning could also be indicated for patients with a short
life expectancy affected by cancer pain and for aged pa-
tients (over 70) with unilateral tremor in whom staged
lesions of the ventral intermediate nucleus allow better
long-term control of tremor than a single lesion. We be-
lieve that the lesion technique using a DBS electrode al-
lows small and staged lesions and could also be performed
when the target is bilateral. On the other hand, it is not
recommended in patients with a higher risk of hardware-
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